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Nelson Marshall has spent a lifetime in the study of the Niantic River and its environs, That study
began as a boy when Nelson and his family summered on the River, but for the past 40 years
Nelson's study of the River has been as a professional scientist. In the early 1960s Nelson, several
colleagues from Connecticut College and graduate students from the University of Rhode Island
began an ecological examination of the Niantic River that focused on primary production and
scallop ecology. In the mid 1960s when Northeast Utilities selected Millstone Point for location of
three nuclear power plants it naturally turned to Nelson for advice on marine ecology. Thus began
a relationship between Nelson and NU that has lasted for more than 30 years. Nelson was the
Chairman of the Millstone Ecological Advisory Committee until 1984 when, following his
retirernent as Professor of Oceanography and Marine Affairs at URI, he and his wife Grace moved
to the Maryland eastern shore. Fortunately for NU, Nelson has remained a vital member of the
Ecological Advisory Committee to this day.

Following receipt of his Ph.D. from the University of Florida in 1941, Nelson’s career took him to
such institutions as the University of Miami, UCONN, William and Mary, and Alfred University.
He was at URI from 1959 to 1984, Honors include Fellowship status in the American Association
for the Advancement of Science and Honorary Membership in the Atlantic Estuarine Research
Society. His research interests, which include coral reef and mangrove ecology and marine
resource development, in addition to estuarine ecology, have taken him to Fiji, Malaysia, the
Marshall islands, the Caribbean and elsewhere. He has produced many graduate students who have
gone on to excellent careers in marine science thanks to him.

In recognition for the 30 years that Nelson Marshall has served NU as ecological advisor and

friend, the scientific staff of the Northeast Utilities Environmental Laboratory and the members of
the Millstone Ecological Advisory Committee dedicate this 1996 Annual Report to him.
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Executive Summary

Fish Ecology Studies

Studies of fish assemblages in the vicinity of
MNPS were conducted to determine the effects of
station operation. These effects have been defined as
station-related changes in the occurrence, distribution,
and abundance of fishes, which can alter community
structure. Potential effects include the entrainment of
early life history stages through the cooling-water
system (probably the most important effect), impinge-
ment of juvenile and adult fish on the intake screens,
which was mitigated by the installation of fish return
sluiceways at Units | and 3, and changes in distribu-
tion in Jordan Cove as a result of the thermal
discharge.

Trawl, seine, and ichthyoplankton (fish eggs and
larvae) monitoring programs were established in 1976
to provide information for the assessment of impacts
from MNPS operation. These programs provided the
basis for identifying taxa potentially affected, as well
as information on long-term abundance trends used to
measure changes in the local populations. About 130
different fish taxa have been collected in these
monitoring programs. Of these, six taxa, including
American sand lance, anchovies, silversides, grubby,
cunner, and tautog, were identified as having the
potential to be impacted by MNPS, either by
entrainment or exposure to elevated water tempera-
tures from the plant discharge. Abundance data were
analyzed separately for the two-unit (1976-85) and
three-unit (1986 through 1995 or 1996, depending
upon the sampling program) operational periods and
for the entire 20-year data series (both periods
combined) to determine if changes in abundance have
occurred.

American sand lance larvae ranked third among
entrained fish larvae and densities in entrainment
samples have decreased after peaking in the late 1970s
and early 1980s. Declines in sand lance abundance
were also apparent in other areas of the Northwest
Atlantic Ocean, with abundance found to be inversely
correlated with that of Atlantic herring and Atlantic
mackerel, both of which prey upon larval sand lance.
However, abundance has increased again in recent
years, although the mean larval density during 1995
was the lowest of the past 4 years. Given the large
changes in abundance of this fish along the Atlantic

coast, effects of MNPS on sand lance abundance is
difficult to ascertain, but is probably small.

The bay anchovy is typically the most abundant
ichthyoplankton species collected in estuaries within
its range and was the dominant larval taxon entrained
at MNPS. Recent abundance has been relatively low
in comparison to the mid-1980s, but this decline
occurred prior to three-unit operation and no
significant trends were found for either two- or three-
unit operation. The egg and larval densities and the
entrainment estimate for 1995 were among the lowest
of the past 20 years. The numbers of eggs and larvae
entrained each year were not significantly correlated
with densities found the following year, implying no
direct effect of MNPS on the spawning stock of this
short-lived species.

Atlantic and inland silversides are among the
most common shore-zone species along the
Connecticut coast. These species fluctuate in relative
abundance from year to year. Typical of short-lived
species, the abundance of silversides is highly variable
and annual catches by trawl and seine have ranged
over two orders of magnitude. Recent catches of
silversides by trawl and inland silverside by seine were
within historic ranges However, the Atlantic
silverside has significantly decreased in abundance
during the three-unit operational period at the Jordan
Cove seine site. This decrease was probably not
related to thermal effects, as only a minimal (0.8°C)
increase in water temperature is found at the seine
station, which is less than typical summer diurnal
variation on the shallow sand flats. Because catches of
adults by trawl during winter did not show similar
changes in abundance, MNPS likely has not affected
the local Atlantic silverside population

The grubby is unique because unlike other
potentially impacted species i. experiences no fishing
pressure and has little forage value. Both larval and
adult grubby abundance indices have been relatively
stable throughout the 20 years of monitoring,
suggesting little plant effect.

The most abundant of the fish eggs entrained
were cunner eggs, which accounted for mor: than 50%
of all eggs collected since 1979. Durin:, three-unit
operation, cunner eggs increased in abundance, with
the density of cunner eggs in 1995 the third largest
recorded, as was the annual entrainment estimate.
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However, the densities of larvae found decreased by
about 50% from 1994 Young-of-the-year cunner
accounted for a higher proportion (about 70%) of fish
caught by trawl since three-unit operation began.
Trawl catch at a station near the MNPS intakes showed
a significant decline during two-unit operation. This
decrease was most likely related to the mid-1983
removal of a rock cofferdam at the Unit 3 intake
structure that provided habitat for cunner. Afterwards,
catches became similar to another station in nearby
mid-Niantic Bay. The entrainment of eggs is the
greatest potential impact of MNPS on the cunner
population. However, if egg losses affected
recruitment, then juvenile abundance should decrease
in relation to older fish. This decrease was not
apparent in the length-frequency distributions, and
relative abundance of juveniles actually increased
during the three-unit operational period.

The tautog was the second-most abundant egg
taxon entrained, accounting for over 27% of the total
eggs collected since 1979, w.th mean density in 1995
the largest seen since 1990. Tautog larvae, however,
were not as prominent, ranking eighth in abundance.
No correlation was found between eggs and larvae and
no significant trends in abundance were found during
cither operational period. Catches of tautog by trawl
were dominated by young-of-the-year. In contrast to
1994-95, when total trawl catch was the lowest in 20
years, the catch during 1995-96 was the largest.
Tautog, particularly fish in size-classes that correspond
to ages-3 through 5, were also taken in lobster pots,
The 1996 catch at the Jordan Cove station was six
times the previous high. The reasons for this increase
are unclear, but may have been related to changes in
prey availability.

Special studies on tautog eggs showed that
large (65-80%) decreases in egg abundance occur
following early evening spawning through the
following morning, most probably a result of high
natural mortality.  Pelagic tautog eggs disperse
rapidly from spawning sites by tidal transport and
densities in nearshore areas are relatively uniform.
Based on hydrodynamics, a conservative measure of
the source area for eggs entrained at MNPS includes
a radius of about 5 nautical miles. Two daily
estimates of the instantaneous standing stock of
tautog eggs within this area equaled or exceeded
annual entrainment estimates at MNPS and, in fact,
would have been even larger if high egg mortality
rates had been taken into account. This implies that
MNPS entrainment effects may be relatively small.
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If egg losses due to entrainment affected
recruitment of tautog, then juvenile abundance
should also decrease and the relative abundance of
older fish would appear to increase in the short term.
Based on length-frequency distribution from trawl
catches, the percentage of juvenile tautog increased
during the three-unit operational period. Therefore,
changes in the relative proportion of juveniles and
adults were probably unrelated to entrainment losses.
In addition, the deciine in juvenile and adult tautog
abundance in Long Island Sound that began in the
mid-1980s coincided with the decreasing numbers of
epgs collected at MNPS. If the decrease in adult
numbers was caused by entrainment losses, then the
reduction in egg abundance should have lagged the
decline of juveniles by several years because females
do not mature until age-3 or 4. Therefore, the lower
abundance of tautog eggs was probably due a decline
in the abundanc: of spawning adults from fishing
rather than the operation of MNPS. At present,
tautog stocks are concidered overfished and because
of the long life and slow growth of this species,
abundance should remain depressed until fishing
mortality rates are substantially reduced.

Winter Flounder Studies

The local Niantic River population of winter
flounder (Pleuronectes americanus) is potentially
affected by the operation of MNPS, particularly by
entrainment of larvae through the cooling-water
systems of the three operating units. As a result,
extensive studies of the life history and population
dynamics of this valuable sport and commercial
species have been undertaken since 1976,

In contrast to the previous 2 years (1994-95),
when monthly mean seawater temperatures were
warmer than average, temperatures recorded at the
MNPS intakes during 1996 were among the coolest
of the past 21 years, particularly during spring and
summer. The cold weather produced heavy ice cover
in the Niantic River, delaying the start of the adult
winter flounder survey until February 27. The
A-mean trawl catch-per-unit-effort (CPUE) of fish
larger than 15 cm during the spawning season was
1.6, the lowest of the series. Larger females have
made up a greater proportion of the spawning stock
in recent years as abundance declined to low levels.
The Jolly stochastic model was applied to mark and
recapture data to estimate the absolute abundance of



the adult spawning population. The abundance
estimate for 1995 was 5,574 winter flounder, lower
than the estimates of about 10-16 thousand for 1992-
94 and considerably less than estimated population
sizes during 1984-91 that ranged between 33 and 80
thousand spawners. One-third to almost two-thirds
of the winter flounder found in the Niantic River
during the spawning period each year were mature
females.  Female spawner abundance estimates
ranged from 2,427 (1996) to 68,899 (1982), with
corresponding total egg production from about 2.1 to
39.9 billion each year.

The low abundance of newly-hatched larvae in
Niantic Bay compared to the Niantic River suggested
that most local spawning occurred within the river.
In addition, abundance indices of Stage 1 larvae in
the river were significantly correlated with
independent estimates of female spawner egg
production. Densities of Stage | and 2 larvae in the
Niantic River during 1996 were about average,
except for Stage 2 larvae at a station in the upper
river, which was the second highest of the series.
However, abundances of Stage 3 and 4 larvae this
year were at or below average at all stations. Since
1976, annual larval abundances in Niantic Bay
appeared to reflect region-wide trends as they were
highly correlated with abundance indices for Mount
Hope Bay, MA and R1.

Smaller size-classes of larvae were dominant in
the river and larger size-classes were more prevalent
in the bay. The reduced cooling-water flow in 1996
resulted in larger catches of smaller larvae in MNPS
entrainment samples, which could have been the
result of reduced net extrusion under low flow and
slower water *elocity conditions.

In Niantic Bay, growth and development were
correlated with water temperature. In the river,
growth appeared to be related to both water
temperature  (positively) and larval  density
(negatively). Growth and development were slower
than average in 1996, likely due to cooler water
temperatures.  Estimated mortality of larvae in the
Niantic River for 1984.95 ranged from about §2 to
98% and was 94.8% in 1996. Density-dependence
was examined using a function comparing mortality
with egg production estimates (a measure of early
stage larval abundance) and various monthly and
seasonal water temperatures.  The best model
indicated that larval mortality increased as egg
proaduction increased and spring (April-June) water
temperatures decreased.

Densities of newly metamorphosed demersal
young were relatively low in 1996, Young winter
flounder were particularly scarce during late summer
and the median beam trawl CPUEs were among the
lowest recorded since this sampling began in 1983.
The A-mean CPUE calculated for young winter
flounder taken during the late fall and early winter at
the trawl monitoring program stations was 4.8 in
1995-96, the lowest value since 1976-77. This low
abundance was unexpected, given the relatively kigh
numbers of young produced in the 1995 year-class.
This abundance index was significantly correlated
with that of young fish taken in the Niantic River
during 1994, and also indicated that the 1988 and
1992 year-classes were relatively abundant, whereas
the 1993 year-class was weak. Few juveniles have
been taken within the Niantic River during the adult
spawning population surveys in recent years.
Young-of-the-year abundance indices were either not
correlated or were negatively correlated with the
abundances of age-3, 4, and 5 female adult spawners.
Thus, none of the early life stages was a reliable
index of year-class strength for Niantic River winter
flounder stock.

Egg production estimates from annual spawning
surveys were scaled to numbers of spawning females
and used as recruitment indices. These indices
together with adult female spawning stock estimates
and mean annual February water temperatures were
used to fit a three-parameter Ricker stock-recruitment
relationship (SRR).  Additionally, an indirect esti-
mate of the winter flounder theoretical rate of
increase (the SRR « parameter) was used for
modeling winter flounder population dynamics for
impact assessment. The value of « in biomass units
was estimated as 5.87. The estimate of [} (the second
SRR parameter), which describes the annual rate of
compensatory mortality as a function of stock size,
has shown little annual variation since 1988, The
third parameter in the SRR described a negative
relationship between winter flounder recruitment and
water temperatures in February, the month when
most sn~ _ning, egg incubation, and hatching occur.

I'he number of larvae entrained through the
condenser cooling-water system at MNPS is the most
direct measure of potential impact on winter
flounder. Annual estimates of entrainment were
related to both larval densities in Niantic Bay and
plant operation. The entrainment estimate in 1996
was 53.9 million larvae, the second lowest since
three-unit operation began in 1986. This was largely
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attributed to plant operation as cooling-water volume
during 1996 was the lowest in the three-unit
operationzl period, with Units | and 2 shut down for
all and Unit 3 for most of the larval winter flounder
season. The decrease in cooling water use resulted in
a calculated reductior in entrainment of about 72%
(138 million larvae) from that expected if all three
units had operated fully during the season.

The impact of larval entrainment on the Niantic
River stock depends upon the fraction of the winter
flounder production entrained each year. Empirical
mass-balance calculations for 1984-96 showed that a
large number of entrained larvae come from areas of
Long Island Sound other than the Niantic River. In
previous years, an estimated 14 to 38% of entrained
larvae originated from the Niantic River, but the
estimate for 1996 was 59% . On the other . and, the
fraction of the annual river production ¢ “trained,
which has ranged from 54 to 42.3% in » revious
years, was a moderate 25.7% in 1996,

A stochastic computer simulation model
(SPDM) was used for long-term assessments of
MNPS impact over a 100-year period (1960-2060)
Tne winter flounder stock simulated was female
spawner biomass (Ibs), which is more directly related
to reproductive potential than fish numbers.
Conditional mortality rates corresponding to larval
entrainment from mass-balance calculations and
Juvenile and adult impingement at MNPS were
simulated according to historical information and
projections; natural and fishing mortality rates (F)
were provided by CT DEP. For simulation purposes,
F was initially set at 0.40 in 1960 and reached a
maximum of 1.33 in 1990, Based on proposed
changes in fishing regulation, F was projected to
decrease substantially over the nex: 4ecade to 0.60 by
2006 and remain unchanged thereafter,

In the SPDM simulation, an initial stock size of
113,415 Ibs was used to represent the theoretical (no
fishing effects) maximum spawning potential (MSP)
of the Niantic River female spawning stock. When
fishing was added, the annual projections of the
initially unfished stock become the baseline time-
series of annual spawning biomass in the absence of
any plant impact. Under the exploitation rates
simulated, as provided by the CT DEP, the stochastic
mean stock size of the baseline declined to 56,243 Ibs
by 1970 and to its lowest point of 12,880 Ibs in 1993.
The latter value was less than one-half of a critical
stock size, defined as 25% of MSP. Following
simulated reductions in fishing, however, the stock
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rapidly recovered.  New series of stock size
projections were then simulated by adding the effect
of larval entrainment at MNPS. The lowest projected
stock biomass under simultaneous fishing and MNPS
impact again occurred in 1993 (10,604 Ibs), whereas
the greatest absolute decline relative to the baseline
occurred in 2000 (a difference of 18,682 Ibs)
Generally, greater reductions in stock biomass
resulted from fishing thar from larval ertrainment.
The simulated spawning stock returned to within
about 1.700 lbs of baseline levels in 2130, only §
years after the scheduled termination of Unit 3
operation in 2025, and became virtually identical to
the baseline in 2033,

The probabilities that the Niantic River female
spawning stock biomass would fall below selected
reference sizes (25, 30, and 40% of MSP) were
determined to help assess the long-term effects of
MNPS operation. A stock smaller than 25% of MSP
is considered overfished, whereas one that is at 40%
of MSP can maximize yield to the fisheries while
remaining stable. For both baseline and MNPS-
impact simulations, stocks were likely (p = 0.92)
greater than 40% of MSP in 1970. At the owest
point of both stock projections in the mid-1990s, all
replicates of the stock projections were less than 25%
of MSP. Simulated reductions in fishing allowed for
a rapid increase in spawner biomass in 2000. By
2010, spawner biomass of the impacted stock was
likely (p = 0.91) greater than 30% of MSP and had a
probability of 0.42 of being larger than 40% of MSP

This simulated recovery howe.er, assumed that
changes in fishing regulatic. - were implemented as
scheduled and that they achieved reductions in
‘ishing mortality rates as expected. Even with
substantial reductions in fishing mortality and
termination of MNPS operation, the probabilistic
aralysis indicated a one in three chance that the new
equilibrium stock biomass would still be smaller than
40% of MSP after 2040. To date, however, the
Niantic River winter flounder stock has not shown
evidence of a rebound in abundance as suggested by
the model. Even though fishing remains high, this
population has remained resilient and very small
adult spawning stocks in recent years have produced
relatively large vear-classes of young fish,
Nevertheless, continued efforts in reducing fishing
are necessary to ensure a recovery and avoid a stock
collapse.



Lobster Studies

The total number of lobsters caught (all sizes)
and total CPUE in 1996 was within ranges of
previous yvears, however, CPUE of legal lobsters
landed in 1996 was the lowest observed in the 3-unit
period. This decline was expected because total
CPUE in 1995 was the lowest observed in the nearly
20 year study period, so fewer sublegal-size lobsters
were available to molt to the legal size class in 1996.
There has been an overall decline in lega!l lobster
abundance since 1978, primarily due to increased
fishing rates, which have more than doubled since
1978, and to increases in minimum legal size
implemented in 1989 and 1990.

Lobster catches and molting peaked earlier
during the overall 3-unit period (1986-95) than
during the 2-unit period (1978-85), probably owing
to the regionally warmer May to August water
temperatures observed in recent years. Consistent
with this finding, cooler than normal water
temperatures in 1996 delayed lobster catch and
molting peaks. Other changes in local lobster
population characteristics during 3-unit operation
were related to implementation of new fishery
regulations, rather than to power plant impacts. The
increased proportion of berried females is associated
with the increases in minimum legal size, and should
increase larval production as a larger proportion of
females are able to spawn before reaching lega! size.
Similarly, implementation of the escape vent
regulation in 1984 has led to lower percentage of
lobsters missing one or both claws (culls) during 3-
unit operation.

The total estimated number of lobster larvae
entrained through the MNPS cooling water systems
during 1996 was the lowest reported since
entrainment <tudies began in 1984, This reduction in
entrainment of larvae was the result of the shutdown
of MNPS during 1996. For the most part,
entrainment levels have been considerably higher
during 3-unit operational years relative to 2-unit
years, due the additional cooling water demand of
Unit 3. The long-term impact of larval entrainment
at MNPS 12 difficult to quantify because the source of
larvae entrained at MNPS is not known, and larval
survival, settlement and ultimate recruitment to the
fishery are not fully understood. Since lobsters
require 4-5 years of growth before they become
vulnerable to capture in our traps and an additional 2

years of growth to reach legal size, continued
monitoring of lobsters will demonstrate the effects, if
any, of 3-unit operations on the local lobster
population.

Rocky Intertidal Studies

Differences among rocky intertidal stations in
community composition were attributed to site-
specific environmental conditions created by the
influence of many interacting factors. At three of
four study stations, major differences among
communities (e.g., based on abundances of the
dominant taxa such as barnacles, Fucus and
Chondrus) were attributed to natural variability in
factors that affect the degree of wave disturbance at
each site. These factors include site orientation to
prevailing wind-generated waves, the ability of
exposed substratum (slope) to dissipate the horizontal
force of those waves, and the character of that
substratum (e.g., boulders, bedrock ledge).

In addition to these natural factors, impacts
relatec to the MNPS thermal plume have created a
distinctive intertidal community on the shore area
immediately adjacent to the discharge outfall to the
east (Fox Island). The unique algal flora at Fox
Island-Exposed (FE), developed under elevated
temperature conditions caused by the 3-unit thermal
plume, continued to be evident in 1995-96 based on
qualitative sampling. There was little change to the
FE flora resulting from the extended 3-unit outage in
1996. The most notable shifts in species occurrence
at FE during 3-unit operation, relative to unimpacted
sites, were the presence of warm water-tolerant
species not typical of other sites (Agardhiella
subulata, Graci! ria tikvahige and Sargassum
Silipendula), absence of common cold water species
(Mastocarpus  stellarus, Dumontia contorta, and
Polysiphonia lanosa) and extended or reduced
periods of occurrence of seasonal species with warm
water or cold water affinities, respectively.

Dominant species abundance patterns were
altered by 2-cut water circulation patterns and by 3-
unit operations only at FE. These changes were most
notable in the low intertidal zone at FE, where
temperature conditions were most severe. The low
intertidal community at FE, which prior to 1983 had
been unimpacted and characterized by perennial
populations of Fucus, Chondrus, and Ascophyllum
and predictable seasonal peaks in barnacle and
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Monastroma abundance, has been replaced by a
persistent community dominated by Codium, Ulva,
Enteromorpha, and Polysiphonia. These populations
maintained dominance within the FE intertidal
community during 1996, and small populations of
Sargassum and Gracile a, found only in FE study
transects, also persisted.

Elevated temperatures (2-4"C above ambient) at
our Ascophyllum station nearest the discharge (FN),
coupled with higher than normal ambient
temperatures, may have created unfavorable
conditions for Ascophvilum growth in 1995-96.
Ascophyllum growth was significantly reduced at FN
in 1995-96, relative to stations farther away. Owing
to the high degree of variability associated with
Ascophyllum growth, it is not certain whether this
pattern of reduced growth is related to the
temperature regime. In contrast, therme| incursion in
most previous years caused growth enhancement at
FN.  Consistent with previous years, Ascophyllum
mortality, or loss of tagged plants and tips, at our
present sampling sites was not related to proximity to
the power plant but rather to degree of exposure to
storm [orces.

Eelgrass

Eelgrass (Zostera marina) monitoring studies
during 1996 revealed relatively heaithy study
populations at current sampling sites. The study sites
nearest to MNPS, Jordan Cove (JC) and White Point
(WP), have supported stable populations since the
study began in 1985. The present study site in the
Niantic River (NR #4) has only been monitored since
1995; general decline of the overall population in the
Niantic River has necessitated relocation of the study
site three times over the 12-year study period.
Variability in population parameters has been
observed to some extent at all study sites and was
primarily attributed to factors unrelated to MNPS
opeiation.

Variability in eelgrass abundance and standing
stock has been greatest in the Niantic River. Since
1985, this population has been characterized by
isolated, often transient patches. The number and
extent of these patches has declined since early study
years, as eelgrass at three previous study sites has
been eliminated. Eelgrass recolonization through
seed germination has only been observed once, at the
original study site (NR #1); this new bed declined
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and was eliminated after only two years. Causes for
the instability of eelgrass in the Niantic River are
unclear, but not related to power plant operation
because this site is well beyond the zone of influence
of MNPS. No indications of decline have been noted
at the current eelgrass bed moaitored in the Niantic
River (NR #4), sampled in 1995 and 1996. It
remains to be seen whether factors causing declines
elsewhere in the river (perhaps water quality, disease
or waterfowl grazing) will eventually impact the
eelgrass bed at this site.

Eelgrass beds at the other sites, WP and JC,
have persisted over the entire study veriod; however,
analyses of some population parameters indicated
r oderate decline at both sites. The WP population is
on the fringe of the predicted areal extent of the
thermal plume, but \emperature monitoring has never
indicated water temperatures above ambient at that
site. Furthermore, low standing stock at WP in 1996
was observed when no thermal plume was produced
at MNPS due to plant shutdown. Therefore, recent
indications of decline at WP were attributed to
natural variability rather than a power plant impact.

While declines are apparent for the JC eelgrass
population, some improvement in shoot density and
standing stock has been observed in the most recent
sampling years (1995 and 1996). The study
population at JC is within the predicted thermal
plume area, and because of shallow water depths
there (<1 m), this population. is also susceptible to
additional stress from solar warming in summer,
sediment freezing in winter, and waterfow! grazing.
Sediment transport and sand shoaling may also
represent environmental stress. Elevated temper-
atures relative to those at the MNPS intakes have
been measured directly at JC, and may have caused
periodic eelgrass population declines observed there.
Elevated summer temperatures (by 4-5°C) were
measured in 1996 at JC, and were attributed entirely
to solar warming and water circulation patterns in
Jordan Cove since MNPS was shut down. Based on
1996 findings, these natural factors were largely
responsible for temperature fluctuations observed
historically at JC, with the MNPS thermal plume only
a minor influence at most.

Benthic Infauna

Benthic infaunal studies during 1996 continued
to document ongoing community changes related to



impacts from construction and operation of MNPS.
This was accomplished by monitoring nearby
subtidal  soft-bottom habitats for changes in
sedimentary characteristics and infaunal community
structure (total abundance, species number and
species composition).  Results of these studies
through the 1996 sampling year indicated that MNPS
operation-related community changes continued to be
observed at the three study sites nearest to MNPS.

The only study site not influenced by MNPS
was the GN reference site, located well beyond the
area of possible impacts. Data collected at this site
continued to reflect long-term physical and biological
stability; sediments collected at GN in 1996 were
similar to previous years, and overall community
composition was consistent over the study period.
Specifically, the same four taxa (oligochaetes, Tharyx
spp.. Aricidea  catherinae and  Mediomastus
ambiseta) have been numerically dominant at similar
relative abundance levels over both 2-unit and 3-unit
operational periods.

Two study sites (IN and JC) continued to reflect
changes related to past isolated physical disturbances
from MNPS that occurred over a relatively short
duration. In recent years, sediment silt/clay content
has declined to near pre-impact ievels and indications
of community recovery are evident through 1996,
Species richness and abundances of oligochaetes and
Aricidea catherinae (common taxa prior to 1983)
have increased, while abundances of more
opportunistic species (e.g., Nucula proxima) have
declined. However, continued dominance of post-
impact species, such as Tharyx spp., indicates the
recovery is still ongoing at IN.

Habitat and community changes resulting from
another past disturbance event attributed to MNPS
operation were still evident at JC in 1996
Specifically, the effects of siltation at JC after the
start-up of Unit 3 in 1986, associated with increased
cooling water flow and sediment scour in the
immediate area of the discharge, continued to be
observed in 1996. Abundances of the previously
dominant oligochaetes, and the polychaetes
Polycirrus eximius and Aricidea catherinae quickly
decreased. The impact of this siltation event has
apparently lessened since 1986, as populations of
some 2-unit perind dominants (e.g., 4 cetherinae)
have recovered. Yowever, long-term persistence of
some of the denor tted silt/clay was still evident after
1995 sampling, and community recovery is evident
but slow at JC.

Discharge scour directly and continuously
impacts the sedimentary environment and the
infaunal community at EF. Sediments in 1996 were
characterized by increased sediment grain size and
decreased silt/clay levels relative to 2-unit
operational years. The infaunal community at EF has
developed under the new. relatively stable, high
currznt conditions in the discharge area. Populations
of species common during 2-unit operation (e.g., 4.
catherinae and P. eximius) have returned to EF,
while other species (including Tharyx spp.) have
declined or do not occur even during periods of area-
wide increase (e.g., M ambiseta). Little change in
the impacted infaunal community at EF was observed
during 1996, when MNPS was shut down. This
indicates that this community will likely persist for
some time after sediment scour produced by the
MNPS discharge ceases.
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Introduction

Reporting Requirements

This report summarizes results of ongoing environ-
mental monitoring programs conducted by Northeast
Utilities Service Company (NUSCO) in relation to the
operation of the three-unit Millstone Nuclear Power
Station (MNPS). MNPS can affect local marine biota
in several ways: large organisms may be impinged on
the traveling screens that protect the condenser cooling
and service water pumps; smaller ones may be
entrained through the condenser cooling-water system,
which subjects them to various mechanical, thermal,
and chemical effects; and marine communities in the
discharge area may be subjected to thermal, chemical,
and mechanical effects resulting from the outflow of
the cooling water. In addition, occasional maintenance
dredging is done in the vicinity of the intake structures.

The basis for the studies is the National Pollutant
Discharge Elimination System (NPDES) permit
(CT0003263) issued by the Connecticut Department of
Environmental Protection on December 14, 1992 1o
Northeast Nuclear Energy Company (NNECO), on
whose behalf NUSCO has under.aken this work, The
regulations in the permit allow the MNPS coling
water to be discharged into Long Island Sound (L1S) in
accordance with Secticn 22a-430 of Chapter 44Ck of
the Connecticut General Statutes and Section 30! of
the Federal Clean Water Act, as amended. Paragraph §
of the MNPS NPDES permit states that:

The permittee shall conduct or continue to conduct

biological studies of the supplying and receiving

waters, entrainment studies, and intake impingemeni
monitoring. The studies shall include studies of
intertidal and subtidal benthic communities, finfish
communities and entrained plankion and shall
include detailed studies of lobster populations and
winter flounder populations.

In addition, paragraph 7 of the permit requires that:

On or before April 30, 1993 and annually thereafier,

submit for review and approval of the Commissioner

a detailed report of the ongoing biological studies

required by paragraph 5 and as approved under

paragraph 6.

Furthermore, a decision and order of the Connecticut
Siting Council (CSC) requires that NNECO inform the
Council of results of MNPS environmental impact
monitoring studies and any modifications made to
these studies (paragraph 6 of the proceeding entitled

"Docket No. 4, Certificate of Environmental
Compatibility and Public Need for an Electric
Generating Facility Identified as 'Millstone Nuclear
Power Station, Unit 3,' located in the Town of
Wagerford, Connecticut” and dated March 22, 1976).
This report satisfies the requirements of the NPDES
permit and of the CSC by updating and summarizing
various studies conducted at IJPS that were
presented most recently in NUSCO (1996).

Study Area

MNPS is situated on Millstone Point, about 8 km
west-southwest of New London on the Connecticut
shore of LIS (Fig. 1). The property, covering an area
of about 200 ha, is bounded to the west by Niantic
Bay, to the east by Jordan Cove, and to the south by
Twotree island Channel. The MNPS monitoring
programs sample a study area of approximately 50 km
that extends from the northern portions of the Niantic
River and Jordan Cove to Giants Neck, 2 km south of
Twotree Island, and 2 km east of White Point. Work
takes place from the shoreline into areas as deep as 20
m southwest of Twotree Island.

Strong tidal currents predominate in the vicinity of
Milistone Point and influence the physical character-
istics of the area. Average tidal flow through Twotree
Island Channel is approximately 3,400 m’sec” and at
maximum is about 8,500 m’sec’ (NUSCO 1983).
Current velocities are about 1 to 1.8 knots in the
charninel, slightly less (1 to 1.5 knots) near the plant and
in Niantic Bay, and relatively weak in Jordan Cove and
in the upper Niantic River. The currents are driven by
semi-diumnal tides that have a mean and maximum
range of 0.8 and 1.0 m, respectively. Thermal and
salinity induced stratification may occur in regions
unaffected by strong tidal currents. The greatest
temperature variation has been observed in nearshore
areas where water temperature can vary from -3 to
25°C, salinity varies much less and ranges from 26 to
30%c. The bottom is generally composed of fine to
medium sand throughout the area, but also includes
some rock outcrops and muddy sand, especially near
shore. Strong winds, particularly from the southwest,
can at times result in locally heavy seas (up to 1.5 m or
greater) near Mi'lstone Point. Additional information
on local hydrography and meteorology can be found in
NUSCO (1983).
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Long Island Sound

Fig. 1. The area in which biological monitoring studies are being conducted to assess the effects of the operation of MNPS

Millstone Nuclear Power Station

The MNPS complex consists of three operating
nuclear power units; a detailed description of the
station was given in NUSCO (1983). Unit I, a
660-MWe bo.ling water reactor, began commercial
operation on November 29, 1970; Unit 2 is an
870-MWe pressurized water reactor that began
commercial operation in December 1975; and Unit 3
(1150-MWe pressurized water reactor) commenced
commercial operation on April 23, 1986. All three
units use once-through condenser cooling water
systems with rated circulating water flows of 26.5,
346, and 566 m’sec”’ for Units | through 3,
respectively. Cooling water is drawn from depths of
about | m below mean sea level by separate shoreline
intakes located on Niantic Bay (Fig. 2). The intake
structures, typical of many coastal power plants, have
coarse bar racks (6.4 cm on center, 5.1-cm gap)
preceding vertical traveling screens to protect the
plants from debris. Units | and 2 have always had 9.5-
mm mesh screens. Unit 3 originally had 4.8-mm mesh
screens, a combination of 9.5- and 4.8-mm mesh
screens from early 1990 through summer 1992, and
only 9.5-mm mesh screens as of August 15, 1992.

2 Monitoring Studies, 1996

Fish return systems (sluiceways) were installed at Unit
I in December 1983 and at Unit 3 during its
construction 1o return aquatic organisms washed off
the traveling screens back to LIS. The installation and
operation of sluiceways have minimized the impact of
impingement at MNPS (NUSCO 1986, 1988a, 1994).

A chronology of significant events associated with
MNPS  construction and operation, including
installation of devices designed to mitigate environ-
mental effects and wunit operational shutdowns
exceeding 2 weeks, are found in Table |. Capacity
factors (the electricity produced as a percentage of
maximum possible production) during 1996 were the
lowess nce Unit 3 went online: 0% for Unit |
(shutdown on November 4, 1995), 13.7% for Unit 2
(February 20, 1996), and 24 9% for Unit 3 March 30,
1996). All units remained shut down for all or most of
1996 for reasons that are beyond the scope of this
report.

MNPS cooling water is nominally heated in Units 1,
2, and 3 from ambient temperature to a maximum of
139, 127, and 9.5°C, respectively. Each unit has
separate discharge structures that release the heated
effluent into an abandoned granite quarry (ca. 3.5 ha
surface area, maximum depth of approximately 30 m).



TABLE |. Chronology of major construction and operation events at MNPS through 1994

Daie Activity Reference”
December 1965 Construction initiated for Unit | NUSCO (1973)
November 1969 Construction initiated for Unit 2 began NUSCO (1973)
October 26, 1970 Unit | initial criticality, produced first thermal efMuent DNGL
November 29, 1970 Unit | initial phase to grid DNGL
December 28, 1970 Unit | began commercial opuwgn DNGL
January 15, 1971 to February 22, 197) Unit | shutdown DNGL
August-December 1972 Surface boom at Unit | NUSCO (1978)
November 1972 Fish barrier installed at quarry cut NUEL
September 3, 1972 to March 20, 1973 Unit | shutdown DNGL
November 1972 Unit 2 coffer dam removed NUSCO (1973)
April 18 to July 28, 1973 Unit | shutdown DNGL
August-December 1973 Surface boom at Unit | NUSCO (1978)
July-December 1974 Surface boom at Unit | NUSCO (1978)
September | 1o November S, 1974 Unit | shutdown DNGL
July-October 1975 Surface boom at Unit | NUSCO (1978)
July 1975 Bottom boom installed at Unit | NUSCO (1978)
August 5, 1975 Unit 3 coffer dam construction began NUEL
September 10 to October 20, 1975 Unit 1 shutdown DNGL
October 7, 1975 Unit 2 produced first effluent EDAN
November 7, 1975 Unit 2 initial criticality, produced first thermal effluent EDAN
November 13, 1975 Unit 2 initial phase to grid DNGL
December 1975 Unit 2 began commercial operation NUEL
March 19, 1976 Unit 3 coffer dam construction finished NUEL
June-October 1976 Surface boom at Unit 2 NUSCO (1978)
October | to December 2, 1976 Unit 1 shutdown DNGL
December 20, 1976 to January 20, 1977 Unit 2 shutdown DNGL
May 6 to June 25, 1977 Unit 2 shutdown DNGL
June-October 1977 Surface boom at Unit 2 NUSCO (1978)
November 20, 1977 to May 1, 1978 Unit 2 shutdown DNGL
March 10 to April 15, 1978 Unit | shutdown DNGL
March 10 o May 21, 1979 Unit 2 shutdown DNGL
April 28 1o June 27, 1979 Unit | shutdown DNGL
August 1010 25, 1979 Unit 2 shutdown DNGL
November | o December §, 1979 Unit 2 shutdown DNGL
May 7 to June 19, 1980 Unit 2 shutdown DNGL
June | 1o June 18, 1980 Unit | shutdown DNGL
August 15 1o October 19, 1980 Unit 2 shutdown DNGL
October 3, 1980 to June 16, 1981 Unit | shutdown DNGL
January 2 10 19, 198 Unit 2 shutdown DNGL
December 5, 1981 o March 15, 1982 Unit 2 shutdown DNGL
March 1981 Bottom boom removed at Unit | NUEL
September 10 to November 18, 1982 Unit | shutdown DNGL
March 2 1o 18, 1983 Unit 2 shutdown DNGL
April-September 1983 Unit 3 coffer dam removed, intake maintenance dredging NUEL
May 28, 1983 to January 12, 1984 Unit 2 shutdown DNGL
December 1983 Fish return system instalied at the Unit | intake NUEL
August 1983 Second quarry cut opened NUEL
April 13 10 June 29, 1984 Unit | shutdown DNGL
February |5 to July 4, 1985 Unit 2 shutdown DNGL
June 1985 Intake maintenance dredging NUEL
September 28 to November 7, 1985 Unit 2 shutdown DNGL
October 25 to December 22, 1985 Unit | shutdown DNGL
November 1985 Unit 3 produced first effluent EDAN
February 12, 1986 Unit 3 produced first therma! efMuent EDAN
April 23, 1986 Unit 3 began commercial operation DNGL
July 25 10 August 17, 1986 Unit 3 shutdown DNGL

Introduction 3



TABLE 1. (cont).

September 20 10 December 1R, 1986 Unit 2 shutdown
December | to 15, 1986 Unit | shutdown
January 30 to Febmary 16, 1987 Unit 2 shutdown
March 14 w April 10, 1987 Unit 3 shutdovin
June 3 to August 17, 1987 Unit 1 shutdown
November |, 1987 to February 17, 1988 Unit 3 shusdown
December 31, 1987 1o February 20, 1988 Unit 2 shutdown
April 14 10 May |, 1988 Unit 3 shutdown
May 7-22, 1988 Unit 2 shutdown
October 23 to November 8, 1988 Unit 3 shutdown
February 4 w0 April 29, 1989 Unit 2 shutdowr.
April & to June 4, 1989 Unit | shutdown
May 12 to June 12, 1989 Unit 3 shutdown
October 21 1o November 24, 1989 Unit 2 shutdown

March 30 to April 20, 1990
May 8 to June 15, 1990
September 14 to November 9, 1990
February 2 to April 17, 199!

Unit 3 shutdown, installation of some 9 $-mm intake screen panels DNGL; NUEL

Unit 2 shutdown
Unit 2 shutdown

Uniillhudom;wluionofmﬁshbwl:mmdmym

April 7 1o Sepiember 2, 1991 Unit | shutdown
April 23 1o May 11, 1991 Unit 2 shutdown
May 26 10 July 7, 1991 Unit 2 shutdown

July 25, 1991 to February 6, 1992

Unhllhudown;iuuluionofmfuhbmumdmym

August 7 to September 11, 1991 Unit 2 shutdown
October 1, 1991 to March 3, 1992 Unit | shutdown
November 6 to December 27, 1991 Unit 2 shutdown
January 28 1o February 14, 1992 Unit 2 shuidown
March 22 1o April 6, 1992 Unit | shutdown

May 16 1o June 4, 1992
May 29, 1992 to January 13, 1993
July 4 to August 15, 1992

August 15, 1992

Unilllhmdown.muiooofmﬁshmmmdmym

Unit 2 shutdown
Unit | shutdown

MOSR

MOSR; NUEL
MOSR

Completed installation of new fish buckets and sprayers at Unit 3 NUEL

September 30 to November 4, 1992 Unit 3 shutdown
July 31 to Noveraber 10, 1993 Unit 3 shutdown
September 15 10 October 10, 1993 Unit 2 shutdown
January 17 to May |, 1994 Unit | shutdown
April 22 10 June 18, 1994 Unit 2 shutdown
July 27 to September 3, 1994 Unit 2 shutdown
September 8-22, 1994 Unit 3 shutdown
October 1, 1994 10 August 4, 1995 Unit 2 shutdown
April 14 10 June 7, 1995 Unit 3 shutdown
November 30 to December 15, 1995 Unit 3 shutdown
November 4, 1995 1o undetermined Unit | shutdown
February 20, 1996 to undetermined Unit 2 shutdown
March 30, 1996 to undetermined Unit 3 shutdown

MOSR
MOSR
MOSR
MOSR
MOSR
MOSR
MOSR
MOSR
MOSR
MOSR
MOSR
MOSR
MOSR

I DNOLuknwﬂanywmioolo;,NUELwNUSCOEnvmmmLMmyM.EDANwmtcnvhmwm
mkﬁhm«t“%kwhmﬂymummmm

The thermal discharge (about 11°C warmer than
ambient under typical three-unit overation) exits the
quarry through two channels (cuts), whereupon it
mixes with LIS water (Fig. 2). The cuts are equipped
with fish barriers made up of 19-mm metal grates,
which serve to keep larger fish out of the quarry. The
thermal plume is warmest in the immediate vicinity of

4 Monitoring Studies, 1996

the cuts and within about 1,100 m of the quarry the
surface-oriented plume cools to within 2.2°C above
ambient. Beyond this distance the plume is highly
dynamic and varies mostly with tidal currents (Fig. 3).
All hydrothermal surveys conducted at MNPS were
described in  detail in  NUSCO (1988b).



Twotree Island Channel

Fig. 2 The MNPS site, showing the intake and discharge of each unit, the quarry, and the two quarry discharge cuts.

Monitoring Programs

This report contains a separate section for each major
monitoring program, some of which have been
ongoing since 1968. These long-term studies have
provided the representative data and scientific bases
necessary to assess potential biological impacts as a
result of MNPS construction and operation. The
significance of changes found for various communiti-s
and populations beyond those that were expected to
occur naturally were evaluated using best available
methodologies. Programs discussed below include
Winter Flounder Studies, Fish Ecology Studies,
Lobster Studies, Eelgrass, Rocky Intertidal Studies,
and Benthic Infauna. Reporting periods for each
section vary and were predicated on biological
considerations and processing time necessary for
samples, as well as on regulatory requirements. In
cases where the seasonal atundance of organisms
differed from arbitrary annual reporting periods, the
periods chosen were adjusted to best define the season
of interest for a particular species or community.
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Fish Ecology Studies

Introduction

Fish are important members of the aquatic com-
munity of eastern Long Island Sound (L1S). LIS
provides a variety of habitats for fishes that in
concert with a temperate climate results in a diverse
assemblage of species, including residents present all
year that exhibit little movement, highly migratory
fish present only in certain seasons, and rarely
collected transients with _enters of distribution
elsewhere. Fish aiso support ccmmercial and sport
fishing activities in Connecticut worth millions of
dollars each year (Sampson 1981, Blake and Smith
1984).

The objective of the fish ecology monitoring
programs at Millstone Nuclear Power Station
(MNPS) is to determine whether operation of the
three electrical generating units adversely affects the
occurrence, distribution, and abundance of local
fishes. Potential MNPS impacts include entrainment
of early life history stages through the cooling-water
system, impingement of juvenile and adult fish on
intake screens, and changes in distribution as a result
of the thermal discharge. Numbers of fish eggs and
larvae entrained have been reliably estimated, but
quanufying long-term effects of this impact is more
difficult.  Effects ¢f entrainment mortality are
influenced by biological processes, zuch as
compensatory mortality, density-depenaent growth,
fecundity of individual species, population age
structure, and life history strategies. Impingement
can also be readily measured but, as in the case of
eggs and larvae, the implications of fish removal are
difficult to ascertain as adult populations are also
affected by natural and fishing mortality. In any
event, the impact of fish impingement at MNPS has
largely been mitigated by the installation and
operation of fish return sluiceways at MNPS Units |
and 3 (NUSCO 1986, 1988¢, 1994b). Changes in the
thermal regime of local waters due to MNPS
operation have been well-documented (NUSCO
1988b; see also the Introduction section to this
report). If water temperatures exceed tolerance
levels, fish may be forced to move from the area,
vacating potentially important spawning or nursery
grounds.

Traw, seine, and ichthyoplankton (fish eggs and
larvae) monitoring programs were established to
proia: information for the assessment of impacts
from VINPS operation ¢n local fish populations.
These programs provided a basis for identifying taxa
potentially affected, as well as information on long-
term abundance trends used to measure changes in
local popuiations and have changed over time
following evaluations (NUSCO 1987, 1994a, 1995).
Potentially impacted species were selected on the
basis of life history characteristics, such as
susceptibility of early developmental stages to
entrainment at MNPS, stock structure (i.e., localized
or coast-wide popuiations), and local distribution in
relation to the thermal plume. In this report, data
from June 1995 through May 1996 are summarized
and compared to data previous collected from trawl,
seine, and ichthyoplankton monitoring programs.

Tautog (Tautoga onmitis) support one of the
principal sport and commercial fisheries of LIS
(Smith et al. 1989; ASMFC 1996), but abundance of
Juveniles and adults has declined since (984
(Simpson et al. 1995). As a result of this decline,
likely from overfishing on this slow-growing and
long-lived fish, an interstate management plan is
under development to provide for the conservation,
restoration, and enhancement of the tautog stock
(ASMFC 1996). Because of relatively high
entrainment of tautog eggs at MNPS, concern has
been raised by the Connecticut Department of
Environmental Protection (CT DEP) regarding the
tautog population in the vicinity MNPS. From this
concern, special studies of tautog early life history
were conducted in 1996. This work focused on
tautog egg distribution and was based, in part, on the
methodology and results of previous studies, which
are summarized below in the Results and Discussion
section. In addition, a preliminary assessment of
tautog egg entrainment was made in terms of
equivalent female spawners removed by MNPS
operation. Tautog studies in 1996 and those that will
be completed during subsequent years are being
performed in lieu of sampling at three offshore traw|
stations (BR, TT, NB; NUSCO 1996) in accordance
with an agreement with the CT DEP (NNECO
19952, 1995b, 1996).
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Materials and Methods

Annual results are presented for a 12-month period
that extends from June of one year through May of
the following year. Because of occasional overlap in
the occurrence of a species during the May-June
transitional period, species-specific analyses are
based on actual periods of occurrence instead of
being constrained to a May 31 endpoint. When a
species season of occurrence crossed a calendar year,
the annual period was termed a report year (e.g.,
1995-96). When a species was collected only within
a calendar year, the annual period was presented as a
specific year (e.g., 1996). Although methods of
collection for the 1995-96 report year were
essentially the same as those used in previous vears,
the number of stations used in the traw! monitoring
program was reduced from six to three in January
1996 with the deietion of stations NB, TT, and BR
(NNECO 19952). The materials and methods that
follow correspond to the 1995-96 report year.

1
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Ichthyoplankton Program

The sampling frequency for ichthyoplankton
entrained through the MNPS cooling-water system
varied seasonally during 1995-96. Both day and
night samples were collected twice a week during
June through August, once a week in September and
February, and three times a week during March
through May. Only one day sample per week was
collected during October through January.
Generally, sampies were collected each week at only
one of the three plant discharges (station EN, Fig. 1),
with the site of collection usually alternating weekly
between Units | and 2, if plant operations permitted.

Following the shutdown of Unit 1 in November
1995 (no circulating water pumps in operation),
samples were taken exclusively at Unit 2 until mid-
April of 1996, when sampling was also done at Uni
3. Beginning in early May, circulating water pumps
at Units 2 and 3 were operated for only a few hours

\

N =« TRAWLS
11r SEINES
*  PLANKTON

NIANTIC

Fig. 1. Location of current trawl, seine, and ichthyoplankton sampling stations.

12 Monitoring Studies, 1996




each week and entrainment samples were taken
during the infrequent occasions when this occurred.

To collect samples from the plant discharge, a 1.0 x
3.6-mi conical plankton net with 333-um mesh was
deployed with a gantry system. Four General
Oceanic flowmeters (Model 2030) were mounted in
the mouth of the net and positioned to account for
horizontal and vertical flow variations. Sample
volume (about 200 m’, except during periods of high
plankton or detritus concentrations when volume was
reduced) was determirned from the average readings
of the four flowmeters.

Ichthyoplankton samples were separated using a
NOAA-Bourne splitter (Botelho and Donnelly
1978); fish eggs and larvae were removed from the
samples with the aid of a dissecting microscope.
Successive splits were completely sorted until at least
50 larvae (and 50 eggs for samples processed for
eggs) were found, or until one-half of the sample had
been examined. Larvae were identified to the lowest
practical taxon and enumerated in all samples, except
for June samples, for which only two (one day and
one night) samples per week were examined.
Tautog, cunner (Tautogolabrus adspersus), and
anchovy (bay anchovy, Anchoa mitchilli and striped
anchovy, A4 hepsetus) eggs were identified and
enumerated in all samples collected from April
through September. Tautog and cunner are both in
the Family Labridae and their eggs are very similar
in appearance. They were distinguished on the basis
of a weekly bimodal distribution of egg diameters
(Williams 1967). All ichthyoplankton densities were
reported as a number per S00 m’ of water filtered.

During 1996, special studies were conducted to
examine the spatial distribution of tautog eggs
potentially entrained at MNPS. Tautog egg entrain-
ment is likely a function of egg distribution, that is
related to spawning aggregations of adults and
hydrodynamic transport during the approxiinate 2 to
3-day span between spawning and hatching. The
vertical distribution of tautog eggs was examined
using paired surface and near-bottom tows by
simultaneously sampling with two 60-cm bongo
samplers having 333-um mesh nets and 22.7 kg
depressors. Volume filtered was determined from a
single GO flowmeter mounted in the center of each
bongo opening. Sampling was conducted with one
bongo system deployed just below the surface and
ancther near the bottum. Three replicate paired tows
were taken during the evening peak spawning period
on both July 10 and 15 and during the momings of
July 11 and 16 (appri ximately 12 hours after peak

spawning) for a total of 12 paired surface-bottom
collections. Sampling was conducted near the time
of slack tidal currents on July 10 and 11 and
maximum tidal currents in both July 16 collections.
The sampling was conducted at a point midway
between Millstone Point and Black Point having a
water depth of about 10 m. Temperature and salinity
were determined at surface, midwater, and bottom
depghs using a YSI Model 30 meter.

To determine spatial distribution offshore of
MNPS, sampling was conducted within a 5 nautical
mile (n mi) radius of MNPS, which was determined
as the most likely potential source area for tautog
eggs entrained at MNPS. Five sampling points were
located at | n mi intervals along three separate
transects, with the point of origin for each transect at
the mid-point between Millstone Point and Black
Point. From the origin, the transects extended
approximately southeast (SE), south (S), and
southwest (SW). The rationale for selecting these
stations and the precise location of each will be
detailed in the Results and Discussion section.
Vertical tows were taken at each station with the 60-
cm bongo sampler described above. The sampler
was lowered from the surface to the bottom and
immediately retrieved to the surface while the boat
remained at idle; water was filtered during both
descent and ascent. Replicate tows were taken at
shallower sampling sites until approximately 30 m’
of seawater had been filtered (both nats combined).
Material retained by both nets was combined as one
sample for each station. Sampling was conducted in
the moming after sunrise on July 2 and July 9.
Sampling simultaneously with two boats required
about 3 hours, starting about 2 hours prior to slack
current, and was conducted during the period
encompassing slack after ebb (July 2) and slack after
flood (July 9). On both dates, each site was sampled
once, except for the station at the transect origin,
which was sampled at the beginning, near the
middle, and at the end of each sampling period.

Trawl Program

Triplicate bottom tows were made using a 9.1-m
otter traw| with a 0.6-cm codend liner. As of January
1996, demersal fishes were collected every other
week throughout the year at three stations: Niantic
River (station NR), Jordan Cove (JC), and Intake
(IN) (Fig. 1). A standard tow was 0.69 km, but if the
trawl net became loaded with macroalgae and
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detritus, tow distances were shortened and catches
standardized to 0.69 km by proportionally adjusting
the catch. This change in sampling procedure
occurred frequently in 1995-96 due to abundant
concentrations of macroalgae and detritus at NR and
JC. Catch was expressed as the number of fish per
standardized tow (CPUE). Up to 50 randomly
chosen individuals of certain selected species per
station were measured (total length) to the nearest
mm. Catch of tautog in lobster pots (see Lobster
Studies section for sampling methods) were used to
supplement the trawl abundance data for this species.

Seine Program

Shore-zone fish were sampled using a 9.1 x 1.2-m
knotless nylon seine net of 0.6-cm mesh. Triplicate
shore-zone hauls (standard distance of 30 m) were
made parallel to the shoreline at Jordan Cove (JC)
biweekly from April through November (Fig. 1).
Collections were made during a period 2 hours
before and | hour after high tide. Fish from each
haul were identified to the lowest possible taxon,
counted, and the total length of up to 50 randomly
selected individuals of each species from each
replicate were measured to the nearest mm total
length. Catch was expressed as number of fish per
haul.

Data Analyses

Abundance Estimates

The A-mean was used as an index of abundance of
Juvenile and adult fish collected in the trawl and
seine programs, and of fish eggs and larvae in the
ichthyoplankton program.  Beginning with this
report, trawl catch data will focus on the three
stations currently being sampied, catch data from the
six stations previously sampied may be found in
NUSCO (1996) The A-mean was selected because it
is the best estimator of the mean for population
abundance data that approximately follows the
lognormal distribution and contains numerous zeros
(Pennington 1983, 1986). Calculation of this index
and its variance estimate was described in detail in
NUSCO (1988a). Because of varying sampling
frequencies, the A-mean indices of ichthyoplankton
taxa were weighted by the largest number of samples
collected in a week to standardize data across weeks
and years. With species that occurred seasonally, the
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data used for calculating the A-mean were restricted
by date to reduce the number of zero values in the
distribution tails, which extend beyond the season
boundaries. Two-unit operational period A-means
were calculated from the beginning of two-unit
operation (1976) to the beginning of three-unit
operation. (1986). A nonparametric, distribution-free
Mann-Kendall test (Hollander and Wolfe 1973) was
used to determine whether the direction of change of
an annual A-mean time-series represented a
significant (p < 0.05) trend. Sen's (1968) nonpara-
metric estimator of the slope was used to describe the
rate of change of significant trends. This approach to
trend analysis was suggested by Tilbert (1989) as
particularly well-suited for analysis of environmental
monitoring data because no distributional assump-
tions are required and because small sample sizes are
acceptable. Wilcoxon’s signed-ranks test (Sokal and
Rohlf 1969) was used to compare the catch of tautog
among lobster pot stations. Spearman’s rank-order
correlation (Soka! and Rohlf. 1969) was used to
describe associations among various abundance
indices,

Entrainmeni Estimates

Entrainment estimates of dominant ichthyoplankton
were calculated from daily density estimates at
station EN. These estimates were based on the
parameters of a Gompertz function fitted to the
entrainment data. The distribution of egg and larval
abundance over time is usually skewed because their
densities increase rapidly to a maximum and then
decline slowly. The cumulative density over time
from this type of distribution resembles a sigmoid-
shaped curve, for which the inflection point occurs at
the time of peak abundance. The Gompertz function
(Draper and Smith 1981) was used to describe the
cumulative egg and larvai abundance distribution.
Thus, the inflection point was not constrained to be
the mid-point of the sigmoid curve as is the case in
the frequently used logistic and probit curves. The
particular form of the Gompertz function used
(Gendron 1989) was:

C, = a-exp(~exp[-k{r - p}]) (1
where
C, = cumulative density at time ¢
¢ = time in days from the date when the eggs or
larvae first cccur
a = total or asymptotic cumulative density



p = inflection point in days since first occurrence
date
x = shape parameter.

The origin of the time scale was set to the date when
the eggs or larvae generally first appeared in the
waters off MNPS. Least-squares estimates, standard
errors, and asymptotic 95% confidence intervals of
the a, p, and x parameters were obtained by fitting
the above equation to the cumulative abundance data
using nonlinear regression methods (Proc NLIN;
SAS Institute Inc. 1985). The cumulative data were
obtained as the running sums of the weekly geomet-
ric means of the abundance data per unit volume. A
geometric mean of weekly densities was used in
analyses because the data generally followed a log-
normal distribution (McConnaughey and Congquest
1993) and weekly sampling frequencies varied.

A "density" function was derived algebraically by
calculating the first derivative of the Gompertz
function (Eq. 1) with respect to time. This density
function, which directly describes abundance over
time (abundance curve), has the form:

d, = a'x-exp(~exp[-x{r-p}] -x[t=p)) (2)

where a' equals 7-a because the cumulative densities
were based on weekly (7-day period) geometric
means, d, is density on day ¢ and all the other
parameters are as described in Equation 1. Daily
entrainment was estimawed by multiplying these daily
densities d, by the daily volume of cooling water that
passed through MNPS. Annual entrainment
estimates were determined by summing all daily
estimates during the period of occurrence.

Results and Discussion
Species Composition

At least 130 fish taxa were collected as eggs,
larvae, juveniles, and adults in the trawl, seine, and
ichthyoplankion programs as part of the Fish
Ecology monitoring studies for MNPS from June
1976 through May 1996. This includes fishes
collected at present and former stations during this
20-year period, with 116 taxa taken by trawl, 51 by
seine, and 67 collected in ichthyoplankton samples
(Appendix I). For ichthyoplankton sampling at the
MNPS discharges (station EN), anchovies (mostly
bay anchovy) and winter ‘lounder (Pleuronecies

americanus) comprised about two-thirds of the
larvae collected with 13 other taxa making up most
of the remainder (Table 1). Cunner, tautog, w.d
anchovies accounted for over 86% of the eggs
coliected. Silversides (Atlantic silverside, Menidia
menidia and inland silverside, M  beryiling)
dominated (80%) the seine catch at station JC
(Appendix II); another 16% were killifishes (striped
kiljfish, Fundulus majalis and mummichiog, F.
heteroclitus) and fourspine stickieback (Apeltes
quadracus). Seven taxa accounted for about 82% of
the total catch at the three traw| stations (Appendices
I-V).  These were the winter flounder, scup
(Stenotomus chrysops), silversides (mostly Atlantic
silverside), windowpane (Scophthalmus aquosus),
grubby (Myoxocephalus aenaeus), skates (mostly
little skate, Raja erinacea, also the winter skate, R
ocellata and cleamnose skate, R eglanteria), and
anchovies (mostly bay anchovy). Total catch of fish
over the 20-year period was very similar between IN
(105,065 specimens) and NR (104,097), each of
which was about 1.8 times the total catch of 57,766
fish at JC.

TABLE | Taxonomic composition of ichthyoplankton collected
at EN (as a percentage of the total) from june 1976 through May
1996 as larvae and April 1979 through September 1995 as €ggs.

Taxa Larvae Eges

Anchoa spp 522 59
Pleuronectes americanus 129

Ammodytes americanus 79
Myoxocephalus aenaeus
Brevoorna tyrannus
Pholis gunnellus
Tautogolabrus adspersus
Tautoga onitis
Enchelyopus cimbrius
Ulvaria subbifurcata
Liparis spp

Syngnathus fuscus
Scophthalmus aguosus
Peprilus triacanthus
Clupea harengus

526
276
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The temporal changes during the 20-year period in
the composition of the above dominant taxa collected
in trawl and ichthyoplankton programs were com-
pared using A-means. Changes in the composition of
seine catches were not examined because silversides
have always dominated the catch. In trawl sampling,
winter flounder and scup had the largest annual
A-mean CPUE during each report year, with
silversides, windowpane, and skates also relatively
numerous (Table 2). Because of the elimination of
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TABLE 2. The annuai A-mean® CPUE (n0./0.69 km) of the most abundant fish collected by trawl at JC, IN and NR for each report year from
June 1976 through May 1996 (two-unit operational period. 1976-85, three-unit operational period: 1986-96)

P americanus 239 156 167 266 348 289 494 30
S chrysops 148 130 56 62 92 19 251 2§
Menidiaspp. 182 B85 101 73 33 23 i3 2
S aquosus 12 18 09 18 16 15 22 13
M aeneus 06 09 09 19 18 25 33 2
Raja spp. 07 06 04 04 08 06 10 2

—

o—omoo
B =089 I a=
N0 RO W

35 273 273 410 231 284 267 253 169 226
83 241 174 114 110 258 1760 563 2.7 264
38 231 41 50 24 29 86 184 25 22
25 30 43 26 49 33 24 317 806 34
13 23 16 3313 22 1437 12. 23
18 18 22 26 24 34 32 22 32 21

HOED N se Wk
moa>—n

.
" Data were seasonally restricted to June-October for § chrysops, October-February for Menidia spp., but unrestricted (June-May) for the

femaining taxa

the three offshore trawl! stations as of January 1996,
skates and anchovies became less numerically
dominant, whereas the grubby increased in relative
proportion of the catch from the totals for six trawl
stations reported in NUSCO (1996). Winter
flounder, windowpane, grubby, and skates are
collected throughout most of the year by trawl and
their respective abundances have remained relatively
stable since the early to mid-1980s. In contrast,
scup, anchovies, and silversides were collected
seasonally (mostly summer and fall for scup and
anchevies and winter for silversides). The annual
abundances of these fishes fluctuated to a greater
degree because most of the catch was young-of-the-
year with abundances related to variable reproductive
success. Also, anchovies and silversides schoo! and
occasional large catches affected the magnitude of
annual A-mean CPUE. In fact, A-means could not be
computed for trawl catches of anchovies because of
infrequent caiches interspersed with a large number
of zeroes in the time-series. The 1995-96 A-mean
CPUE for both winter flounder (11.4) and silversides
(1.6) were the lowest and for scup (5.1) the second
lowest in 20 years. In contrast, the A-mean of 3.5 for
skates was the largest annual CPUE for that species
group, although annual means were less than when
all six stations were included (NUSCO 1996). Trawl
catch of grubby (A-mean CPUE of 0.9) at the three
inshore stations during 1995-96 was the lowest since
1978-79.

All dominant ichthyoplankton taxa were collected
seasonally at EN. Therefore, A-mean densities
(n0./500 m’) were computed from data collected
during standardized periods of occurrence for each
taxon (Table 3). Cunner eggs were always the most
abundant of the fish eggs collected. Tautog eggs
were second-most abundant after a large decline in
anchovy egg abundances that occurred during the
mid-1980s. For 1995-96, abundances of tautog and
anchovy eggs and most of the 14 dominant larval
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taxa fell within the range of abundance values for
previous years. The A-mean density for cunner eggs
of 7,126 was the largest value since 1980-81, when it
was 8,223, Anchovy egg abundance remained
depressec, with the A-mean of !53 the lowest annual
density index since 1992-93.

VWinter flounder larvae ranked second or third each
year, except for 1992-93 and 1995-96, when la-val
grubby had their third highest abundance in 20 years
(A-mean density of 85). American sand lance
(Ammodytes americanus) larvae were abundant from
1976-77  through  1980-81 and  decreased
considerably until the past few years when A-mean
densities began to increase. However, the 1995-96
A-mean of |8 represented a substantial decrease from
last year (63). Larvae of the Atlantic menhaden
(Brevoortia tyrannus) have increased in abundance
in recent years and are becoming a dominant summer
species. Larvae of other species, particularly those
of cunner, tautog, rock gunnel (Pholis gunnelius),
fourbeard rockling (Enchelyopus cimbrius), radiated
shanny (Ulvaria subbifurcata), and snailfishes
(Liparis spp.), occasionally were relatively abundant.

Entrainment Estimates

Entrainment of fish eggs and larvae in the
condenser-cooling water system represents a direct
impact from the operation of MNPS. The annual
numbers of eggs and larvae entrained were related to
their abundance at station EN and plant operations
(e, cooling-water usage). Due to the start-up of
Unit 3 in 1986, cooling-water sagc in~reased nearly
twofold upon full three unit operations. However,
this did not necessarily result in comparable
increases in  entrzmment  estimates, cue to
fluctuations in annul abundances of the dom ‘nant
ichthyoplankton available to entrainment as indicated
by abundances at stition EN (Table 3). Most fish
eggs collected at stition EN were from cunner,




TABLE 3. The annua! A-mean’ density (no./S00 m’) of the most abundant fish eggs and larvae collected at EN for each report year from June
1976 through May 1996 (two-unit operational period: 1976-85, three-unit operational period 1986-96)

EGGS*

T adspersus 5870 8223 5,171 5,501 7,068 5,719 7,484 2,969 5,002 5,395 6,904 4,998 6954 4,416 5,436 7,057 7,126
T onitis 1,364 2,842 2,647 2,244 2,114 2,157 3,237 2,756 3,011 2,269 2,887 2,060 1,878 1,449 1596 1.650 2.074
Anchoa spp 1,447 1,245 1,080 765 2,257 4,880 145 910 89 38 S4 27 476 107 542 423 183
LARVAE"

Anchoaspp. 1,152 931 483 2,168 2430 5768 816 1,421 502 1,102 1,244 126 359 619 1,122 799 178 293 475 18!
P americanus 106 143 |14 285 129 233 297 210 180 l} 109 116 203 106 99 388 21 142 224 BI

A americanus 94 318 119 111 136 21 27 18 9 13 41 31 24 7 18 28 43 63 18
M aenaeus 4] 38 36 38 107 72 e8 50 68 34 20 95 63 30 24 S8 34 48 42 B85
B rtyrannus b 4 4 0 3 1 1 23 2 4 3 2 6 N 18 97 4 9 54 66
P gunnellus 13 13 16 13 Ss& 27 13 4 14 2 4 2 9 6 3 15 8 28 17 4
T adspersus 29 S8 1 13 58 78 31 49 4 12 B b 9 14 68 209 L] 10 25 12
T onitis 37 36 I 11 46 B3 44 33 3 15 3 7 17 15 33 9 13 6 12 8
E cimbrius 2 8 6 8 6 1 6 13 5 8 8 12 45 31 37 98 b 18 9 8
U subbifurcata $ 9 14 14 16 17 6 4 60 ? 9 23 41 51 34 28 2 18 8 <l
Liparis spp 27 30 10 16 22 5 B3 8 36 | 4 42 18 12 3 14 12 5 «l
S fuscus 4 7 - 9 § 1 7 9 9 5 - 6 7 § 3 5 3 6 4 6
S aquosus 10 11 | s 5 S 2 13 3 I B 3 5 3 4 12 2 2 3 1
P triacanthus 14 3 1 2 1 17 G 9 1 2 3 0 9 5 29 10 2 2 5 3

* Data seasonally restricted 1o May 22-July 23 for 7 adspersus, May 23-August 25 for 7' onitis, and June |5-August 5 for Anchoa spp

* Data seasonaliy restricted o July-September for Anchoa spp., March-June for P americanus, December-May for A americanus,
February-May for M aenaeus, January-May for P. gunnelius, July-December for B nrannus, June-August dn T rsus, June-August
for T omitis, March-May for Liparis spp., April-September for S fuscus, April-June for U subbifurcata, April-July for £ cimbrius,
May-October for § aguosus, and June-September for P triacanthus.

tautog, and anchovies and the most numerous larvae was discontinued in 1987 (NUSCO 1988c). This
were anchovies, winter flounder, American sand monitoring reduction was implemented because
lance, grubby, and Atlantic menhaden (Table 1). impingement losses were well documented and most
The estimated number of cunner (4.9 billion) and impingement was mitigated by the operation of
tautog (2.7 billion) eggs entrained in 1995 fell within return sluiceways at Units | and 3 (NUSCO 1986,
the range of previous years for three-unit operation 1988¢, 1994b). Impingement at Unit 2, which does
(Table 4). Entrainment estimates for anchovy eggs not have a return sluiceway, is routinely monitored
were much lower in recent years than during a period by plant operational personnel and impingement
of greater abundance that occurred during the early counts are only made when a large impingement
1980s. In 1995, only an estimated 16 million were event occurs; none occurred during 1995-96. The
entrained. Larval entrainment estimates in 1995 for Unit | sluiceway may be taken out of service during
anchovies (186 million) and in 1996 for American periods of high debris loading that would adversely
sand lance (23 million) were less than long-term affect plant operations. The number of days that
averages (about 579 and 65 million, respectively) Unit | sluiceway was out of service each month from
that included the period prior to three-unit operations 1985 through 1995 was determined from plant
(Table 5). Entrainment estimates for grubby have operational records (Appendix VI). During 1995, the
been relatively consistent, with the estimate of 43 latest period for which the information was available,
million determined for 1996 near the long-term the sluiceway was out of service for 54 days, mostly
average of 49 million. Entrainment of winter in May, August, and September.
flounder larvae totaled nearly 54 million and this loss
is evaluated in the Winter Flounder Studies section Selection of Potentially Impacted Taxa
of this report.
Additional data analyses were completed for
Impingement selected taxa that were identified as potentially
impacted, either because of their prevalence in
Although impingement of organisms on the intake entrainment samples or because of possible influence
traveling screens is a potential direct impact at by the thermal discharge. Taxa potentially vulner-
MNPS, impingement monitoring on a regular basis able to entrainment include American sand lance,
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TABLE 4. Estimated number of cunner, tautog, and anchovy eggs entrained each year from 1979 through 1995 at MNPS and the volume of
cooling water on which the entrainment estimates were based (two-unit operational period 197985, three-unit operational period 1986-95).

g Vol § 4 No entrained e Vol p N enuym? ndm‘:/ol y
Year No ined olume (m o I olume (m’) o ume (m
(xl?)‘!) (x IO‘) (x10%) (x IO‘) (x10%) (x 10%)
1979 1,534 728 705 728 215 711
1980 2,302 806 1,273 806 91 795
1981 1,736 gi6 1,735 8i6 172 799
1982 2,726 B53 1,486 853 234 843
1983 2,631 798 1,180 . 798 618 786
1984 2,031 827 1,369 827 652 812
1985 2,802 831 1,784 831 20 825
1986 2932 1,870 3,907 1,870 517 1,846
1987 4,533 1,784 3,740 1,784 37 1,752
1988 4,386 1,953 2,813 1,953 16 1,920
1989 3885 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
1992 2,754 1,565 1,390 1,565 17 1,537
1993 5,746 1,748 2,168 1,748 237 1,728
1994 5,982 1,726 2,162 1.726 170 1,693
1995 4876 1,633 2,671 1,633 16 1,600

* Volume was determined from the condenser cooling water flow at MNPS during the season of occurrence for each taxa.

TABLE 5. Estimated number of anchovy, winter flounder, American sand lance and grubby larvae entrained each year from 1976
1996 at MNPS and the volume of cooling water on which the entrainment estimates were based (two-unit operational period: 1976-85, three-
unit operational period 1986-96)

Anchovies - Winter Flounder American sand lance” Grubby

Year No. entrained Volume (m’) No_ enirgined Volume (m’) No em;,‘med Volume (m’)" No cm(z’?fmd Volume lm')'

(x10 (x 10%) (x10%) (x 10%) (x10%) (1 (x10%) (x10%)
1976 419 616 108 663 20 839 13 625
1977 424 570 3 586 R4 983 32 653
1978 17 657 87 491 190 808 1 446
1979 887 552 48 474 154 941 21 534
1980 918 503 176 633 124 1,090 34 202
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 §74 20 981 41 643
1985 712 601 £3 528 10 1,031 37 582
1986 1,328 1,259 131 1,353 5 1,734 56 1,286
1987 124 1.161 172 1,324 a8 2.186 55 1,370
1988 196 1,338 193 1,382 126 2,036 124 1273
1989 546 1,201 174 1,046 55 1,927 n” 1,110
1990 1,025 1272 139 1,303 61 2242 49 1.335
1991 478 786 121 934 7 1,330 34 1,024
1992 174 1,018 514 1,199 32 1,672 7% 1,132
1993 220 1,098 45 1,412 50 2,261 54 1,374
1994 536 1241 182 1,175 7 2,091 58 1118
1995 186 1,247 223 1,134 114 2,013 61 1.444
1996 . . 54 545 23 1,246 43 723

¢ Includes data from December of the previous calendar year
* Volurie was determined from the condenser coolin water flow at MNPS during the season of occurrence for each taxa.
© Not valculated because larvae occur after the end of the repont period (May 1996)

anchovies, grubby, cunner, tautog, and winter for abundant life stages of these selected taxa.
flounder. The distribution of silversides in Jordan Information on the winter flounder is presented in a
Cove may be affected by the MNPS thermal separate section of this report (see Winter Flounder
discharge. Therefore, A-mean densities (no./SOOm') Studies) and is not included among the fishes
for eggs and larvae, and A-mean CPUE for trawl discussed below.

(n0./0.69 km) and seine (no./30 m) were calculated
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American sand lance

The American sand lance is a schooling fish com-
men in estuaries, along the coast, and in inshore wa-
ters from Labrador to Chesapeake Bay (Richards
1982; Nizinski et al. 1990). Sand lance have a life
span of 5 1o 9 years, but populations are dominated
by the first three age groups (Reay 1970). Sexual
maturation occurs at age-1 or 2 with adults spawning
once a year, predominantly between November and
March (Richards 1963, 1982; Scott and Scott 1988;
Westin et al. 1979; Grosslein and Azarovitch 1982).
Eggs are demersal and adhesive (Fritzsche 1978;
Smigielski et al. 1984). Embrvonic and larval devel-
opment is lengthy (Smigielski et al. 1984),

American sand lance were taken in all three Fish
Ecology programs, although relatively few juveniles
and adults were collected by seine or trawl
(Appendi~2s I-V). Most sand lance were found as
larvae in winter and spring at station EN. Larval
abundance peaked in the late 1970s and early 1980s,
followed by a rapid decline during the mid-1980s
(Table 6; Fig. 2). Becezuse sand lance larvae were so
abundant from 1976-77 through 1980-81, larval
densities in entrainment samples during the three-unit
period to date have been lower than the two-unit av-
erage. The A-mean density of larvae at EN during
1995-96 was 18, less than one-third of the abundance
index of the previous year. However, following the
large decline in 1981-82, this A-mean is just below

TABLE 6 The annual A-mean® density (no /500 m’) and 95%
confidence interval of American sand lance larvae collected at EN
from June 1976 through May 1996

~Y2ar EN
1976-77 94x17
1977-78 318+ 117
1978-79 119128
1979-80 111226
1980-8] 136 2 32
1981-82 2124
1982-83 2728
1983-84 1824
1984-85 922
1985-86 3z
1986-87 1324
1987-88 41213
1988-89 31+13
1989-90 2427
1990-91 722
199192 1846
1992-03 28«10
1993-94 43+13
1994.95 6329
1995-96 1827

" Data seasonally restricted to December-May .
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Fig. 2. Annual A-mean densities (no./S00 m’) of American
sand lance larvae at station EN during MNPS two-unit
(1976-8., and three-unit (1986-96) operational periods. A
A-mean density calculated for the entire two-unit period is
represented by a horizontal solid line that is extended as a
dashed line through the three-unit period to serve as a ref-
erence levei for abundance.

the median value of the last 15 years. A significant
decline (p = 0.022; Mann-Kendal! test) occurred
during the two-unit period (slope = ~19.3); a similar
negative trend was not apparent during the three-unit
period. The large change in abundance was reflected
in a wide range (5 to 190 million) in annual entrain-
ment estimates, which were also dependent upon
cooling-water flow during the larvai season (Table
5). Plant cooling-water flow in 1996 during the pe-
riod of occurrence of larval sand lance was the lowest
of the three-unit period and, coupled with relatively
low abundance, resulted in an entrainment estimate
of only 23 million larvae.

Declines in sand lance abundance during the 1980s
were also apparent in other areas of the Northwest
Atlantic Ocean. Larval densities in LIS over a 32-
year period (1951-83) were highest in 1965-66 and
1978-79; the latter peak was also evident throughout
the entire range of American sand lance (Monteleone
et al. 1987). This high abundance persisted through-
out the Northwest Atlantic until 1981 and the decline
that followed appeared to be inversely correlated
with that of Atlantic herring and Atlantic mackerel
(Nizinski et al. 1990). Sand lance likely increased in
abundance due to a decrease in their predators,
herring and mackerel, the abundance of which had
been reduced by overfishing during the 1970s
(Sherman et al. 1981). In more recent years, Atlantic
mackerel, which prey heavily upon sand lance
(Monteleone et al. 1987), have become more
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abundant as sand lance abundance decreased. Given
the large abundance changes of American sand lance
along the Atlantic coast, effects of MNPS operation
on this species are difficult to ascertain, but are likely
small in comparison to the large-scale natural
fluctuations typically associated with this fish.

Anchovies

The bay anchovy is one of the most abundant
fishes found along the Atlantic Coast (McHugh
1967) and usually the dominant summer ichthy-
oplankton species found within its range (Leak and
Houde 1987). This species ranges from Mexice to
Cape Cod and occasionally into the Gulf of Maine
(Hildebrand 1943; Bigelow and Schroeder 1953;
Grosslein and Azarovitch 1982). Bay anchovy are
common in nearshore and estuarine waters during
warmer months, but move offshore in winter
(Vouglitois et al. 1987). Chesapeake Bay bay
anchovy were found to have little genetic variation,
indicating a lack of stock structure, likely due to
enormous  population size and considerable
movements and mixing (Morgan et al. 1995)
Although the striped anchovy also occurs from Nova
Scotia to Uruguay, its occurrence north of Chesa-
peake Bay is variable and the striped anchovy is
usually found further offshore than the bay anchovy
(Hoese and Moore 1977; Smith 1985). The eggs of
the two species can be readily distinguished and
since 1979, when eggs were first identified to
species, about 96% of the eggs collected at station
EN were those of the bay anchovy. Therefore, most
of the anchovies collected in the Fish Ecology
programs were likely bay anchovy, even if only
identified to genus.

The bay anchovy can mature at 2.5 to 3 months in
age and individuals spawn repeatedly during the
summer (Luo and Musick 1991). In LIS, spawning
takes place at depths of 20 m or less from May
through September, with a peak during June and July
(Wheatland 1956, Richards 1959).  Spawning
appears to be correlated with high zooplankion
abundances (Castro and Cowen 1991; Peebles et al.
1996) and warm water temperatures (Zastrov: et al.
1991). Eggs are pelagic and at 27°C hatch in about
24 hours (Kuntz 1914). Mortality rates of eggs and
larvae are relatively high (Leak and Houde 1987,
Houde et al. 1994; Dorsey et al. 1996), particularly
from predation by ctenophores and jellyfish (Govoni
and Olney 1991; Purcell et al. 1994). Juveniles and
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adults are important forage for many recreationally
and commercially important fishes (Vouglitois et al.
1987) and also have high mortality rates (Newberger
and Houde 1995).

Anchovies were collected in all three programs, but
rarely by seine and only sporadically by trawl
(Appendices 1-V). Juvenile anchovies resulting from
the summer spawn were typically captured by trawl
frogr August through October. Most anchovies were
collected in only 1 or 2 years of sampling at the three
inshore trawl stations, including 1978-79 (23% of
total catch at the station) and 1985-86 (52%) for IN,
1991-92 (42%) for JC, and 1989-90 (62%) for NR
(Appendices [11-V).

Anchovies dominated larval collections and their
eggs ranked third in abundance (Table 1). Annual
egg and larval abundances were correlated
(Spearman’s rank-order correlation coefficient r =
0.55; p = 0022). The A-mean densities in 1995 for
anchovy eggs (153) and larvae (181) fell within
historical ranges, but were much lower than found in
the early to mid-1980s (Table 7). Large annual
changes in bay anchovy egg abundance were also
observed in LIS during 1952.39 (Richards 1959) and
in Bamegat Bay, NJ during 1976-81 (Vouglitois et
al. 1987). All egg and larval densities during three-
unit operational period were below the two-unit
average because of a decline that occurred in the
mid-1980s, prior to three-unit operation (Fig. 3).

TABLE 7. The annual A-mean® density (no/500 m’) and 95%
confidence interval of anchovy eggs and larvae collected at EN
from June 1976 through May 1996

EGGS LARVAE
Year EN EN
1976 1,152+ 419
1977 93] + 408
1978 483 = 206
1979 1,447 + 336 2,168 £ 908
1980 1,245 + 597 2430+ 1,249
1981 1,080 £ 264 5,768 + 3 326
1982 765 = 228 Bi6 + 240
1983 2257+ 1,07 1,421 £ 530
1984 4 880 = 3,680 302 2 165
1985 1452 7§ 1,102 = 453
1986 910 = 547 1,244 = 893
1987 89 + 46 126 + 9
1988 37233 359z 216
1989 5447 619x416
1990 1272117 1,122 = 853
1991 476 1 526 799 = 80!
1992 107112 178 = B0
1993 542 = 400 203 % 103
1994 422 = 356 475+ 410
199> 153 4 295 1812117

* Data seasonally restricted to June 15-August 5 for eggs and
July-September for larvace.
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Fig. 3. Annual A-mean densities (no./500 m’) of anchovy
eggs and larvae at station EN during MNPS two-unit
(1976-85) and three-unit (1986-96) operational periods. A
A-mean density calculated for the entire two-unit period is
represented by a horizontal solid line that is extended as a
dashed line through the three-unit period to serve as a ref-
erence level for abundance.

Since then, A-mean densities decreased by an order
of magnitude and have remained relatively low,
except for larvac in 1990. For both eggs and larvae,
no significant trends were detected with the Mann-
Kendall test during either the two- or three-unit
operational periods,
The entrainment of eggs and larvae by MNPS
probably represents the greatest direct operational
_impact on anchovies that spawn in the Millstene
area. In 1995, the entrainment estimates for eggs (16
million) and larvae (186 million) wvere within historic
ranges, but were among the lowest estimates of the
past 20 years (Tables 4 and 5). Anchovies mature
within a year and have a maximum life span of not
more than 2 or 3 years (Stevenson 1958; Newberger
and Houde 1995). Estimates of the abundance of
eggs collected at station EN are representative of
annual egg production. Therefore, a reduction in the
adult spawning stock size due to plant operation

should be readily evident if the production of eggs
and larvae declines because of decreased adult
abundance. Neither the number of eggs nor larvae
entrained at MNPS were significantly correlated with
the densities of eggs or larvae found the following
year, implying no direct effect on the anchovy
spawning stock. Although both egg and larval
abundances declined in the mid-1980s, these
decgeases occurred prior to three-unit operation in
1986. In addition, the lack of negative trends during
three-unit operational period suggests that MNPS has
had minimal or no impact on anchovy adult
abundance.

Silversides

The Atlantic and inland silversides are sympatric
along most of the east coast of North America and
reside in bays. estuaries, and salt marshes. The
Atlantic silverside ranges from the Gulf of St
Lawrence to northern Florida (Conover 1992) and
the inland silverside from Cape Cod to South
Carolina (Johnson 1975). Both species are abundant,
but in general the Atlantic silverside is more
numerous than the inland silverside, except in low
salinity waters (Bengtson 1984, 1985). Most
silversides mature as yearlings and only live | to 2
years. Spawning begins at water temperatures of 9-
12°C and occurs during the day at high tide on a
semilunar cycle (Middaugh 1981; Conover and Ross
1982; Jessop 1983; Conover and Kynard 1984).
Adhesive eggs are laid in shallow water on
vegetation (Conover and Kynard 1984). Larvae are
planktonic, but remain near spawning areas. Sex is
indeterminate until fish reach 8 to 21 mm in length
and sex ratio is affected by prevailing water
temperature during development (Conover and
Kynard 1981; Conover and Fleisher 1986). Growth
of young is fast and mean lengths can exceed 90 mm
by November, with fish from early spawns larger at
any given age than late-spawned fish (Conover 1979;
Bengtson et al. 1987). Atlantic silverside migrate
offshore during winter, but remain in waters within
40 km of shore and in depths of less than S0 m
(Conover and Murawski 1982). In contrast, iniand
silverside have small home ranges (Hoff 1972).
High (>99%) overwintering mortality typically
occurs (Conover and Ross 1982; Conover 1992).
Both species are important trophic links between
zooplankton and larger fishes and birds.
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In the trawl monitoring program nearly all silver-
sides collected have been the Atlantic silverside, with
less than 0.1% identified as the inland silverside
during the past 20 years. Since 1981, when the two
species were first differentiated in the MNPS
sampling, more than 80% of the silversides collected
by seine were Atiantic silverside, although relative
proportions varied from year to year. Silversides
dominated s'mmer shore-zone seine catches at JC
(Appendix II) and were taken by trawl in winter
(Appendices 11I-V), but were rarely found in
ichthyoplankton collections. Potential impingement
effects have been mitigated by the installation of
return sluiceways. Therefore, any effect of the
operation of MNPS is likely related to the influence
of the thermal plume in Jordan Cove, which serves as
a locally important spawning and nursery area.

Atlantic silverside were collected by trawl
primarily at the three inshore stations (IN, JC, NR)
currently sampled (Fig. 1). Most were taken from
October through February after individuals withdrew
from shoreline areas to overwinter in Ceeper waters.
Annual trawl abundances fluctuated considerably
{Table 8), with the A-mean CPUE for the past few
years below the two-unit average at each of the
stations (Fig. 4). Although recent traw! catches have
been low, the only significant trend (slope of -3.2)
was found for station NR (p = 0.025; Mann-Kendall
test). During the two-unit operational period, a
significantly (p = 0.03!) negativ: slope of ~2.0 was

TABLE 8 The annual A-mean® CPUE (no./0.69 km) and 95%
confidence interval of Atlantic silverside collected by trawl at
selected stations from June 1976 through May 1996,

e S

Year i JC NR
1976-77 15216 132 20 77 £ 283
1977-78 29+ 92 62612 10+ 2]
1978-79 60 £ 105 98 2% 1
1979-80 42276 617 426
1980-8) 8217 4x5 3+4
1981-82 6%9 120 6+8
1982-83 24 122 122§
1983-84 14 4+ 126
198485 226 S211 1 %1
1985-86 78 6%8 Iz6
1986-87 §+23 827 110 £ 222
1987-88 Ixs 2#2 15+ 27
19%8-89 221 120 252 14
1989-90 121 222 12£20
1990-91 120 120 17+11
1991-82 12210 221 1927
199293 115 % 156 742 2415
1993-94 57 122 3x2
1994-95 %1 4x3 222
1995-96 2% 222 121

* Data seasonally restricted to November-February at IN and NR
and October-January at JC
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Fig. 4. Annual A-mean CPUE (no./0.69 km) of Atlantic
silverside taken by trawl at stations NR, IN, and JC during
MNPS two-unit (1976-85) and three-unit (1986-96) opera-
tiona! periods. A A-mean CPUE calculated for the entire
two-unit period is represented by a horizontal solid lin
that is exdended as a dashed line through the three-unit
period to serve as a reference level for abundance. (Note
that the vertical scales differ among the graphs).

found for IN, probably a result of the high initial
abundance found at that station in 1976-77.

ihe A-mean CPUE of Atlantic and inland
silversides taken by seine during 1995 (87 and 60,
respectively) were within historic ranges (Table 9).
In 1995, the abundance of Atlantic silverside
exceeded that of the inland silverside (Fig. ).
Nearly all annual A-mean CPUE values for inland
silverside during three-unit operation were above or
near the twe-unit average, but abundance of Atlantic



TABLE 9 The annual A-mean’ CPUE (no/30 mj and 95%
confidence interval of Atlantic silverside and inland silverside
collected by seine at JC from June 1981 through May 1996

ivarsid ot at s

1981 152 4 251 323
1982 114 2 162 6% 16
1983 397 + 59§ B8+ 243
1984 29+ 24 Yo
1985 19% 12 4+8
1986 172 % 385 14%21
1987 109 + 90 322
1988 96+ 108 27+ 54
1989 70493 4216
1990 83+ 80 1334234
1991 JBall 74237
1992 78+ 55 43227
1993 60273 §25
1994 37428 63 %64
1995 87473 60+ )14

* Data seasonally restricted 10 June-November.

silverside has mostly been below the two-unit
average (Fig. 6). These abundance trends for both
species were supported by the results from a Mann-
Kendall test, where the only significant trend (p =
0.025; slope of ~18.6) was for the Atlantic silverside
during three-unit operation.

To determine if a change in size distributions
occurred after Unit 3 became operational, the length-
frequencies for seine catches (expressed as percent-
ages) were examined for the periods before and after
three-unit operation (Fig. 7). The length-frequency
distribution remained similar during these two
operational periods, suggesting that no changes in
growth resulted from increased thermal discharge
into Jordan Cove,

The primary potential impact of the operation of
MNPS on silversides is the incursion of the thermal
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Fig. 5. Annual A-mean CPUE (n0./30 m) of Atlantic
silverside (dashed line) and inland silverside (solid linc)
taken by seine at station JC from 1981 through 1995
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Fig. 6 Annual A-mean CPUE (no./30 m) of Atlantic sil-
verside and inland silverside taken by seine at station JC
during MNPS two-unit (1976-85) and three-unit (1986-93)
operational periods. A A-mean CPUE calculated for the
entire two-unit period is represented by a horizontal solid
line that is extended as a dashed line through the three-unit
period io serve as a reference level for abundance. (Note
that the vertical scales differ between the graphs)

plume into shore-zone area, causing potential
disruption in spawning activity and in distribution of
Jjuveniles and adults. Annual abundance of inland
silverside collected by seine has fluctuated over the
years, but without apparent relation to operational
periods. Atlantic silverside abundance in the shore-
zone area showed a decreasing trend during wree-
unit operation. This could be related to MNPS
operations, although both the predicted and measured
(based on dye studies) maximum thermal increase is
only 0.8°C at the site of station JC (NUSCO 1988b).
Further, elevated summer temperatures in Jordan
Love appear to be more directly related to solar
heating of the shallow sand flats (such as at the JC
seine site) than to the MNPS thermal plume (see the
Eelgrass section of this report). Therefore, it appears
unlikely that a small increase in water temperature
cou'd affect the reproductive success of a species that
ranges as far south as northern Florida. Also,
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Fig. 7. Length-frequency distribution (20-mm length in-
tervals) of Atlantic silverside and inland silversidc taken by
seine at station JC and Atlantic silverside taken by trawl at
stations NR, IN, and JC during MNPS two-unit (1976-85)
and three-unit (1986-95) operational periods and the 1995-
96 report year (June-May)

abundance of adult silversides collected by the traw|
monitoring program (an index of future spawners)
did not show a similar pattem of abundance,
suggesting that plant operation has not affected
Atlantic silverside spawning population size near
MNPS,
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Grubby

The grubby is a demersal fish found in shallow
waters along the Atlantic coast from the Gulf of St.
Lawrence to New Jersey that tolerates a wide range
of temperature and salinity (Bigelow and Schroeder
1953). ladividuals reside in protected shallow water
on mud or sand bottoms, peat reefs, and in eelgrass
beds (Ennis 1969, Lazzari et al. 1989) and are found
throughout the year in waters of LIS near MNPS.
Similar to the winter flounder, grubby produce blood
plasma antifreeze proteins and can remain active in
very low water temperatures (Reisman et a!. 1987).
Grubby spawn throughout the winter and have a
demersal, adhesive egg with an incubation time of 40
10 44 days at a water temperature of 4.6-6°C (Lund
and Marcy 1975, Lazzari et al. 1989). Richards
(1959) reported larvae present in L1S from February
through April and Laroche (1982) noted that they are
more abundant near the bottom than at the surface.
A small species, the grubby has no sport or
commercial value and, given its protective spines and
cryptic coloration, it probably also has limited forage
value. The grubby preys upon many small fishes and
benthic invertebrates (Lazzari et al. 1989; Levin
1991),

The grubby is the fourth-most abundant larval fish
collected at EN, accounting ior 4.8% of the total
from June 1976 through May 1996 (Table 1). The
A-mean density of larvae for 1996 of 85 was within
the range of historic data, but was the largest
observed since 1988 (Table 10). Three-unit opera-
tional annual A-mean densities of larval grubby
fluctuated about the two-unit average (Fig. 8). No
significant temporal trend for larval grubby abun-
dance was detected during either two- or three-unit
operation when examined with the Mann-Kendall
test. Despite a relatively high density in 1996, the
entrainment estimate of 43 million larvae was less
than the average of 49 million for these annual
estimates because of the smallest cooling-water flow
that occurred during the larval grubby season for any
year of the three-unit period (Table 5).

Predominantly a shallow-water fish, the grubby
was the fifth-most abundant fish taken by trawl at the
three inshore stations; about 60% were caught at NR
(Appendices I11-V). In 1995-96, catches at all three
stations fell below tie two-unit A-mean average
CPUE (Table 11; Fig. 9). The only significant trend
found using the Mann-Kendall test was at station NR



TABLE 10 The annual A-mezn® density (n0./500 m’) and 95%

confidence interval of larvae collected at EN from June
1976 through May IW

Year EN
1977 4129
1978 389
1979 367
1980 3827
1981 107 £ 27
1982 72213
1983 68+ 19
1984 S0+ 15
1985 68 % 23
1986 3210
1987 29+ 7
1988 G535
1989 63+ 18
1990 30+ 8§
1991 242 6
1992 5817
1993 4+ 9
1994 48+ 16
1995 4315
1996 85+ 37

* Data seasonally restricted to February-May

(p = 0.007) during two-unit operation, which was
increasing with a slope of 0.78.

The percent length-frequency distributions of
grubby taken by trawl were similar before and after
three-unit operation, although in 1995-96 more
smaller fish were taken in comparison to the
composite of either of the two operational periods
(Fig. 10).

Because grubby eggs are adhesive, spawning in the
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Fig. 8 Annual A-mean densities (n0./500 m’) of grubby
larvae at station EN during MNPS two-unit (1976-85) and
three-unit (1986-96) operational periods. A A-mean den-
sity calculated for the entire two-unit period is represented
by a horizontal solid line that is extended as a dashed line
through the three-unit period to serve as a reference level
for abundance.

TABLE 11. The annual A-mean’ CPUE (no./0.69 km) and 95%
confidence interval of lk’r::by collected vy trawl at selected

stations from June 1976 gh May 1996
Year s 0 o IN
1976-77 09203 06402 06201
1977-78 05201 22205 11202
1978-79 12202 20206 07202
1979-80 313209 07201 0902
1980-81 38% 1.1 11202 21206
1981-82 7§225§ 10202 23206
198383 117227 14202 22+05
19¥1.84 41208 1.7203 17203
101485 59212 16203 09202
86 23208 14203 07201
1950-87 72223 11202 09202
19K7-88 3712 12202 11202
1988-89 105223 10201 14203
198960 36220 04201 10203
1990-9] 80220 04201 08202
1991-92 342058 05201 10202
1992-93 62220 144203 19203
1993.94 22230 07208 19238
1994.97 3716 9211 16206
1995.96 19210 07203 07202

* Data scasonally restricted to December-June at IN. but year-
round (June-May) at JC and NR

vicinity of the MNPS intakes and subsequent
hatching may directly affect the number of larvae
collected at station EN. Entrainment of iarvae is the
primary direct plant impact on the resident grubby
population. However, abundance of grubby has not
declined during the three-unit operational period and
this species has been among the most stable of the
fishes residing near MNPS.

Cunner

The cunner, found from Newfoundland to Chesa-
peake Bay (Scott and Scott 1988) is closely
associated with structural habitats, such as rocks,
pilings, eelgrass or musse! beds, and macroalgae.
Cunner are inactive at night and when water
temperatures fall below 5-8°C, they become to pid
(Green and Farwell 1971; Olla et al. 1975; Dew
1976). individuals maintain highly localized home
ranges (Green 1975, Olla et al. 1975; Gleason and
Recksick 1988), may establish defended territories
(Poitle and Green 1979b), and most, but not all
individuals. do not undertake extensive movements
(Green and Farwell 1971; Olle et al. 1979; Lawton et
al. 1996). Most cunner live only 5 1o 6 years, with
maximum age likely about age-10, less than one-
third of the life span of the closely related tautog
(Dew 1976, Regan 1982).
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Fig. 9. Arnual A-mean CPUE (no./0.69 km) of grubby
taken by truw! at stations NR, IN, and JC during MNPS
two-unit (1976-85) and three-unit (1986-96) operational
periods. A A-mean CPUE calculated for the entire two-
unit period is represented by a horizontal solid line that is
extended as a dashed line through the three-unit period to
serve as a reference level for abundance. (Note that the
vertical scales differ among the graphs)

Cunner mature at age-1 to 2 and spawn during May
through September from afternoon into the evening
(Johansen 1925, Dew 1976, Pottle and Green 1979a;
Green et al. 1985). Lawton et al, (1996) reported all
cunner larger than 65 mm observed in western Cape
Cod Bay to be mature. The pelagic eges hatch in 2
to 6 days, depending upon water temperature
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Fig. 10.  Length-frequency distribution (10-nm length
intervals) of grubby taken by trawl at stations NR, IN. and
JC during MNPS two-unit (1976-85) and three-unit (1986-
94) operational periods and the 1995-96 report year (June-
May)

(Williams 1967; Dew 1976). Williams et al. (1973)
noted that only about 5% of cunner eggs survive to
hatching. Newly-hatched larvac are 2 to 3 mm in
length, metamorphose by 10 mm, and settle into
preferred habitats (Miller 1958; Levin 1991),

The cunner has no commercial value and is
generally not sought after by sport fisherman,
although numerous individuals are caught while
fishing for other species (MacLeod 1995). Region-
ally, declining trends in adult cunner abundance have
been observed in LIS (Smith et al. 1989), Cape Cod
Bay (Lawton et al. 1994), and Mount Hope Bay
(MRI 1994),

In the MNPS area, cunner eggs and larvae are pres-
ent primarily from June through August. In these
early developmental stages collected at station EN,
cunner eggs have been most abundant of all egg taxa,
whereas larvae have been les” common, ranking only
seventh overall (Table 1). Following a relatively
large A-mean density of 7,057 for eggs in 1994, the
A-mean density of 7,126 for 1995 was the third larg-
est recorded (Table 12), as was the entrainment esti-
mate of about 4.9 billion for 1995 (Table 4). During
three-unit operation, eggs have increased in abun-
dance from a low in 1986 and the A-mean in 1995
exceeded the two-unit average (Fig. 11). However,
the 1995 larval A-mean density decreased about $0%
from the previous year (Table 12). Except for a peak
in 1991, annual larval abundances during three-unit
operation remained below the two-ui it average (Fig.
I1). For larvae, no significant trend; were detected
using the Mann-Kendall test duriny either two- or
three-unit operation. Cunner egg asundance varied
without trend during the two-unit period, but



TABLE 12. The annual A-mean® density (no./500 m’) and 9%
confidence interval of cunner eggs and larvae collected at EN
from June 1976 through May 1996

EGGS LARVAE
Year EN EN
1976 29+ 14
1977 SE+ 28
1978 120
1979 58704 1,301 1325
1980 8223 % | 645 S8 19
1981 5,171 = 882 78+ 36
1982 5,501+ 1377 31214
1983 7,068 £ 2,679 49+ 26
1984 5719+ 1,246 4%2
1985 7,484 £ 2 659 1210
1986 2,969 = 1,082 521
1987 5,002 = | 644 §23
1988 5,395+ 1,756 9%4
1989 9,904 2 3077 14212
1990 4,998 £ 2 250 68 2 61
1991 6,954 £ 3228 209+ 1587
1992 441642238 B+4
1993 5436+ 2364 10%6
1964 7057+ 3315 25418
1995 7.126 = 4,307 1229

" Data seasonally restricted to May 22-July 23 for eggs and June-
August for larvae

showed a significant (p = 0.025) positive (slope =
277.0) trend during three-unit operation, possibly
caused by the lowest density of the data series that
was recorded in 1986 at the beginning of the three-
unit period.

Juveniles and adult cunner are caught by trawl,
mostly from spring through summer. Twice as many
cunner were taken at IN (4 126) than at JC (2,063),
with relatively few (416) found at NR (Appendices
II-V). Relatively high A-mean CPUE values were
recorded for IN from 1976 through 1981, followed
by moderate abundance from 1982 through 1984,
with annual A-mean CPUE becoming more similar at
IN and JC (Table 13). Annual A-mean CPUE at both
stations  during three-unit operation remained
considerably below the two-unit reference level (Fig.
12). The only significant decreasing trend (p =
0.002; Mann-Kendall test) occurred at station IN,
with a slope of ~3.0 found during two-unit operation.

To determine an age-frequency distribution of
cunner collected by trawl, ages were assigned based
on an age-length key provided by Serchuk (1972).
Percent length-frequency distributions were deter-
mined for both the two- and three-unit periods and
for 1995-96 (Fig. 13). The size distributions differed
greatly between the two operational periods. Nearly
70% of the cunner caught during three-unit operation
were  young-of-the-year, but relatively high
frequencies of older fish were taken prior to 1986
The length-frequency distribution during 1995-96
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Fig 11. Annual A-mean densities (no./500 m’) of cunner

eggs and larvae at station EN during MNPS two-unit
(1976-8%) and three-unit (1986-96) operational periods. A
A-mean density calculated for the entire two-unit period is
represented by a horizontal solid line that is extended as a
dashed line through the three-unit period to serve as a ref-
erence level for abundance. (Note that the vertical scales
differ between the graphs).

was very similar to the overall three-unit average size
composition.

Although the abundance of trawl-caught cunner in
the MNPS area decreased during the 1980s,
particularly at IN, most of the decline occurred prior
to three-unit operation. Contributing to the decrease
at IN was the mid-1983 removal of a cofferdam that
was in place during the construction o1 the Unit 3
intake structure. This rock cofferdam provided good
habitat for cunner and increased their availability to
sampling by traw| at the nearby IN station. After its
removal, CPUE at IN decreased considerably and
became more similar in magnitude to that of former
traw| station NB (Fig. 14), which was located only
about 500 m to the west in mid-Niantic Bay. The
annual A-mean CPUEs at both stations from 1983
through 1994  were significantly  correlated
(Spearman’s rank-order correlation coefficient r =
0.78; p = 0.0042).
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TABLE 1) The annual A-mean’ CPUE (no /0.69 km) and 95%
confidence interval of cunner coliected by trawl at selected
stations from June 1976 through May 1996

Year IN o

1976 260190 40220
1977 2404230 30210
1978 60237 30214
1979 290230 90250
1980 230160 60%20
1981 1202 100 $0£22
1982 5030 40£20
1983 30213 40220
1984 20210 2010
1985 10206 10205
1986 01202 0504
1987 02202 04202
1988 03201 30£34
1989 0904 08204
1990 04201 09202
1991 04201 23207
1992 10207 14205
1993 01z11 14207
1994 0401 08205
1995 08204 132).)

* Data seasonally restricted to May-August at IN and May-
September at JC

The entrainment of eggs is the greatest potential
impact of MNPS on the cunner population.
However, if egg losses affected recruitment, then
Juvenile abundance should decrease in relation to
older fish. This decrease was not apparent in the
comparison of length-frequency distributions, which,
conversely, indicated a relative increase of juveniles
occurring during three-unit operation. The greatest
effect of MNPS on cunner may have been the loss of
habitat formerly provided by the Unit 3 cofferdam.

Tautog

General biology. The tautog ranges from New
Brunswick to South Carolina, but is most common
from Cape Cod to the Delaware Capes (Cooper
1965). Adult tautog prefer rocky arcas and similar
reef-like habitats near shore from spring through fall;
Juveniles are also found in eelgrass beds and among
macroalgae in coves and estuaries (Tracy 1910;
Bigelow and Schroeder 1953; Wheatland 1956;
Cooper 1965; Briggs and O'Conrer 1971; Hostetter
and Munroe 1993). Tautog are active during the
day, but are quiescent during night (Olla et al. 1974).

During winter, adults move to deeper (25-55 m)
water while juveniles remain inshore to overwinter in
a torpid state (Cooper 1965; Olla et al. 1974).
Tautog are long-lived with maximum age reported
for males of 34 years and 22 years for females
(Chenoweth 1963; Cooper 1965). Adult growth
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Fig. 14. Comparison of annual A-mean CPUE (no./0.69
km) of cunner taken by traw! at stations IN and NB from
1976 through 1994, The vertical line indicates the removal
of the MNPS Unit 3 cofferdam in late summer of 1983

rates have been estimated for several regions ranging
from Narragansett Bay to Virginia (Cooper 1965,
Simpson 1989; Hostetter and Munroe 1993).

Male tautog mature when 2 to 3 years old and
females at age-3 to 4, fecundity at size and age was
reported by Chenoweth (1963). Adults return to
nearshore waters in spring prior to spawning, with a
high proportion of fish returning to the same
spawning area each year (Cooper 1965). Spawning
occurs during afternoon or early evening hours from
mid-May until mid-August in LIS (Wheatland 1956;
Chenoweth 1963; Olla and Samet 1977, 1978). The
pelagic eggs hatch in 42 to 45 hourt at 22°C
{(Williams 1967, Fritzsche 1978). The pelagic larval
stage lasts about 3 weeks and individuals settle on
the bottom when they reach a size of about 17 mm
(Sogard et al 1992; Dorf 1994). Estimated growth
rate during pre-settiement is about 0.75 mm per day
and during post-settiement is about 0.5 mm per day
(Sogard et al. 1992; Dorf 1994, Size at the end of
the first growth season in Narragansett Bay (about 50
mm total length; Dorf 1994) was less than found in a
southern New Jersey estuary (75 mm standard
length; Sogard et al. 1992) and this was attributed to
a longer growing season in southern waters.

Entrainment. Tautog were collected primarily as
eggs in the ichthyoplankton entrainment program.
Since 1979, eggs have ranked second in abundance
from collections at station EN (Table 1). Tautog ard
cunner eggs are very similar in appearance, but their
annual A-mean densities were not correlated
(Spearman’s rank-order correlation coefficient r =
0.108, p = 0.680). The 1995 A-mean density for
tautog eggs of 2,074 fell within the range for the

previous |6-year period, but was the highest
abundance since 1990 (Table 14). Since the early
1990s, annual abundances have remained below the
two-unit operational average (Fig. 15). During three-
unit operation a significant (p = 0.040; Mann-
Kendall test) decreasing (slope = ~138.3) trend was
detected for tautog eggs, despite increases in
abundance occurring during recent years. No trend
wag present during the two-unit operational period.

In contrast to eggs, tautog larvae were not a
predominant taxon, ranking eighth since 1976 (Table
1). Larval abundance appeared to rise and fall
rapidly in relation to two peaks observed in 1981 and
1991. No correlation was found between annual
abundances of tautog eggs and larvae (Spearman’s
rank-order correlation coefficient r = 0.101; p =
0.701) and no trends in larval abundance were found
using the Mann-Kendall test during either two- or
three-unit operational periods. However, abundances
of tautog and cunner larvae were highly correlated
(Spearman’s rank-order correlation coefficient r =
0.891, p = 0.0001). Relative annual survival indices
for tautog and cunner were calculated by dividing A-
mean densities of larvae by those of eggs. The
survival indices for tautog and cunner were also
highly correlated (Spearman's rank-order correlation
coefficient r = 0.853; p = 0.0001), indicating
common processes that affected the recruitment of
young for both of these wrasses.

TABLE 14. The annual A-mean® dersity (no./500 m') and 95%
confidence interval of tautog eggs and larvae collected at EN from
June 1976 through May 1996

EGGS LARVAE
Year EN EN
1976 - 37216
1977 - 617
1978 - %1
1979 1,364 2 231 112 5
1980 2,842 £ 623 465+ 18
1981 2647+ 434 832 36
1982 2,244 + 434 44+ 2|
1983 2,114 %472 33221
1984 2,157 + 440 322
1985 3,237+ 1,073 15212
1986 2,756 = 794 122
1987 3011 2823 743
1988 2,269 = 600 i7= 10
1989 2,887 = 1,000 157
1990 2,060 2 933 33228
1991 1,878 = 765 99« 51
1992 1,449 + 589 1324
1991 1,596 + 567 63
1994 1,650 + 748 1228
1995 2,074 % 704 K+ 4

¥ Data seasonally restricted to May 23-August 20 for eggs and
June-August for larvae
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Fig. 15. Annual A-mean densities (n0./500 m’) of tautog
eggs and larvae at station EN during MNPS two-unit
(1976-85) and three-unit (1986-96) operational periods. A
A-mean density calculated for the entire two-unit period is
represented by a horizontal solid line that is extended s a
dashed line through the three-unit period to serve as & rel-
erence level for abundance. (Note that the vertical scales
differ between the graphs).

Trawl monitoring program. Tautog are caught
infrequently by traw| because they prefer rocky or
reef habitats and are less vuinerable to this sampling
gear; annual A-mean CPUE cannot be calculated
because of too many zero values. As an alternative,
the annual (June-May report year) sum of catches at
the trawl stations may be used as index of abun-
dance. In contrast to 1994-95, when the total catch
was the smallest recorded in the 20-year data series
(NUSCO 1996), the combined catch at the three
inshore stations during 1995-96 was the largest and
was due to a relatively strong year-class of young
(Table 15). The 128 tautog collected at NR was only
one fish less than the series high in 1981-82; the 74
fish at JC also was the second highest catch for that
station. However, since the mid-1980s, tautog have
become less abundant at IN, which may also be
related to removal of habitat (i.e, the rock
cofferdam) as noted for the cunner. Although more
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TABLE 15. Total annual catch of tautog collected by trawl at
sclected stations from June 1976 through May 1996

e NR i IN Total
1976-77 39 71 63 173
197778 16 106 70 192
1978-79 30 59 86 175
1979-80 45 57 68 170
1980-81 25 2 47 94
1931-82 129 20 7 176
1982-23 90 3?7 50 17?7
19 16 18 4] 75
1984-85 11 15 46 72
1985-86 22 3 47 100
1986-87 110 57 23 190
1987-88 15 30 17 62
1988-89 57 26 42 135
1989-90 28 20 18 66
1990-91 108 40 16 161
1991.92 51 35 14 100
1992-93 24 91 9 124
1973.94 13 50 24 87
199495 14 20 17 51
1995-96 128 74 28 230

tautog were caught at NR, the catches in the Niantic
River also varied to a greater degree (CV = 84%)
than at the other two stations (both had a CV = 58%).
No significant trends were found for the combined
catch of tautog at the three inshore traw! stations
during either the two- or three-unit operational
periods. By station, the only significant trend was
for JC during the two-unit operational period, when
catch decreased over time (slope = ~6.7; p = 0.006,
Mann-Kendall test).

Length-frequency distributions of tautog caugh: -
trawl, before and after three-unit operation and . .r
the current year, are shown in Figure 16. Ages were
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Fig. 16. Length-frequency distribution by length (mm) and
age (determined from age-length key of Simpson 1989) of
tautog taken by trawl at stations NR, IN, and JC during
MNPS two-unit (1976-85) and three-unit (1986-94) opera-
tional periods and the 1995-96 report year (June-May)



assigned 10 length categories that were based on age-
length data from LIS (Simpson 1989). Young-of-
the-year tautog accounted for a higher proportion of
the fish caught after three-unit operation began
(64%) and in 1995-96 (83%) than during the two-
unit period (28%), when proportionately more fish
were seen in older age-classes. As noted previously,
young tautog were relatively common in 1995-96.
Lobster pot sampling.  Tautog have been
routinely found in pots used in the lobster monitoring
program (see the Lobster Studies section for details).
Since 1988, these fish have been counted and
measured to provide another index of tautog
abundance. Total annual (May-October) catches at
each of the three lobster monitoring program stations
(Jordan Cove, designated herein as JC, Intake, IN;
and Twotree, TT) were examined. From 1988
through 1993, annual catch was usually greatest at
lobster pot station IN, followed by TT and JC (Fig.
17). However, beginning in 1994, catches ai IN
decreased relative to the other two stations. In 1996,
catch at TT more than doubled from 1995 and at JC
the number of tautog was about six times the
previous high. In NUSCO (1996), catches at IN

120+~ JC
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Fig. 17. Total cach of tautog in lobster pot sampling
(May-October) by station (JC, IN, TT) and at all stations
combined from 1988 through 1996. (Note that the vertical
scales differ between the graphs).

were reported to be significantly greater than at the
other two stations. However, because of the changes
in abundance noted above, no significant differences
were found among the stations for tautog abundance.
Also, no abundance trends were detected using the
Mann-Kendall test during the 1988-96 period at any
particular station or for total lobster pot catch.

The reasons for the increased catch of tautog in the
JC gobster pots in 1996 are unknown. A large blue
mussel (Mytilus edulis) bed located on a ledge in the
MNPS discharge area may have been greatly reduced
following the shutdown of ali three MNPS units as of
March 30 that continued throughout 1996. Reduced
prey availability as well as a lack of a thermal plume
in the shallow Jordan Cove may have increased the
number of tautog foraging in the cove, particularly
near the rock outcrops where the lobster pots were
set. In addition to greater catches during 1996,
tautog entering the JC pots apparently attacked and
killed or damaged a considerable number of trapped
lobsters, which had unusually high injury rates this
year (see Lobster Studies section for details). This
was likely an indication of increased tautog attacks
en lobster, perhaps in lieu of other prey.

Lobster pots should select for certain size-classes
of tautog because the 2.5 cm’ wire mesh should not
retain smaller individuals when pots are hauled.
Also, the 15-cm diameter of the funne! entrances
restricts the entry of most larger individuals. The
length-frequency distribution of tautog caught in
lobster pots was dominated by fish from 200 to 349
mm, particularly at IN (Fig. 18). This size range
primarily includes 3- to S-year-old fisk, ages during
which both males and females become mature.
Therefore, the lobster pot catches provide a reliabie
index of newly recruited adults. Relatively similar
age structure was found at the three station locations,
although fish in both smaller and larger size-class»s
adjacent to modal size-classes were taken more
frequently at JC and TT than at IN.

Previous tautog early life history studies.
Previous special studies on the hydrodynamics of LIS
near MNPS and of tautog early life history (focusing
predominantly on the egg stage) are summarized
below with some additional comments. T*
studies were important to the design of the 96
special field study that attempted to identify po cntial
source areas for the tautog eggs entrained at MNPS,

Tautog eggs are pelagic and their dispersal from
spawning sites in LIS is primarily by tidal transport.
The number of eggs entrained by MNPS should be
related to egg abundance in Niantic Bay, the source
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Fig. 18. Length-frequency distribution of tautog taken by labster pot sampling at stations JC, IN, and TT from 1988 through

1996

of condenser cooling water. Results from drogue
studies in 1991 (see NUSCO 1992a for details)
indicated that during ebb tide water from LIS enters
Niantic Bay from the west, and conversely, during
flood tide water enters from the east (Figs. 19 and
20). The distance a planktonic tautog egg is trans-
ported during a tidal stage should be directly related
to tidal current velocity. Average current velocities
for ebb and flood tidal stages in the area from the
Connecticut River to the Thames River were esti-
mated from information provided in tidal current
tables (NOAA 1993) at five locations west of Niantic
Bay and five locations to the east (Fig. 21). For
simplicity, the duration of both ebb and flood stages
was assumed to be 6 h.  Estimated average tidal
velocity was 0.94 knots during an ebb tide and 0.88
knots during a flood. Based on these velocities, a
tautog egg could be transported 5.7 nautical miles (n
mi) during an ebb tide and 5.3 n mi during & flood
tide. Therefore, the potential source area for a tautog
eges entering Niantic Bay during a full tidal cycle
lies within a radius of about 5 n mi, with a center at a
mid-point between Black Point and Millstone Point.
This would encompass a shoreline extending from
about 2 n mi east of the Connecticut River to the
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Thames River. Based on this information, farfield
studies of tautog egg azbundance conducted during
1996 extended about 5 n mi from the mouth of
Niantic Bay.

Based on MNPS monitoring data collected from
1979 through 1994, the annual temporal occurrence
of tautog eggs in eastern LIS is generally from about
early May through mid- to late September. This
seasonal occurrence of tautog eggs is similar to that
reported by Monteleone (1992) for Great South Bay,
NY. The annual timing of peak spawning, as indi-
cated by egg abundance, can be estimated from the
inflection point of the Gompertz function (Eq. 1).
From 1979 through 1994, peak spawning occurred
during mid- to late Junc and appeared to be related to
annual spring water temperatures. A significant (p =
0.002) negative relationship was found between May
water temperatures and the estimated date of peak
spawning (Fig. 22). The 1996 spring water tempera-
tures were abnormally cool, with an average May
water temperature at the MNPS intakes of 9.4°C,
resulting in an estimated peak egg abundance during
the latter portion of June to mid-July. This informa-
tion was used as the basis for the timing of tautog egg
studies conducted during 1996.



Fig 19, bsumated tidu! current direction and velocity in Niantic Bay for an ebbing tide during the first hour after high slack tide
and at the time of maxunum ebb current (based on results of drogue studies conducted in 1991, NUSCO 1992a) Note that the
relative length of the arrows corresponds to the estimated average current velocities
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Fig 20. Estimated tidal current direction and velocity in Niantic Bay for a flooding tide during the first hour after low slack tide
and at the time of maximum flood current (based on results of drogue studies conducted in 1991; NUSCO 1992a) Note that the
relative length of the arrows corresponds to the estimated average current velocities.
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Fig. 21. Approximate location of si/es used to estimate average current velocities during ebb and flood tides, including the
NOAA tide current tabies reference numbers (NOAA 1993)
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Fig. 22 Relationship between annual mean May water
temperature (°C) at the MNPS intake, and the date of peak
abundance of tautog eggs frezu i 779 threugh 1994,

Comparison of results from routine day and night
entrainment collections at MNPS indicated that
tautog eggs were more abundant at night. Therefore,
24-hour entrainment studies were conducted during
1993 to examine the diel change in abundance
(NUSCO 1994a). Three 24-hour periods (June 8-9,
June 15-16, and July 19-20 in 1993) were sampled at
2-hour intervals using the entrainment sampling
methodology described previously.

The pattern of change in tautog egg abundance
every 2 hours over a 24-hour period showed very
consistent results on the three study dates (Fig. 23).
In general, egg abundance peaked at about 1800 h,
decreased through the night, remained relatively
constant until late afternoon, and increased rapidly
during the evening. This pattem indicated a short,
early evening spawning period, consistent with labo-
ratory observations of Olla and Samet (1977). The
timing of peak abundance was not related to tidal
stage because sampling in 1993 for the June 8-9 and
June 15-16 studies occurred during opposing tidal
stages. The rapid decline in abundance from 1800 to
2200 h cannot be attributed to hatching, as egg incu-
bation takes longer than | day. Therefore, this de-
cline was probably due to high natural egg mortality,
likely from predation, as was suggested for eggs of
the cunner, a sympatric species (Williams et al.
1973). Natural monality, which likely accounts for
the rapid decline in tautog egg abundance, from peak
spawning at 1800 h through 0200 h was about 70%
and through 0600 h was 80%. This information,
suggesting high natural egg mortality during the first
12 hours after spawning, foliowed by a reasonably
stable abundance, was used in designing the 1996

sampling program,
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Fig. 23. Daily proportional abundance (top; expressed as
sample density/maximum sample density for each date) of
tautog eggs for threc 24-hour studies conducted in 1993,
and the geometric mean density of the three studies com-
bined (bottom).

The nearfield spatial distribution of tautog eggs was
examined from Black Point to Twotree Island Chan-
nel and in Niantic Bay in 1994 (NUSCO 1995) with
five stations sampled (Fig. 24). The offshore stations
(BP, LI, NB, and SS) were sampled with the 60-cm
bongo system (333-.m mesh nets) using a stepwise
oblique tow pattern for a 6-minute duration with
equal sampling time at surface, mid, and near-bottom
depths. Station EN was sampled using the previously
described entrainment gantry system. The water
depth at all offshore stations ranged from about 6 to
10 m. Station BP was sampled during an ebb tide
and station SS during a flood tide, so that collection
densities of tautog eggs would represent those poten-
tially imported into Niantic Bay from the west and
east, respectively. The remaining three stations (EN,
NB, and LI) were sampled during both tidal stages.
Samples were collected during the period of 0500 to
1100 h. This time period was selected because 24-
hour studies conducted in 1993 showed that tautog



Fig 24 Location of ichthyolankton stations (*) sampled for nearfield spatial distribution of tautog eggs during 1994

egg densities remain relatively stable at this time of
day (Fig. 23). Stations EN and NB were sampled at
approximately at the same time. The collection se-
quence of stations sampled was L1, NB, and SS dur-
ing & flood tide and L1, NB, and BP during an ebb
tide. These sequences facilitated paired comparisons
of stations BP, LI, and SS with EN. By sampling NB
second in the sequence (with EN sampled almost
simultaneously), the sampling interval between EN
and the other three stations was minimized. Sam-
pling dates in 1994 were June 23 and 24 during a
flood tide and June 29 and 30 during an ebb tide.
These dates occurred during peak density of tautog
eggs. On each sampling date, three sequences of
samples were taken (LI, NB, EN, BP during an ebb
tide and L1, NB, EN, SS during a flood tide), with the
first sequence starting about | hour before maximum
tidal current, the second starting at near maximum
current, and the third immediately after the second
was completed.

The results of this nearfield study of tautog egg
abundance indicated that the geometric mean
densities of tautog eggs at each station were similar
and had overlapping 95% confidence intervals (F ig.
25). The lack of localized egg concentrations was
confirmed by the results of paired comparisons
between station EN and the other stations (NB, LI,
SS, and BP) when tested with the Wilcoxon's signed-
rank test. Although the number of paired
comparizons was rather low (12 pairs for NB and LI
and 6 for SS and BP), no significant (p < 0.05)
differences were detected between station EN and the
other four stations. These nearfield data indicated
that eggs were not concentrated near MNPS and
entrainment  densities of tautog eggs were
representative of a more homogenous distribution,
includiig areas outside of Niantic Bay.

Fish Ecology 37



é 5000 -
§ 4000 ~
! 2000 ~ A
1000 < e - -
0
EN  NB u ss 8P
Stations

Fig. 25. Comparison of nearfield spatial distribution of
tautog eggs in the vicinity of MNPS, based on geometric
mean densities with 95% confidence intervals for cach
station sampled (see Fig. 24) during June 1994

Tautog early life history studies in 1996. The
Draft Fisheries Management Plan for Tautog
(ASMFC 1996) stated that tautog eggs are primarily
found near the surface, the basis for which apparently
was the results of a study conducted in Narragansett
Bay by Bourne and Govoni (1988). A portion of that
bay is a two-layered estuary and pelagic tautog eggs
may concentrate near the halocline. In contrast, the
water column in eastern LIS is relatively
homogenous for salinity (and temperature), with no
halocline evident. However, even under these
conditions (i.e., eggs tending to concentrate near the
surface), the effect of winds on their transport would
need 1o be considered along with tidal currents.
Therefore, to examine the vertical distribution of
tamog eggs, paired surface and near-bottom tows
were taken in 1996 at a point midway between
Millstone and Black Points. This location also was
near the point of origin for the transects used in the
farfield spatial distribution study discussed below.
The abundance data for the vertical distribution study
were also used to estimate tautog egg mortality given
below. The densities of tautog eggs were greater at

the surface than near-bottom for all 12 paired
comparisons, even though vertical temperature and
salinity measurements showed no apparent water
column stratification (Table 16). Examination of the
geometric mean densities of the three replicate pairs
indicated that differences between surface and near-
bottom were much greater for collections made in the
evening just after spawning than for collections
dumng the moming, approximately 12 hour after
spawning (Fig. 26). Tidal currents did not appear to
affect this pattern. Relatively similar egg densities
were found during the evening from near-bottom
collections and in the morning at both surface and
near-bottom relative to densities at the surface during
the evening. This pattern of densities, in addition to
the large difference in tautog egg abundance between
surface and near-bottom collections during evening
and the reduction in density at the surface from
evening to moming, suggested selectively higher
mortality for eggs near the surface during the 12-hour
period following spawning.
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Fig. 26. Comparison of geometric mean densities of tautog
eges from paired surface and near-bottom samples
collected during the evening and moming at the time of
slack and maximum tidal currents from a site midway
betweer: Millstone and Black Points during July 1996,

TABLE 16 Time of sampling, tidal current stage, water temperature, and salinity when paired surface and near-bottom collections were taken
to compare the vertical distribution of tautog eggs at a site midway between Millstone Point and Black Point during July 1996

Sampling Tidal Temperature (°C) Salinity (ppt)

time (h) current Surface Mid Surface Mid
2005-2105 Slack 176 176 17.6 292 293 293
08320939 Slack 176 173 169 295 295 296
2005-2046 Maximum 19.1 175 170 280 290 294
0822-0914 Maximum 182 175 171 219 288 292
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Fig. 27 Sampling sites for the farfield (within about 5 n mi of MNPS) spatial distribution study of tautog egg abundance
conducted in 1996. Three transects (SW, S, SE) extended from a common origin (station ORI), with stations spaced at | n mi

intervals,

Tautog egg mortality during about the first 12
hours after spawning may be estimated if the
combination of surface and bottom densities
(geometric mean of 6 samples) is assumed to be
representative of abundance at the time of
coliections. Under this assumption, theie was about
65% mortality (68.9% for slack current collections
and 64.4 % for maximum current collections) during
the 12-hour period. This mortality estimate, aithough
large for a 12-hour period, was less than the
approximate 80% mortality estinated from the 24-
hour studies summarized above.

No information was available for tautog egg
abundance further offshore of Niantic Bay than the

nearfield study completed in 1994. In 1996, sam-
pling was extended to the 5 n mi boundary discussed
above 10 encompass a potential source area of tautog
eggs entrained at MNPS. Sampling sites were at | n
mi intervals along three separate transects (Fig. 27).

The point of origin (station ORI) of each transect was
at the mid-point between Millstone Point and Black
Point, which was also used in the vertical distribution
study. For this farfield study, sampling took place in
the moming after sunrise because results of the 1993
24-hour studies showed that tautog egg densities
remained relatively stable during this time of day
(Fig. 23).
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Abundances of tautog eggs, expressed as density
per 500 m’, for both sampling dates at station ORI
were generally similar (geometric mean of three
replicates), with no consistent trends evident between
dates or along transects (Fig. 28). On July 2, the
greatest abundances of eggs were collected along
transect SE at n mi 2 through 4, but the remaining
two transects had relatively similar densities. On
July 9, abundances were more similar among
transects with slightly higher densities at n mi | and 2
for transects SE and SW. For both dates no clear
nearshore 1o offshore gradient of tautog egg densities
was found.

The depths of the sampling sites varied greatly,
ranging from 8 to 58 m (Tables 17 and 18). Water
temperature and salinity measurements at surface,
mid-depth, and bottom were similar at each site,
indicating a relatively well-mixed water column
throughout the § n mi radius from Niantic Bay. Due
to the large variation in water depths among
sampling sites, tautog abundance indices were
recomputed to give the number of eggs under | m’ of
sea surface at each sampling site (Fig. 29). This
abundance index suggested greater similarity among
transects than the volumetric density estimates, with
no obvious nearshore to offshore trends evident.
This lack of trends and no indication of preferred
spawning arcas may have been due to the time of
sampling.  Results of previous 24-hour studies
showed that tautog adults spawn primarily during the
evening. The time period of sampling ‘or the farfield
spatial distribution was during the moming, which
occurred a full tidal cycle afier spawning and allowed
for relatively complete mixing and distribution of
eggs by tidal currents.

An instantaneous standing stock within the 5 n mi
radius of Niantic Bay was calculated to estimate the
number of tautog eggs that couid be potentially
entrained by MNPS from tidal transport. The
geometric mean density of all 16 stations combined
was calculated and extrapolated to a total number of
eggs based on the average depth of the stations
sampled. The estimated number of tautog eggs
within a 5 n mi radius of Niantic Bay during the time
period of sampling was 4.9 x 10° on July 2 and 3.1 x
10° on July 9. These daily egg standing stock
estimates equaled or exceeded the estimated annual
total number of tautog eggs entrained at MNPS since
1979, which ranged from 0.7 10 3.9 x 10° (NUSCO
1996). In addition, these standing egg stock esti-
mates represenied the number of eggs approximately
12 hours after peak spawning. Based on the results
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from 24-hour swdies and evening-moming
abundance comparisons from vertical distribution
studies, the staxding stock estimates only accounted
for about 20 to 35% of the spawn from the previous
evening because of natural mortality.

The daily standing stock estimates were also
compared to an average lifetime fecundity estimate
for female tautog (Table 19). Parameters used to
estgnate average lifetime fecundity under 1996
conditions were length at age for LIS (Simpson
1989), fecundity at age (Chenoweth 1963), fraction
of mature females at age (Chenoweth 1963), and
natural (M = 0.15) and fishing (F = 0.54) mortality
rates from ASMFC (1996). In addition, present
fishing regulations were used, including a 14 in (356
mm) legal size limit with a natural mortality of M =
0.15 and a discard mortality of F = 0.04 (D. Simpson,
CT DEP, Old Lyme, CT, pers. comm.) for fish less
than the legal size limit. Lifetime fecundity was
estimated to be 142,655 eggs per female. The daily
egg standing stock was adjusted for mortality that
occurred during the 12 hours after spawning by using
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Fig. 28. Comparison of tautog egg densities along three
transects sampled at 1 n mi intervals on two dates in July
1996. Nautical mile 0 is station ORI (see Fig. 27), the
origin of the three transects.



TABLE 17 Station depth, water temperature and salinity for the July 2, 1996 colicctions 1o examine farfield spatial distribution of tautog eggs

Temperature (°C) Salinity (ppt)

Station Depth (m) Surlace Mid “Bottom Surface Mid ~ Botiom
ORI* 8 163 165 163 287 285 286
SEI " 16.1 160 160 * 287 287 287
SE2 13 164 164 16.1 284 285 287
SE3 8 171 16.1 16.1 272 288 288
SE4 2 165 161 16.0 283 288 8 268
SES 20 16.0 159 158 288 288 29.0
s 20 163 162 16.1 284 285 287
2 24 16.1 159 16.0 287 29 288
§3 45 162 159 s, 28§ 288 .
S4 58 166 16.1 N 276 283 .
S5 52 167 164 - 27.6 279 .
SW1 28 165 163 164 286 286 286
SW2 29 165 162 162 277 283 284
SW3 34 16.6 162 162 274 82 283
SWa 37 16.6 162 16.1 274 283 285
SW5 49 168 163 . 273 279 ‘

* Parameters for station ORI are a mean of three collections during the sampling date
* No temperature and salinity measurements because the botiom depth was greater than the length of the probe cabie

TABLE 18 Station depth, water temperature and salinity for the July 9, 1996 collections to examine farfield spatial distribution of tautog eggs

" Temperature (°C) Salinity (ppt)

Station Depth (m) Surface Mid Bottom Surface Mid Bottom
ORY* L 17.5 174 174 294 29§ 295
SE| 12 17.5 17.3 169 294 298 297
SE2 12 172 171 168 295 295 297
SE3 17 172 164 165 290 299 299
SE4 23 172 164 16.0 29.0 298 30.2
SES 19 17.7 16.6 16.3 286 297 299
Sl 21 171 168 16.8 293 296 296
s2 24 17.2 168 164 292 296 299
$3 47 168 16.1 2 296 301 .

§4 55 169 16.4 . 294 298 .

§5 51 179 16.3 . 282 279 .

SWI 29 174 169 167 293 297 297
SW2 30 17.1 17.0 169 293 296 297
SW3 34 17.0 165 16.3 29 298 300
SW4 37 178 168 164 282 294 208
SWS 50 18.0 163 . 28.1 30.0 .

* Parameters for station ORI are a mean of three collections during the sampling date.
" No temperature and salinity measurements because the bottom depth was greater than the length of the probe cable
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Fig. 29. Companison of uutog egg abundances based on
the number of eggs under 1 m” of sea surface along three
transects sampled at 1 n mi intervals on two dates in July
1996, Nautical mile 0 is station ORI (see Fig. 27), the
origin of the three transects.

65% from the vertical distribution study and 80%
from the 24-hour study. Equivalent-female spawners
for the July 2 study ranged from 98,139 to 171,743
and for the July 9 study ranged from 62,388 to
108,654,  These numbers of equivalent-female
spawners in the 5 n mi radius are conservative (i.e.,
low) because tautog are serial spawners and may
spawn over an extended period ((la and Samet
1977).

Summary. The greatest direct impact of MNPS
on tautog stocks is most likely the entrainment of
egps. Large (65-80%) decreases in egg abundance
occur following early evening spawning through the
following moming, most probably from high natural
mortality. Pelagic tautog eggs disperse rapidly from
spawning sites by tidal transport and densities in
nearshore areas are velatively uniform. Based on
hydrodynamics, a conservative measure of the source
area for eggs entrained at MNPS includes a radius of
about S n mi. Two daily estimates of the
instantaneous standing stock of tautog eggs within
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this area equaled or exceeded annual entrainment
estimates at MNPS and, in fact, would have been
even larger if high egg mortality rates had been taken
into account. This implies that MNPS entrainment
effects may be relatively small.

If egg losses due to entrainment affected recruit-
ment, then juvenile abundance should decrease and
the.nhtive abundance of older fish would appear to
increase in the short ierm. Based on length-
frequency distribution from trawl catches, the
percentage of juvenile tautog increased during the
three-unit operational period. Therefore, changes in
the relative proportion of juveniles and adults were
probably unrelated to entrainment losses. In
addition, the decline in juvenile and adult tautog
abundance in Long Island Sound that began in the
mid-1980s (Simpson et al. 1995) coincided with the
decreasing trend in eggs collected at EN. If the
decrease in adults was caused by entrainment losses,
then the reduction in egg abundance should have
lagged the decline of juveniles by several years
because females do not mature until age-3 or 4.
Therefore, the lower abundance of tautog eggs was
probably due a decline in the abundance of spawning
adults from fishing rather than the operation of
MNPS. During the 1990s, the instantaneous fishing
mortality rate for tautog was estimated at about 0.54
(annual fishing mortality of 42%) and various survey
biomass indices declined by more than half from the
previous decade (ASMFC 1996). At present, tautog
stocks are overfished and because of the long life and
slow growth of this species, abundance should
remain depressed until fishing montality is reduced to
less than half of current levels.

Conclusions

Evaluation of data coll"cied in the trowl, seine, and
ichthyoplankton programs in the fish eco'ogy studies
in 1995-96 did not change conclusion, made in
recent years regarding the potential impact of the
operation of MNPS.  Examination of species
composition in each program indicated similar
dominant taxa as found in previous years. In trawl
catches, annual abundances were more stable for
resident species (e.g., grubby, skates) than for those
fishes caught seasonally (e.g., anchovies, scup),
probably because individuals of the latter were
primarily young-of-the-year and annual reproductive
success was variable. For all species, we estimated



TABLE 19 Average lifetime egg production of an age-3 female tautog spawner

Survival Fraction Ege

Age (mm)’ Fecundity’ probability‘ mature® production
3 223 16,069 1.000000 08 12,855
4 273 26,476 0826280 10 21,876
L] 317 39,000 0.682738 1.0 26,627
6 354 53,519 0564133 10 30,192
7 386 69,938 0.282955 1.0 19,789
8 414 B8, 181 01419, 10 12,515
9 439 108,184 0.071) 1.0 7,701
10 460 129,894 0.035705 10 4,638
1 478 153,264 0017909 1.0 2,745
12 493 178,251 0 008983 1.0 1,601
13 507 204,820 0004505 1.0 923
14 519 232937 0.002260 10 526
15 529 262,571 0001133 10 298
16 538 293,697 0.000569 1.0 167
17 545 326,288 0.00G285 1.0 93
I8 582 360,321 0.000143 1.0 52
19 558 395,774 0.000072 1.0 28
20 562 432,628 0.000036 10 16
21 567 470,864 0000018 1.0 N
22 570 510,463 0.000009 10 5
Total 142,655

* Length at age from Simpson (1989)

" Fecundity at age from Chenoweth (1963)

‘ Instantaneous mortality rates (Z) were
Natural (M) = 0.15 from ASMFC (1996)

Discard through age-6 (F) = 0 04 from Simpson (CT DEP, Old Lyme, CT, pers. comm.)

Fishing ages-7 through 22 (F) = 0.54 from ASMFC (1996)
‘ Female mawsrity from Chenoweth (1963)

number of eggs and larvae entrained was a function
of both annual abundance and the volume of
condenser cooling-water used at MNPS, with the
frequency of large entrainment estimates greater
during most years of three-unit operation,
Entrainment estimates for several taxa and life stages
(e.g., anchovy and cunner eggs; anchovy, American
sand lance, and grubby larvae) decreased in 1995 or
1996 relative to the previous year for these estimates.
Detailed analyses were conducted on six taxa that
were most susceptible to MNPS operational impact
due to entrainment or effects of the thermal
discharge. These analyses generally focused on
comparing temporal trends during two- and three-
unit operations. The reasons for the decline in
Atlantic silverside taken by seine that occurred
during three-unit operation remains unknown, but
probably was not related to the MNPS therma!
discharge, which affects the JC seine site only
minimally. Trends of declining abundance during

two-unit operation for larval American sand lance
and juvenile and adult tautog and cunner were
probably related to regional declines, likely resulting
from increased predation or overfishing in the case
of tautog. Also, removal of specific habitat (i.e., the
Unit 3 cofferdam) contributed to fewer cunner and
tautog being collected by trawl at station IN. The
large numbers of tautog and cunner eggs entrained at
MNPS did not appear to affect the future spawning
stocks of these two fishes because the proportion of
juvenile recruits relative to adults has increased
during three-unit operation. Finally, early life
history stages of both tautog and cunner appear to be
affected similarly by environmental and biological
processes, which seem to have greater effects than
MNPS operation.
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APPENDIX I List of fishes coliected in the Fish Ecology sampling programs (June 1979-May 1995, all stations)

Scientific name Comemon name Trawl Seine Ichthyoplankton
Acipenser oxyrhynchus Atlantic sturgeon ®
Alosa aestivalis blueback herring . L
Alosa mediocris hickory shad *
Alosa pseudoharengus alewife ’ ’ .
Alosa sapidissima American shad & .
Alosa spp. river herring » " ¢
Aluierus schoepfi orange filefish "
Ammodytes americanus American sand lance * . .
Anchoa hepsetus striped anchovy .
Anchoa muchilli bay anchovy . . .
Anguilla rostrata American eel ’ . .
Apeltes quadracus fourspine stickleback * . .
Bairdiella chrysoura silver perch »
Bothus ocellatus eyed flounder ‘
Brevoorua ryrannus Atlantic menhaden » . .
Brosme brosme cusk \d
Caranx crysos blue runner » .
Caranx hippos crevalle jack - .
Centropristis siriata black sea bass . .
Chaetondon ocellatus spotfin butterflyfish * .
Clupeidae herrings i, .
Clupea harengus Atlantic herring ¢ . .
Conger oceanicus conger eel » .
Cyelopterus lumpus lumpfish . .
Cymoscion regalis weakfish ¢ . .
Cyprinodon variegatus sheepshead minnow . .
Dactylopterus volitans flying gumard *
Dasyatis centroura roughtail stingray ¢
Decapterus macarellus mackerel scad e
Decapterus punciatus round scad ¢
Enchelyopus cimbrius fourbeard rockling . .
Etropus microstomus smalimouth flounder . .
Eucinostomus lefroyi mottied mojarra »
Fistularia tabacaria bluespotted cometfish .
Fundulus diaphanus banded killifish »
Fundulus heteroclitus mummichog . .
Fundulus luciae spotfin killifish ‘
Fundulus majalis striped killifish .
Gadidae codfishes s .
Gadus morbua Atlantic cod ’ .
Gasterosteus aculeatus threespine stickleback » * .
Gasterosteus wheatland) blackspotied stickleback 4 o ¥
Gobiidae gobies . .
Gobiosoma ginsburgi seaboard goby ¢
Hemuripterus americanus sea raven v .
Hippocampus erectus lined seahorse ’ v
Labridae wrasses .
Lactophrys spp boxfish ’
Leiostomus xanthurus spot *
Liparis spp scasnail * .
Lophius americanus goosefish . »
Lucania parva rainwater killifish ' .
Macrozoarces americanus ocean pout ol
Melanogrammus aeglefinus haddock y
Menticirrhus saxatilis northern kingfish » - '
Menidiu beryllima inland silverside " .
Menidia menidia Atlaniic silverside » . o
Merluccius bilinearis silver hake . ’ .
Microgadus tomcod Atlantic tomcod d »
Monacanthus hispidus planchead filefish »
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APPENDIX | (continued)

Scientific name Common name Trawl Seine Ichthyoplankion

Monocanthus spp. filefish .

Morone americana white perch ¢ "
Morone saxatilis striped bass . .

Mugil cephalus striped mullet . . .
Mugil curema white mullet .

Mullus auratus red goatfish .

Mustelis canis smooth dogfish .

Myliobaus freminvillei bullnose ray .

Myoxocephalus aenaeus grubby . s ®
Myoxacephalus octodecemspinosus longhom sculpin . N
Myaxocephalus spp. sculpin L

Ophidiidae cusk-eels .

Ophidion marginatum striped cusk-cel . . .
Ophidion welshi crested cusk-cel .

COpsanus tau oyster toadfish »

Osmerus mordax rainbow smelt » » .
Paralichthys dentatus summer flounder » »
Paralichthys oblongus fourspot flounder . .
Peprilus triacanthus butterfish ¥ o .
Petromyzon marinus sea lamprey .

Pholis gunnelius rock gunnei $ ’ #
Pleuronectes americanus winter flounder * * .
Pleuronectes ferrugineus yellowtail flounder . .
Pollachius virens pollock » .
Pomatomus saliarrix bluefish . »

Priacanthus arenatus bigeye #

Priacanihus cruento us glasseye snapper ¥

Pristigenys alta short bigeye »

Prionotus carolinus northern searobin * . g
Prionotus evolans striped searobin » . .
Pungitius pungitius ninespine stickleback . . .
Raja eglanieria clearnose skate .

Raya erinacea little skate »

Raja ocellata winter skate .

Salmo trutta brown trout »

Sciaenidae drums v
Scophthalmus aquosus windowpane ¢ . .
Scomber scombrus Atlantic mackerel ¢ .
Scvliorhinus retifer chain dogfish =

Selar crumeiopthalmus bigeye scad i

Selene setapinnis Atlantic moonfish "

Selene vomer lookdown ¥ »

Svnodus foetens inshore lizardfish .

Sphyraena borealis northern sennet "

Sphoeroides maculatus northern puffer * . .
Squaius acanthias spiny dogfish ’

Stenotomus chrysops scup » 4
Strongylura marina Atlantic needlefish .

Syngnathus fuscus northern pipefish . ’ ’
Tautogolabrus adspersus cunner ¥ g "
Tautoga cnitis tautog . S $
Trachinotus falcatus permit ’ .

Trachurus lathami rough scad *

Trachinocephalus myops snakefish .

Trinectes maculatus hogchoker ¢

Ulvaria subbifurcata radiated shanny . .
Upeneus parvuy dwarf goatfish *

Urophycis chuss red hake . "

Urophycis tenuis white hake » *

Uraphycis spp. hake ’ > .
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APPENDIX VI Total number of days the MNPS Unit | sluiceway was not in service by month from 1985 through 1995

Month 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1994
January 0 0 0 0 2 0 ’ 0* 4 4 3
February 0 0 0 0 6 0 X 0 2 16* 5
March 0 0 1 0 31 2 A 10 7 o0 0
April 0 0 21 0 15 3 i 0 0 12 5
May 3 3 2 0 3 1] - 0 0 0 10
June 4 1 6 ¥ 6 e - 0 0 6 1
July 2 6 3 10 3 0 0* o' 2 3 0
August 8 21 10* 3 6 4 15° 6 4 4 9
Sepiember 28 3 B 18 I 3 22 Y 5 2 1?7
October 7 5 0 15 0 18 4 4 2 2 4
November 0 3 3 2 o 4 6 4 20 0*
December  21* 0 0 0 0 ] o ? k} L o
* Unit | shutdown

" No information available (NUSCO 1992b)

“ No information for June 1-15, 1991 sluiceway in service from June 16-30, 199]
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Winter Flounder Studies

Introduction

The winter flounder (Pleuronectes americanus) has
been the object of environmental impact studies by
Northeast Utilities Service Company (NUSCO) at the
Milistone Nuclear Power Station (MNPS) since 1973,
It is an important sport and commercial fish in
Connecticut (Smith et al. 1989) and an abundant
member of the local demersal fish community, The
winter flounder has been reported from Labrador to
Georgia, but is most numerous in the central part of
its range (Scott and Scott 1988), which includes Long
Island Sound (LIS). Its seasonal movement patterns
and reproductive activity are well-documented (eg.,
Klein-MacPhee 1978).  Most adult fish enter
estuaries in late fail and early winter and spawn in
upper portions of estuaries during late winter and
early spring at temperatures between | and 10°C
(peaking at 2-5°C) and salinities of 10 to 35 %
(Bigelow and Schroeder 1953 Pearcy 1962; Scarlett
and Allen 1992). Three years are required for oocyte
maturation (Dunn and Tyler 1969. Dunn 1970,
Burton and Idler 1984). In eastern LIS, females
begin to mature at age 3 and 4 and males at age 2
(NUSCO 1987). Average fecundity of Niantic River
females is about 561,000 eggs per fish. Eggs are
demersal and hatch in about 15 days, and larval
development takes about 2 months; both processes
are temperature-dependent. Small larvae are plank-
tonic and although many remain near the estuarine
spawning grounds, others are carried into coastal
waters by tidal currents (Smith et al. 1975; NUSCO
1989; Crawford 1990). Some of the displaced larvae
are retumed to the estuary on subsequent incoming
tides, but many of them are swept away from the area
into coastal waters, where their survival may be
reduced. Larger larvae maintain some control over
their position by vertical movements and may spend
considerable time on the bottom. Following met-
amorphosis, demersal young-of-the-year winter
flounder predominantly settle or move into shallow
inshore waters.  Yearlings (age-1 fish) become
photonegative and most are usually found in deeper
waters (Pearcy 1962, McCracken 1963). Some adult
fish remain in estuaries following spawning, while
others disperse offshore. By summer, most adults
leave warmer shallow waters as their preferred

temperature range is 12-15°C (McCracken 1963),
although & few remain in estuaries, apparently
avoiding temperatures above 22 5°C by burying
themselves in cooler bottom sediments (Olla et al.
1969). Other aspects of winter flounder life history
have been summarized by Klein-MacPhee (1978).
Because the early life history of the congeneric
European plaice (Pleuronectes platessa) has many
similarities to that of the winter flounder, relevant
literature for this species was also reviewed for this
report to gain further insights into winter flounder
population dynamics.

MNPS operation results in the impingement of
juvenile and adult winter flounder on the traveling
screens of the cooling-water intakes and the entrain-
ment of larvae through the condenser cooling-water
system. The impact of fish impingement at MNPS
has been largely mitigated by the installation and
operation of fish return sluiceways at MNPS Units |
and 3 (NUSCO 1986b, 1988a, 1994b). Unlike many
marine fishes, mortality of entrained winter flounder
larvae potentially has greater significance as it is a
product of local spawning with geographically
isolated stocks associated with specific estuaries or
coastal areas (Lobell 1939; Perimutter 1947, Saila
1961).  In particular, the population of winter
flounder spawning in the nearby Niantic River has
been studied in detail to assess the long-term effect of
larval entrainment through the MNPS cooling-water
system. Although the 1996 spawning season was the
cleventh year in which winter flounder could have
been impacted by the operation of all three MNPS
units, the plant was shut down during most of this
period, resulting in the smallest cooling-water flow
since 1985, before Unit 3 went on-line.

Development of a long-term assessment capability
was the ultimate goal of NUSCO winter flounder
studies. Presently, a combination of various sampl-
ing programs and analytical methods are used to
examine current abundance of the Niantic River
population and obtain annual estimates of the spawn-
ing stock. This report summarizes data collected dur-
ing 1996 and updates results reported previously in
NUSCO (1996). A computer population simulation
model, the NUSCO winter flounder stochastic
population dynamics model (SPDM), is used for
assessing long-term effects of MNPS operationi. The
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SPDM can simulate the long-term effects of
historical and projected rates of fishing mortality and
simultaneous plant operation, resulting in annual
mortalities from impingement of juveniles and adults
and the entrammment of larvae through the MNPS
cooling-water system. Resuits of SPDM simulations
and a probabilistic risk analysis help to assess the
effects of MNPS operation on the Niantic River
winter flounder population through the year 2060,
well after the scheduled shutdown of Unit 3 in 2026.

Materials and Methods
Sampling Programs

Data needed to assess MNPS impact on the winter
flounder come from several biological sampling
programs. Some programs (e.g., Niantic River adult
and larval surveys, age-0 survey) were designed to
mvestigate specific life history stages of winter
flounder. Other programs provide information from
year-round sampling of the entire local fish
community, such as the traw! monitoring program
(TMP) and the entrainment ichthyoplankton monitor-

ing program at MNPS. Additional information used
in various assessments was presented in NUSCO
(1987), which summarized various life history
studies of the winter flounder prior to the operation
of Unit 3. Ongoing sampling programs that contrib-
uted data to the Niantic River winter flounder studies
are shown in Figure |, which includes the seasonal
duration of sampling and timing relative to the
annyal life cycle of Niantic River winter flounder.
Brief descriptions of field methodologies used in
these programs are given below.

Information on water temperature (°C) was
obtained from continuous temperature recorders at
the intakes of MNPS Units | and 2; daily mean
temperatures were determined from available records
of 15-min average temperatures. Monthly, seasonal,
or annual means were calculated using daily means.
Water temperature and salinity measurements at adult
(surface and bottom) and larval (surface, midwater,
and bottom) sampling stations were recorded using a
Rosemont RSS5-3 Portable Salinometer or a YSI
Model 30 Salinity/T emperature/Conductivity meter.
Temperature at juvenile winter flounder stations in
the Niantic River was taken with a mercury
thermometer.

5 Trawl Monitoring

Age - 0 Juvenile Survey

‘ FRERA R
R e |

, reT————
1 - Niantic River Adult Winter Fiounder Survey

Fimlalwml o T T AT s To T nT ol T rTwT a1l

H Year -0

’l‘ Year - 1 "‘

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

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

3. Year-round monitoring of all ichthyoplankton at the MNPS discharges.

4 Late May-September sampling of age-0 juveniles at two stations in the Niantic River

5. Year-round monitoning of all benthic fishes at six (1876-85) or three (1996) stations near MNPS
(juvenile catch data come from two stations in November, three to four in December, and three

10 six in January).

Figure 1. Current sampiing prog:ms contributing data for computation of winter flounder abundance indices (hatched area

show months from which data w« ed in this report
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Adult Winter Flounder Sampling

Sampling methodology for the adult winter flounder
spawning surveys in the Niantic River has remained
essentially unchanged since 1982 Surveys usually
begin between mid-February and mid-March, after
most ice cover disappears from the river, and
continues inio April. Sampling ceases when the
proportion of reproductively active females decreases
to less than 10% of all females examined for 2
consecutive weeks, an indication of completion of
most spawning. In each survey, the Niantic River
was divided into a number of sampling areas,
referred to as swuations (Fig. 2). Since 1979 no
samples have been taken cutside of the navigational
channel in the lower portion of the river because of
an agreement made with the East Lyme-Waterford
Shellfish Commission tc protect habitat of the bay
scallop (Argopecten irradians). Winter flounder
were collected on at least 2 days of each survey week
using a 9.1-m otter trawl with a 6.4.mm bar mesh
codend liner. Fish caught in each tow were held in
water-filled containers aboard the survey vessel
before processing. Since 1983, each fish larger than
20 cm was measured to the nearest mm in total length
and its gender ascertained. Before 1983, at least 200
randomly selected winter flounder were measured
during each week of sampling. Fish not measured
were classified into various length and gender
groupings; at minimum, all winter flounder examined
were classified as smaller or larger than 15 cm.
Gender and reproductive condition of larger winter
flounder was determined by either observing eggs or
milt, or as suggested by Smigielski (1975), noting the
presence (males) or absence (females) of ctenii on
lefi-side caudal peduncle scales. Before release,
healthy fish larger than 15 cm (1977-82) or 20 cm
(1983 and after) were marked in a specific location
with a number or letter made by a brass brand cooled
in liquid nitrogen. Marks and brand location were
varied in a manner such that the year of marking
would be apparent in future collections.

Larval Winter Flounder Sumpling

Winter flounder larvae entrained through the MNPS
covling-water system have been sampled at the
MNPS discharges (station EN, Fig. 3) since 1976. In
most years, collections usually alternated between the

Niantic
River

ol
=30

(

Fig. 2. Location of stations sampled in the Miantic River
during 1996 for adult winter flounder from February 27
through April 3 (numbers) and age-0 winter flounder from
May 22 through September 25 (letters).

discharges of Units | and 2, depending upon plant
operation and the resulting water flow from the
condenser cooling-water pumps. This year, because
of the shutdown of Unit | (no pumps in operation) in
November 1995, most collections early in the larval
winter flounder season were made at Unit 2 and later
alternated between Units 2 and 3. Most of these
samples were collected with only one or two
circulating water pumps in operation. Larvae were
collected in a 1.0 x 3.6-m plankton net of 333-um
mesh deployed from a gantry system. Four General
Oceanic (GO) Model 2030 flowmeters were
positioned in the net mouth to account for horizontal
and vertical flow variation; sample volume was
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determined by the average of four volume estimates
from the flowmeters. The net was usually deployed
for 3 to 4 min (filtering about 200 m’), with variation
in sampling time dependent upon the number of
circulating water pumps in operation and tidal stage.
Sampling frequencies and volume filtered have
varied since 1976 (NUSCO 1987, 1994a). In 1996,
sampling was conducted during both day and night
once per week in February and 3 days and nights per
week during March through early May and the last 3
weeks of June, ing the last 4 weeks of May and
the first week of June, only one day sample was
collected each week, as unlike previous outages, the
circulating water pumps were shut off for most of the
time. All ichthyoplankton samples, including those
described below, were preserved with 10% formalin,
Winter flounder larvae have been collected in
Niantic Bay at station NB since 1979 and in the
Niantic River at stations A, B, and C since 1983 (Fig.
3). A 00-cm bongo plankton sampler was weighted
with a 22 7-kg oceanographic depressor and fitted
with 3.3-m long nets with mesh size of 202 um

during February and March and 333 um for the
remainder of the season. Volume of water filtered
was determined from a single GO flowmeter
mounted in the center of each bongo opening. The
sampler was towed at approximately 2 knots using a
stepwise oblique tow pattern, with equal sampling
time at surface, mid-depth, and near bottom. The
length of tow line necessary to samp'e the mid-water
and bttom strata was determined by vater depth and
tow-line angle measured with an inclinometer. Nets
were towed for 6 min (filtering about 120 m’). One
of the duplicate samples from the bongo sampler was
retained for laboratory processing. When present,
Jellyfish medusae at the river stations were removed
from the samples using a l-cm mesh sieve and their
mass estimated volumetrically to the nearest i00 mL.

The larval winter flounder sampling schedule for
Niantic River and Bay was based on knowledge
gained during previous years and was designed to
increase data collection efficiency while minimizing
sampling (NUSCO 1987). Larval sampling at the
Niantic River stations usually begins in early to mid-

MNPS
% |

NY cT

Long Island Sound

Fig. 3. Location of stations \ denoted by letters) sampled for larval winter flounder during 1996,
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February. In 1996, collections were only taken at
stations NB and C during most of February because
ice conditions prevented sampling in the upper river
until February 23. Daytime tows were made within |
hour of low slack tide through the end of March.
During the remainder of the season, until the
disappearance of larvae at each station, tows were
made at night during the second half of a flood tide.
From 1983 through 1990, sampling was conducted 2
days a week. Starting in 1991, sampling was reduced
to | day a week (NUSCO 1991a). Through 1992,
station NB was sampled during day and night every
two weeks during February and at least once a week
from March through the end of the larval winter
flounder season. Beginning in 1993, station NB was
sampled weekly only during the day from the start of
the larval season through March and at night from
April throu_h the remainder of the larval season.

Juvenile Winter Flounder Sampling

Information on juvenile (age-0 and age-1) winter
flounder was obtained from three sources (Fig. 1). A
special sampling program specifically targeted post-
larval young-of-the-year. A second source of data is
the trawl monitoring program (TMP), and the third
data source is the Niantic River adult spawning
abundance surveys, during which winte. flounder
Juveniles are collected incidentally. Data on Juvenile
fish abundance were available from about May of
their birth year into April of the following year.
Juvenile indices were referred 1o as age-0 when fish
were collected as post-larval young in summer and
during the subsequent fall and winter by the TMP.
These fish are recorded as age-1 when taken during
the February-April adult spawning surveys.

The abundance of post-larval age-0 winter flounder
has been monitored at two stations (Fig. 2) in the
Niantic River since 1983 (LR) or late 1984 (WA).
Through 1992, collections were made weekly, but
beginning in 1993, sampling frequency was reduced
to biweekly. Stations were sampled during daylight
from about 2 hours before to | hour after high tide.
Monitoring began in late May and continued through
the end of September.

Young winter flounder were sampled using a 1-m
beam traw! having two tickler chains and nets of 0.8-,
1.6-,3.2-, and 6.4-mm mesh. In 1983, triplicate tows
were made at LR using nets of increasing larger mesh
as the season progressed. Beginning in 1984, two
frames with nets of successively larger mesh were

used during each sampling trip; nets were deployed
in a random order. A change to the next larger mesh
in the four-net sequence was made when fish had
grown enough to become retained by it, as use of
larger meshes reduced the amount of detritus and
algae collected. At each station, four replicate tows
were made, two esch with the two nets in use.
Rarely, only three tows were taken at a station
becayge of bad weather or damage to the net. Tow
distance was estimated by letting out a measured line
attached 1o a lead weight as the net was hauled at
approximately 25 m'min". The length of each tow
was increased from 40 to 100 m in 20- or 40-m
increments at a station as fish abundance decreased
over tune. However, in years when densities of
young were high, maximum tow length at a station
was 60 or 80 m.

Catches from the TMP (see the Fish Ecology
section of this report for methods) were used to
follow the abundance of age-0 winter flounder during
fall and winter. In addition to the TMP, Jjuvenile
winter flounder smaller than 15 ¢m in length (mostly
age-1) were caught along with adults in the annual
Niantic River spawning stock surveys. These fish
were processed similariy as adults, although gender
was usually not specified, and the fish were not
branded. When smal! winter flounder were abun-
dant, a subsample of at least 200 fish was measured
each survey week; otherwise, all specimens were
measured.

Indices of Abundance

Data from the fieid sampling programs described
above were used to calculate annual and seasonal
indices of relative abundance. Indices, calculated
using various sampling statistics, were computed for
various life-stages of winter flounder, from newly
hatched larvae to adult spawners and also included
estimates of egg production. Specifics of each abun-
dance index depenaed upon the particular stage of
life, sampling effort, and suitability of the data a
detailed description of each follows. The indices
enabled timely assessments to be made regarding the
current status of the Niantic River winter flounder
population and many of these data were used with the
SPDM for long-term predictions of MNPS impact.
For some indices, a long-term mean was calculated
with variability described by the coefficient of
variation (CV; standard deviation divided by the
mean).

Winter Flounder 65



Relative Annual Abundance of Adults

The relative annual abundance of winter flounder
in the Niantic River during the late February-early
April spawning season is determined by traw| catch-
per-unit-effort (CPUE). An annual relative
abundance index with 95% confidence interval (CI)
was calculated by using the A-mean CPUE (NUSCO
1988¢c) following ‘ata standardization. This repre-
sents a departure from the median CPUE abundance
index previously used and will be discussed in more
detail below. Components of standardization for
CPUE calculation inciuded tow length, tow duration,
weekly effort, and fish length and gender categories,
Tow distance had been measured using radar, but
more recently with LORAN or differential Global
Positioning System. Distance was fixed in 1983
(with exceptions noted below) because using the
same tow length at all stations was expected to
reduce vanability in CPUE: previously, tows of
variable length had been taken at all stations and
catch was standardized by time of tow. A distance of
0.55 km was selected as the standard because it
represented the maximum length of a tow that was
formerly possibie at station 1. In most years, but
especially during 1987 and 1989-91, tows one-half or
two-thirds of this length were occasionally taken in
the upper river to avoid overloading the traw! with
macroalgae and detritus. Because catch data from
station 2 were used also in the TMP, tows there were
made over 0.69 km, the standard for that particular
sampling program. In 1990, tow distance at station |
was reduced to 0.46 km because of the construction
of a new bridge at the mouth of the river.

Catches of winter flounder larger than 15 cm in
tows made throughout the spawning surveys were
standardized to either 15-min tows at stations | and 2
or 12-min tows at all other stations; a standard tow
distance was not set prior to 1983. Duration of tows
varied and was usually greater in the lower river than
in the upper river because of differences in tidal
currents and amounts of extraneous material
collected in the trawl, even though distance was
similar. To lessen error in the calculation of CPUE,
data from either exceptionally long or brief tows
made prior to 1983 were excluded from the analyses.
The minimum fish length of 15 cm used for CPUE
calculation was smaller than the 20 cm used for mark
and recapture estimates described below because of
data limitations from the 1977-82 surveys. Effort
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was standardized within each year by replicating as
necessary the median CPUE value for a given week
such that the number of tows used in calculating
CPUE was the same for each week sampled.

A second relative index of abundance was based on
the size distribution of female fish from adult
spawning survey catches standardized by variable
weekly and yearly effort (i.e., number of tows).
Catcles were adjusted by sampling effort to insure
that each size group of fish was given equal weight
within each week of work, among weeks in each
survey year, and to adjust for varying effort among
years (see NUSCO 1989 for more details). To avoid
confusion with the CPUE index. this adjusted catch is
referred to as "annual standardized catch" throughout
the remainder of this report. The annual standardized
catch of females was the basis for the calculation of
annual recruitment and egg production described
below.

Absolute Abundance Estimates of Adults

Absolute abundance estimates of winter flounder
spawning in the Niantic River were obtained using
mark-and-recapture methodology and the Jolly
(1965) stochastic model. This model is among the
most appropriate ones for open populations as long
as basic assumptions are approximately met
(Cormack 1968, Southwood 1978: Begon 1979,
Pollock et al. 1990). Annual absolute abundance
estimates for Niantic River winter flounder larger
than 20 cm were calculated by pooling together all
fish marked and released during each annual survey
and by observing the recaptures made in subsequent
years. Absolute abundance estimates could not be
generated for years prior to 1984 because of
uncertainty in data records and ambiguity caused by
brands used during early surveys. Estimates of
annual population size (V) and other model
parameters, including survival (¢), recruitment (B),
and sampling intensity (p), were made using the
computer program 'JOLLY" (Pollock et al. 1990).

Adult Spawning Stock Size
and Egg Production

The proportion of mature female winter flounder in
each 0.5-cm length increment beginning at 20 cm
was estimated from qualitative observations of
reproductive condition (percent maturity by 0.5-mm




size-classes) made from 1981 through the present.
Pooled estunates were adjusted to give continuously
increasing fractions of mature fish through 34 c¢m; all
females this length or larger were considered to be
mature, The fecundity (annual egg production per
female) was estimated for each 0.5-cm size-class by
using the following ielationship determined for
Niantic River winter flounder (NUSCO 1987):

fecundity = 0.0824-(length in cm)* ** 0

This relationship was used with the annual standard-
ized catch of mature females and their length com-
position to calculate egg production. Annual mean
fecundity was determined by dividing the sum of all
individual egg production estimates by the standard-
ized caten of females spawning per year. Absolute
estimates of spawning females and corresponding
annual egg production estimates for 1977 through
1996 were determined by assuming that the relative
values represented 4.0% of the absolute values (see
Absolute Abundance Estimates in Results and
Discussion for how this fraction was determined).
Annual estimates of the number of female spawners
were also used in the derivation of a relationship
between stock and recruitmint for Niantic River
winter flounder.

Development and Growth, Abundance,
and Mortality of Larvae

Ichthyoplankton samples were split to at least one-
half volume in the laboratory. Sample material was
viewed through a dissecting microscope and winter
flounder larvae were removed and counted. Up to 50
randomly selected larvac were measured o the
nearest 0.1 mm in standard length (snout tip to
notochord tip). The developmental stage of each
measured larva was recorded using the following
identification criteria:

Stage |. Yolk-sac present or eyes not
pigmented (yolk-sac larvae),

Stage 2. Eyes pigmented, no yolk-sac prasent,
no fin rey development, and no flexion
of the notochord;

Stage 3. Fin rays present and flexion of the
notochord began, but left eye not yet
migrated to the midline;

Stage 4. Left eye reached the midline, but
Juvenile characteristics not present;

Stage 5. Transformation to juvenile stage
complete and intense pigmentation
present near the base of the caudal fin.

Larval data analyses were based on standardized
densities (number S00m~ of water sampled). A
geometric mean of weekly densities was used in
analyses because the data generally followed a
lognormai  distribution  (McConnaughey  and
Conguest 1993) and weekly sampling frequencies
varied among some stations and years. Because
older larvae apparently remained near the bottom
during the day and were not as susceptible to
entrainment or the bongo sampler, data from daylight
samples collected after March at stations EN and NB
were excluded from abundance calculations, except
for estimating entrainment at MNPS.  During May
and June of 1996, when night collections could not
be taken at station EN due to insufficient water flow,
data from night collections at station NB were used
for abundance and entrainment estimates.

The distribution of larval abundance data over time
is usually skewed because densities increase rapidly
to a maximum and then decline slowly. A
cumulative density over time from this type of
distribution results in a sigmoid-shaped curve, where
the time of peak abundance coincides with the
inflection point. The Gompertz function (Draper and
Smith 1981; Gendron 1989) was used to describe this
cumulative abundance distribution because the
inflection point of this function is not constrained to
the mid-point of the sigmoid curve. The form of the
Gompertz function used was:

C, = a-exp(-exp{-x-{r - p}]) 2)

where C, = cumulative density at time ¢

¢ = time in days from February 15

a = total or asymptotic cumulative density

p = inflection point scaled in days since February

15

x = shape parameter
The time of peak abundance was estimated by the
parameter p. The origin of the time scale was set to
February 15, which is the approximate date when
winter flounder larvae first appear in the Niantic
River. Least-squares estimates, standard errors, and
asymptotic 95% Cls for these parameters were
obtained by fitting the above equation to the
cumulative  abundance data using nonlinear
regression methods (SAS Institute Inc. 1985)
Cumulative data were obtained as the running surms
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of the weekly geometric means of the abundance
data. The a parameter of the cumulative curve was
used as an index to compare annual abundances.

A "density” function was derived from the first
derivative of the Gompertz function (Eq. 2) with
respect to time. This density function, which directly
describes the larval abundance over time (abundance
curve), has the form:

d, =« kexp(~exp[-x-{t-p}] - x[t~p]) (3)

where d, = density at time ¢ and all the other para-
meters are as described for Equation 2, except for o',
which was re-scaled by a factor of 7 (ie., o = Ta)
because the cumulative densities were based on
weekly geometric means and, thus, accounted for a
7-day period.

Larval mortality rates were estimated from data
coliected at the three Niantic River stations. Data
from 1983 were excluded as smaller larvae were
undersampled then because of net extrusion (NUSCO
1987). The abundance of 3.mm and smaller larvae
was used to calculate an index of newly-hatched
larvae because 3 mm was the approximate length at
hatching. The decline in the frequency of larvae in
progressively larger size-classes (in |-mm groups)
was attributed to both natural mortality and as a
result of tidal flushing from the river. Hess et al.
(1975) estimated the loss of larvae from the entire
river as 4% per tidal cycle and also determined that
the loss from the lower portion of the river was about
28% per tidal cycle. Thus, the weekly abundance
estimates of larvae 3 mm and smaller at station C in
the lower portion of the river were re-scaled by a
factor of 1.93 1o compensate for the 28% decline per
tidal cycle (two cycles per day). The abundance of
larvae in the 7-mm size-class was used to calculate an
index of larval abundance just prior to
metamorphosis. Because previous studies (NUSCO
1987, 1989) showed a net import of larger larvae into
the Niantic River, the weekly abundance of larvae in
the 7-mm size-class at station C was not adjusted for
tidal flushing. To calculate each annual rate of
mortality, sums were made of weekly mean
abundance indices (three stations combined) of
newly-hatched larvae (after adjusting for tidal
flushing) and larvae in the 7-mm size-class. Survival
rates from hatching through larval development were
estimated as the ratio of the abundance index of the
larger larvae (7-mm size-class) to that of the smaller
larvae (3-mm and smaller size-classes).
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The presence of density-dependent mortality was
investigated by relating annual larval abundance in
the 7-mm and larger size-classes from station EN to
the annual egg production estimate for the Niantic
River using the following relationship (Ricker 1975)

logdL /E)=a+ bE (@)

wherg L = annual larva! abundance of larvae 7-mm
and larger at EN as estimated by a (see
Equation 2)
E = annual estimate of egg production in the
Niantic River
a = intercept
b = slope or index of mortality dependence upon
annual egg abundance
Since the ratio L divided by E represents the fraction
of larvae surviving from eggs to 7 mm, density-
dependent mortality may be assumed when the slope
(b) is significantly different from zero. This mortal-
ity is compensatory when the slope b is negative and
depensatory if positive.

Regression analyses were used to examine possible
relationships between variables and, at times. to
make predictions.  Ordinary least-squares linear
regression was used when the independent variable
was arsumed to be measured without error (eg.,
water temperature). The test of a relationship was
based on the slope being significantly (p < 0.05)
different from zero. Functional regression methods
developed by Ricker (1973, 1984) were used in the
cases where the independent variable was measured
with error (e.g., abundance indices). For functional
regressions, the probability that the correlation
coefficient r was significantly (p = 0.05) different
from zero was the criterion used to decide whether a
valid relationship existed prior to determining the
slope and its 95% CI1.

Abundance, Growth, and Mortaliry
of Juveniles in Summer

The catch of young-of-the-year winter flounder in
each of the three or four replicated 1-m beam traw)
tows was standardized to a 100-m tow distance
before computing mean CPUE for each day and
station; density was expressed as the number per 100
m’ of bottom. A median CPUE abundance index was
determined for each half-season, with late May

through July denoting the early season and August-



September the late season. A 95% Cl was calculated
for each median CPUE using a distribution-free
method based on order statistics (Snedecor and
Cochran 1967).

Nearly all of the age-0 winter flounder collected
were measured fresh in either the field or laboratory
to the nearest 0.5 mm in total length (TL). During
the first few weeks of study, standard length (SL)
was also measured because many of the smaller
specimens had damaged caudal fin rays and total
length could not be ascertained. A relationship
between the two lengths determined by a functional
regression was used to convert SL to TL whenever

necessary’
TLinmm= 02+ 1.2124(SL in mm) (5)

Growth of age-0 winter flounder at each station was
examined by following weekly mean lengths
throughout the sampling season. Mean lengths of
young taken at the Niantic River stations LR and WA
from late July through September were compared
using an analysis of variance; significant differences
among means were determined with Duncan's
multiple-range test (SAS Institute Inc. 1985).

To calculate a total instantaneous mortality rate (Z),
all young were assumed to comprise a single cohort
with a common birthdate A catch curve was
constructed such that the natural logarithm of density
was plotted against age (time in weeks); the slope of
the descending portion of the curve provided an
estimate of the weekly rate for Z. Once this rate was
determined, the monthly mortality rate (Zp,) Was
calculated as Z(304 /7).

The relationship between growth and abundance of
young and water temperature was examined using
multiple linear regression (SAS Institute Inc. 1985)
and functional regression methods that were
described above for larval winter flounder.

Abundance of Juveniles
during Fall and Winter

In fall and early winter, age-0 winter flounder
gradually disperse from areas near the shoreline to
deeper waters. Catch of these fish during this time
period at the TMP stations (see the Fish Ecology
section elsewhere in this report for methods) was also
used as an index of relative abundance. Data used
included November through February for inshore sta-

tions (NR and JC), December through February for
nearshore Niantic Bay stations (IN and NB), and
January and February at offshore stations (TT and
BR). This selection resulted in a uniform sampie size
of 42 collections per season. These catches were
pooled and used to calculate vear-class abundance
described by a A-mean CPUE (NUSCO 1988c).
Beginning in January 1996, stations BR, TT. and NB
weregdeleted (see Fish Ecology section for details),
resulting in a sample size of 28 tows for the 1995-96
A-mean.

The annual A-mean CPUE of juveniles smaller than
I5 em (mostly age-1 fish) taken during the adult
winter flounder spawning surveys was determined as
described previously for fish larger than 15 cm. Two
A-mean indices were calculated, one for stations in
the lower Niantic River navigational channel (1 and
2) and, when sufficient data were available, one for
all river stations combined. For comparative pur-
poses, an annual A-mean abundance index of juvenile
fish of similar size was also determined using catch
data from the five (or, in 1996, the two) trawl
monitoring program stations outside of the Niantic
River during the period of January through April,
with an annual sample size of 45 collections (18 in
1996), which temporally overlapped the adult
spawning surveys.

Stock and Recruirment Relationship
and Biological Reference Points

A stock-recruitment relationship (SRR) described
by Ricker (1954, 1975) is the basis of the life-cycle
algorithm that drives the population dynamics sim-
ulation mode! of Niantic River winter flounder.
Application of this SRR to MNPS winter flounder
stock assessment was described in detail in NUSCO
(1989, 1990). The stock and recruitment data for
determining the SRR were derived from the catch-at-
age of female winter flounder during the Niantic
River spawning survey. Because the spawning stock
is made up of many year-classes, the true recruitment
consists of the total reproductive contribution over
the life of each individual in a given year-ciass
(Garrod and Jones 1974, Cushing and Horwood
1977). Therefore, the index of annual parental stock
size was based on derived egg production and the
index of recruits or year-class size was based on
calculated egg production accumulated over the life-
time of the recruits. This method accounted for
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variations in year-class strength and in fecundity by
size and age. The assumptions and methods used to
age Niantic River winter flounder and to calculate a
recruitment index expressed as equivalent numbers
of female spawners were described in detail in
NUSCO (1989, 1990) and are summarized below.
Stock and recruitment indices. Methods used to
calculate the annual standardized catch index and
total egg preduction of the parental stock were given
previously (see Adult Spawning Stock Size and Egg
Production section above). The recruitment index
was determined by applying an age-length key to the
annual standardized catches of females partitioned
into iength categories. Based on a re-examination of
data, the age-longth key used this year differed from
the one used previously (described in NUSCO 1989)
and will be discussed in more detail in Results and
Discussion. A common age-length key was used
over all years because Witherell and Bumett (1993)
reported that no trends were observed in mean
length-at-age during 198391 for Massachusetts
winter flounder despite a 50% reduction in biomass
over that period.  Aging females allowed for the
determination of their numbers by year-class present
at ages 3, 4, 5, and 6 during successive spawning
seasons. The age-6" group was further subdivided
into the numbers of fish expected to survive to a
terminal age of 15 by assuming various annual
instantaneous mortality rates as fishing pressure
increased from the 1970s into the 1990s. To follow
each year-class from 1977 through 1992 to its
terminal age (e.g., 2007 for the 1992 year-class),
values of Z (= F + M) were used that represented
estimates of current and anticipated annual
instantaneous rate of fishing (F) as provided by the
Connecticut Department of Environmental Protection
(CT DEP). These were the same mortality rates used
in the stochastic population dynamics model,
discussed below. An instantaneous natural mortality
rate (M) for winter flounder was assumed constant at
0.25 over all years. From observations made of
abundance and age over the years, a large fraction of
age-3 females, considerable numbers of age-4 fish,
and even some age-5 females were apparently
immature and not present in the N antic River during
the spawning season (NUSCO 1989). Thus, the tota)
number of females was reduced to spawning females
using length-specific proportions of mature fish
estimated from annual catches in the Niantic River
for fish age-3 to 5; all females age-6 and older were
assumed to be mature. Because the estimates of
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age-3 fish were thought to be unreliable, this
estimation process was only carried through the 1992
year-class (ie., age-d females taken in 1996). The
adjusted numbers of mature fish provided an index of
the fully recruited year-class expressed as the
aggregated number of female spawners passing
through each age-class. An implied assumption was
that catches in the Niantic River were representative
of the population, with the exception of immature
fish that did not enter the river until fully recruited.
Although this recruitmen: index could be used
together with the annual number of female spawners
to derive an SRR, this would ignore size composition
differences that affected annual egg production.
Therefore, the above index was adjusted for
differences in fecundity among fish using the
length-fecundity relationship of Niantic River winter
flounder given above (Eq 1). Finally, annual egg
production was summed up over the lifetime of each
year-class to determine the recruitment index as eges
and, then, converted to equivalent female spawners at
the rate of one female spawner for each 561,000 eggs
(i.e., the current mean fecundity).

Stock and recruitment parameters. The Ricker
SRR appeared best suited for use with the Niantic
River winter flounder stock because the relationship
between recruitment and spawning stock indices was
a dome-shaped curve with substantial decline in
recruitment when the stock was larger than average
(NUSCO 1989). Furthermore, this particular form of
a SRR has been applied to other New England
flounder stocks (Gibson 1989). The mathematical
form of this SRR is:

R, = a-P.exp(-B-P) (6)

where R, is the recruitment index for the progeny of
the spawning stock P, in year ¢ and a and P are para-
meters estimated {rom the data. The o parameter
describes the growth potential of the stock and
log(a), the slope of the SRR at the origin, 1s
equivalent to the intrinsic natural rate of increase
(Roughgarden 1979) when the stock is not exploited.
The [ parameter is the instantaneous rate at which
recruitment declines at large stock sizes due to some
form of density-dependent mortality. The natural
logarithm of winter flounder recruitment was found
correlated with mean water temperature during
February at the intakes of MNPS, which is when
most spawning and early larval development occurs
(NUSCO 1988b, 1989). Therefore, the parameters o



and P were estimated initially by fitting Equation 6 to
the data and then re-estimated under the assumption
that there was a significant temperature effect; this
was accomplished by adding a temperature-effect
component to Equation 6. Following Lorda and
Crecco (1987) and Gibson (1987), annual mean
water temperatures were used as an explanatory
variable to adjust the two-parameter SRR for
temperature effects, which served to reduce
recruitment vanability and obtain more reliable
parameter estimates for the SRR.  The temp-
erature-dependent SRR had the form:

R, = a-P exp(~B-P)exp( Tp,) M

where the second exponential describes the effect of
February water temperature on recruitment and the
new parameter ¢ represents the strength of that effect.
This effect either decreases or increases the number
of recruits-per-spawner produced each year because
temperature was defined as the deviation (Ty,) of
each particular mean February temperature from a
long-term (1977-92) average of February water
temperatures. When the February mean water temp-
erature 15 equal to the long-term average, the
deviation (Ty,,) in Equation 7 becomes zero and the
exponential term equals unity (i.e., no temperature
effect). Thus, Equation 7 reduces to its initial form
(Eq. 6) under average temperature conditions.
Nonlinear regression methods (SAS Institute Inc.
1985) were used for estimating the parameters in the
above equations.

Biological reference points. Fishing morality (F)
is an important factor affecting the growth potential
of the stock (Goodyear 1977) and, thus, is relevant
for assessing other impacts. Because fishing and
natural mortality of winter flounder take place
concurrently through the year, the actual fraction of
the stock removed by the fishery each year (i.e., the
exploitation rate) is obtained as:

u=(F/ZX1 - exp(-Z]) (8)

Stock-recruitment theory and the interpretation of
several biological reference points derived from
Ricker's SRR model were discussed in detail in
NUSCO (1989). The equilibrium or sustainable
stock size of an exploited stock (i.e., when F > 0) is
given by:

P, = (loge[a] ~ F) / P %)

Rearranging terms and solving for the rate of fishing
that would achieve a given equilibrium stock size
results in:

F = log(a) - B(Pgy)) (10)

When F = 0, Equation 9 becomes the equilibrium or
replacement ievel of the unfished stock.

Pry = (logofa]) /B (1)

The fishing rate for “recruitment overfishing" has
been recentiy defined for winter flounder stocks as
the rate of fishing that reduces the spawning stock
biomass to less than 25% of the stock for maximum
spawning potential (Howell et al. 1992).

Although Equations 9 through 11 can be used to
calculate equilibrium stock sizes and fishing rates for
the winter flounder, the results are only deterministic
approximations that ignore age-structure effects.
Therefore, these equations are primarily useful to cal-
culate initial values of the corresponding biological
reference points. These are better estimated through
simulations using tie SPDM or other similar pop-
ulation or production models that include age struc-
ture and both natural and fishing mortality.

Assessment of MNPS Operation on
Niantic River Winter Flounder

Several well established methods available for
stock assessment are based on stock-recruitment
theory (Smith 1988). These methods assume
constant fishing rates and populations with stable
age-structure, which result in equilibrium or steady-
state stocks that replace themselves year after year.
Some analytical methods are based on equilibrium
equations, such as Equations 9 through 11, which
have been modified to incorporate effects of
mortality caused by activities other than fishing.
Several problems may exist with an SRR-based
approach to impact assessment at MNPS. Because
stock-recruitment  theory  (Ricker 1954) was
developed for semelparous fish (i.e., those which
spawn only once in their lifetime), Equation 11 may
provide unreliable estimates of equilibrium stock
sizes for iteroparous fish (multi-aged spawning
stocks), such as the winter flourder. Although the
parameter o in Equation 9 could be adjusted for the
effect of repeat spawning, this equation aiso assumes
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that no fishing mortality occurs prior 10 maturation.
This assumption cannot be met in the case of winter
flounder because many immature fish (ages-2 and 3)
are vulnerable to fishing gear. Wigley and Gabriel
(1991) noted that concentrations of immature winter
flounder found off Rhode Island may be subjected to
significant mortality from fishing. Howell and
Langan (1987, 1992) found that discard mortality
rates of trawl-caught fish in New England waters
may be substantial. Simpson (1989) reported that
about 72% of LIS winter flounder landed by the
commercial fishery were between 28 and 32 cm:
many of these fish would have been age-3.
Additional problems are found when ap~'ying
deterministic models (ie., assuming steady-state
conditions) to fish stocks whose exploitation rates are
not stable, especially when such stocks increase in
abundance, as in the case of the winter flounder
during the late 1970s and carly 1980s (Smith et al.
1989). Environmental variability also results in year-
to-year variation of natural mortality rates, which
further weakens the results of deterministic
assessments.

An approach to stock assessment Incorporating
environmental variability and all types of mortality,
both constant and variable, involves the computer
simulation cf fish populations using a simple model
of population renewal with spawning stock feed-back
(e.g.. a functional stock-recruitment relationship).
This approach has two advantages: assumptions of
population equilibrium are not necessary, and much
detail can be incorporated into the conditions or
scenarios used to simulate changes in fish
populations through time. An additional advantage is
that Monte Carlo methods readily provide the
stochastic (as opposed to deterministic) framework
needed for probabilistic risk assessment and for
testing hypotheses about the probable size of the
stock at some future point. This simulation approach
was applied in NUSCO (1990) to assess the impact of
larval entrainment under a simple scenario. In
NUSCO (1991b), the same approach used various
combinations of historic and projected fishing and
larval entrainment rates to assess more realistically
the impact of MNPS operations on local winter
flounder. In NUSCO (1992a), the impact resulting
from the impingement of juvenile and adult winter
flounder was also simulated. The basic steps leading
to the final impact assessment using this simulation
approach are: direct estimation of annual larval
entrainment rates at MNPS; mass-balance calcu-
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lations to estimate the fraction of Niantic River
annual flounder production lost through larval
entrainment at MNPS; estimation of the equivalent
instantaneous mortality rates of females that were
attributed to impingement; stochastic simulation of
the winter flounder stock dynamics to predict stock
biomass at selected levels of entrainment and fishing
rates; and an analyses of simulation resuits leading to
estimgtes of the probability that the stock would fall
below selected reference sizes.

Estimates of Larval Entrainment at MNPS

The estimated number of larvae entrained in the
MNPS condenser cooling water system each year is a
direct measure of impact on the local winter flounder
stock. Annual estimates were deterniined using
larval densities at station EN (Fig. 3) and the
measured volume of cooling water used by the three
MNPS units. The Gompertz density function (Eq. 3)
was fitted to larval data and daily densities
(number-500m ) were caiculated. Daily entrainment
estimates were determined after adjusting for the
daily condenser cooling-water volume and an annual
estimate was calculated by summing all daily
estimates during the larval season.

The reduction in larval entrainment as a result of
the 1996 shutdowns at all MNPS generating units
was estimated by simulating full cooling-wzier flows
at each unit with weekly winter flounder larval
entrainment densities.  The difference between
estimates based on the actual and simulated flows
was the aveided larval entrainment attributed to the
shutdowns.

Mass-Balance Calculations

The number of winter flounder larvae entrained de-
pends upon larval densities in Niantic Bay. Potential
impact to the Niantic River stock from larval entrain-
ment is related to the number of larvae in Niantic Bay
originating from the river. Mass-balance calculations
were used to investigate whether the number of
winter flounder larvae entering Niantic Bay from the
Niantic River could sustain the number of larvae
observed in the bay during the winter flounder larval
season each year from 1984 through 1996. Three
potential larval inputs to Niantic Bay include eggs
hatching in the bay, larvae flushed from the Niantic
River, and larvae entering the bay from LIS across



the boundary between Millstone Point and Black
Pent (Fig. 3). The few yolk-sac larvae collected
annually in Niantic Bay suggested that minimal
spawning and subsequent hatching occurred in the
bay, which was therefore considered a negligible
source of larvae. Larvae were known to be flushed
from the river into the bay and this input to the bay
was ‘imated from available data. The 2umber of
larvae entering Niantic Bay from LIS was unknown.
Four ways in which larvae may leave Niantic Bay
include natural mortality, advection into the Niantic
River during a flood tide, entrainment at MNPS, and
flushing from the bay into LIS. Estimates could be
made for the number of larvae lost through natural
mortality, advected into the Niantic River, and
entrained at MNPS, but little was known about the
number of larvae flushed into LIS. The numbers of
larvae flushed to and from LIS were combined as an
unknown termed Sowrce or Sink in the mass-balance
calculations. Thus, the form of the mass-balance
equation was:

NB, . s= NB,~ Ent -~ Mort + FromNR ~ ToNR
+ (Sowurce or Sink) (12)

where 7 = time in days

NB,. s = number of larvae in Niantic Bay § days
after day 1 (instantaneous daily estimate)

Nb, = initial number of larvae in Niantic Bay on
day 1 (instantaneous daily estimate)

Ent = number of larvae lost from Niantic Bay by
entrainment in the condenser cooling-water
system (over a 5-day period)

Mort = number of larvae lost from Niantic Bay
due to natural mortality (over a 5-day
period)

FromNR = number of larvae flushed from the

Niantic River (over a 5-day period)

ToNR = number of larvae entering the Niantic

River (over a 5-day period)

Source or Sink = unknown number of larvae in
Niantic Bay that flush out to LIS
or enter the bay from LIS (over
a 5-day period)

Solving for the unknown Source or Sink term, the
equation was rearranged as:

Source or Sink = NB, , ; ~ NB, + Ent + Mort -
FromNR + ToNR (13)

Because these mass-balance calculations were based
on the change in the number of larvae in Niantic Bay
over a 5-day period:

S-day change = NB,, . - NB, (14)
Thus:

Source or Sink = 5-day change + Ent + Mort -

& FromNR + ToNR (15)

Daily abundance estimates were der. ¢d from the
Gompertz density equation (Eq. 3) and the daily
densities for Niantic Bay at two points in time (NB,
and NB, . ,) for each 5-day period were calculated
from data collected at stations NB and EN combined.
These densities, adjusted for the volume of Niantic
Bay (about 50 x 10° m’; E. Adams, Massachusetts
Institute of Technology, Cambridge, MA., pers.
comm.), provided an estimate of the instantaneous
daily sianding stock. The difference between these
two estimates (N8B, and NB, . ;) was the term 5-day
change in Equation 15. The selection of 5 days as
the period of change was arbitrary and a cursory
examination of results based on 10-day periods
showed that the same conclusions were reached with
either 5- or 10-day periods.

Daily entrainment estimates were based on data
collected at station EN and the actual daily volume of
condenser cooling water used at MNPS. The daily
entrainment estimates were summed over each 5-day
period (Exf). Annual stage-specific mortality rates
for 1984-89 were determined by Crecco and Howell
(1990), for 1990 by V. Crecco (CT DEP, Old Lyme,
CT, pers. comm.), and for 1991 through 1996 by
NUSCO staff. Mortality was partitioned among
developmental stages by comparing the rates of
decline of predominant size-classes of each stage.
Each developmental stage was assigned a portion of
the total annual larval monality rate (Z); similar
mortality rates were assumed for Stages 3 and 4.
Although estimating stage-specific mortality in this
manner was imprecise, sensitivity analysis on the
mass-balance calculations (NUSCO 1991b) indicated
that larval mortality was the least sensitive parameter
in Equation 15 above. These annual rates were
modified to daily stage-specific mortality rates by
assuming 10-day stage durations for Stages |1, 3, and
4 larvae, and 20 days for Stage 2 larvae. The
proportion of each stage collected at station EN
during each S-day period was applied to the daily
standing stock for Niantic Bay (NB,) to estimate the
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number of larvae in each developmental stage for
stage-specific mortality calculations. The daily loss
due to natural mortality (Mort) was summed for each
S-day period.

The 5-day input of larvae to Niantic Bay from the
river (FromNR) was based on daily density estimates
for station C in the river after adjusting for the rate of
flushing between station C and the mouth of the
river. To determine the relationship between the esti-
mated daily density at station C and the average
density of larvae leaving the river on an ebb tide, the
geometric mean density of samples collected during
an ebb tide for ten import-export studies conducted at
the mouth of the Niantic River during 1984, 1985,
and 1988 (NUSCO 1985, 1986a, 1989) was
compared to the estimated daily densities at station C.
The average density of larvae flushed from the
Niantic River was estimated from the functional
regression equation:

FromNR = 9.751 + 0.473(Daily density at
station C) (16)

The 95% CI for the slope (r = 0.969, p=0.001) was
0.387 - 0.579. The estimated average density, the
average tidal prism of 2.7 x 10° m’ (Kolimeyer
1972), and about 1.9 tida! prisms per day were used
to estimate the daily flushing of larvae from the river
into Niantic Bay. This daily mput to the bay was
summed for each S-day period to calculate the term
FromNR in the mass-balance equation.

Stepwise oblique tows were collected during 1991
in the channel south of the Niantic River railroad
bridge (station RM) during a flood tide to estimate an
average density to compute ToNR (NUSCO 1992a).
In 1992 and 1993, sampling was conducted again at
RM during a flood tide, but the collections were
made by mooring the research vessel to the railroad
bridge and taking continuous oblique tows (NUSCO
1994a). Comparison of densities fron the paired
stations of NB and RM showed a poor relationship.
Therefore, daily densities at the two stations were
estimated using the Gompertz density curve (Eq. 3).
For station RM in 1992, the equation could only be
adequately fit by smoothing the data using a 3-week
running average prior to calculating a weekly
cumulative density. The Gompertz function could
not be fit to data collected at station NB during 1993,
Therefore, catches from stations NB and EN were
combined to caiculate the weekly geometric means
priortoﬁmngmeﬁompenzﬁmctionmdmimning
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daily densities for Niantic Bay. Daily density
estimates for 1991-93 were combined and functional
regression was used to determine the relationship
between abundance at stations NB and RM. The
average density of larvae flushed from Niantic Bay
into the river was estimated by the functional
regression equation:

QNR = 128.149 + 2.073.NB, (17)

The 95% CI for the slope (r = 0.705: p=0.001) was
1.827 - 2.351. After being adjusted for the average
tidal prism and the number of tida! prisms per day,
these daily estimates of the number of larvae entering
the river during a flood tide were summed over each
S-day period to calculate the term ToNR in the mass-
balance equation. Because of the large intercept in
the above regression line when no larvae were
present in Niantic Bay (NVB, = 0), the term ToNR was
conservatively set to zero. The term Source or Sink
in Equation |5 represents the 5-day net loss or gain
of larvae to Niantic Bay from LIS required to balance
the calculation. For a net loss of larvae (flushed to
LIS), the Source or Sink term would be negative and
for a net gain of larvae (imported from LIS), the
Source or Sink term would be positive. Results from
mass-balance calculations by developmental stage
were used to estimate the number of larvae entrained
at MNPS each year from the Niantic River. If
FromNR can support the number of larvae entrained
by MNPS, then the Source or Sink term is negative
(i.e., no import) to balance the equation. These larval
losses were then used to calculate conditional
mortality rates for Niantic River larvae for under
both actual operating conditions and projected full
MNPS three-unit operation. Their derivation will be
provided in greater detail in the following section and
later in the Results and Discussion section.

Stochastic Simulation of Winter
Flounder Stock Dynamics

Modeling strategy and background. The
stochastic population dynamics model (SPDM ) deve-
loped for the Niantic River winter flounder stock was
based on the Ricker SRR (Eq. 7) fitted to the data,
even though the SRR equation does not explicitly
appear in the model formulation. The mechanisms
underlying the Ricker form of recruitment are
incorporated in the set of equations that the model



uses to calculate mortality through the first year of
life. Beyond that point (i.e., age-1) in the life-cycle
simulation, the population model simply describes
the annual reduction of each year-class through
natural mortality and fishing together with growth
and reproduction. These processes occur at the
beginning of each model time-step of length equal to
I 'year. The projection of adult fish populations over
time has been implemented in many models by
means of Leslie matrix equations (e.g., Hess et al.
1975, Saila and Lorda 1977, Vaughan 1981;
Spaulding et al. 1983; Reed et al. 1984 Goodyear
and Christensen 1984). In the SPDM, adult winter
flounder were projected over time by grouping fish
into distinct age-classes and by carrying out the
computations needcd (mostly additions and
multiplications) iteratively over the age index (|
through 15) and over the number of years specified
for each simulation. This approach was algebraically
identical to the Leslie matrix formulation, facilitated
the understanding of how the model works, and
simplified the computer code when describing the

fish population either as biomass (allowing for size
+ niation within each age-class) or numbers of fish.
A similar implementation of an adult fish population
dynamics simulation was used by Crecco and Savoy
(1987) in their model of Connecticut River American
shad (Alosa sapidissima).

Model components.  Figure 4 illustrates
components of the computer program used for the
SPDM. Components depicted by solid-line boxes
constitute the mode! presently in use, while *.¢ box
with dashed lines corresponds to the mass-balance
calculations dealing with spatial larval distribution
and entrainment loss estimates, which are not an
integral part of the model. The functionality of most
mode! components should be clear from the flow
chart and no further details will be provided. Some
critical components, such as the one labeled age-|
cohort and the two random input boxes, are described
below. A list of the actual input data used in the
application of the model to the Niantic River winter
flounder stock is also given.

Input data
and
sImuiation parameters l
Ranogom
water
temperature
T Ranching and ievel )
P sl distriution Seusidsasiin z
' {(Mass-belance caicuie- | '
H 1 tons of entranment) :
bl Entramment ang : ....................... '
T LI
m?%_- Annual adu " Probabistc
mpingerment | popuIston nek
natural. and fishing monaity rem——— estmates e assessment
g OUTPUTY
Egg production estimates

Fig 4. Diagram of NUSCO stochastic populatio:. 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
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The most critical aspects in the formulation of a
stock-recruitment based population mode! are the
specific equation and parameters used to calculate
total mortality during the first year of lite (i.e., from
egg through age-1). The equation used for this
purpose in the SPDM was derived from Ricker's
equilibrium equation for Z, (total instantaneous
mortality from egg through maturation age). This
involved the extension of stock-recruitment theory,
which was developed for fish that spawn only once,
to iteroparous fish with multi-age spawning stocks.
The form of the equation used in the present model
was:

Zo, = log(FEC) + log (ASF) - log(a) + n, ~
"WT/ - Z!.J * BPI (la)

where the subscript ¢ denotes the time-step (each
time-step represents a year) and non-subscripted
terms remain constant from year to year; a, , and ¢
are the parameters of the SR function (see Eq. 7), but
with a estimated independentiy of the stock and
recruitment data; FEC is the mean fecundity of the
stock expressed as the number of female eggs
produced per female spawner; ASF is a scaling factor
to adjust o for the effect of a multi-age spawning
stock; n, and WT, are independent random variates
from two specified normal distributions described
below; Z, , is the instantaneous mortality through the
immature age-classes; and the last term (B-P,) is the
feed-back mechanism simulating stock-dependent
compensatory mortality, which varies according to
the size of the annual spawning stock P, The
complete derivation of the above equation was given
in NUSCO (1990: appendix to the winter flounder
section). The scaling factor ASF is a multiplier that
converts age-3 female recruits into their spawning
potential throughout their iifetimes. This spawning
potential is defined as the cumulative number of
mature females from the same year-class that survive
to spawn year after year during the lifetime of the
fish. The algebraic form of this multiplier is identical
to the numerator of Equation A4 in Christensen and
Goodyear (1988).

Stochasticity in the winter flounder model (Fig. 4)
has two annual components: a random term that re-
presents uncertainties associated with the estimate of
Ricker's a parameter (n,) and annual environmental
variability in the form of random deviations from the
long-term mean February water temperature (o WT,.
These two components of annual variability are
incorr  ted into the calculation of each new year-
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class via the morality from egg to age-1 (Eq. 18).
The random noise term n, in Equation 18 is simulated
as independent random variates from a normal
distribution with zero mean and variance equal to o’
The value of o is estimated during the model
calibration runs as the amount of variance required to
generate o values within the 95% CI of the estimate
of a used in the model (NUSCO 1990), Similarly.
the term ¢ WT, in Equation 18 represents the effect
of annual environmental variability of February
water temperatures on larval survival. This effect
becomes random when the February water
lemperatures  are  themselves simulated as
independent random variates from & normal
distribution with mean and variance equal to the
mean and variance o February water temperatures at
the MNPS intakes for 1977-92.

The stochastic simulation of fish population
dynamics provides a framework for probabilistic risk
assessment methodology. This type of assessment is
based on Monte Carlo methods (Rubinstein 1981),
where many independent random replicates of the
time-series are genera‘ed so that the mean of the
series and its standard error can be estimated. Monte
Carlo replications can be used to derive the sample
distribution function (Stuart and Ord 1987) without
assuming any particular statistical distribution. This
methodology was used to assess the risk of stock
reduction resulting from the effects of entrainment
and impingement at MNPS. The probabilities of
stock reductions were empirically derived from 100
Monte Carlo replicates of winter flounder annual
abundances in the time-series of impacted stocks.
Briefly, the probability that a stock will be smaller
than some postulated size is given by the proportion
of replicates that are smaller than the reference size
in & given year. Additionally, the Sth and 95th
percentiles of the frequency distribution of stock
sizes for specific years were calculated. These
percentiles help describe the uncertainty associated
with point estimates of annual stock sizes in the
SPDM projections.

SPDM assumptions and limitations. Major
assumptions of the SPDM relate to the underlying
form of the SRR used and the reliability of the SRR
parameter  estimates. Because the SPDM
incorporated the Ricker form of SRR, it was assumed
that  stock-dependent compensation and the
postulated effect of water temperature on larval
survival (Eqs. 7 and 18) applied reasonably well to
the Niantic River winter flounder stock. A second




assumption was that the three parameters of the SRR
were correctly estimated and that «, in particular, was
a reliable estimate. Although the population was not
assumed to be at steady state, the average fecundity
and survival rates for fish age-1 and older were
assumed to remain fairly stable over the period
corresponding to the time-series data used to estimate
the SRR parameters. Although this last assumption
can generally be met in the case of fecundity rates
and adult natural mortality, fishing mortality rates are
much less stable. Changes in exploitation rates from
year to year should not cause estimation problems as
long as the changes are not systematic (i.e., change in
the same direction year after year) Because these
assumptions are seldom completely met, early
applications of the model (NUSCO 1990) included
calibration runs to validate predictions under both
deterministic and stochastic modes by comparing
model results to recent series of stock abundance
data. Finally, no temperature trend or large-scale
environmental changes (e.g., global warming) were
assumed to have occurred during the years simulated
in each population projection.

Model input data. The dynamics of the Niantic
River winter flounder stock were simulated using the
SPDM under a credible real-time scenario running
from 1960, well before operation of Unit 1, to 2060,
long after the projected shutdown date for Unit 3 in
2025 (Table 1). The scenarios used power plant
effects based on actual generating units in operation
each year, concurrenitly with estimates of F that were
based on historic and projected rates of commercial
exploitation and sport fishing for winter flounder in
Connecticut. Parameters used in the SPDM included:
F. with an additional mortality equivalent of 0.01 to
account for impingement (IMP) losses (NUSCO
1992a); larval entrainment conditional mortality rates
(1e.. ENT, the fraction of the annual production of
Niantic River winter flounder removed as a result of

power plant operation) estimated from the mass-
balance calculations described above; a schedule of
changes when any of these rates was not assumed
constant; and the length of the time-series in years.
The combined mortality of F + IMP was used only
during the simulation period (1971-2025) that
corresponded to MNPS operation (Table 1).

Because the ability of a fish stock to withstand
additional stress is reduced by fishing mortality
(Goodyear 1980), simulations of the long-term
entrainment of winter flounder larvae also included
effects due to the substantial exploitation of the
stock. The annual schedule of nominal fishing rates
was determined from recent DEP estimates (P.
Howell, CT DEP, Old Lyme, CT, pers. comm.) and
differed from those given in NUSCO (1995a). These
exploitation rates took into account length-limit
regulations in effect from 1982-96 and from changes
in regulations proposed by the DEP to reduce fishing
mortality in Connecticut waters (Tables 2 and 3).
Vulnerability factors for age-classes | through S+
werc calculated for the commercial fishery (60% of
the total winter flounder catch) and were based on
actual or proposed changes in length limits and
minimum commercial traw| fishery codend sizes: the
size-at-age of female Niantic River winter flounder at
mid-year (age + 0.5) determined using the von
Bertalanffy growth equation (NUSCO 1987).
selection curves for |14-mm (4.5-in) and 140-mm
(5.5-in) trawl mesh codends provided by the DEP;
and a discard mortality rate of 50% for undersized
fish. The sport fishery was estimated to take 40% of
the total catch, having a discard mortality rate of
15%. Values of F used in the simulations were
stepped up from 0.40 in the 1960s to a peak of 1.23
in 1990 (Fig. 5), which reflected an historical
uicmease in fishing and the current high exploitation
of winter flounder. F was subsequently reduced to
meet a targeted values of .90 in the late 1990s

TABLE | Cooling-water requirements and dates of operation for MNPS Units | through 3, each with an assumed life-span of 40 years

Cooling-water flow Fraction of MNPS

First year of Projected last year

Unit (m’sec”) total flow Start-up date entrainment of operation
1 2918 0227 November 1970 1971 2010
2 3762 0292 December 1975 1976 2015
3 619] 0481 April 1986 1986 2025
MNPS total 12871 1.000
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TABLE 2 Comnmmnwmummemwummmmmmmm 1982

Minimum length limit (in) Minimum length limit (mm)
Period Commercial fishery Sport fishery Commercial fishery Sport fishery Seasonal closure

1982* 8 8 203 203 None

1983 (Jan-May) 8 L} 203 203 None

1983 (Jun-Dec) 1 B 279 203 None

1984 (Jan-Aug) 1 8 279 203 None

1984 (Sep-Dec) 10 8 254 203 None

19851986 10 10 254 254 None

1987 (Jan-Aug) 10 10 254 254 Dec | - Mar 31 (within Niantic River)
1987 (Sep-Dec) 11 10 279 254 Dec | - Mar 31 (within Niantic River)
1988-1989 1 10 279 254 Dec | - Mar 31 (within Niantic River)
1990-93" 11 10 279 254 Dec | - Mar 31 (within Niantic River)
1994° 11 1 305 279 Mar | - Apr 14 (in all state waters)
1995 (Jan-Sep) 12 1 305 279 Mar | - Apr 14 (in all state waters)®
1995 (Oct-Dec) 12 12 308 305 None

2 1996 12 12 308 308 None

" MnlﬂZMmmsmummbmiiwuumdMﬁshM6 ine” 5 (152 mm) and 8 inches (203 mm) were

wbjcmdmmsmsofmmﬁmmmnyhrmhyw Fuhm«ﬂmlmcheswmfuﬂ) recruited o the fishery.

OnlmyI.l9l9.ﬂwmmmummlcodmdmhnz¢fonhecomcmmwsesublishedulsinchesiorNovemhcrlS-Ma)-

14 and 3 inches for May 15-November |4

© On Asril 22, lm.mmmununmiooh\dnmumwwnlsincmforNovemf.v|S-Jum30m4‘mdmfouulyI-
November 14. On Noysmber |15, Im.wmmmlmmnuwuimmwShm for November |5-June 30 An 8
fish creel limit was :stabi'shed ivr the sport fishery

‘ Closed season res inded 45 of September 25, 1995, but creel limit of 8 fish remained in effect

Age-classes
Commercial fishery Sport fishery Total fishery
Period 1 2 3 4 5+ 1 2 3 4 5+ 1 2 3 4 S+

< 1981 003 036 060 060 060 006 024 040 040 040 009 060 100 100 100
1982 000 036 060 060 060 006 013 040 040 040 006 049 100 100 100
1983-84 000 030 060 060 060 006 013 040 040 040 006 043 100 100 1.00
1985-87 000 030 060 060 060 006 006 040 040 040 006 036 100 100 100
1988-89 000 021 057 060 050 006 006 040 040 040 006 027 097 100 100
199093 000 012 057 060 060 006 006 040 040 040 006 018 097 100 100
1994 000 012 057 060 060 006 006 030 036 040 006 018 087 09 100
1995 000 001 025 049 060 006 006 030 036 040 006 007 055 085 1.00
z 1996 000 001 025 049 060 006 006 007 030 040 006 007 032 079 100

. Mfmmdwmnyuso%umiwFr-efuﬂahmmbyeammm'eumduIS%ofmenommanufordl
undersized fish caught by anglers (CT DEP estimates. P, Howell, Old Lyme, CT, pers. comm )
= The notation 5+ refers 1o fish that are age-5 and older

0.70 during 2000-2005, and 0.60 thereafter. The fishing on ages-1 and 2 has been or will be greatly
effect of the changing fishing rates on partially diminished and many age-3 and 4 fish should be
vulnerable fish is seen in Figure 6. As a result of protected as well. The derivation of the equivalent
more protective regulations, the effect of commercial mortality rate IMP was given in NUSCO (1992a) and
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Fig. 5. Historic and projected annual instantaneous mortality rate due to fishing (F), as determined in consultation with the CT
DEP, plus a small (0.01) component accounting for impingement mortality (IMP) at MNPS as impiemented in the SPDM simu-
lations
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is an additional small (0.01) component of mortality
added to F during the years of MNPS operation.
Other data, rates, and inputs to the SPDM are sum-
marized on Table 4 and include the number of age-
classes, age-specific rates of maturation, natural
mortality, average weight and fecundity at age, the
three-parameter SRR estimates, February water
temperature statistics, and other specific factors for
each simulation.

Conditional mortality rates for larval entrainment
(ENT) from 1984 through 1996 were estimated
directly using the mass-balance caiculations under
actual MNPS operating conditions for use in the
SPDM simuiations. Values of ENT determined for
other years (1971-83; 1997-2025) were varied
stochastically by randomly choosing one of the
annual values that was adjusted for full MNPS three-
unit operation, this selection process was done by re-
sampling with replacement using uniform prob-
abilities. Estimates of ENT were made by assuming
that all three units used cooling water pumped at
maximum capacity (11.1 x 10° m’day') The
selected value of ENT was then scaled by both the
number of units in operation in a paricular year
(Table 1) and the fractions of cooling-water flow
actually used during the annual March-May larval
winter flounder season (Table 5). MNPS cooling-
water use was known for 1976 through 1996 and
actual flow values were used to scale the randomly
selected value of ENT. Because no data were
available during 1971-75 for Unit 1, flow values for
these years were estimated from net electrical
generation records. Estimates for 1972 and 1975,
years during which this unit apparently operated near
maximum capacity, were normalized to the value for
1987, the year of maximum flow for the Unit | time-
series; other years were scaled accordingly. Since
the simulation time-series extended to 2060
(including a recovery period following the end of
MNPS operation), historic cooling-water flow rates
calculated for 1971-95 were re-used to predict
entrainment for 1997.2025 by re-sampling the
historic flows with replacement using uniform
probabilities to randomize the process.  This
approach assumed that the existing 26-year record of
MNPS  operation adequately described the
operational variability expected at the station in the
future. Exceprormouweswhmmdanly
chosen values for a year had all three units operating
near 100% capacity, annual values of ENT used in
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the simulations were less than the theoretical
maximum under full three-unit operation.

Simulation of MNPS impact. The simulation
output consisted of a time-series of annual stock sizes
generated under a specified set of population
parameters and conditions (including random
variability) that constituted a scenario. All model
runs of the 1960-2060 stock projection series
consisted of 100 replicates, which were Judged to be
sufficient given the amount of variability present in
SPDM simulations (NUSCO 1990). Thus, the Monte
Carlo sample size was set to 100 and the geometric
mean of the replicates was computed for each year in
the projection. All stock projections are given In
units of spawning biomass (Ibs) because overfishing
criteria often rely on assessments of biomass, which
tend to be more conservative than those based on fish
numbers.  Furthermore, larval entrainment effects
result in long-tern stock reductions which can be
Quite different depending on whether the stock is
expressed as fish numbers or as biomass. Population
reproductive capacity is more accurately reflected by
biomass, which takes into account the size of
individual females (egg production is a function of
length or weight), as well as the number of spawners,

A complete simulation of MNPS impact consisted
of three model runs, which provided a set of time-
series generated under the same scenario, but with
different combinations of F (plus IMP) and ENT.
These model runs were designed to simulate the
natural variability of the theoretical unfished stock
(i.e., with no fishing or plant operational effects), the
reduced stock biomass when subjected to fishing
mortality (ie., the baseline time-series without
MNPS effects), and the expected biomass when all
three types of anthropogenic morality (F, IMP, and
ENT) occurred (i.e., the impacted stock). The first
time-series with no fishing or plant effects was the
reference series against which the potential for
recruitment failure was evaluated when the largest
reductions of stock biomass occurred during any of
the other simulations. The second time-series
represented the most likely trajectory of the exploited
stock without MNPS operation. The third time-series
was the expected stock trajectory when the
conditional mortality rates corresponding to ENT and
IMP were added 1o the fisking mortality simulated
for the baseline. This last time-series was the basis
for quantitatively assessing MNPS impact on the
Niantic River winter {lounder population.



TABLE 4 Data, rates, and other inputs used with the Niantic River winter flounder population dynamics simulation mode!

Mode! input Value used or available

Number of age-ciasses in population 15

Earliest age at which all females are mature 6

Fnammm.mmm(lh).mdmﬁcuwtybym
Age-| females 0 0011 0
Age-2 females 0 0128 0
Age-3 females 010 0554 223,735
Age-4 females 038 0811 378,584
Age-$ females 098 | ORG 568,243
Age-6 females 1.00 1.377 785,897
Age-/ females 1.00 1645 1,004,776
Age-8 females 1.00 1.873 1,201,125
AgeY females 1.00 2057 1,366,951
Age- 10 females 1.00 2203 1,502,557
Age-11 females 1.00 2304 1,598,597
Age-12 females 1.00 2390  1.682,208
Age-13 females 1.00 2461 1,754,800
Age-14 females 1.00 2516 1,809,000
Age-15 females 1.00 2552 1,845,800

Age after which annual morality is constant 4
Instantaneous mortality rates M and F at age-| 0.50 o
Instantaneous mortality rates M and F at age-2 and older 025 0

Initial number of female spawners 72,239

Biomass of female spawners 113,415 lbs

Mean fecundity of the stock (eggs per female spawner) 972,205

ommmmmsufofuuvirgn\(F-O)noek(mhmofmh) 587

{8 from the three-parameter SRR 2450 X 107

¢ from the three-parameter SRR D418

Mean FM-HO”-OL’)WW(’C) 28l
standard deviation 122
minimum lemperature 036
mMAXimum lemperature 47

Number of spawning cycles (vears) to simulate 100

Number of simulation replicates per run 100

Fraction of age-0 group entrained at MNPS (i, impact) G.00*

" Values are entered here only when mortalities remain constant duning all the spawning cycles or years simulated  Zero values direct the
model 10 get @ detailed schedule of mornalities from an auxiliary mput file set up as a look-up table (see Results and Discussion)

’ Corresponds to the unfished stock at equilibrium (see Table 32 in Results and Discussion)

© Calculated for the Niantic Rimwmﬂmmbm*mmmumimnm in the absence of fishing (see Table 33 in Results and
Discussion)

“ Indirectly calculated from ife history parameters (see Stock-recruitment relationship in Results and Discussion)

4 Aumnmulmummﬁmdmok.mmcmdwmuyuwmmmum
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TABLE 5. Annual average cooling-water flow and percent of nominal maximum flow at MNPS Units | through 3 during the March-May
winter flounder larval entrainment season from 1971 through 1996

Unit | Unit 2 Unit 3
Nominal flow at 3 " 3 ot y o
100% capacity 29.18 m sec 37.62 m"sec 6191 m sec
Fraction of total MNPS flow 0227 0292 0481
March-May March-May March-May .
w flow % of nominal av flow % of nominal ave flow of nominal
Year' inm sec’ maximum m.:ﬁu" maximum in rmw:ec" maximum
197§ - 6741 . - . .
1972 - 99 64 . - - .
1973 - 3381 - - .
1974 - 83 50
197% . 90 64 - .
1976 25.39 90.80 2916 8083
1977 2761 9873 2461 68 20
1978 1748 62.53 1891 524)
1979 1718 61 44 2148 59 53
1980 27.60 98 70 3175 B8 0}
1981 1.52 543 3398 94 18
1982 27.60 98 70 3233 89.6)
1983 2679 95.83 3090 B5.63
1984 1388 496 3583 993
1988 27 86 99 64 1640 4545 - -
1986 2721 93.25 36 89 98 07 49 82 80 48
1987 2901 90 40 369 98.32 4712 76.12
1988 28 84 98 81 3283 87.27 5558 B9 78
1989 1385 47 46 2472 6572 §1.33 8291
1990 27.55 94 30 3328 BE 4% 4871 78 68
1994 10.79 3698 3229 8583 3865 62 44
1992 2511 86.06 28.50 7575 5110 B2.55
1993 27.78 9521 3352 8910 SE 82 95.00
1994 433 14 84 3139 8144 58.20 9401
1995 2904 99 52 21 61 57 44 3735 6033
1996 0.72 247 14 44 IR 3R 3108 5018

* No records of cooling-water flow were available for 1971-75. Net electrical generation records were used 1o estimate flow, with values for
1972 and 1975 normalized 1o the value for 1985 (maximum of the Unit 1 tme-series); 1971, 1973, and 1974 were adjusted accordingly

below average. April (5.38°C) and May (9.36°C)
Results and Discussion had the coolest water temperatures since 1978, June
(14.40°C) since 1982, and July (17.93°C) and August
(19.44°C) since 1983. This trend continued during

Seawater Temperature late summer and fail, with September (18.86°C) and

October (15.35°C) about 0.8°C cooler than average.

In comtrast to late 1994 and most of 1995, monthly The mean for November of 10.34°C was the third
mean seawater temperatures recorded at the MNPS coldest after 1976 and 1980. Although cooler than
intakes during 1996 were among the coolest since average, the December mean of 6.99°C, however,
1995-96 began with the coldest water temperature By season, winter (2.86°C) was cooler than
(6.89°C) in December since 1989. January (3.55°C), average, spring (9.71°C) the second coolest after
February (2.12°C), and March (2.87°C) were also 1978, and summer (18.74°C) the coolest of the 21-
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TABLE 6 Monthly and annual mean seawater temperature (°C) from January 1976 through December 1996 as calculated from mesn daily

witer temperatures recorded continuously at the intakes of MNPS Units | and 2

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Annual mean
1976 368 331 48] 755 1075 1511 1829 1960 1893 1504 928 473 1090
1977 067 036 285 5.66 1072 1492 1908 2033 194) 1558 12.18 672 10.84
1978 30 09 167 485 910 1424 1768 1982 1924 1614 1247 774 10 64
1979 453 148 338 593 1050 1557 1884 2091 2005 159¢ 12 41 860 11.57
1980 516 238 2.80 6.38 1044 1476 1B44 2023 2016 1607 10.25 573 11.10
1981 1.06 263 3.36 440 1019 1548 1951 2086 1994 1475 1107 6.29 11.01
1982 220 1.56 304 54i 1006 1416 1798 2110 2001 1595 1247 897 11.13
1983 558 374 455 107 1050 1505 1910 1917 2057 1737 1257 790 1198
1984 4 B4 402 ER 6.58 1084 1553 1890 2060 1952  164] 1304 9.07 1197
1985 436 236 417 7.02 1095 1499 1898 2124 2044 1746 1314 798 1198
1986 462 338 411 725 1132 1599 1883 2062 1880 1653 1243 819 11.89
1987 528 37 453 7.51 1126  159] 1919 2047 1930 15720 1110 716 11.78
1988 265 267 449 7.01 1067 1469 1830 2031 1886 14 9] 1141 7.20 11.12
1989 449 3.24 3.67 621 1059 1525 1895 203! 1962 15.83 12.28 487 1134
1990 360 428 496 684 1073 1493 1865 2080 2023 1774 1247 912 12.08
199] in 476 561 811 1226 166] 1953 2048 1999 1711 12.00 817 12.89
1992 520 3168 442 6.80 1072 1542 1843 1962 1920 1517 1112 728 1145
1993 509 i 312 6.09 1137 1564 1896 2088 1988 15215 1173 847 11.69
1994 315 1.59 281 6.62 996 1537 2030 2078 1927 1627 1321 915 11.60
1995 6.60 411 514 782 1098 1528 1930 2106 2043 1833 13 4) 689 12.51
1996 3.58 212 287 538 936 1440 1793 1944  IBB6 1535 1034 699 10.58
Overall mean 404 28 KR ) 66! 1063 1521 1882 2041 1964 16 14 1191 747 11.51
CV (%) 38 4] 26 12 6 B 3 3 3 6 9 17

year series (Table 7). At 10.90°C, the fall of 1996
ranked as the ‘ourth coolest. Because of these water
temperatures, the annual mean for 1996 was 10.58°C,
nearly 1°C cooler than the long-term average of
11.51°C, and was the coldest in 21 years. These
relatively extreme water temperatures in 1996 likely
had important effects on adult spawning, as well as
larval growth, development, and mortality, and the
settiement, growth, and mortality of demersal young,
Monthly mean temperatures were most variable
during January through March (monthly CV = 26-
41%; Table 6), the period when winter flounder
spawning and carly larval development occurs and
most stable (CV = 3-6%) from May through October,
when collections of winter flounder were dominated
by young and other immature fish.

The mean temperatures given above reflected water
temperatures in Niantic Bay, where the MNPS
intakes are located. Water temperature in the Niantic
River usually has a wider annual range, with
somewhat colder temperatures in winter and warmer
in summer. During March, when considerable
spawning, egg incubation, and larval development
takes place, mean water temperature in the Niantic
River was determined from readings taken

occasionally during the annual adult winter flounder
surveys. From 1976 through 1996, these means
differed from those reccided at MNPS by 0.6°C or
less. For 10 of the years the water temperature in
March was slightly cooler in the river than in Niantic
Bay and in 8 of the years, including 1996 (+0.02°C)
the river was slightly warmer, data were insufficient
to calculate comparative means during three surveys,

Adult Winter Flounder

Relative Annual Abundance

The cold winter temperatures during the winter of
1995-96 produced heavy ice cover in the Niantic
River as far south as Smith Cove (Fig. 2). which
persisted until late February, when air temperatures
exceeding 10°C coircided with heavy rains. The
adult winter flounder survey finally began on
February 27 and sampling continued for 6 weeks
until April 3 (Table 8). By this time, few fish
remained in spawning condition, as illustrated by the
percentage of females 26 cm and larger that were
gravid (Fig. 7). The partern in the decline of gravid
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TABLE 7. Seasonal® mean seawater temperature (°C) for 1976 through 1996 as calculated from
continuous recorders at the intakes of MNPS Units | und 2

mean daily water temperatures determined by

Year Winter Spring Summer Fall
1976 304 1114 1894 96Y
1977 132 1072 1961 1149
1978 1.95 940 1891 1211
1979 i 10.67 1993 1233
1980 347 10 53 1961 1069
198) 234 1069 20.11 10.70
1982 229 988 19.69 1246
1983 465 10.87 196] 12,61
1984 429 1099 19.68 12.84
1985 367 1098 2022 12.85
1986 406 11.52 1943 12.38
1987 440 11.56 19.66 11.32
1988 328 10.79 19.16 117
1989 ig2 10 68 19.72 1097
1990 428 1083 19.89 1316
1991 538 12.32 20.00 1248
1992 445 1098 19.08 119
1993 379 11.03 19.9) 11.85
1994 25§ 10.64 2013 1287
1995 531 11.35 2026 12.87
1996 286 971 1874 1090
Overall mean 3158 10.82 1963 11.85
CV (%) 30 6 2 8

. Wmurul-uwymmhm.mubwmmhlm.mmulmmw.ndmluOcsoheflmou;thmw

females was similar to 1995, but more of the gravid
females were found each week in 1996 until early
April. This likely reflected colder water temperatures
this year. Even so, most spawning apparently
occurred earlier in the season under the ice cover,
because more than half of the females were spent at
the start of the survey in late February.

Relative annual abundance of spawning winter
flounder in the Niantic River was measured by otter
trawl CPUE. More than one-third of the tows made
during 1996 had no winter flounder larger than 15
em (Fig. 8). Because of the increasing frequency of
zero catches in recent years, the relative abundance
index was changed in this report from a median to a
A-mean CPUE (NUSCO 1988c). The A-mean index
of abundance is the best estimator of the population
mean when the data come from a distribution that
contains numerous zero values (as it has for the adult
winter flounder surveys during the past few years)
and the distribution of the non-zero values is
approximately lognormal (Pennington 1983, 1986).
The A-mean CPUE of winter flounder larger than 15
em in 1996 was 1.6, which was the lowest CPUE of
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the 2]-year time-series (Fig. 9; Table 9). The small
CPUE values for 1992-96 reflected extremely low
adult stock sizes present in recent years. The A-mean
CPUE was highly correlated (Spearman’s rank-order
correlation coefficient r = 0.9675; p = 0.0001) with
the median CPUE values (Fig. 10). The A-mean
index was slightly greater in magnitude than the
median for all years, with largest differences
occurring during 1976-80.

Female winter flounder taken during the 1996
survey were mostly larger than 31 cm, with fish 45
cm or larger relatively common in comparison to all
but the smaliest (20.0-21.5 cm) fish (Fig. 11). A
comparison of the annual standardized catch of
females from 1993 through 1996 showed the scarcity
of all sizes of winter flounder this year (Fig. 12). The
decline in winter flounder abundance was even more
striking when catches from 1981 (largest CPUE since
1976, Table 9), 1985, 1990, and 1996 were compared
(Fig. 13). Large decreases in abundance have
occurred for all size-classes of female winter
flounder, with the exception of the very largest
females. Although not abundant, larger fish in the



TABLE 8. Annual Niantic River winter flounder® population
surveys during th > spawning season from 1976 through 1996
Number of
Year Dates sampled weeks sampled
1976 March | - April 13 ?
1977 March 7 - April 12 6
1978 March 6 - April 25 1
1979 March 12 - April |7 6
1980 March 17 - April 15 L]
1981 March 2 - April 14 7
1982 February 22 - April 6 7
1983 February 21 - April 6 ?
1984 February 14 - April 4 ¥
1985 February 27 - April 10 ?
1986 February 24 - April 8 7
1987 March © - April 9 5
1988 March | - April § 6
1989 February 21 - April § ?
1990 February 20 - April 4 7
199 February 13 - March 20 6
1992 February I8 - March 31 7
1993 February 16 - April 7 8
1994 March 22 - April 13 4
1995 February 28 - April 6 6
1996 February 27 - April 3 6

* Minimum size for marking was 15 em during 1976-82 and
20 em thereafter

* Limited sampling during week 2 because of ice formation.

“ AImtmwnplm.duﬂn;ka“limwmgdm
weeks 2 and S because of ice and weather conditions.

Niantic River now make up . relatively larger
proportion of female winter flounder than in previous
years. The large numbers of females from 23 1o 34
em collected in 1981 were likely 3- and 4-year old
fish from the very strong year-classes produced in

OBSERVED % OF GRAVID FEMALES

MARCH

APRIL

Fig 7 Weekly percentage of Niantic River female winter
ﬂom\derlu.ermmzbcmmummviddxnlulbe
1994-96 adult population abundance surveys

Winter flounder > 15 cm

0 S B e e el b 2w o s 2o 4 e g S S R e e

76 78 BO 82 B4 BE BE 90 92 94 96
YEAR

Fig. 8. Percentage of tows with no fish larger than 15 cm
collected in the Niantic Kiver by year from 1976 through
1996

1977 and 1978. Despite relatively high abundance of
age-0 fish produced in 1988 and 1992, female winter
flounder from 20 to 30 em in length have been
relatively scarce in the spawning survey catches in
recent years.

Also noted during the 1996 spawning survey was
the collection of five partialiy eaten winter flounder
carcasses and one wounded fish that, based on canine
tooth holes in several specimens, were apparently
preyed upon by one or more harbor seals (Phoca
vitulina concolor). Seals were first noted in the
Niantic River during the 1993 winter flounder
spawning season, with sightings increasing during
each succeeding year In some years, seal predation
may represent an increased mortality risk to Niantic
River winter flounder spawners, particularly since
population size has become depressed.
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A-MEAN CATCH PER STANDARD TOW

Fig 9. Annual A-mean CPUE and 95% confidence inter-
val of Niantic River winter flounder larger than 15 cm from
1976 through 1996
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TABLE 9 Annual 9.1-m otter traw| adjusted A-mean CPUE" of winter flounder larger than |5 cm” taken throughout the Niantic River during

the 1976 through 1996 acult population abundance surveys

Weeks used Tows Adjusted A-mean 95% confidewice

Survey for CPUE scceptable number of Non-zero CPUE Standard interval for
vear computation’  for CPUE* tows used’  observations estimate error A-mean CPUE
1976 7 132 224 223 480 27 427-532
1977 6 183 228 226 286 19 249-324
1978 6 135 162 162 312 24 265-359
1979 s 116 140 140 415 16 346-485
1980 s 112 145 a4 416 25 366-465
1981 7 7 231 231 514 24 467-56.0
1982 § 116 150 150 481 ia 414548
1983 7 232 238 237 34 13 288-339
1984 7 244 287 286 184 07 171197
198§ 7 267 280 2 17.1 07 158-185
1986 7 310 336 334 123 05 113-134
1987 5 233 239 236 16.8 09 150-186
1988 6 287 312 kI 179 07 166-193
1989 6 231 27) 267 125 06 114-137
1990 7 260 318 34 107 05 98-117
199 6 296 330 324 16.3 09 145-178
1992 7 n 406 308 7.2 03 70-83

1993 7 287 92 344 i3 02 30-37

1994 4 18 212 201 64 0s §5-73

1995 6 3lé 342 284 26 01 24-29

1996 6 310 342 242 16 01 14-18

* Catch per standardized ww (see Materials and Methods), dMMNUSCO(lM)MMmCPUEmmImdM a A-mean as

the index of abundance
" Mostly age-2 and older fish

- Eﬂonoqudbodm;wm.dma;nv«dymmuwkhwlowcﬂmmno;mdforcompmiuCPUE

“ Only tows of standard time or distance were considered.

Winter flounde: » 15 cm
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Fig. 10. Comparison between the annual median and
A-mean CPUESs of winter flounder larger than 15 cm from
1976 through 1996
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Absolute Abundance Estimates

Adult winter flounder distribution in the Niantic
River during the 6 weeks of sampling was not
consistent in either time or place. Few (n = 36) fish
were captured and marked during the week of March
I8 in comparison to weeks befor= (50-61) or
immediately after (61). A total of 118 fish was
marked during the last week of the survey (April |
and 3), which may have reflected fish moving into
deeper waters from shallow flats not sampled as
waters warmed from about 3 to 5°C fron late March
through early April. As found during other recent
years, most adults were concentrated in relatively
small areas, including the upper river arm (stations
52-54), particularly at station 54 (Fig. 2). As noted
during 1995, catches at station 51 remained




PERCENT LENGTH-FREQUENCY

o"T'IllTTVTT;]TIYVT‘rTwT‘f'lTITYYIUT—rl'YIYVYYTYIYVYITT \
20 21222324252627282930313233343536373839404142434445" |
LENGTH (cm)

‘g 11. Comparison of percent length-frequency distributions of femal: winter flcunder 20 cm and larger taken in the Niantic
River during the spawning season from 1993 through 1996,
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Fig. 12. Comparison of annual standardized catch by length of female winter flounder 20 ¢cm and larger taken in the Niantic
river during the spawning season from 1993 through 1996
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River during the spawning season in 1981, 1985, 1990, and |

particularly poor this year, with the few fish collected
there mostly found near the eastern shoreline.
Absolute abundance of winter flounder larger than
20 em (N) spawning in the Niantic River was
estimated using mark and recapture data with the
Jolly (1965) model. Estimates of survival (®),

TABLE 10 Mark and recapture data from 1983
Miantic River during the spawning season

1#117117111111rvrvvurrv111‘r

20 212223242526 27 2829 30 3132 3334 3536 37 38 3940 4142 43 44 45*
LENGTH (cm)

Fig. 13, Comparison of annual standardized catch by length

4

of female winter flounder 20 cm and larger taken in the Niantic

996

recruitment (8), and sampling intensity (p) were also
generated by this model. Because of continued low
abundance of Niantic River winter flounder popula-
tion, this year only 376 fish 20 ¢cm and larger were
marked with a freeze brand and released (Table 10).
This was the lowest total of the time-series and only

through 1996 used for estimating abundance of winter flounder larger than 20 cm in the

Total  Totalnot Number Totat Number of fish marked in 8 given year
Survey number previously marked and  number recaptured during subsequent annual surveys
year observed marked released recaptured 83 B4 8BS 86 87 B8 89 90 9 92 93 94 95
1983 5615 5615 5615 0 -
1984 4,103 3973 4,083 130 130
1985 349 3,350 3,407 141 47 94
19%6 3,031 2,887 3.010 144 23 45
VAT 2578 2463 2573 115 2 3 27 1
1988 4333 4,106 4309 227 7 2 31 63 104
1989 2821 2,589 2,752 232 2 1 9 33 32 145
1990 2297 2,138 2275 162 1 7 4 |5 14 8 8
1991 4333 4,067 4324 266 1 s 4 12 27 33 sS4 130
1992 2346 2,119 2,336 227 0 0 1 2 3 21 20 53 17
1993 OR4 830 om 154 0 o0 0 I 0 < 4 15 21 19
1994 1,035 959 1,033 76 0 0 0 1 0 0 4 5 4 25 27
1995 682 601 681 8l 0 0 0 0 0 1 1 2 ] 8 I8 4
1996 37 34) 376 38 0 o0 0 0 0 0 o 2 2 5 5 4 2

88 Monitoring Studies, 1996



55% of the 1995 total of 681 fish branded, the
previous low. Because so few fish were captured,
only 38 previously-marked fish were collected in
1996. About half (n = 20) the recaptures had been
marked in 1995, with most others from 1992-94,

The mark-recapture data from 1996 provided an
initial abundance estimate for 1995 of 5,544 winter
flounder (Table 11); this value and those of other
recent years will be subject to change as additional
marked fish are found during future surveys. The
standard errors of N given in Table |1 are correlated

with N because of the particular form of Jolly's
variance formula. Therefore, the 9% Cls computed
are generally considered unreliable as a measure of
sampling error, except at very high sampling
intensities (Manly 1971:. Roff 1973. Pollock et al.
1990)

Sampling intensity (p), or the probability that a fish
will be captured, was estimated as 0.122 for 1995,
which was the second highest estimate for this
parameter, perhaps indicating relatively intense
sampling on fish concentrated in relatively few small

TABLE 11 Estimated abundance® of winter flounder larger than 20 om taken during the spawning season in the Niantic River from 1984
through 1995 as determined by the Jolly (1965) mark and recapture mode)

Abundance Standard Probability Standard

estimate error of 95% Cl of survival error 95% Cl
Year (N) N for A (D) of ® for®
1983 0328 0040 025] - 0405
1984 57,7206 8,370 41.300-74,112 0.558 0.065 0430 - 0686
1985 79,607 10,851 58,338 - 100,876 0360 0041 0.279 - 0 440
1986 49,087 6,194 36917-61,197 0654 0 068 0522-0786
1987 75,908 9,783 §6.731 - 95,084 0596 0062 0474-0718
1988 66,688 7,244 52,491 - 80,885 0453 0048 0.360 - 0 546
1989 4],744 4,730 32474-51,014 0.391 004) 0310-0472
1990 32,983 3,778 25.577 - 40,389 0 844 0.096 0656 - 1032
199] 61,131 7,248 46,925 - 75,336 0.200 0.025 01510249
1992 16,153 2,057 12,122 - 20,184 0445 0078 0.298 - 0.593
1993 10,435 1,830 6,849 - 14,022 048] 0103 0278 - 0683
1994 16,094 31437 9,357 - 22,831 0306 0093 0123 -0 488
1995 5,544 1,668 2274-8814
Mecan 42,754 1,837 39,153 - 46,355 0468 0013 0444 - 0492

Sampling Standard Annual Standard

intensity error of 95% Cl recruitment error 95% CI
Year ) p forp (8) of B for B
1984 0071 0.0103 0.050 - 0091 47428 9,083 29,626 - 65,231
1985 0044 0.0060 0032 - 0,058 20,454 5,200 10,262 - 30,647
1986 0061 0.0078 0.046 - 0077 43 850 8499 27,191 - 60,50%
1987 0034 0.0044 0025 -0.042 21472 6.379 8.969 - 33,975
1988 0065 00071 0.051 <0079 11,524 3,663 4344 . 18,704
1989 0067 00077 0052 - 0.082 16,692 3,074 10,667 - 22,716
1990 0 069 0.0080 0.054 - 0.085 33311 5453 22,624 - 43 998
1991] 0.071 00084 0054 - 0087 3,925 1,440 1,102 - 6,748
1992 0145 00186 0108-018] 3.245 1,104 1,082 - 5. 408
1993 0.004 00166 0061 -012¢ 11,083 2713 5,765 - 16,401
1994 0 064 0.0137 0037-0090 621 887 =1,116-2.359
1995 0.122 0.0365 0.050-0193
Mean 0075 0.0043 0067 - 0084 19419 856 17,74] - 21,096

* Estimates may vary from those reported in NUSCO (1996) because of mark and recapture data added from the 1996 adult winter flounder
population survey
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areas of the river. Sampling intensities of about 0,10
are recommended to obtain reliable and precise
estimates of population size and survival rates with
the Jolly model (Bishop and Sheppard 1973; Nichols
et al. 1981), although Hightower and Gilbert (1984)
found that low sampling effort may give acceptable
estimates if population size is relatively large and the
number of marked animals is also relatively high.
However, Gilbert (1973) and Carothers (1973)
reported that N was underestimated and had low
accuracy when sampling intensities were low (5-9%),
regardless of population size or number of fish
marked.  Estimates of p only approximated or
exceeded 0.10 this year, in 1992 (0.145) and 1993
(0.094). Loss of information because brands were
missed, or due to mortality of fish handled, also
requires increased sampling effort. Other sampling
errors, model assumptions, and biases inherent in the
Jolly model that could have affected these estimates
were discussed in NUSCO (1989) and Pollock et al.
(1990).

Although the Jolly estimates are subject to
considerable error, annual A-mean CPUE and Jolly
abundance estimates were significantly (Spearman's
rank-order correlation coefficient r = 0.9021; p =
0.0001) correlated (Fig. 14). Thus, based on a
A-mean CPUE of 1.6 for 1996, absolute abundance
of winter flounder may have been less than 5,000
fish. By extrapolation, abundance in 198] could
have exceeded 150 to 200 thousand winter flounder.

Estimates of survival (®) have varied considerably
from year to year (0.200 - 0.844; Table 11).
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Fig. 14 Comparison between the estimates of absolute
abundance in thousands of winter flounder larger than 20
em in the Niantic River during the spawning season
(dashed line) and the corresponding A-mean CPUE (sohd
line) from 1984 through 1995.

90 Monitoring Studies, 1996

Estimated recruitment (B) values were low in 1991
(3,925) and 1992 (3,245), increased to 11,083 for
1993, and fell to a particularly low estimate of 621
fish for 1994. However, estimates for both these
parameters are considered to be less reliable than
those of abundance when using the Jolly model
(Bishop and Sheppard 1973; Amason and Mills
1981; Hightower and Gilbert 1984). Estimates of 8
were also relatively imprecise. As for other
parameter estimates based on only | year of
recapture information, those for ® and B may change
considerably with the addition of data from the next
annual survey. The low estimates of B in recent
years, however, appeared to accurately reflect weak
recruitment of winter flounder.

Because of & reasonable correspondence berween
median trawl CPUE and Jolly abundance estimates,
the annual standardized catches of all fish larger than
20 cm for 1984-95 were compared to total abundance
estimates from the Jolly model The relative
numbers of females and €ggs produced each year, as
determined from the standardized catch estimates,
were conservatively assumed to represent about 4%
of the absolute values; the range for annual values
was 2.7 - 6.3%. Thus, a multiplier of 25 was used to
scale standardized catch indices to absolute numbers
of female winter flounder spawning in the Niantic
River that are given below. In using this scaling
factor it was assumed that ratios of annual
standardized catch to absolute abundance during
1977 through 1983 would have been similar to those
for 1984-95, had estimates of absolute abundance
been available for the earlier period.

Spawning Stock Size and Egg Production

The size of the Niantic River winter flounder
female spawning stock is used in various assessments
of MNPS impact. The annual standardized catch of
female spawners (an index of spawning stock size)
and the production of eggs were determined from
available data on sex ratios, sexual maturity, and fish
length-frequencies. The sex ratio of winter flounder
larger than 20 cm during the 1996 spawning season
in the Niantic River was 1.78 females for each male
(Table 12). This sex ratio is larger than the iong-term
average for the 20-year time-series of 1.44. but less
than the ratio of 2.70:1 found during 1995, which
was the largest one found since 1977. Ratios of 1.50
to 2.33 in favor of females were reported by Saila
(1962a, 1962b) and by Howe and Coates (1975) for




TABLE 12 Female to male sex ratios of winter founder taken
during the spawning scason in the Niantic River from 1977
through 1996

Measured
Year All fish captured fish > 20 em
1977 1.03 1.26
1978 223 195
1979 137 1.21
1980 266 203
1981 142 1.61
1982 1.16 1.50
1983 1.52 1.52
1984 1.0?7 107
1985 1.37 1.37
1986 092 092
1987 078 078
1988 150 1.50
1989 1.32 1.32
1990 1.24 1.24
199] 1.22 1.22
1992 1.26 1.26
1993 147 1 47
1994 170 1.70
1995 2170 27
1966 178 1.78
Geometric mean 144 | 44

other winter flounder populations in southern New
England. Witherell and Burnett (1993) also found
greater proportions of female winter flounder in
Massachusetts waters, particularly in older age-
classes. They believed that males likely have a
higher natural mortality rate, based on evidence of
earlier agss of senescence reported for males by
Burton and Idler (19%4)

The rate of spawning was determined by observing
weekly changes in the percentage of gravid females
larger than 26 cm, the size at which about half of all
observed females were mature (NUSCO 1988b).
This is comparable to Ly, estimates of size-at-
maturity of 28.3 and 27.6 cm reported for Massachu-
setts waters by Witherell and Bumett (1993) and
O'Brien et al. (1993), respectively. In recent years,
spawning in the Niantic River was mostly completed
by late March or early April as relatively few gravid
females were found afterwards (Fig. 7). During most
years, ice in the upper river prevented the start of
field work in January or early February, so
approximately one-half to two-thirds of the females
examined during late February and early March had
spawned before sampling began. Spawning was
likely correlated with water temperature, as in

relatively cold years (eg., 1977 and 1978)
proportionately fewer females spawned during the
earlier portion of the survey, compared to warmer
years (e.g, 1989 and 1992) when more fish were
spent at the beginning of sampling.

During each year, the proportion of females
estimated to be mature in each 0.5-cm length
increment was used with the annual standardized
caich of females to obtain annual abundance indices
for female winter flounder. Annual estimates of
female spawner abundance and egg production were
generated by multiplying relative standardized catch
estimates for each by 25 (see Absolute Abundance
Estimates, above). This multiplier has decreased
from values of 26.316 and 28.571 used in recent
years (NUSCO 1992a, 1993, 1994a, 1995a, 1996).
This has resulted in reductions of approximately 5 to
13% for estimates of absolute female stock size and
total egg production previously reported. Estimates
of female stock size ranged between 2,427 (1996)
and 68,899 (1982) fish (Table 13). Mature females
generally comprised approximately one-third to one-
half of each annual total, with 1995 having the
highest fraction of mature females at 63%, which was
related to the highly skewed sex ratio and
proportionately larger fish found during that year.
Despite this preponderance of larger mature females,
the number of spawners has been very low in recent
years because of low overnll abundance of winter
fiounder. The total number of female Spawners was
used as an estimate of parental stock size for the SRR
(see below).

Annual egg production estimates ranged from
about 2.1 to 39.9 billion (Table i3). Differences in
percent maturity due to changes in length-frequency
distributions somewhat affected mean fecundity,
which was low during the late 1970s when smaller
fish were more abundant, but increased during recent
years because of increasing proportions of older and
larger fish. Total egg production was greatest from
1981 through 1983 because of peak population
abundance and moderate mean fecundity. Estimates
were also relatively high in 1988, 1989, and 1991 as
proportionally older and larger females dominated a
moderately-sized reproductive stock. Total fecundity
decreased to relatively low values of 2.1 - 8.2 billion
during 1993-96 because of very low abundance.

Female size and time of spawning affects various
reproductive  parameters, including egg size,
fecundity, and viability; embryos deposited earlier in
the season appear to have better survival than eggs
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TABLE 13 Relative and ebsolute annual standardized catch of female w

Niantic River from 1977 through 1996*

irurﬂoundcrmwmmdconupmﬂiummdmbninﬂn

Relative index Relative index
Survey of spawning % mature Average of total Total female Total egg
year females females® fecundity’  egg production”  stock size’ produgtion (X 10%
1977 B89 36 446,374 3942 22,226 9854
1978 1415 51 506,220 7162 35,368 17 904
1979 1,129 Kl 474,665 5357 28,217 13 394
1980 916 is 464,104 4250 22,893 10.625
1981 2,683 45 515,241 1,3823 67,070 34557
1982 2,756 49 578,530 1,554 4 68,899 39 860
1983 1,873 46 §77,307 1,0812 46,821 27.299
1984 872 40 5§74214 500.7 21,801 12518
1985 931 43 607,083 564 9 23,264 14123
1986 654 42 666,312 436 1 16,361 10902
1987 852 39 623,254 $309 21,295 13272
1988 1,278 53 677,596 8657 31,939 21 642
1989 983 52 727,934 7154 24,570 17 885
1990 80 42 637,693 3701 14,510 9.253
1991 1,060 47 602,499 6387 26,502 15968
1992 §33 52 732,366 3907 13,336 9767
1993 m 54 816,797 2234 6,837 5.585
1994 507 L1 649,622 3294 12,676 8234
1995 218 63 775416 1693 5458 4232
1996 97 52 844911 820 2,427 2.051

f Smuﬁmdiﬂersli;ﬂ!yfmnﬂmmdinNUSCO(lm
» Based on proportion of the relative annual standardized catches of

) because of changes in the length-age key used
winter flounder that were mature females.

¢ As a proportion of all winter flounder 20 cm or larger
’ Total egg production divided by the number of spawning females

‘A relative index for year-to-year comparisons and not an absolute estimate of production.
© Caleulated on the assumption that the relative annual standardized catches were approximately 4.0% of absolute values, estimates vary
by approximately l%otlusfmmthonnpomdinNUSCO(IO%)hemofaOl%mcnumunumuhaotmd.

produced by smaller fish late in the season (Buckley
et al. 1991). Egg deposition apparently takes place
on gravel bars, algal mats, eelgrass beds, and near
freshwater springs in Rhode Island salt ponds
(Crawford 1990). Viable hatch is greatest at 3°C in
salinities of 15 to 35%. and decreases with Increasing
temperature (Rogers 1976). DeBiois and Leggen
(1991) found that the amphipod Calliopius
laeviusculus preyed heavily upon demersal capelin
(Maliotus villosus) eggs, removing up to 39% of the
production. They suggested that invertebrate
predation on demersa! fish eggs may be an important
regulatory mechanism for population size in marine
fishes having demersal eggs. Morrison et al. (1991)
reported high mortality of demersal Atlantic herring
(Clupea harengus) eggs in the Firth of Clyde,
Scotland because of heavy deposition of orgaric
matter resuiting from a bloom of the diatom
Skeletonema costarum. The decomposing material
caused a depletion of oxygen and egg death due to
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anoxia. Skeletonema cosiatum was one of the most
abundant of the phytoplankton collected at MNPS
during entrainment sampling from 1977 through
1980 (NUSCO 1981). However, highest densities
occurred in summer, after the winter flounder
spawning scason. Based on a comparison of
estimates of egg production and abundance of Stage
I larvae (discussed below), egg mortality may be
considerable in the Niantic River.

Larval Winter Flounder

Abundance and Distribution

The a parameter of the Gompertz function (Eq. 2)
was used as an index for temporal (year to year) and
spatial (Niantic River and Bay) abundances of winter
flounder larvae. Based on the a parameter estimates,
larval abundance during 1996 in both the river



(stations A, B, and C combined) and the bay (stations
EN and NB combined) were about average for the
14-year series (Table 14) In general, annual
abundances in the bay varied less than in the river.
In 1985, 1987, 1988, 1989, 1995, and 1996, larval
abundance was at least four times greater in the river
than in the bay. No consistent relationship was found
between the indices of annual abundances in the two
areas (Spearman's rank-order correlation coefficient r
= 0455, p = 0.102). This lack of a relationship has
two possible causes. First, if many of the larvae in
the bay came from the river, then annual larval
mortality rates prior to the period when larvae were
flushed from the river to the bay were highly
variable. Second, the Niantic River may not be the
only source of larvae entering the bay (NUSCO
1992a. 1992b, 1993, 1994a, 1995a, 1996) and this
possibility will be addressed again later in this
section. Larval abundance in the bay appeared to
reflect regional-wide trends as annual abundance (a
parameter) at EN since 1976 was correlated
(Spearman’s rank-order correlation coefficient r =
0635; p = 0.002) with annual abundance indices in
Mount Hope Bay, MA and Rl (Marine Research, Inc.
1992, M. Scherer, Marine Research, inc., Falmouth,
MA., pers. comm.) As was found for the
comparison between Niantic River and Bay, no
relationship was found between the abundances in
the Niantic River (1983-96) and Mount Hope Bay
(Spearman's rank-order correlation coefficient r =
0.108. p = 0.714) This suggested that Mount Hope
Bay, similar to Niantic Bay, is not a preferred winter
flounder spawning area, as discussed below.

Annual spatial abundances of the first four larval
developmental stages were based on cumulative
weekly geometric means (Figs. 15 and 16). The
abundance distribution of Stage S5 fish (i.e., newly
transformed juveniles) was not examined because so
few were collected by ichthyoplankton gear.
Cumulative density data (the running sum of the
weekly geometric means) were used to compare
abundances as a surrogate for the o parameter from
the Gompertz function (Eq. 2) because in some
instances this function could not be fitted. This
usually occurred when a developmental stage was
rarely collected at a station (e.g., Stage | at stations
EN and NB or Stage 4 at station A). Cumulative
weekly geometric means and the corresponding o
parameters were found to be highly correlated
(Spearman's rank-order correlation coefficient r =
0999. p < 0.001) in a previous study (NUSCO
1989), indicating that cumulative weekly geometric
means could be used as an alternative index of larva!
abundance.

Stage | abundance during 1996 in the river was
about average compared to the previous 13-year
period of sampling at all three stations. (Fig. 15) A
comparison of annual Stage | abundance among
vears showed a similar relative ranking at the three
stations, with 1988 and 1989 ranked the highest and
1983, 1986, and 1993 the lowest. Except for a
slightly greater abundance at station A in some years,
annual abundances at the three river stations have
been similar. This indicated a somewhat
homogeneous distribution of Stage | larvae through-
out the river. Because winter flounder eggs are

TABLE 14 Index of annual larval winter flounder abundances and 95% confidence intervals for the Niantic River and Bay, based on the a
parameter from the Gompertz function for 1983 through 1996

Year Niantic River Niantic Bay

1983 1863 (1,798 - 1,929) 3730 (3,670-3,791)
1984 5018 (4,884 -5152) 2,200 (2,088-2311)
1985 11,924 (11,773 -12,07%) 18O (1,717 - 1,886)
1986 1,798 (1,726 - 1.871) 1,035 (979.1.091)
1987 5381 (5,172-5,589) 1,301 (1,240 - 1,363)
1988 24004 (23644 - 24 364) 1,784 (1,708 - | 861)
1989 18,586 (17,965 - 19.207) 1751 (1,696 - 1,806)
1990 5,544  (5376-5,709) 1,532 (1,474 -1,589)
1991 408 (3973-4,193) 1444 (] 388 -1,500)
1992 10,646 (10,184 - 11,108) 4415 (4214-40617)
1993 1L213 (1.470-1,557) 459 (391 - 526)
1994 5,685 (5,564 - 5,805) 2,378 (2,265 - 2.486)
1995 14075 (13.416-14,73%) 3091 (2966 -3216)
1996 9916 (9,631 -10202) 1,690 (1,535 - 1.844)
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demersal and adhesive and the duration of Stage | is
short (about 10 days), the homogenous distribution
suggested either that spawning was not restricted to a
specific area of the river or that the river is well-
mixed. Low abundance in 1983 was attributed, in
part, 10 undersampling because of net extrusion
(NUSCO 1987). However, this was rectified in 1984
when a net with smaller mesh (202 um) was used
during the early portion of the larval season.
Abundance of Stage | larvae at the two Niantic Bay
stations (Fig. 16) was low in comparison to the river
(Fig. 15), indicating that little, if any, spawning
occurred in the bay. Except for 1985 and 1996,
abundances at station NB were consistently greater
than at EN, possibly because NB was located closer
to the river mouth, the likely source of Stage |
larvae, or because undersampling occurred at EN as a
result of extrusion through the 333-um mesh net used
there. Additional evidence for possible net extrusion
at EN is discussed in the Development and Growth
section that follows. At station NB, ranks of annual
abundance indices were similar to those of the river
stations; this suggested that most Stage | larvae
collected in the bay probably originated from the
Niantic River.  Significant (p < 0.05) positive
comelations were found among Stage | annual
abundances at all stations, except for station EN with
stations C and NB (Table 15),

Stage 2 abundance in 1996 at stations B and C was
about average, but at station A was the second
greatest (Fig. 15). In general, annual ranks of Stage 2
abundance at the three river stations were similar to
those of Stage 1. This implied a similar annual rate
of larval loss (mortality and flushing) during larval
development from Stage | to 2. Annual abundances
at stations B and C were almost identical. Stage 2
larvae occurred predominantly in the river, but were
more prevalent in the bay compared to Stage | (Fig.
16). Annual Stage 2 abundances were consistently
greater at station NB than at EN, unlike annual Stage
| abundances in 1985 and 1996, which were similar.
Significant (p < 0.05) positive correlations of
abundance were found among all river stations and
between stations EN and MB (Table 15)

The later developmental stages (3 and 4) of winter
flounder larvae were usually not homogeneously
distributed within the Niantic River. The abundance
decline at the upper river stations (A and B) as
development progressed likely represented a gradual
flushing to the lower portion of the river and into the
bay. Stage 3 larvae were usually most abundant at
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stations B an with their abundance at the two bay
stations (L' and NB) increacing to levels similar to
or greater than at stations A and B (Figs. 15 and 16).
In comparison to other vears, abundances of Stage 3
and 4 larvae during 1996 were at or below average at
all stations. For Stage 3, discrete spatial relationships
for annual abundances were found between adjacent
stations; correlations were significant (p = 0.05)
between stations A and B; B and C; C and both NB
and EN; and NB and EN (Table 15). Similar to Stage
3, Stage 4 larvae were generally more abundant at
station C and the two Niantic Bay stations in
comparison to stations A and B.

Annual abundance of newly hatched winter
flounder larvae should relate to adult spawning (i.e.,
egg production) and the fraction of eggs that hatch.
To examine this relationship, the annual egg produc-
tion estimates (Table 13) were compared to ‘the
annual abundance of Stage | larvae. The index of
Stage | larval abundance was the o parameter from
the Gompertz function (Eq. 2) for the Niantic River
(stations A, B, and C combined) A functional
regression indicated a strong positive relationship (r
= 0.625; p = 0.022) betweer egg production and
Stage | abundance (Fig. 17). The abundance of
newly hatched larvae was directly related to the adult
€ge production under the assumption that egg
hatchability was similar among years. However,
Stage | abundance for both 1995 and 1996 appeared
to be greater than expected from this relationship,
suggesting @ greater egg hatchability or larval
survival during the past 2 years, which had the lowest
estimates of egg production.

Dates of peak abundance, estimated from the
inflection point p of the Gompertz function (Eq. 2),
were used to compare the times of occurrence in the
river (station A, B, and C combined) and bay (sta-
tions EN and NB combined) for each developmental
stage (Table 16). Dates of peak abundance of Stage
! larvae were not estimated for bay stations because
during several years this larval stage was rarely
collected outside of the Niantic River. In 1996, peak
abundance for both Stages | and 2 larvae in the river
occurred on the third latest dates of the 14.year
period. Based on water temperatures of 2 to 3°C
during February (Table 6) and egg incubation times
reported by Buckley (1982), peak spawning
generally occurred in early to mid-February.
Buckley et al. (1990) reported that egg developmen-
tal time was inversely related to water temperature
during oocyte maturation and egg incubation. Colder



TABLE 15 Matrix of Spearman's rank-order correlations among staticns for the indices of annual cumulative abundance of each
Mhmmlumofluvdwlmﬂomdzmoml%JWouhlm

Stage Station B C EN NB
I A 0.9429* 08813 0.5919 07099
0.0001 ** 0.000] ** 00258 * 00045 *»
B 08637 05655 06396
00001 ** 0.038) * 00138 *
c 04158 07187
01392 NS 0.0038 **
EN 0.2992
0.2987 NS
2 A 0.8725 08857 01517 03011
0.0001 ** 0.000] ** 0 6048 NS 0.2955 NS
B 09385 0.3802 0 5648
0.0001 ** 0.1799 N§ 00353 *
c 0.3670 04725
01967 NS 0.0880 NS
EN 07275
00032 **
3 A 08374 05121 05780 03539
00002 ** 00612 NS 00304 ¢ 0.2145 NS
B 0.7758 0.6352 0 4857
0.001] ** 00147 0.0783 N§
C 06132 07714
0.0197 * 00012 *
EN 0.7143
0.004) **
4 A 0.5823 0 4000 0 5956 05050
00289 * 0.1564 NS 00246 * 00685 NS
B 07099 02791 0.2904
0.0045 ** 0.3338 NS 03138 NS
C 01780 02712
0.5426 NS 03373 NS
EN 0 4621
0 0962 NS

. nnmuwﬂmownmeuhmlnmmmmnn.
correlation coefficient (#), and
Mlnyoulvprrms-munmmlp>005].'-u‘mmcmmpso.os."-sbmiﬁcunupsoon

than average winter water temperatures in 1996 dates of Stage | peak abundance in the river showed
(Tables 6 and 7) could have lengthened egg a significant negative relationship (Spearman’s rank-
devciopment time. A comparison between the order correlation coefficient r = ~0.660; p = 0.010).
1983-96 February water temperatures and the annual The later dates of peak abundance in 1996 were also
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Fig. 17. The relationship (functional regression) between the
index of annual Stage | abundance in the Niantic River (a
parameter of the Gompertz function) and estimated annual
egg production from 1984 through 1996

evident for Stages 3 and 4 larvae in the river and
Stages 2, 3, and 4 larvae in the bay. The later peaks
of abundance in 1996 for older developmental stages
could have resulted from a later hatch or possibility
that colder than normal spring water temperatures in
the bay (Table 7) may have slowed larval
developmental rates. The relationship between water
temperature and larval developmental rate s
discussed in more detail below.

Development and Growth

The length-frequency distribution of each larval
stage has remained relatively coasistent since
developmental stage determination began in 1983
(NUSCO 1987, 1988b, 1989, 1990, 1991b, 1992a
1993, 1994a, 1995a, 1996). Stage-specific length-
frequency distributions by 0.5-mm size-classes in
1996 showed some separation in predominant size-
classes by developmenta! stage (Fig. 18). Stage |
larvae were primarily (73%) in the 2.5 to 3.0-mm
size-classes, 91% of Stage 2 were 2.5 to 4.0 mm,
91% of Stage 3 were 4.0 to 7.5 mm, and 83% of
Stage 4 were 6.5 10 8.0 mm. These results were
consistent from year to year and indicated that
developmental stage and length of larval winter
flounder were closely related These data agreed
with laboratory studies on larval winter flounder,
which showed that there were positive correlations
between growth and developmental rates (Chambers
and Leggett 1987, Chambers et al. 1988, Bertram et
al. 1996). This relationship was the basis for the
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esimation of developmental stage from length-
frequency data.

The length-frequency distributions of larvae (all
stages combined) collected in the Niantic River
(stations A, B, and C combined) were different from
those obtained for Niantic Bay (stations EN and NB
combined) in 1996 (Fig. 19). Smaller size-classes
predominated in the river. In 1996, about 79% of
river larvae were in the 3.5-mm and smaller size-
classes, which was similar to the historical (1983-95
combined) length-frequency distribution, showing
81% of larvae in the same size-classes. The size-
class distribution for the bay in 1996 was not
consistent with previous findings (NUSCO 1987,
1988b, 1989, 1990, 1991b, 1992a, 1993, 1994a,
1995a, 1996). For the bay in 1996, the length-
frequency distribution was bimodal with the greatest
frequencies in the 2.5 to 3.0-mm size-classes (30%)
and the 6.5-mm size-class (9%). Typically, the
length-frequency distribution in the bay (1983-95
combined) was unimodal, with the greatest frequency
(12%) at about the 6.0-mm size-class. Small larvae
accounted for only 12% of the total. The length-
frequency-distribution for the bay was described
from a combination of samples collected at stations
EN and NB; a majority of the samples were from EN.
Samples at station EN were collected using a 333-um
mesh net. Previous studies indicated that smaller
larvae, primarily Stage 1, can be extruded through
this size net (NUSCO 1987). Larval extrusion
through net mesh is related the size of the mesh
opening and also may be related to the velocity of
water filtered by the net. Historically (1983-95
combined), about 87% of the Stage | larvae from
station EN were collected in March and April.
During this period in 1996, all collections were made
at the discharges of Unit 2 and 3 under reduced
circulating water flow conditions (Unit | was not
operating). The percentage of nominal circulating
water flow at 100% capacity (Table 5) for the dates
sampled in 1996 during March and April were 47%
for Unit 2 and 24% for Unit 3. Reduced flow
resulted in a lower cross-net water velocity that
appeared to increase the number of Stage | larvae
retained.  Generally, the average flow (as a
percentage of nominal) on sampling dates during
Mach and April from 1983 through 1995 ranged
from about 90 to 100% at all units.

Additional evidence for the greater retention of
Stage | larvae at station EN was the similar estimated
annual abundance at both EN and NB (Fig. 16). A



TABLE 16. Estimaied annual dates of peak abundance of larval winter flounder for each development stage in the Niantic River and Bay and
the number of days corresponding to the 95% confidence imerva! from 1983 through 1996

Year Stage | Stage 2 Stage 3 Stage 4
Nianug River
1983 Murch § (3) March 15 (2) April 18 (1) May 2 (4)
1984 March 7 (5) March 9 (5) April 24 (5) May 19 (10)
1985 Masch 11 (1) March 16 (2) April 25 (3) Mayl6 (7)
1986 February 26 (1) March 11 (5) April 20 (3) May 12 (10)
1987 March 10 (2) March 17 (3) April 20 (2) May 9 (4)
1988 February 29 (1) March 9 (1) April 7 (4) May 1 (5)
1989 March 8 (6) March 12 (5) April 14 (3) May 11 (9)
1990 February 17 (3) February 18 (5) April 21 (2) May 9 (14)
1991 February 27 (3) March 14 (11) April 13 (5) April 29 (3)
1992 March 16 (4) April 6 (3) April 16 (2) May 2 (2)
1993 March 9 (2) March 14 (8) April 11(7) A
1994 March 22 (4) March 31 (5) April 24 (1) May 10 (3)
1995 March 2 (3) March 7 (5) April 20 (2) May 4 (2)
1996 March 4 (6) March 21 (4) April 19 (8) May 17 (5)
Nianuc Bay
1983 . April 7(2) April 23 (1) May 10 (4)
1984 . April 8 (2) May 4 (3) May 25 (8)
1985 . April 1 (4) April 29 (6) May 18 (3)
1986 . April 5 (30 April 28 (3) May 11 (2)
1987 . April 6 (6) April 28 (2) May 16 (4)
1988 . March 24 (3) April 22 (2) May 9 (5)
1989 . April 13 (1) April 23 (2) May 17 (3)
1990 . April 3 (8) April 23 (2) May 7 (5)
1991 . March 28 (5) April 11 (3 April 29 (4)
1992 . April 15 (4) April 30 (2) May 7 (4)
1993 . April 3 (44) May 6 (8) May 23 (11)
1994 . April 14 (2) May 2 (2) May 20 (3)
1995 s April 4 (5) April 21 (4) April 28 (3)°
1996 . April 7 (4) April 30 (2) May 24 (9)

i Due 10 low abundance during the lWJmlthmmmmmamuﬁmdmwm
" Corrected from NUSCO (1996)

review of previous annual length-frequency
distributions for the bay indicated a similar bimodal
distribution in 1985, with peaks occurring at the 2.5
t0 3.0-mm (23%) and the 6.0-mm (1 1%) size-classes.
On collection dates during March and April of 1985
at station EN, the flow at Unit 2 was 48% of nominal;
about one-third of the samples were collected at this
unit. As was found for 1996, Stage | abundance in
1985 at stations EN and NB was similar (Fig. 16).
This suggested that some smaller larvae, primarily
Stage |, may be extruded through the entrainment
sampling net under normal flow and discharge
velocity conditions.  However, for entrainment
impact assessment, the possibie undersampling of

Stage | larvae due to net extrusion was corrected in
production loss estimates that are discussed below.

An increase in frequency of larger size-classes in
the river was not as apparent during 1996 as was
reported in some other years (NUSCO 1987, 1988b,
1989, 1991b, 1992a, 1993, 1994a, 1995a). The
previous findings suggested that some older larvae
were imported into the river. Import of larger size-
classes was als> apparent in the length-frequency
distribution &t a station located in the river mouth
which was sampled in 1991-93 during maximum
flood current (NUSCO 1994a).
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Fig. 19 Length-frequency distribution of larval winter
flounder in the Niantic River and Bay during 1996. (Note
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Length-frequency data from entrainment collec-
tions taken from 1976 through 1996 (station EN)
were used to estimate larval winter flounder growth
rates in Niantic Bay. Weekly mean lengths during a
season formed a sigmoid-shaped curve (NUSCO
1988b). The linear portion of the sigmoid curve
usually occurred in the middle of the larval season
and growth rates were estimated by fitting a linear
model to individual larval length measurements
during this time period. This model adequately
described growth and all slopes (growth rate as
mm-day") were significantly (p < 0.001) different
from zero (Table 17). In addition, mosi intercepts of
the linear regression were about 3, the approximate
size of winter flounder larvae at hatching. Annual
growth rates for station EN were variable and ranged
from 0.048 to 0.100 mm-day”', with 1996 less than
average. To validate this technique, growth rates
were estimated from length data collected at station
NB from 1979 through 1989 (NUSCO 1990); annual
growth rates were highly correlated (r = 089 p <
0.001) with those from station EN.



TABLE 17 AnnudltvdwMﬂWMmMNweB«yues&iMﬁmuhm«wmﬁmdlolcnphdnncollcgudu
station EN from 1976 through 1996. The 95% confidence intervals and mean water temperatures during the first 40 days of the time period are

also given
Time period Growth rate 95% confidence Mean water
Year included” (mm-day ") interval temperature (°C)°
1976 March 21 - May 2 0.100 0098 - 0.102 7.0
1977 April 3 - June § 0.076 0.073-0.079 6.7
1978 March 26 - June |1 0.085 0.052 - 0.056 48
1979 March 25 - June 10 0.058 0.056 - 0.060 59
1980 March 25 - June § 0.060 0.058 - 0.062 59
1981 April § - May-3 | 0.064 0.061 - 0.067 73
1982 March 28 - May 30 0.063 0.060 - 0.066 5.8
1983 March 6 - May 22 0.056 0.054 - 0.058 52
1984 March 25 - May 13 0.069 0.066 - 0.072 64
1985 March 17 - June 2 0.059 0.057 - 0.061 6.0
1986 March 30 - May 11 0094 0.087 - 0.101 76
1987 March 22 - May 17 0079 0.075 - 0.083 7.0
1988 March 27 - May & 0088 0.083 - 0.093 7.1
1989 March 26 - May 7 0.069 0.060 - 0.078 70
1990 March 4 - May 13 0.071 0.066 - 0.076 53
1991 March 10 - April 21 0.059 0.048 - 0.070 47
1992 March 15 - May 3 0.064 0.059 - 0.069 55
1993 February 28 - May 16 0048 0.040 - 0.056 33
1994 March 27 - June 12 0.076 0.070 - 0.082 63
1995 March § - April 30 0.088 0.081 - 0.094 58
1996 March 24 - June 16 0.060 0.056 - 0.063 52

: Time period of the weekly mean lengths used to estimate growth rate

Mwm-%ymm.mumwolwmmmﬁmmklymmlcn.thwumdinmimniumhw.

In laboratory studies, water temperature affected
the growth rate of winter flounder larvae (Laurence
1975, NUSCO 1988b). To examine the effect of
temperature on estimated annual growth rates, mean
water temperatures in Niantic Bay determined using
data collected from continuous recorders in the
intakes of Units | and 2 were calculated for a 40-day
period starting at the beginning of the week when the
first larval length measurements were used to
estimate the annual growth rate (Table 17). The
mean temperatures used may be not be indicative of
the actual annual seasonal water temperatures
because annual starting points varied from February
28 (1993) to April 3 (1977). A positive exponential
relationship was found between growth rate and
water temperature with the point for 1996 falling
nearly on the line described by the relationship (Fig.
20). A similar exponential relationship of tempera-
ture to growth was reported for larval plaice by
Hovenkamp and Witte (1991). If temperature affects
growth rate, then the length of a larva at a specific
time during the season should be related to water
temperatures to which it has been exposed.
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Fig. 20. The exponential relationship between mean water
temperature T (°C) and the estimated growth rate G (mm per
day) of winter flounder larvae at station EN from 1976
through 1996 (G = 0.030 " "*"),

Therefore, the mean length of larvae collected at
station EN during the period of April 1-15 for each
year was compared to the mean March water
temperatures (Fig. 21). Again, there was a positive
relationship with larger mean lengths associated with
warmer March temperatures.
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Fig. 21. The relauonship between annual mean March water
temperature (°C) and the mean length of winter flounder
larvae duning April 1-15 at station EN for 1976 through
1996.

As concluded previously from comparisons of
annual length-frequency distribution and develop-
mental stages, growth and larval development are
closely related. If water temperature affects growth
rates, then it should also affect larval developmental
time. The timing of peak larval abundance should
therefore be related to the rates of recruitment and
loss (including mortality and juvenile meta-
morphosis), which, in tum, would be affected by
larval development. Annual dates of peak abundance
of larval winter flounder collected at EN were
negatively correlated with the mean water
temperature in March and April; earlier dates of peak
abundance were associated with warmer mean water
temperatures (Fig. 22). This agreed with the results
of Laurence (1975), who found that winter flounder
larvae metamorphosed 31 days earlier at 8°C than at
5°C. Annual dates of peak abundance varied by 41
days uuring the 20-year period, possibly because of a
3.6°C difference in the March-April  water
temperature between the earliest (April 13, 1991) and
the latest (May 23, 1978) dates of peak abundance.
The average March and April water temperatures in
1996 suggested a later date of peak abundance than
calculated, but the earlier estimated date of peak
abundance may be related to the grester abundance
of early larvae (i, in Stagel of development),
possibly due to the reduction in net exwusion that
was discussed above. Despite the wide range in
annual growth rates. a consistent relationship was
found between length-frequency distribution and
stage of development (Fig. 18). This was consistent
with laboratory observations of larval winter flounder
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(estimated from the Gompertz function) of winter flounder
larvae at station EN from 1976 through 1996,

as Chambers et al. (1988) found that at
metamorphosis, age was more variable than length
and larval age and length were independent of one
another.

Growth rates were also estimated for Niantic River
larvae using length data from station C with the
methods given above. Station C was selected for this
analysis because all developmental stages were col-
lected there in abundance (Fig. 15). Estimated
growth rates for larvae in the river were generally
greater than for larvae from the bay, with the 1996
rate for river larvae close to average for the 14-year
series (Table 18). A linear model again provided a
good fit and slopes (growth rates as mm-day™') were
significantly (p < 0.001) different from zero. Growth
of larvae in the river was similar to laboratory growth
rates of 0.104 and 0.101 mm-day' at mean water
temperatures of 6.9 and 7.5°C, respectively (NUSCO
1988b).

A laboratory study with larval winter flounder held
at 8°C showed a decrease in growth as prey densities
decreased, suggesting density-dependent growth due
to food availability (Laurence 1977). To examine
density-dependent growth in the Niantic River,
annual growth rate was compared to the abundance
index for Stage 2 larvae. This method also assumed
that prey availability was similar from year-to-year,
The annual index of Stage 2 larval abundance was
the o parameter (Eq. 2) for all three river stations
(Table 18). The abundance of Stage 2 was examined
because during this developmental stage larvae begin
to feed A density-dependent relationship was
apparent during previous years (NUSCO 1990,
1991b, 1992a, 1993), but since 1993 the relationship



TABLE 18 Annual larval winter flounder growth rates in the Niantic River as estimated from a linear regression fit to length data collected at
swation C from 1983 through 1996 The 95% confidence intervals for the Browth rate, mean water temperatures during the first 6 weeks of the
:mmmmmmmmmommzmummcnmmuwuven

Time period Growth rate 95% confidence Mean water Stage 2
Year included® (mm day ') interval temperature (°C)°  abundance index’
1983 March 20 - May | 0.100 0096 -0.104 6.1 749
1984 March 25 - May 6 0.100 0094 -0.105 64 1,501
1985 March 3] - May 26 0084 0.080 - 0.088 & g 4,676
1986 March 23 - May 4 0.109 0103-0115 B8O 176
198~ March 22 - May 10 0.099 0.095-0103 72 829
1988 March 20 - May 21 0.099 0094 -0104 68 4469
1989 March 26 - May 21 0.087 0.082 - 0.092 74 31,976
1990 March 25 - May 13 0.106 0099-0.113 75 368
1991 March 10 - Aprii 28 0.123 0114-0132 69 252
1992 March 15 - May 17 0.088 0083 -0.093 57 1,367
1993 March 7 - May 16 0070 0.065-00758 4] 133
1994 March 20 - May 29 0.072 0068 - 007 47 1,248
1995 March 12 - April 30 0130 01210140 68 2.023
1996 March 24 - May 19 0.096 0.092 - 0.099 6.7 367

1 Timwbdofﬂnmklymmmmmdwmmmm
y mean length used in estimating growth rate

" Mean during & 6-week period starting the week of the first week!

’ nmrﬁmnh(iommfnnambrSwezltvcin"uNimﬁcRim(ﬂnmunmmbmd)

was no longer significant (p = 0.562) when tested
with functional regression. Because there was a
strong relationship between growth and water
temperature in the bay, both Stage 2 abundance and
water temperature were used as independent
variables in a multiple regression mode! to examine
growth rates. Prior to conducting the regression
analysis, it was determined that the two independent
variables were not correlated (Spearman's rank-order
correlation coefficient r = 0.141;, p = 0.631). The
multiple regression including 1996 data was
significant (p = 0.035; r’ = 0.456) with the slopes
being positive for temperature and negative for Stage
2 abundance, although the Stage 2 slope was not
significant (p = 0.141). This relationship suggested
that winter flounder growth in the Niantic River may
be a function of both water temperature and larval
density. The varying results from year-to-year
suggested that factors affecting growth, such as prey
abundance, for which no information was collected,
may be more complex than just water temperature
and larval abundance. Slight declines in growth rate
caused by less than optimal food, unfavorable
temperatures, disease, or pollution leads to longer
developmental times, during which high rates of
mortality have a profound effect on recruitment
(Houde 1987). Food availability and water
temperature appeared to be the two most important

factors controlling larval growth (Buckley 1982).
Although Laurence (1975) demonstrated that the
metabolic demands of larval winter flounder in-
creased at higher temperatures, the growth rate also
increased if sufficient food resources were available,
and other laboratory studies (Laurence 1977
Buckley 1980) showed that larval winter flounder
growth rates depend upon prey availability. In
summary, growth and development of larvae in
Niantic Bay correlated with water temperature, but in
the Niantic River growth may also be affected by
larval density as well as by water temperature.

Mortality

From 1984 through 1996, total instantaneous
mortality (Z) for larvae in the Niantic River from
hatching to just prior to metamorphosis ranged
between 824 and 97.9% (Table 19). Estimated
larval morality in 1996 of 2.96 was greater than the
12-year mean value of 2.67. Based on larval length-
frequency distributions in the river during 1996 (Fig.
19) and previous years, most winter flounder larval
mortality occurred between the 3.0- to 4.0-mm size-
classes. A 74% decline in occurrence frequency was
found in 1996 between these two size-classes, which
included yolk-sac (Stage 1) and first-feeding Stage 2
larvae. This initially large decline was followed by
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TABLE 19 Estimated larval winter flounder tutal instantaneous
mortality rate from hatching to the 7-mm size-class from 1984

through 1996

Abundance index

Newly 7-mm Monality  Instantaneous
Year hatched  size-class (%) mortality rate
1984 6,500 654 899 2.30
1985 13,773 452 967 342
1986 2,483 438 824 1.73
1987 6.480 474 92.7 262
1988 24,561 678 97.2 3.59
1989 19,192 394 979 kR 1
1990 7915 653 917 249
1991 3992 560 865 2.00
1992 8,020 609 924 2.58
1993 1,874 88 953 3.06
1994 "7.270 761 895 2.26
1995 13,088 1,536 B8 3 214
1996 11,151 §76 94 8 296

mean = 2 .69

smaller decreases to the 5.5-mm size-class, indicating
a reduction in the mortality rate. Pearcy (1962)
reported a greater mortality for young winter
flounder larvae (20.7%-day”') compared to oider
individuals (9.1%-day"') in the Mystic River, CT. In
a laboratory study on winter flounder larvae,
Chambers et al. (1988) reported that larval mortality
was concentrated during the first 2 weeks after
hatching. Based on the estimated growth rate in the
river for 1996 of 0.096 mm-day"' (Table 18), a larva
would require about 10 days to grow from 3 to 4 mm.
The decline in abundance between these two size-
classes would be equivalent to a mortality of about
12.6%day ', which is less than the rate reported by
Pearcy (1962) and for the previous 3 years in the
Niantic River, which ranged from 146 t0o 199%
(NUSCO 1994a, 1995a, 1996). Laurence (1977)
found that winter flounder larvae had a low energy
conversion efficiency at first feeding (i.e., Stage 2)
compared to later developmental stages, and that 1t
was probably a “critical period” in larval winter
flounder development. Hjorleifsson (1992) showed
that the ratio between RNA and DNA, an index of
condition and growth rate, was lowest at the time of
first feeding of winter flounder (about 4 mm) and
that these ratios were affected by food availability.
The "critical period" concept, hypothesized by Hjort
(1926), was discussed by May (1974) for marine
fishes. In many cases, the strength of a year-class is
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thought to be determined by the availability of suf-
ficient food after completion of yolk absorption.

Predation may be an important cause of larval
winter flounder mortality. The escape response of
larval winter flounder to predators was studied by
Williams and Brown (1992). They found that escape
response increased with increasing larval size, but
remained slower than that of other larval fishes
examined. Larval winter flounder may be vulnerable
to both fish and invertebrate predators. Although
susceptible to attacks by planktivorous fishes, the
occurrence and abundance of fishes that could
potentially prey on larval winter flounder is low,
particularly during the early portion of the larval
winter flounder season. Most predation is likely by
invertebrate contact predators, such as cnidarians.

Jellyfish predation can affect the abundance of
flatfish larvae. Evidence of a causal predator-prey
relationship on larvae of plaice and European
flounder (Platichthys flesus) by the scyphomedusan
Aurelia aurita and the ctenophore Pleurobrachia
pileus was reported by van der Veer (1985)
However, predation by these species was believed to
only terminate the plaice larval season and did not
ultimately affect year-class strength (van der Veer
1985; van der Veer et al. 1990). Laboratory studies
showed that successful capture of plaice larvae
increased as medusal size of A4 awrita increased
(Bailey and Batty 1984). Pearcy (1962) stated that
Sarsia tubulosa medusae were important predators of
larval winter flounder in the Mystic River and had
greatest impact on younger, less mobile larvae.
Crawford and Carey (1985) reported large numbers
of the moon jelly (4. aurata) in Point Judith Pond, R1
and believed that they were a significant predator of
larval winter flounder. A possible predator of winter
flounder larvae in the Niantic River was medusae of
the lion's mane jellyfish (Cyanea sp.), which was
prevalent in the upper portion of the river at station
A. Marshall and Hicks (1962) also reported that
jellyfish were abundant in the upper river. A
laboratory study showed that winter flounder larvae
contacting the tentacles of the lion's mane jellyfish
were stunned and ultimately died, even if not
consumed by the medusa (NUSCO 1988b).

During 6 of the 14 years (1983, 1984, 1986, 1989,
1990, and 1994), the weekly mean larval abundance
of larvae at station A was negatively correlated (p <
0.05; Spearman's rank-order correlation coefficients
having a range of ~0.736 to ~0.927) with weekly
mean jellyfish volume during the period when both



medusae and larvae were collected. In 1996,
Jellyfish appeared later in samples, although volumes
quickly increased to the average of previous years
(Fig. 23) and peaked later in May. This year,
however, the temporal distribution of jellyfish and
winter flounder larvae overlapped very little. Peak
abundance of winter flounder larvae at station A
occurred from mid-March through early April and
numbers decreased rapidly thereafter. Only a few
larvae were collected in mid-April when jellyfish
were first taken, so the disappearance of larvae at
station A occurred before jellyfish became abundant.
Therefore, the decline in larval abundance in 1996
was likely due to gradual flushing from the upper
portion of the river and not to jellyfish predation.
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Fig. 23 Companson of weekly mean volumes of Cyanea sp.
at station A in the Niantic River during 1983 through 1995
(with 95% confidence intervals) with weekly volumes for
16996

The possibility of density-dependent montality of
winter flounder larvae was examined using a function
(Eq. 4) provided by Ricker (1975) that requires
estimates of annual spawning stock size and larval
recruitment. The annual egg production estimate in
the Niantic River (Table 13) was used as a measure
of spawning stock size. The o parameter from the
Gompertz function fit to the abundance of 7-mm and
larger larvae collected from 1976 through 1995 at
station EN was selected as a measure of larval
recruitment, even though many of these larvae may
be progeny of other spawning ks (see Mass-
balance calculations below) Larvae in the 7-mm and
arger size-classes were used because they would
soon metamorphose into juveniles. A larval recruit-
ment index was calculated by taking the natural
logarithm of the ratio of the a parameter for 7-mm

and larger larvae to the egg production estimates.
This value was plotted against egg production
estimates and the slope determined with functional
regression (Fig. 24). A significant (r = -0.671; p =
0.001) negative relationship was found, suggesting
compensatory mortality. The 1982, 1993, and 1995
data points showed the largest deviation from the
functional regression line, showing poorer
recruitment in 1993 than expected and better
recruitment in 1982 and 1995 The 1996 point was
consistent with this relationship in that a relatively
high larval recruitment index was found following
relatively low egg production. Because evidence
existed that many of the winter flounder larvae
collected at station EN did not originate from the
Niantic River, the compensatory relationship
suggested that annual egg production :stimates for
the Niantic River were consistent with regional trends
n winter flounder egg production.
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Fig 24 The relationship (functional regression) between the
annual winter flounder egg production in the Niantic River
and the larval recruitment index (logarithm of the ratio of the
annual abundance of 7 mm and larger larvae to the egg
production) at station EN from 1976 through 1996

Because the egg production estimate was used in
calculating the larval recruitment index above, a
possibility existed of introducing & spurious
correlation between the independent (egg production)
and dependent (recruitment index) variables.
Therefore, another approach for detecting the
presence of density-dependent larval mortality for the
Niantic River stock was used, where annual larval
mortality rates (Z) from the river (Table 19) were
compared to estimates of egg production (Table 13).
To determine if density-dependent mortality could be
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identified in the larval stage, the values of Z were
compared to egg production estimates. . addition,
the effect of water temperature on larval morality
was examined. A multiple regre.:ion model used
egg production with various combinations of
seasonal water temperature recorded at MNPS. The
combinations included monthly means for March
though May, combinations of March and April and
April and May, and seasonal means for winter
(January-March) and spring (April-June). The best
model indicated that larval mortality increased as egg
production (p = 0014) increased and spring
temperature (p = 0.007) decreased (Fig. 25). This
suggested that density-dependent larval monality
may occur in the Niantic River that is further
moderated by spring water temperatures. The effect
of temperature on mortality may be due to its positive
relationship to rates of larval growth and
development. For example, the low mortality rate in
1995 was likely related to the lowest annual egg
production estimate and relatively warm spring
temperatures and the relatively high rate in 1988 1o
high egg production and cool temperatures (Tables
13, and 19).

Fig. 25.  Relationship between the instantaneous larval
mortality rate (Z) and snnual winter flounder egg production
in the Niantic River and spring (April-June) mean water
temperature (°C) at the MNPS intakes from 1984 through
1996 (Z = 10.10.295 + 0.074.egg production — 0.734spring
waler iemperature ).

106 Monitoring Studies, 1996

Juvenile Winter Flounder
Age-0 Juveniles during Summer

Abundance. Abundance of demersal voung-of-
the-ear winter flounder was determined using a I-m
beam trawl. Aithough beam trawls are much move
efficient than small otter trawls for collecting
Juvenile flatfish (Kuipers et al. 1992), the densities of
young winter flounder reported herein should be
regarded as minimum estimates because of collection
incfficiencies.  For example, using a beam traw!
Berghahn (1986) caught more young plaice at night
in comparison to samples taken during the day and
Rogers and Lockwood (1989) showed that replacing
tickler chains normally used with even heavier,
spiked chains nearly doubled catches. Efficiency of
the NUSCO I-m beam trawl was discussed in
NUSCO (1987, 1990). Large mats of the alga
Enteromorpha clathrata, which hampered sampling
efficiency in the Niantic River during much of 1993
and occasionally in other years, were not found this
year.

In contrast to the high densities of Stages 3 and 4
larvae and metamorphosing young found during
1994 and 1995, larvae were relatively less common
in 1996 (Figs. 15 and 16). Following metamorpho-
sis, numbers of young settling in the Niantic River
were also relatively low in 1996. Densities of about
70 fish per 100 m* were found in mid-June at WA,
but at all other times densities were less than 25 fish
per 100 m’ (Fig. 26). Young winter flounder were
particularly scarce during late summer (August and
September). Unlike most other years, abundance of
young in 1996 was usually greater at WA than at LR
The CPUE abundance index for early summer at LR
(8.8:100m™?) was the lowest of the time-series dating
back to 1983 (Table 20). The index for WA (21.7)
was the fourth lowest The CPUE of 3.0 for the
second half of summer at LR was again the lowest
value for all years sampled there, whereas at WA the
CPUE of 6.2 was only greater than during 1989 and
1993,

Overall, catches at both NR stations were consid-
erably less than during 1995 and the year-class pro-
duced during 1996 was among the least abundant
since 1984 (Fig. 27). A companson of errly and late
season median CPUE values illustrated that initially
strong sets of young during early summer may not
necessarily result in high densities of fish at the end
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Fig. 26. Weekly mean CPUE (£2 standard errors) of age-0
winter flounder taken at Niantic River stations LR and WA
by I-m beam trawl during 1996.

of summer (Fig. 28). These differences were related
to variation in mortality rates (discussed below).
Most fish were produced in the Niantic River during
1988, 1992, and 1995, with year-classes from the
mid-1980s, 1989, 1993, and 1996 particularly weak.

Growth. Increases in mean length over time were
used to express growth of age-0 winter flounder.
During lm.Mmmmmmly
summer with smaller increases observed in biweekly
means during late summer (Fig. 29). Mean lengths
were virtually identical at LR and WA until early
July, when fish at LR began 1o show larger increases.
The difference between mean length of fish at the
two stations was about 20 mm in September. Fast
growth after settiement followed by a rapid decline in
growth rate was reported for young winter fi-.ader
in New Jersey bays by Sogard and Able (199"), who
found nearly imperceptible growth by the time young
reached 50 mm in length. It is likely that growth
compensation occurs in winter flounder where size-
at-age, which may diverge in larval stages, converges
during the early juvenile phase and progressive
declines are seen in size-at-age differences (Bertram
etal. 1993)

Mean length of young at LR during late summer
(July through September) of 1996 was 60 mm, but at
WA was only 47 mm (Table 21). This was the
largest difference in mean length found between the
two stations since 1988, when it was 15 mm. Growth
was probably affected by water temperature, which
increases respiratory and other metabolic demands.
Even though faster growth occurs in warm waters.
optimal growth temperatures for young winter
flounder can be exceeded (Sogard and Able 1992).
Bergman et al. (1988) and van der Veer et al. (1990)
noted that growth of young plaice in northwestern
Europe was not food-limited, but was related to
prevailing water temperatures and the length of the
growing season in different nursery  areas.
Furthermore, fish grew more rapidly on the warmer
nursery grounds in embayments than did fish settling
on cooler North Sea beaches. As noted above, water
temperatures in Niantic Bay during the summer of
1996 were the coolest in 21 years. Some of the
differences in mean lengths noted each year between
LR and WA (Table 21) were also likely due to water
temperature, as WA was generally warmer (ca. 0.5 -
1.0°C) than LR. However, no consistent differences
were found between these stations, with differences
in mean length during some years relatively
substantial (8 - 16 mm), but small (-2 - 4 mm) in
some other years.

Relatively large mean lengths associated with low
abundance in some years and small mean lengths in
years when fish were abundant suggested a
component of growth that was density-dependent.
Numerous acrounts on the growth of age-0 plaice
were inconclusive on the effes  +* density and other
factors influencing g owth. wergman et al. (1988)
and Zijlstra et al. (1982) re-examined reports of
density-dependent growth in British waters by Steele
and Edwards (1970), Lockwood (1972), and Rauck
and Zijlstra (1978). The reviewers concluded that
increases in length corresponded to maximum growth
expected from prevailing water temperatures and that
growth was not density-dependent. Similarly, Pihi
and van der Veer (1992) determined that growth of
young plaice in Swedish bays appeared to be affected
by ambient water temperatures and was not food-
limited. However, Berghahn (1987) and Karakiri et
al. (1989) suggested that food limitation and not
water temperature could have been responsible for
growth differences of plaice observed among
different years within the German Wadden Sea.
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TABLE 20, Seasonal |-m beam traw! median CPUE (number lOOm
and WA) from 1983 through 1996

)ofge#wmnmrumoummunlomhlm River (LR

Median 95% confidence Coefficient
Survey Tows used CPUE interval for of
year' Station Scason” for CPUE estimate median CPUE skewness”
1983 LR Early 30 327 20.0-507 229
LR Late 27 100 80-133 049
1984 LR Early 40 188 16.7-250 063
LR Late 36 63 38-75 0.58
WA Late k ¥ 1.3 §0-175 094
1985 LR Early 40 133 100-163 091
LR Late 32 7.0 60-80 097
WA Early 40 15.0 100-200 081
WA Late 32 90 80-100 070
1986 LR Early 39 338 233-400 033
LR Late 36 138 125178 0.80
WA Early 40 217 125.267 149
WA Late 36 181 150-200 203
1987 LR Early 40 59.2 §33-733 012
LR Late 36 179 125-2617 070
WA Early 40 283 217-383 0.27
WA Late 36 106 60-138 083
1988 LR Early 40 613 525-725% 037
LR Late 36 600 500-70.0 $ A7
WA Early 40 400 325-517 013
WA Late 36 383 333-517 022
1989 LR Early 40 17.5 1.7-217 0.09
LR Late 36 B8 70-113 0.84
WA Early 40 10.0 B3-138 1.16
WA Late 34 55 40-100 0.66
1990 LR Early 40 156.3 1375-187 5 1.08
LR Late 36 200 150-525 1.10
WA Early 40 688 $00-950 0.62
WA Late 36 13.5 100-190 1.20
1991 LR Earty 44 s 517-900 096
LR Late 36 1 183-283 075
WA Earty a4 379 300-433 134
WA Late 36 258 213-317 127
1992 LR Early 40 900 575-1225 116
LR Late 36 281 238-333 051
WA Early 40 746 567-82.5 135
WA Late 36 300 275-328 023
1993 LR Early 20 106 70-150 0.68
LR Late 20 50 Jo-70 115
WA Early 20 50 38-75 257
WA Late 20 55 40-100 077
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TABLE 20. (continued).

Median 95% confidence Coeflicient
Survey Tows used CPUE imerval for of
year" Station Season” for CPUE estimate median CPUE skewness’
1994 LR Early 20 1288 12551725 038
LR Late 20 629 383-750 0.26
WA Early 20 126.3 92.5-1925§ 031
WA Late 20 492 350-55.0 079
1995 LR Early 20 875 525-1400 1.82
LR Late 20 158 120-267 1.96
WA Early 20 116.3 85.0-1375 231
WA Late 20 55.0 283-70.0 0.59
1996 LR Early 20 88 50-15.0 0.27
LR Late 20 3.0 30-60 142
WA Early 20 217 11.7-27% 1.30
WA Late 20 6.2 30-70 1.7
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Fig 27 Early and late summer seasonal 1-m beam traw
median CPUE and 95% confidence interval at Niantic
River stations LR and WA combined from 1984 through
1996
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Fig. 28 Comparison between the carly and late summer
seasonal 1-m beam traw] median CPUEs at Niantic River
stations LR and WA combined from 1984 through 1996

The effects of density (median CPUE during July
and August) and water temperature (cumulative de-
gree-days during the period of May 15 through Sep-
tember 30) on growth (mean lengths achieved during
late summer) at each station were examined using a
multiple linear regression model. Water temperature
did not significantly affect growth. Using functional
regression, growth of young at LR, however, was
found to be significantly (r = -0.587, p = 0.027)
negatively correlated with densities of fish during
late summer (Fig. 30). The relationship between
abundance and mean length was only significant (r =
~0.779. p = 0.005) for station WA if data outliers
from 1988 and 1991 were ~xcluded. The pattern of
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Fig. 29. Weekly mean length (£2 ¢tandard errors) of age-0
winter flounder taken at Niantic River stations LR and WA
by 1-m beam traw| during 1996

abundance for age-0 winter flounder during 1988
was unlike all other years sampled since 1983
Abundance rose to moderately high lcvels by mid-
June and remained fairly level, without the normal
decrease seen in all other years (NUSCO 1989). In
1991, water temperature, as indicated by degree-days
from May 15 through September 30, was the
warmest of the 14-year series, indicating a possible
threshold temperature effect for that year at WA.
The inclusion of data from these 2 years, however,

did not make any difference in the relationship
between density and growth at LR

Other factors found to affect growth of young
winter flounder include physical location and specific
habitat (Sogard 1990, Sogard and Able 1992).
Benthic food production and its availability also may
differ among areas within the Niantic River and
likely changes from year to year. Karakiri et al.
(1989) reported differences in the size of young
plaice of similar age between Wadden Sea estuarine
nursery grounds (larger fish) and coastal waters off
Germany (smaller fish). They suggested that the
differences were due to lower water temperature,
food limitation, or wave action in the waters outside
of the Wadden Sea. Al-Hossaini et al (1989)
reported greater growth for cohorts of plaice that
settled reiatively early in Wales, but these fish also
had higher mortality. Conversely, growth was slower
for late-settling cohorts, but survival was higher,

Mortality. Catch curves constructed from weekly
abundance data by year and station were used to
obtain estimates of monthly instantaneous mortality
rate (Z,,). This method assumed that young
comprised a single-age cohon throughout the season.
With some exceptions, the catch curves generally fit
the data well with relatively high r* values found,

TABLE 21 Comparison of the mean lengths of age-0 winter flounder taken at stations LR and WA in the Niantic River duning late July

through Sepiember of 1983 through 1996

Mean length’® in mm by station and year:

66 ) W 838 a____56 55

LR LR LR LR LR LR LR WA
83 93 96 K4 89 8s 91 91

Mean length by station and year (continued)

47 47 46 46 45 44 4

sl 5l sl 50

4] 42 42 42 40

WA LR WA WA
93 B8 L1} 89

LR WA WA LR LR LR WA LR
92 96 87 95 86 87 2 90

Difference in mm between the late seasonal means at LR and WA

Year k4 85 86 87 B8
Difterence (LR - WA) 16 15 “ -2 0

WA WA WA WA LR WA WA
R4 85 90 86 94 94 95

9% 91 2 93 94 95 96
I I “ 10 | L] 13

* Means joined by underlining are not significantly (p s 0.05) different from each other, as determined by analysis of variance and Duncan's

multiple-range test.

110 Monitoring Studies, 1996



E Station LR
: of . r = 0587
L “- . p=0027
w M' o,.‘. .
§ o

50~ . .

45~ —

40- .
(R |1 ——— P ey )
. 0 10 20 30 40 S0 60 70

LATE SUMMER MEDIAN DENSITY
E Station WA
z 66~ 91X r=0779
3 p=0.005
g 50~ ¢ "
= : .
; 45~
3 . *

@ . LA ™

40~
|~ 2
P35y , ' v Yoy
o 0 10 20 30 40 50 60

LATE SUMMER MEDIAN DENSITY

Fig. 30. The relationship {functional regression) between
the density (median catch per 100 m’) and mean length of
age-0 winter flounder during late summer (August-
September) at stations LR and WA in the Niantic River.
For WA, data points designated by an ‘x' for 1988 and
1991 were not included in the regression.

particularly for 1994 and 1995 (Table 22). The r*
value of 0.47 for station LR in 1996 was the lowest
determined since 1984 and was indicative of
relatively high variance in abundance this year. No
mortality estimates ‘were made for LR and WA
during the high abundance year of 1988 as slopes of
these catch curves were not significantly different
from zero as they were for WA in 1986, 1993, and
1996 because of considerable variation in weekly
abundance. The Z,, estimate for station LR in 1996
was 0.504 (equivalent to a survival rate Spo 0f 604
Long-term averages of Z, at LR and WA were
0.631 and 0.557, respectively, equivalent to survival
rates of 53.2% and 57.3%. Montality estimates for
Niantic River winter flounder were usually greater
than the equivalent Z, value of 0.371 reported by
Pearcy (1962) for the Mystic River, CT estuary, but
were similar to various estimates (0.563 - 0.693)
made for young plaice in British coastal embayments

(Lockwood 1980; Poxton et al. 1982; Poxton and
Nasir 1985, Al-Hossaini et al. 1989). Annual
vanation in mortality rate resulted in the differences
observed in year-class abundance for Niantic River
winter flounder. Notably, little observed mortality in
1988 meant that a modest set of young resulted in a
relatively strong year-class, whereas high mortality
during early summer in 1990 and 1994 reduced
initially high numbers considerably by late summer
in both years.

During 1988-92, when both areas were sampled,
mortality of young was much greater at two stations
sampled in Niantic Bay than in the Niantic River
(NUSCO 1994a). Except for a station Just outside
the mouth of the Niantic River in 1988, no young
were found in Niantic Bay following mid-summer.
Even in 1988, however, densities at the Niantic Bay
station in late summer were only 10 to 15% of those
in the river. High natural mortality of young winter
flounder in Niantic Bay was the probable reason for
declines in density following larval metamorphosis
and seftlement to the bottom, rather than from off-
station emigration. Because of the apparent lack of
production of young in Niantic Bay in comparison to
the Niantic River, no further sampling was conducted
in the bay.

The cause of high mortality shortly before or after
settlement of young in the Niantic River has not been
investigated. Of all life stages of marine fishes, least
is known about larval and early juvenile stages, yet
this is likely where relative year-class strengths are
determined (Sissenwine 1984; Bailey and Houde
1989). Predation by caridean shrimp (Crangon spp.)
has been suggested as the cause of high mortaliry
after metamorphosis for both winter flow _der
(Witting and Able 1993, 1995) and plaice
(Lockwood 1980; van der Veer and Bergman 1987;
Pihl 1990; van der Veer et al. 1990; Pihl and van der
Veer 1992). Vin der Veer et al. (1990) speculated
that, in general, predation by crustaceans on young
may be a common regulaiory process for flatfishes.
Witting and Able (1993, 1995) found that the size of
age-0 winter flounder significantly affected their
probability of predation by sevenspine bay shrimp
(Crangon septemspinosa), with predation greatest at
settlement for the smallest fish. Mortality decreased
with size and young apparently outgrew predation by
shrimp when they reached 17 to 20 mm in length,
which meant that fish would have to double in length
after settlement before attaining a size refuge from
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TABLE 22 Monthly instartaneous total mortality rate (Z) estimates as determined from catch curves for age-0 winter flounder taken at two

stations (LK and WA) in the Niantic River from 1984 through 1996

Standard Standard
Year Station o' slope” error r Station n’ slope” error '
1984 LK 16 {).129 ¢+ 0017 080 WA B - . -
1985 i5 D 118 ** 0015 082 16 (084 ** 0023 0.51
1986 15 A0.127 *» 0012 089 & P . .
1987 15 <0108 ** 0.021 067 16 .139 *» 0016 084
1988 19 NS - " 19 NS - .
1989 12 «().154 ** 0.022 084 13 <) 145 * 0028 0N
1990 i3 4 .322 ¢* 0.028 092 15 «0.235 ¢+ 0028 0.84
1991 18 <0 140) ** 0016 0.82 18 <0 049 *» 0011 054
1992 18 {.129 ** 0.019 074 16 <0.112%* 0.009 091
1993 9 0.087 ¢ 0.028 0.57 i0 NS . -
1994 9 D110 °** 0008 096 9 <0124 *+ 0.020 084
1995 9 <0.203 ** 0010 098 9 «0.138 ** 0018 089
1996 9 L1116 0.046 047 8 NS - .
Monality (Z,,,) Survival (S,,) Montality (Z,,) Survival (5,,.)

1984 LR 0.560 57.1% WA . -
1985 0512 59 9% 0363 69 9%,
1986 0552 57.6% o~ .
1987 0.469 62.6% 0.604 54.7%
1988 - - . -
1989 0 669 51.2% 0.630 $3.3%
1990 1.398 24.7% 1.021 36.0%
199) 0608 54 4% 0213 80 8%
1992 0.560 57.1% 0 486 61.5%
1993 0377 68 6% » -
1994 0476 62.1% 0538 58 4%
1995 (0B83 41.4% 0.600 54 9%
1996 0504 60 4% - .

Mean 0.631 53.2% Mean 0.557 5§7.3%

sD 0272 SD 0235
cv 43% cv 42%

" Weekly sampling during 1984-92 and biweekly sampling during 1993.96 WA was not sampled in 1984
* Probability leve! that the slope of the catch curve differs from zero is shown
NS - not significant (p > 0.05), * - significant at p < 0.05, ** - significant at p < 0.0]
* Although having a significant siope, the caich curve for 1986 at station WA did not provide a reliable estimate of Z because of considerable

variation in weekly abundance

shrimp. Predation was also related to shrimp density
and steadily increased until reaching an asymptote at
shrimp densities > 10.6:m™ (Witting and Able 1995).
Therefore, the duration of time spent in a vulnerable
size range, which is related to growth rate, affects the
vulnerability of young winter flounder to predation
by shrimp and other organisms. Variation in growth,
which can depend upon specific location of settling,
specific habitat within a location, or

(Sogard 1990; Sogard and Able 1992) may have
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significant implicatiuns for young winter flounder
survival after metamorphosis.

Recruitment of many fishes is greatly affected by
density-dependent processes occurring during their
first year of life following the larval stage (Bannister
et al. 1974, Cushing 1974; Sissenwine 1984:
Anderson 1988; Houde 1989, Myers and Cadigan
1993a, 1993b). Bannister et al. (1974), Lockwood
(1980), and van der Veer (1986) all reported density-
dependent mortality for young plaice, although



examination of their findings indicated that greatest
rates of mortality occurred only when extremely
large year-classes of plaice were produced (three to
more than five times larger than average). High (>
2m"”) densities of young winter flounder at LR
during 1990, 1994, and 1995 produced the steepest
declines in abundance at that station. However,
mortality rate at WA was also high in 1990, despite
having only moderate densities of young there.
Furthermore, mortality rates during 1994 and 1995 at
WA were about average, despite having the highest
observed abundances at that station. Estimated
production of young was high in 1988 because of
apparently very low mortality, but no sharp peaks in
abundance were observed that vear and densities
generally remained below I'm”  Thus, the
relationship between density and mortality rate for
young winter flounder may be subject to considerable
variability (i.e., regulatory mechanism not well-
established). Mortality rates for demersal age-0
winter flounder only occasionally (e.g., 1988, 1990)
showed large deviations from average. However,
these occurrences, in addition to events occurring
during the larval phase of winter flounder life history,
determine the potential for a year-class to become
exceptionally strong or weak.

Age-0 Juveniles during Late Fall
and Early Winter

As water temperatures decrease in fall, young
winter flounder disperse from shallow waters near
the shoreline to deeper waters and become
susceptible to the otter trawl used in the year-round
trawl monitoring program (TMP). Young are first
regularly captured by trawl at the two shallower
inshore stations (NR and JC) adjacent to inshore
nursery grounds in November, the near-shore Niantic
Bay stations (IN and NB) in December, and at the
deeper-water stations in LIS (TT and BR) in January.
A A-mean (NUSCO 1988c) index of relative
abundance was developed for these age-0 fish using
TMP catch data, beginning with the months given
above and continuing through the end of February.
In January 1996, stations BR. TT, and NB were
deleted from the TMP (see Fish Ecology section).
Therefore, sample size was reduced from 42 for
1976-77 through 1994-95 10 28 for 1995-96.

The months of November through February form a
transitional period that follows the 1-m beam trawl

sampling of young in summer and precedes the catch
of this cohort of fish as age-1 juveniles during the
intensive late Februarv-early April adult winter
flounder survey in the Niantic River. Based on the
availability of data for this report, the most recent
A-mean CPUE is for the 1995 vear-class (Table 23).
The A-mean CPUE of 4.£ for 1995-96 was the lowest
of the time-series, which was unexpected, given the
relatively high abundance o° the 1995 year-class
(Table 20; Fig. 27). In 1994-95, the A-mean CPUE
of 31.7 did reflect the strong 1994 year-class,
however. Also in recent years, strong production of
young in 1988 and 1992 as well as the weak 1993
year-class were also evident in the corresponding
A-means 0f 29.6, 31.1, and 7 4, respectively.

Since 1983, when data were first available from
Niantic River beam traw| sampling, the fall-early
winter A-means were compared to a |-m beam trawl
median CPUE from late summer using data
combined from both stations LR and WA {Fig. 31).
These abundance indices track each other closely and
are significantly correlated (Spearman’s rank-order
correlation coefficient r = 0.6667, p = 0.0171). The
relationship between the TMP A-mean CPUE and the
A-mean CPUE of winter flounder smaller than 15 cm
taken in the Niantic River during the subsequent (late
February-early April) adult winter flounder survev
(see below) was negative (r = ~0.3524; p = 0.1275;
Fig. 32), although no longer significant with the
inclusion of data from this year. More Jjuvenile
winter flounder of the 1985 and earlier year-classes
were taken in the river than at the six TMP stations
(five of which are outside of the Niantic River)
during the preceding months. Since the 1988 year-
class was produced, abundance of young has been
higher in the TMP, with the exception of the 1993
and 1995 year-classes, when smaller differences were
observed. The reason for the relative shift in
magnitude for these abundance indices is unknown.
The numbers of young taken during late fall and
carly winter by the TMP should be a predictor of
age-| fish abundance in the Niantic River during late
winter and early spring. However, this presumes that
the relative distribution of fish both inside and
outside the river remains constant each vear, which
likely does not occur.

Relationships among abundance indices of Juvenile
winter flounder may have been obscured by
differences in sampling gear used and variations in
fish behavior in response to environmental
conditions. Major biases in abundance estimation
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TABLE 23. The late fall-carly winter scasonal’ A-mean CPUE® of

vicinity of MNPS from 1976-77 through 1995-96.

age-0° winter flounder taken at the six trawl monitoring stations in the

Surwiy year' Number of samples Non-zero observations A-mean” 95% confidence interval
1976-77 42 36 61 20-103
1977.78 42 38 51 23.79
1978-79 42 36 42 20-64
1979-80 42 38 42 22-6.2
1980-81 42 39 10.1 43.159
1981-82 42 39 y | 26-125
1982-83 42 3 196 90-303
1983-84 42 39 66 32100
1984-85 42 35 74 1.7-13.1
1985-86 42 39 81 44.117
1986-87 42 39 1.7 34-.199
1987-88 42 4| 48 21-75
1986-89 42 4] 296 118-473
1989-90 42 42 1.3 67-159
1990-9| 42 40 217 67-368
1991-92 42 4] 190 76-303
1992.93 42 39 311 74-548
1993-94 42 38 74 34-114
199494 42 4] 317 73-56.1
1995-96 28 25 48 10-86

* Data restricted during 1976-77 through 1994-95 1o November-February for NR and JC, December-February for IN and NB. and Janus
February lovﬁmdsllmddam;l”S%wNwm-FMMNRmJCMDe«m-FMt«IN.
r Cachmmmoro.wkm(neMWndMMofFMEwlmumon)

g Fotue-ot‘m.d\eyes-dnultnmumeﬂmm.im

can arise from size selectivity of the gear, spatial
distribution of individuals in relation to the gear, and
behavior of fish in the vicinity of the gear (Parrish
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Fig. 31 Comparison between the late fall-carly winter

scasona!l A-mean CPUE (solid line) of age-0 winter floun-
der (all traww! monitoning program stations) and the 1983-
95 late summer Niantic River (stations LR and WA com-
bined) age-0 1-m beam trawl median CPUE (dashed line)
for the 1976-95 year-classes.
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1963). Mean lengths of age-0 winter flounder taken

by otter trawi in fail were usually about 15 to 25 mm

larger than those taken during the immediately
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Fig. 32. Comparison between the late fall-carly winter
scasonal A-mean CPUE (solid line) of age-0 winter floun-
der (al! trawl monitoring program stations) and the Niantic
River (stations | and 2) spawning survey A-mean CPUE
(dashed line) of winter flounder smaller than 15 cm for the
1976-95 year-classes



preceding months by |-m beam trawl. This size
differenc: was greater than would have been
expected from growth zlone and suggests that CPUE
indices were biased because smaller individuals were
excluded from the catch. Differences in sizes
achieved by age-0 winter flounder each year (Table
21) may have differentially biased the trawl
sampling. The fixed locations of the otter trawl
sampling stations in relation to the habitat available
to juveniles also may have affected catches and the
reduction in the offshore TMP stations muy also have
affected the comparisons.

Movements of small juveniles were probably
influenced by factors such as water temperature and
tide. Moreover, their availability to sampling gear in
fall and winter appeared to have varied from week to
week and year to year. Relatively large Cls around
the A-mean CPUE values were probably a
consequence of this variation. In contrast, variation
was less in data collected during summer by the
relatively efficient |-m beam trawl Furthermore,
sampling in summer occurred weekly or biweekly
during the same tidal stage and in areas known to be
preferred habitat of young winter flounder. F inally, a
mixture of juveniles from a number of sources most
likely was present throughout LIS during the winter,
which would have influenced measures of abundance
because of potential variable contributions from
different stocks. These factors all contributed to
weakening the strength of correlations among
Juvenile winter flounder abundance indices.

Age-1 Juveniles during Late Winter

Small (<15 cm)winter flounder, which include
mostly age-1 fish spawned during the previous year,
are incidentally captured each year during the
February-April adult winter flounder surveys in the
Niantic River. As for the adult CPUE, because of
increasing percentages of tows with no fish smaller
than 15 om (Fig. 33), the annual age-i juvenile
winter flounder abundance index was changed from a
median to a A-mean estimator this year. During
1996, 58% of the tows made throughout the Niantic
River and 45% of the tows made in the river channel
had no small winter flounder, by far the largest
nubers of zero catches. Also, before calculating
CPUE, adjustments were made to the catch data that
were similar to those previously discussed for adult
fish. In some annual comparisons, data were
restricted to stations | and 2 in the navigational

] Winter flounder < 6 cm
& s0-
s 40- — NRchannel
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Fig. 33 Percentage of tows with no fish smaller than 15
em collected in the Niantic River at ali stations or in the
navigational channel (stations | and 2) by year from 1976
through 1996

channel (Fig. 2) because the distribution of small
winter flounder generally varied more so than for
adult fish and, moreover, no tows were made in the
upper river from 1977 through 1980. The A-mean
CPUE was highly correlated (Spearman’s rank-order
correlation coefficient r = 0.9786; p = 0.0001) with
median CPUE values (Fig. 34). The A-mean index
was slightly greater in magnitude than the median for
all years, with largest differences occurring during
1976-83.

The A-mean CPUE for age-1 juveniles taken in the
navigational channel of the lower Niantic River
during 1996 was 1.6, the lowest value of any year
since 1976 (Table 24). When tows from throughout
the river were considered in the calculation, the
median CPUE was 0.8, which again was a series low
and continued the trend in relatively small CPUE for
this time-series (Tabie 25).

Winter flounder < 1 cm
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Fig 34 Comparison of annual mediar and A mean CPUEs
ior winter flounder smaller than 15 cm taken in the Niantic
River at stations 1 and 2 from 1976 through 1996,
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TABLE 24 Annual 9.1-m otter raw! adjusted A-mean CPUE® of winter flounder smaller than lSem"tdwninlh:mnmiondchmml of the
lower Niantic River during the 1976 through 1996 adult population abundance surveys

Weeks used Tows Adjusted A-mean 95% confidence
Survey for CPUE acceptable number of Non-zero CPUE Standard interval for
year computation‘  for CPUE* tows used”  observations estimate ervor A-mean CPUE
1976 7 98 154 152 252 19 215-289
1977 6 166 228 22 263 28 209-31.7
1978 6 129 156 152 325 43 241 -409
1979 5 107 135 134 667 86 499.834
1980 5 110 145 144 $7.2 49 477 -667
1981 7 93 140 140 862 74 71.7-1007
1982 5 50 70 70 5§74 104 370-778
1983 ? 77 7”7 76 825 64 399.650
1984 7 72 7 76 250 8 196-304
1985 ? 82 L2 L5 340 37 267-413
1986 ¢ 72 119 109 60 06 48-7.1
1987 5 4] 50 44 66 09 49-83
1988 6 49 54 52 170 31 110-231
1989 6 50 56 50 10.6 19 69-143
1990 7 65 91 88 147 19 109185
1991 6 45 60 56 74 1.2 50-98
1992 7 38 49 44 119 21 78-16.1
1993 ? 36 49 45 6.6 1.0 46-85
1994 4 2 24 24 §6 1.3 31-81
1995 6 39 54 50 64 1.1 43-84
1996 6 49 60 8 1.6 03 10-22

o Cachpevmdudmdww(auMuﬁmmMeM).diﬂmﬁomNUSCO(lM)mMimCPUEwanplmdbynmu

the index of abundance

* Mostly age-| fish. predominant age-class was produced | year before the survey year
. Eﬂmequdimdmgmh.duﬂn.uv«dymwubwhhvm lowcﬂoﬂwmnotwdhtmpumgcrua

* Only tows of standard time or distance were considered.

Distribution of juvenile winter flounder largely
influences their availability to sampling and
apparently differs from year to year, probably as a
result of variable environmenta! conditions, which
includes water temperature and winter storm events.
The relative abundance of small winter flounder has
not been consistent between Niantic Bay and River
from year to year (NUSCO 1993). A A-mean CPUE
was computed for winter flounder smaller than 15 cm
taken by the TMP from January through April at
stations outside of the Niantic River (five yor 1976-
95, two, IN and JC, for 1996). This time span
overlapped the spawning period and also served to
increase sample size. The TMP A-mean was then
compared to the A-mean CPUE for fish found within
the river during the spawning season (Fig. 35).
Generally, the catch of age-1 winter flounder in the
winter and early spring fluctuated less outside than
inside the Niantic River. As the number of age-|
winter flounder in the river declined to low levels in
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recent years, relative abundance of these fish in
Niantic Bay has increased. Except for 1988, the
CPUE of fish found in the bay from 1986 through
1996 was greater than that of fish taken in the river.
The catch outside the river in 1995 was the highest of
the time-series, indicating that most fish from the
strong 1994 year-class did not remain within or re-
enter the Niantic River during the spawning season.
However, the low CPUEs both inside and outside the
river during the fall and winter of 1995-96 did not
appear to reflect the relative abundance of fish
produced in the Niantic River during 1995

A small CPUE value determined for the Niantic
River may not necessarily represent low abundance
of a year-class. Even a relatively small increase in
catch for the much larger geographical area of
Niantic Bay and nearby LIS could account for a low
abundance index in the river as fish dispersed from a
relatively confined area to more open waters. As a
result of the differential distribution and abundance



TABLE 25. Comparison of annual 9 1-m otter traw! adjusted A-mean CPUE® of winter flounder smaller than 15 cm® taken in the navigational
channel of the lower Niantic River with those caught throughout the entire sampling area of the river during the 1976 through 1996 adult

population abundance surveys
Navigational channe! oply: Entire arca of river sampled.
Adjusted A-mean Adjusted A-mean
Survey number of Non-zero CPUE number of Non-zero CPUE
year® tows used”  observations estimate tows used” observations estimate
1976 154 152 252 224 219 205
1977 228 222 263 Insufficient tows made in upper river
1978 156 152 325 Insufficient tows made in upper river
1979 13§ 134 66.7 Insufficient tows made in upper river
1980 145 144 5§72 Insufficient tows made in upper river
1981 140 140 86.2 231 22§ 455
1982 70 70 574 150 149 278
1983 77 76 52.5 238 230 249
1984 77 76 250 287 2N 104
1985 B84 L2) 340 280 2N 187
1986 119 109 6.0 336 301 64
1987 S0 a4 66 239 168 42
1988 54 52 17.0 312 281 65
1989 56 50 106 271 246 87
1990 91 B8 147 315 255 s
1991 60 56 74 330 263 24
1992 49 44 119 406 327 40
1993 49 45 66 92 312 31
1994 24 24 56 212 163 29
1998 54 S0 64 342 232 1.8
1996 60 38 1.6 342 139 08

* Catch per standardized tow (see Materials and Methods) differs from NUSCO (1996) because median CPUE was replaced by a8 A-mean as

the index of abundance

" Mostly age-1 fish; predominant age-class was produced | year before the survey year
’ Eﬁoﬂequﬁ.ndmm;mb.dmngnmﬂymwﬂswﬁhmloweﬁonmnolmdformnp\ningCPUE Only tows of standard

time or distance were considered
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Fig 35. Comparison between the annual January-April
A-mean CPUE (solid line) at all trawl monitoring program
stations except NR and the Niantic River (stations | and 2)
spawning survey A-mean CPUE (dashed line) for winter
flounder smalier than 15 cm from 1976 through 1996.

of age-1 juveniles, perhaps as a result of variable
environmental conditions influencing their behavior
and availability to sampling, the abundance indices
determined from data taken during the TMP and the
adult spawning surveys remain generally unreliable
predictors of future population size. For example,
the low abundance of juvenile winter flounder found
during the fall-winter season of 1995-96 may have
been the result of their movement into deeper water
beyond the sampling stations because of colder water
temperatures that occurred during these months
(Table 6)

Comparisons among Life-Stages
of Winter Flounder Year-Classes

Abundance indices for various life-stages of the
1976 through 1996 year-classes of Niantic River
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winter flounder given previously in this report are
summarized in Table 26. Coefficients of variation
(CV) were used to examine annual variability in
these abundance indices (Table 27). Changes
(mostly incrzases) from CV values given in NUSCO
(1996) differed by 7% or less. Variability in
ab. dance was lowest (CV = 70%) for the number of
females spawning in the Niantic River and for
associrted egg production (64%). In the first three
aduit female age-classes, variability decreased from
age-3 (102%) to age-4 (84%) and age-S (81%). This
likely reflected variation in recruitment of year-
classes as well as variable numbers of immature
ages-3 and 4 fish present in the river each year.
Miller et al. (1991) noted that interannual variability
of many flatfishes appeared to decrease with age.
CVs for larval abundance indices were 75% for
Stage 1, 92% for Stage 2, 98% for Stage 3, and 155%
for Stage 4. The o parameter for Stage 4 larvae in
1995 was about 3.75 times larger than the next
highest value and, as a consequence, the CV for this
measure of abundance nearly doubled from a value

of 78% determired in 1994, Variability in winter
flounder abundance decreased to 82% foliowing
larval metamorphosis and settlement of demersal
young, but became relatively higher (95%) for age-0
young in late summer, illustrating effects of variable
mortality rates during this life stage. The CV
decreased to 74% after young left shallow inshore
waters during fall and early winter. Another increase
was secn in CV for age-1 juveniles in the Niantic
River during the adult surveys (CV = 93%) that was
probably related to the previously discussed annual
differences in distribution related to behavior as
much as from actual variation in y=ar-class strength.
Greatest variation in abundance during early life
history was expected for Stage 2 larvae, because
much of the compensatory mortality was believed to
occur during this stage of development. However,
considerable variation was apparent in other larval
and juvenile life history stages, which indicated that
compensation likely takes place throughout the early
life history of winter flounder.

TABLE 26 Comparison of indices of abundance of various life-stages of winter flounder for the 1976 through the 1996 year-classes”

I " - I . |
Female  Annual Niantic River stations (Feb-Jun) MNPS  Lower  Lower Riverbay Age-|

Year- spawners  egg Stage |  Stage2 Stage3  Stage d (EN) nver river  A-mean CPUE

class  (Feb-Apr) prod Gmm) GSmm) (6mm) (7.5mm) (27 mm) (May-Jul) (Aug-Sep) (Nov-Feb) (Feb-Apr)
76 - - . - - 854 . - 6.1 263
7 889 3942 . B - 567 - . 51 325
78 1415 716.2 . - . - 754 - - 42 66.7
79 1,129 5357 B - - - 641 - . 42 572
80 916 4250 . . - 845 . - 10.1 86.2
8l 2,683 1,3823 561 - - 7.2 574
82 2,756 15944 . - . 610 . . 196 528
g3 1,873 1.081.2 . 749 40K 56 1,215 327 100 66 250
84 872 5007 2,601 1,501 573 67 917 188 63 74 340
RS 931 564 9 6,260 4,676 S84 35 312 133 70 81 60
86 654 436 | 1,279 176 301 24 510 338 138 1.7 606
87 852 5309 3218 829 1,036 48 318 §92 179 48 17.0
88 1,278 8657 14.49) 4,469 1,531 210 419 613 600 296 10.6
89 983 7154 12,463 3,976 589 7 327 17.5 B8 13 147
90 580 3701 4728 355 258 57 S08 1563 200 217 74
91 1,060 6387 3.248 252 343 12 439 7.8 217 190 119
92 533 3907 4% 1,367 2,33% 195 1,003 90.0 281 3 6.6
93 27 2234 1,187 133 i 6" 130 10.6 5.0 74 56
94 507 3294 3.692 1.248 429 90 £34 128 8 629 317 64
95 218 1693 5,580 2,023 2615 787 1.804 87.¢ 158 48 1.6
96 97 820 4,373 3,677 265 31 462 L3 30 B .

» Differs from NUSCO (1996) for female spawners and annual egg production because of ch

CPUE because median CPUE was replaced by a A-mean as the index of abundance.

" An approximation based on cumulative geometric weekly means. Gompertz function could not be fit to the data as
collected during 2 weeks of sampling
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TABLE 27 Coefficients of variation (CV) of annual abundance indicus” for various life stages of Niantic River winter flounder

“

Number of

Life stage Abundance index used observations

Female spawners
Age-3 females

Annual standardized catch 29
Annual standardized catch 18

Age-4 females Annual standardized catch 17

Age-5 females Annual standardized caich 16
Eggs Egg production index 20
Stage | larvae a parameter of Gompertz function 13
Stage 2 larvae a parameter of Gompertz function 14
Stage 3 larvae a parameter of Gompertz function 14
Stage 4 larvace « parameter of Gompertz function 14

Age-0) young
Age-0 young
Age-0 young
Age-l juvealles

Median CPUE at station LR (May-July) 14
Median CPUE at station LR (August-Sept) 14
Fall-winter A-mean at traw! stations
A-mean CPUE of fish < 15 em in Niantic River 20

-
P4

" Indices used correspond Lo those given on Table 26, except for age-3 through age-S females

Rothschild and DiNardo (1987) reported a median
CV for recruitment indices of various marine fishes
of 70%, although various flatfiskes had CV values
mostly less than 75%, which is consistent with values

of Niantic Rive. winter flounder The CV of

European flounder abundance decreased from 172%
(n = 9) in the larval stage to 99% (n = 8) in newly
settled young to 80% (n = 8, 12) in young during
September and again at age-1 (van der Veer et al
1991). As summarized by van der Veer (1986), the
highest CV for yearly abundance estimates of
different life stages of plaice in The Netherlands
occurred during larval development in late winter (n

4, CV = 95%) and at first settlement of pelagic
juveniles in spring following larval metamorphosis
and settling (9, 62%). Smaller vanation was found in
post-larval young during mid-summer (9, 30%) and
age-2 recruits (9, 35%), which is less than was found
for winter flounder. He attributed the decline in
variation of abundance for older juveniles to a
density-dependent  regulatory mechanism  that
operated during and shortly after larval settlement
Van der Veer (1986), van der Veer and Bergman
(1987), and Bergman et al. (1988) noted that
recruitment variability in plaice found in The
Netherlands was stabilized between years as a result
of density-dependent regulatory processes (i.e.,
shrimp predation) on newly metamotphosed fish. In
contrast, year-class strength of plaice in Swedish
bays veried 1o a greater degree (CVs = 67-118%),
which was thought to be related to temperature
effects during the larval stage and more variable

crustacean predation on newly metamorphosed
young in more northerly waters than The Netherlands
(Pihl 1990; Pihl and van der Veer 1992). Thus,
population regulation in flatfishes may be coarsely
determined in earliest life history by variable survival
of eggs and larvae and then fine-tuned by density-
dependent mortality of newly metamorphosed
juveniles (van der Veer and Bergman 1987)
Relationships among abundance indices of winter
flounder for the same year-class are of interest for
impact assessment Knowledge of the earliest
possible measure of relative year-class strength is
desirable because it enables predictions of future
recruitment to the adult stock, thus providing an early
waming of decreases in stock abundance. If indices
for all life-stages are assumed to be accurately and
precisely measured each year, they should be
correlated after applying appropriate time lags,
except when processes such as density-dependent
mortality or size-selective fishing result in a lack of
colinearity between two consecutive life-stages
Indices of female spawners and egg production were
highly correlated (Spearman’s rank-order correlation
coefficient r = 09264, p = 0.0001), which was
expected because calculation of the latter included
female spawner abundance as part of the
methodology of estimation (Table 28). Significant or
near-significant correlations were also found among
most larval stage abundance indices. Niantic River
Stage 4 larval abundance was aiso significantly
correlated with age-0 juveniles collected during early
(r=06528,p=0.0114) and late (r = 0.6747, p =
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TABLE 28. Matrix of Spearman’s rank-order comelations among
indices refer to adults or larvae collected in the Niantic River, ex

various winter flounder spawning stock and larval abundance indices  All
upﬂmlmaﬂmndluwukcnuunMNPSdhchn'e

Adult egg Stage | Stage 2 Stage 3 Stage 4 Larvae (27 mm) at
Index* production larvae larvae larvae larvae MNPS discharge
Female 0.9624" 0.2967 0.1253 0.1736 0.1692 00211
spawners 0.000] ** 0.3249 NS 0.6696 NS 05528 NS 0.5630 NS 09298 NS
20 13 14 14 14 20
Aduit egg 0.3462 0.1692 0.2571 0.1692 <0.0767
production 0.2466 NS 0.5630 NS 0.3748 NS 0.5630 NS 07479 NS
13 14 14 14 20
Stage | 08187 0.5934 0.5879 0.0165
larvae 0.0006 ** 00325+ 00346 * 09574 NS
13 13 13 13
Stage 2 06176 0.3626 -0.0550
larvae 0.0186* 0.2026 NS 0.8520 NS
14 14 14
Stage 3 06967 0.2440
larvae 0.0056 ** 0.4006 NS
14 14
Stage 4 04593
larvae 0.0985 NS
14

. Indlmmedootmpondwﬂmpmonhblesumn
. mmmmmmmnmmmm:mmm
correlation coefficient (r),

probability of a larger » (NS - not significant [p > 0.05), * - significant at p < 0.05, ** . significant at p < 0.01), and

number of annual observations (sample size)

0.0081) summer (Table 29). Age-0 juvenile abun-
dance during late summer and late fall-early winter
was also correlated (Table 29; Fig. 31). The densities
of larger (2 7 mm) larvae collected in entrainment
samples at MNPS were not significantly correlated
with most adult, larval, or Juvenile abundance
indices,  although  some correlations  have
strengthened over time (Tabies 28 and 29). As
discussed previously, although not significantly
correlated, the abundance the Niantic River spawning
survey age-1 A-mean CPUE was inverse with that of
young during fall and early winter in the TMP (Fig.
32). This was probably mostly related to changes in
distribution rather than an indication of any
compensatory mortality.

Niantic River winter flounder are not fully
recruited until age-5, if catch indices are assumed to
be representative of annual relative abundances
(NUSCO 1990). Thus, age-3 or age-4 fish probably
shouldnotbcmdasmindexofymmhssstrength
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because only a fraction of these fish likely are present
on the spawning grounds each year. Furthermore,
the presence of immature fish may vary from year to
year because of environmental conditions. Several
significant correlations were found between the
abundances of ages-3 through § female spawners and
those of juvenile winter flounder and larvae 7-mm
and larger taken at MNPS (Table 30). The CPUE of
age-1 fish taken in the river during the adult
spawning surveys was significantly correlated with
both age-3 and 4 female spawners, but not with age-$
females.  Significant negative correlations were
found between ages-3 through 5 females and the
age-0 fall-winter A-mean CPUE. However, the form
of these relationships is unclear and may be a
statistical artifact (Fig. 36). Persistence of negative
correlations in future years perhaps result from
unknown processes operating after winter flounder
become age- | that produce fewer age-5 adult recruits
from more abundant year-classes of Jjuveniles.



TABLE 29 Matrix of Spearman’s rank-order correlations among various larval and Juvenile winter flounder abundance indices

Niantic River Lower river Lower river Fall-early winter Niantic River
Stage 4 carly age-0 late age-0 nver-bay winter-spring
Index’ larvae juveniles Jjuveniles Juveniles age-| juveniles
Larvae 04593° 04769 0.2528 01536 0.2377
(27 mm) at 00985 NS 0.0846 NS 03833 NS 0.5180 NS 03128 NS
Millstone discharge 14 14 14 20 20
Niantic River 0.6528 06747 0.3333 00138
Stage 4 00114 ¢ 0.0081 ** 0.2657 NS 0 9644 NS
larvae 14 14 13 13
Lower river 0.8901 05179 01238
carty age-0 0.0001 ** 0 0698 NS 06870 NS
Juveniles 14 13 13
Lower river 06667 -0.0578
late age-0 00128* 08513NS
Juveniles 13 13
Fall-carly winter <03524
river-bay 01275 NS
age-0 juveniles 20

* Indices used correspond to those given on Tables 26 and 27
* The three statistics shown in each correlation matrix element are
correlation coefficient (r),

probability of a larger 7 (NS - not significant [p > 0.05),

number of annual observations (sample size)

Possibilities include variable discard mortality of
Juveniles in the commercial fishery; high rates of
fishing: and non-random fishing effort, which may
occur in overfished stocks. Meanwhile, none of
these life-stage indices can presently be used as a
reliablc measure of year-class strength.

Stock-Recruitment Relationship (SRR)

Sampling-based estimates. Egg production
estimates from annual spawning surveys were used to
determine recruitment because the abundance of
other early life-stages have not been reliably
correlated with adult spawners. Both recruitment and
the parental spawning stock indices were scaled to
absolute population size as described previously (see
Absolute Abundance Estimates section, above). The
resulting annual values were used with the Ricker
SRR model as estimates of adult female spawning
stock and potential female recruitment (Table 31).
The addition of new catch data from the 1996 adult
winter flounder survey aiong with a change in the
scaling factor used, updated fishing mortality esti-

* - significant at p < 0.05, ** - significant at p < <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>