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Rope Ferry Road
Waterford, CT 06385

June 12,2002 - Indlo <o CSSA on
D17333 M A\

Mr. James Grier

Supervising Sanitary Engineer

Permitting, Enforcement & Remediation Division, Water Management Bureau
Department of Environmental Protection .

79 Elm Street

Hartford, CT 06106-5127
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Millstone Power Station’
Cooling-Water System Technology Study
chgcst for Information - Winter Flounder Mass-Balance Model

Dear Mr. Grier:

By way of an-email communication (Reference 1), the Connecticut Department of Environmental
Protection (DEP) requested certain information from Dominion Nuclear Connecticut, Inc. (DNC) -
for use by its contractor, ESSA Technologies Ltd. (ESSA), for the purposed of performing a |
sensitivity analysis of the larval winter flounder mass-balance model. This model was developéd at
Millstone Power Station (MPS) and has been in use since 1990 (Reference 2). One of the most
recent presentations of this model was in the final report on the use of once-through cooling water
at Millstone Power Station (MPS), entitled “An Evaluation of Selected Cooling-Water System
Altemnatives for Millstone Power Station”, which was submitted by DNC to DEP on August 31,
2001 (Reference 3). More specifically, the mass-balance model was described and a sen51t1v1ty

.analysis performed by DNC personnel in Appendix B to Chapter 3 of Part II of Reference 3.

Also, please note that at the request of DEP (Reference 4) amindependent review of this model
was performed by Dr. Eric Adams of The Massachusetts Institute of Technology. This material

was included as Appendix CMpter 3 of Part 1I of Reference 3.



Per your instructions, DNC has forwarded directly to ESSA the following materials:

1. SAS (Version 8.0 for Windows) disks to be used expressly for the purpose of performing a
sensitivity analysis of the larval winter flounder mass-balance model. These disks should be
returned to DNC as soon as possible. ' '

2. The SAS program and two datasets needed to obtain results of the mass-balance model for the
years 1984-99 (the years analyzed in Reference 3), copied onto a compact disc.

3. To aid in ESSA’s review, the program (massbal2.sas) was annotated and a separate list of
v%m'ables is included, detailing their function.

Also enclosed is the initial description of the mass-balance model as first submitted to DEP in
October 1990 (Reference 2). In addition, portions of five Annual Reports (1983, 1984, 1985,
1988, and 1991) on the monitoring of the marine environment of Long Island Sound at MPS are
included. To facilitate the review by ESSA, only relevant portions of the chapters on winter -
flounder studies describing special larval studies (e.g., import-export at Niantic River mouth) that
provided information leading to the development of the mass-balance model were copied.
Further included are copies of reports prepared by Drs. Joseph Crivello of the University of

" Connecticut and R. Bradley Moran of the University of Rhode Island on larval winter flounder

stock identification studies by analysis of genetic and multi-elemental techniques, respectively,
recently provided to DEP in Reference 5. These studies, which provide a direct measure of the
proportion of the entrained larvae attributed to the Niantic River stock of winter flounder in
2001, were compared to findings of the mass-balance model in the latest annual report
“Monitoring the Marine Environment of Long Island Sound at Millstone Power Station
Waterford, Connecticut” .(se‘e pages 251-253), also recenily submitted to DEP (Reference 6). A
copy of relevant pages from this report is also included with this letter.

As there may be additional questions regarding these materials and to facilitate this review, DNC ‘
personnel are available to meet with representative of DEP and ESSA, if so desired. Please contact -
M. Paul Jacobson, Millstone Environmental Services at (860) 447-1791 ext. 2335 with any
questions or to arrange such a meeting. '

]

Very truly yours,

DOMINION NUCLEAR CONNECTICUT, INC.

)mﬁd D.Hicks
— Director - Nuclear Safety and Licensing

)



Enclosures (reports cited above on]y)

) cc (w/ all SAS materials and reports cited above):
" Ian Pamell

ESSA Technologies Ltd.

#300, 1765 West 8* Avenue

Vancouver, BC, Canada V6J 5C6

cc (w/ reports cited above only):
‘Mr. Emest Beckwith

Connecticut Department of Environmental Protection

* Marine Fisheries Office
P.O. Box 719
Old Lyme, CT 06371



The SAS program titled MASSBAL2.sas is a condensed and simplified version of the
programs used by the Millstone Environmental Laboratory to estimate the proportion of -
entrained winter flounder larvae originating from the Niantic River. The simplified
program combines all years (1984-1999) and provides output parameters necessary to
evaluate the sensitivity of model input parameters. Model output will provide values
comparable to previously reported mass-balance model outputs (e.g., Tables 38-40 of
NUSCO (2000); however, actual values will not be identical due to: 1) the use of
different time periods of larval occurrence between models (simplified model is
constrained to discrete period for all years), 2) the assignment of the same stage-specific
proportions to missing data for all years, and 3) the assignment of the same stage-specific -
daily mortality rates for all years (instead of using different values each year). Table 1
includes a list of variable names and definitions used in the SAS program.



Table 1

Input Variabie From ESSA_1

sdate sampling date

wdate . first day of sampling week

sta sampling station, transformed to LOC (location)

Tep sample replicate (not needed)

stage larval developmental stage (1-4)

den500 total WF larval density (no./500 m®)

stden500 stage-specific density

mml-mm]l2 stage specific densities for each 1-mm size class (not needed)
Working Variablcs

1den500 natural log-transformed total density (used to calculate weekly (wdate) means)
cumden .~ cumulative density, additive through season

days counting variable, day of season

PROC NLIN Variables (Gompertz function) - also see Appendix B of Chapter 3 of Part 11 of DNC (2001)

A alpha, asymptote estimate, index of cumulative density

T time, in days, of inflexion point, peak larval abundance

K shape parameter :

pred predicted value at any point during season .
inflex predicted value at time T (not really needed unless you want to plot Gompertz curves)

More Working Variables

group first date of 5-day sampling period

mngroup stage-specific mean for each GROUP (5-day penod)

sumstage total mean for each GROUP

stagepro stage-specific proportion (fraction of larvae represented by each developmental stage)

" prostl-prost4 STAGEPRO renamed for each stage, essentially tuming 4 observations per GROUP ( 1
per stage) into 1 observation with 4 variables

Input Variables From ESSA_2

sdate sampling date
year 4-bit year
tvol total daily cooling water volume (x 10°m®)

Additional Flow-related Working Variables
totflow “expanded” TVOL, daily cooling water volume (m®)

meanflow mean daily volume by GROUP (5-day period)

Remaining variables are defined in SAS code or in winter flounder mass-balance Materials and Methods
section of any recent report, or DNC (2001).
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survey. During tagging operations, winter flounder larger than 20 cm

were sexed, scales removed. for aging, and length recorded to the nearest f

g mm. A white 1.3-cm diameter disc ﬁniquely numbered and printed with

information for its‘retufn was positioned on the nape of the right side
Y, of the fiéh and a red disc with additional information was used on the
. left side. A nickel pin was pushed through the musculature, cut to.
size, and its end was crimped over to connect the tags and hold them in
place. Except for some specimens released specifically at the MNPS
intakes, winter flounder were returned to the same location as their
capture. Informatign'requested at recapture included date, location,

method of capture, length, sex, and additional scales. A reward was

given to all persons returning a tag.

Early life history studies

Larval stage

Samples examined for winter flounder larvae were taken at the MNPS
discharge (station EN, formerly designated as DIS; NUSCo 1983); at
Station NB in mid-Niantic Bay (formerly NB 5); and at stations A (new in
T) 1983), B (realignment of former station NR 1), and C (formerly-NR 2) in

the Niantic River (Fig. 2). Entrainment samples at EN were collected on
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! ) Figure 2. Location of stations sampled for vinter flounder fn the trawl and fchthvoplankton monitoring prograns.
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4 days and 4 nights eabhhweek, alterﬂating weekly at the discharge of
Units 1 and 2. Approximately 400 m® of water were filtered through a
1.0-m diameter, 3.6-m long, 0.333-mm mesh conical plankton net.
Additional details may be found in the Fish Ecology section.
Ichthyoplankton samples were taken in Niantic River and Bay with a

" 60-cm bongo sampler with 3.3-m lbng'nets of 0.333-mm mesh towed at 2
’knots and weighted with a 28.2-kg oceanographic depressor. Volume

filtered was determined with General Oceanics flowmeters (Model 2030)
and approximated 300 m® per sample. Single tows (one replicate
processed) were taken both day and night using a stepwise oblique tow
pattern with equal sampling duration of 5 min in surface, midwater, and
bottom strata. The length of tow line nec;ssary to sample the mid-water
and bottom strata was based on water depth and the tow line angle as
measured with an inclinometer and was determined by the following

relationship:
tow line length = desired sampling depth/cosine of tow angle.

Tow duration was reduced to 2 min per strata at station A starting on
May 28 due to net clogging by lion's mane jellyfish (Cyanea sp.). At
NB, single bongo tows (both replicates processed) were made biweekly
from January through March. From April through the end of thé larval
winter flounder season in mid-June, single bongo tows (one replicate
processed) wefe taken twice weekly (Monday and Thursday or Tuesday and
Friday) during day and night. In the Niantic River, preliminary tows
were made during the day in February at stations A, B,.and C at about
wveekly intervals to determine when larval winter flounder were present.
From March through the disappearance of larvae at each station, single
bongo tows (one replicate processed) were made twice weekly (Monday and
Thursday or Tuesday and Friday) day.and night. .
Sampliﬁg time in the Niantic River during daylight and night was
systematically varied between two daily beriods (prior to 1200 and after
1200) and two nightly periods (priof to 2400 and after 2400) since the
effect of time of day on collection densities was not known. No
sampling was conducted 30 min before or after sunrise or sunset. The

two daylight and two night sampling periods were alternated weekly.
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Station C was the only one in the Niantic River with strong tidal
currents (Marshall 1960) and the effect of tide on collection densities
was not known. Therefore, sampling at station C was systematicélly
varied over four tidal stages (high, 1o§, mid-ebb, and mid-flood). .By
collecting day and night samples approximately 6 h apart on one date,
two opposing tidal stages were collected (e.g., high and low). The
second weekly collection trip was 3 days later at approximately the same
time and collections were taken during the other two tidal stages (e.g.,
mid-flood and mid-ebb). All 16 combinations of sampling periods and .
tidal stages were collected during every 4-wk period at station C. Two
24-h tidal studies were conducted at station C on April 28-29 and May
8-9. Samples were collected at 2-h intervals during a 24-h period.

Tidal export and import of larvae was examined at the mouth of the
Niantic River during maximum ebb and flood currents. Two ebb and flood
tides were sampled on May 9 and one ebb and flood tide was sampled on
May 16. Stationary tows were taken in the middle. of the channel
adjacent to.the Niantic River Highway ﬁridge. The bongo samplers
described previously were used except an additionai 40 kg of weight was
added as ballast to increase the vertical tow line angle. Two bongo
samplers were deployed.for'ls min off each side of the boat with one at
mid-yater and the other near Sottom. Two tows were-made at each depth
for a total of four replicates at each depth per tidal stage.

All ichthyoplankton samples were preserved with 10% formalin and N
processed in the laboratory. Samples were split to at least one-half
volume and larvae identified and counted using a dissecting microscope.
Up to 50 winter flounder larvae were measured to O.l-mm in standard
length (snout tip to notochord tiﬁ). The developmental stage of each

larvae measured was recorded. The five possible stages were defined as:
Stage 1. The-yolk sac was present or the eyes were not "pigmented
(yolk-sac larvae)

* Stage 2. The eyes were pigmented, no yolk sac was present,
and no fin ray development

Stage 3; Fin rays were present but the left eye had not mlgrated
to ‘the mid-line
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Stage 4. .The left eye had reached the mid-line but juvenile
: characteristics were not present

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

Larval collection frequency and density (n/500 m3) were used for

" data analyses. Collection-frequency was adjusted for the number of

samples at each station and sample volume. Density distribution plots

were smoothed using the spline function (SAS Institute Inc. 1981).

Post-larval stage

During 1983, information was gathered on post-larval juvenile
winter flounder in the Niantic River. Four stations were sampled
including Sandy Point (SP), Lower River (LR), Camp O'Neill (CO), and
Channel (CHj (Fig. 1). SP, CO, and LR were selected because they héd
good juvenile winter flounder habitat, with sandy to muddy bottoms in
shallow water adjacent to eelgrass beds (Bigelow and Séhroeder 1953).
Station CH was din a slightly deeper area between stands of eelgrass and
the navigation cﬁénnel. Depths sampled at all stations ranged from
about 1 to 3 m. The stations were sampled once each week from May 18
through October 12 during deylight from 2 h before to 1 h after high
tide. A l-m beam trawl which had ipterchangable nets of 0.8-, 1.6-,
3.2-, and 6.4-mm bar mesh was used; the nets were changed as fish grew
and became available to the next largest size. A tickler chain was
added to the net for use with the three largest meshes. Three
replicates were made at each station and distance of'éach tow was .

estimated by letting'out a-measured line attached to a lead weight.

" Tows of 40 and 50 m made initiaily were increased to 75 and 100 m as the

number of fish decreased throughout the summer and early fall. For data
analysis and calculation of CPUE, the catch at each station was adjusted
to 100 m?® of bottom covered by the beam trawl. .

Juveniles were measured to the nearest 0.5 mm in total length.
During the first 5 weeks of the study, standard length vas also measured
as many of ‘specimens had dz=aged caudal fin rays and total length could

not be taken. The relationship between the two was determined by a
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this size winter flounder change from a pelagic to a benthic habitat and
) thus were not susceptible to the plankton sampling gear.
The mean length at each station for different developmental stages

provided additional insight into larval dispersion (Table 14). Although

Table 14, Mean length by stage of all measvrved larval winter flounder
taken at stations 4o the Niantic River and Bay and at MNPS,

Developmental Number Mean Standard
stage Station measured seagth (=) error
1 A 239 2.7 0.02
B 217 2.8 0.02
c 171 2.7 0.02
pa s 29 2.9 0.10
NB 11 3.1 0.10
2 A 480 3.4 0.03
B 658 3.7 0.03
c 655 ©3.8 0.03
N 974 4.3 0.03

NB 780 4,3 0.03 -
3 A 64 6.5 0.11
B 342 6.4 0.05
[ 646 6.4 0.04
. " 1,333 6.1 0.02
NB 605 6.4 0.03
4 A 14 6.6 0.20
3 137 7.2 0.05
c 255 7.4 0.03
2] 599 7.3 0.03
, NB 210 7.6 0.05

5 A 0 - -

3 27 7.7 0.13
c 67 7.8 0.10
a] 149 1.8 0.07
NB 23 8.7 0.57

f
i
3
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Stage 2 larvae were fairly-evenly distributed in Niantic River'and Bay
(Fig. 10), the lag in temporal occurrence in Niantic Bay (Fig. 11) was
reflected in the larger mean lengths at station NB and EN. For Stages 3.
to 5, the mean length was similar at all stations except NB, which had a
larger mean length for Stages 4 and 5. Based on these data, it appeared
that most of the dispersion from the Niantic River to Niantic Bay

occurred during the Stage 2 developmental period.

Special’ studies

Primarily Stage 3 (62X of total) and 4 (30%) winter flounder larvae
were collected during the two 24-h studies at station C. No apparent

day-night relationship was found (Fig. 13). However, the bimodal cycle
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over the 24-h-period suggested a tidal influence. The tidal period
observed during both studies was 12 h. A harmonic regression as
described by Lorda (1983) using terms of sin(hours) and cos(héurs) over
a 12-h period with slack ebb occéurring at hours 0 and 12 and slack high
at hour 6 was fit to log-transformed (n/500 m? + 1) data (Fig. 14). The
harmonic regression accounted for about 45Z of the total corrected sums
of squares (TCSS) with the two sampling dates combined.. Based on this
model, collection densities increased on a flood-tide with a peak prior
to slack high and then declined during ebb tide. Analyses of

covariance, with tidal effect as described by the sine-cosine function

" as the covariate, was used to examine sampling data and day-night

effects (Table 15). An interaction term for sampling date by day-night
effect accounted for less than 1% of the TCSS and was pooled with the
error. .The two sampling dates were significantly different and
accounted for an additional 19% of the TCSS. In agreement with the 24-h
plot (Fig. 13), thé day-night effect was not significant. Weinstein et
al. (1980) reported that three post-larval fish taxa (spot, Atlantic
croaker, and Paralichtys spp. flounders) used vertical migration in
response to tides as a retention mechanism in the Cape Fear River
estuary. -The day and night differences in frequency of Stages 3 and 4
larvae at stations B, NB, and EN (Fig. 10) showed that winter flounder
larvae of these developmental stages were capable of vertical movements.
At station C the lack of diel differences for Stages 3 and 4 larvae
suggested a modification of behavior in response to tidal currents. The
vertical movement from the bottom during during a flood tide would act

as a retention mechanism in the Niantic River.

Table 15. Summary of analysis of covariance for 24-h diel study with harmonic
components of the tidal effect used as covariates. .

Sources Sum of squares X of total
T1da1® 25.003 4.6 <P .
Sampling date 10.882 19.4 *
Diel 1.986 - 3.5 ns
Model 37.871 . 65.5

Corrected Total 56.087 -

®  _ Includes both sine and cosine components

ba. significant at p <0.05

ns - not sigqificant
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The potential expdrt or import of.winter flounder larvae from the
Niantic River was investigated by sampling three ebb and three flood
tides at the river mouth. Most of the larvae collected during this
sfudy were Stages 3 (45Z) and 4 (48%). Many more larvae were collected
during flood tide (Fig. 15). No consisfent difference in collection
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Figure 15. Frequency and collection times
of larval winter flounder taken
at the mouth of the Niantic River
. during maximum ebb and flood tidal
currents.

frequency was found between mid and bottom depths. During the period of
sampling, there was a net increase in the number of winter flounder
larvae entering the Niantic River. The larval dispersion model for the
Niantic River (Saila 1976), which assumed larvae behaved as passive

particles, simulated an approximate 4Z loss from the river per tidal

cycle. Stage 3 and 4 larvae, which have developing or developed fins,

may have used vertical movements in response to tidal currents for

transport into the Niantic River from hay

The abundance of lion's mane jellyfish (Cyanea sp.) medusae in the

H .
“Niantic River samples was measured volumetrically (Fig. 16). Volumes of

medusae increased at station A during late March and at sﬁation B during
early Ma}. Marshall and Hicks (1962) also found that medusae were more
abundant in the upper river compared to the lower pértion during-May and
June. A peak occurred at stations A and B during mid-May. At station
C, jellyfish were most abundaﬁt in the last week of May. Although no
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corrésponding to the inflection point of the cumulative function defined.
by its parameters (8) and (k) as: ' .

€(1) = (InB)JK . (6)
Least-squares estimates of these parameters were obtained by fitting
Equation 4 to the cumulative abundance data using nonlinear regression
methods (SAS Institute 1982).

Winter flounder larvae were reared in the laboratory during 1985 to
determine developmental time and growth rate. Eggs were stripped from a
female and fertilized with milt from two males.- Larvae th;t hatched
within 24 h of each other were placed in 39-1 aquaria held in a water

bath. The water temperatures ranged from 4.3 to 9.1 C with a gradual

~ incréase durlng the holding period. Photoperiod was similar to natural

conditions. Larvae were fed ad libitum rotifers (Brachionus plicatilus)

and brine shrimp nauplii (Artemia salina). To examine the effect of

starvation on growth, larvae in one aquarium were not fed. Known-age
larvae were routinely sacrificed to obtain otoliths for aging
verification and information on growth rate. Sampling frequency varied,
with almost daily collections during early development to approximately
biweekly during later development when the number of larvae remaining-

was low. Otoliths were prepared and examined in a similar manner as

. those collected in the field during 1984 (NUSCo 1985).

Larval import and export studies were conducted throughout complete
tidal cycles on March 28, April 29, and May 28. Samples were taken

hourly except between 1 h before and after slack tidal currents.

- Stationary tows were taken by mooring the boat to the Niantic River

Highway Bridge in the middle of the channel. Bongo samplers with
0.202-mm mesh nets were used on March 28 and with 0.333-mm mesh nets on
the other two dates. Bongo samplers were deployed off each side of the
boat with one at mid-water and the other near bottom. Sampling duration
varied from 6 to 15 min (depending on the current velocity) to sample
approximately 100 m® of water. Current velocity at the time of sampling
was measured with a flowmeter mounted outside of the bongo opening so
that back-prgssure due to net clogging would not affect the measurement.

These current velocities were used to calculate the net exchange of

. s
10 /\w

larvae leaving and enteéring the river.




] Ebb and flood tide velocity measurements used in estimating net
larval exchange may not have been compérable due to the different widths
of thé channel at the point of sampling. Due to the length of the
'mooriﬁg line tied to the bridge, the actual sampling location was-
approximately 10 m north of the bridge during a flood tide and approxi-
.ﬁately 10 m south of ‘the bridge during an ebb tide. The comparability
of velocities was investigated by fitting a second order polynomial
equation to the water velocity measurements over time during the three
flood and ebb tidal phases sampled. The form of the equation was:
velocity (cm/sec) = at + bt? ' (7)
where,t'was fimé in h from high slack current for an ebb tide and from
low slack‘curreqt for a flood tide. MNo intercept was usgd because water
velocity was zeré at slack currents. For both tidal phases, a '
doﬁa-shapqd cufvé'was formed that started and ended at zero velocity.
The average duration in h of an ebb and flood tide was estimated Bf the
root of the above equation (i.e., h after slack for the velocity to be
zero again): .
' . h = -2a/2b - (8)
where h was the duration in hours and the parameters a and b were
estimated separately for ebb and flood tides with Equation 7. Also, fhe
area under the curves (i.e.,:an index of the total water volume during
the sampling period) was determined by intggfation of Eguation 7, which
resulted in: _ .
area = (a/2)(t?) + (b/3)(t?) (9)
Because fresh water input into the Niantic River is small, the.volhme of
water leaving ‘the river on an ebb tide should be similar to the yolume"
that enters during a flood tide. Therefore, the areas under the curveé
“should be similar. However, the area for the flood tide was less thanl
the ebb.  The flood tide velocities were recoﬁputed by re-estimating the
parametets (a) and (b) in Equation 7. under the constraint that the area .
for the flood tide be the same as the area for the ebb tide and using
the-knowu duration of the flood tide. This was done by solving for a in
Equation 8 for the flood.tidal ﬁhase (a = ~hb) and substituting it into
the area equation (9) of the ebb tidal phase where the t's were equated

to the flood duration (h). This substitution caused Equation 9 to

11
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become a-function of Ohiy the flood phase duration (h) and the parameter
(b), so that: . ' A : ‘
- area = —(1/6)bh® : (10)

Since the area was also known, solving for (b) in the above gave a new
estimate of (b); replacing this estimate in Equation 8 resulted in a new
estimate of (a). The final step was the computation of the flow according
to Equation 7, but using the new estimates of (a) and (b).

e ———

Post-larval Stage

. Information on post-larval young-pf-thefyear winter flounder in the
Niantic River was first.gathered during 1983 (NUSCo 1984). One of the
four stations established then, Lower River (LR), hds been sampled
througﬁ 1985 (Fig. 1). The other station sampled in 1985 was located

near the Waterford shoreline (station WA) and was also sampled during

" August and September of 1984 (kUSCo 1985). Both stations contained

habitat preferred by Juvenlle wvinter flounder, with sandy to muddy

bottoms in shallow water adjacerit to eelgrass beds (Bigelow and Schroeder

- 1953). The étationS'were sampled.once each week from May 23 through

September 19tduring daylight within about 2 .h before.to 1 h after high

"tide. Depths sampled ranged from 1 to i-m.

A l-m beam trawl was uéed with interchangeable nets of 0.8-, 1.6-,
3.2-, and 6. 4emm bar mesh; a tickler chain was ‘added to increase catch
efflciency. Two nets of successively larger mesh were used during each
sampling trip to collect the entire available 51re range of young. This
helped to eliminate bias-.in the catch as was found in 1983, when some of -
the older and larger specimens apparently avoided the fine-mesh net
needed to capture the smallest fish (NUSCo 1984). A change to the next .

larger mesh in the four net sequence was made when young had grown

. enough to become susceptible to it. The larger meshes also reduced ttie

amount of detritus and algae retained. Two replicates with each of ‘the-
two nets were made at both stations; the order in which the nets were
deployed was chosen randomly. Distance of each tow was estimated by
letting out a measured line attached to a lead weight as the net was
towed. Tow iength increased from 50 to 75 to 100 m as the number of

fish decreased throughout the summer. For data analysis and calculation
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Tidal Import-Export Studies

Tidal import-export sampling at the mouth of the Niantic River was
conducted on three dates in 1985. All winter flounder larvae collected
on March 28 were Stage 1 and 2, on April 29 most (99Z) were Stage 2 and
3, and on May 28 Stage 3 was dominant (897). Examination of the combined
data from all dates by percent'occurrence of each developmental stage
showed that Stage 1 and 2 larvae were more abundant during ebb tides and
Stage 3 and 4 during flood tides (Fig. 13). Similarly, examination by
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Figure 13. Percent occurrence of each developmentzal stage and l-mm-
size class collected at the mouth of the Niantic River
during ebb (E) and flood (F) tidal stages in 1985.
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Sampling time and frequency varied with station and season and weré
partly based on information from the 1983 studies described in NUSCo
(1984). At NB, single-bongo tows were made day. and night biweekly from
January through March. From April through the end of the larval winter
flounder sééson in mid-June, single-bongo tows were taken twice weekly
during day and night. In the Niantic River, preliminary tows were made
during the day in February ét stations A, B, and C at weekly intervals
to determine when larval winter flounder were bresent. From March
through the first week in April, single tows (not inciuding additional
tows to examine met extrusion) were made during the day twice weekly .
within 1 h of low slack tide. During the second and third weeks of
April, single-~bongo tows were made twice weekly day and night. The day
samples were collected within 1 h of low slack tide and the night
samples duriﬁg the second half of a flood tide. During the remainder of
the seascn until the disappearance of larvae at ‘each station (last
sample taken on June 14), tows were made twice a.week only at night
during the second half of a flood tide. Only one collection trip was
made during the weeks of March 4 and May 27 because of adverse weather

r

conditicns.

/ . ——
~TNe erreéct of tidal current on the collection of Niantic River

vinter flounder larvae and on their import and export were examined. s

Two 24-h tidal studies were cenducted at station C on March 9-10 and 'IQj 27
March 18-19. Samples were collected at 2-h intervals during a 24~h ’ fb“'gi
period. Tow durations were 6 min and paired 0.202-mm and 0.333-mm mesh

nets were used. Tidal import and export studies were conducted during

two tidal cycles on April 4 and May 8. Samples were ;aken hourly except

for 1 h before and after slack tidal currents. Stationary tows were .

taken in the middle of the channel adjacent to the-Niantic River Highway

Bridge. Bongo samplers with 0.333-mm mesh nets were used with an

additional 40 kg of weight added as ballast to increase the veétical tow

line angle. Bongo sampiefs were deployed off each side of the boat with

one at mid-water and the other near bottom. Sampling duration varied

from 6 to 15 min depending on the current velocity and Qpproximately 100

m® of water was sampled. Current velocity at the time of sampling was

measured with a flowmeter mounted outside of the bongo 6pening so that

back-pressure due to net clogging would not effect the measurement.
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These current velocities were used to czlculate the net exchange of
larvae leaving and entering the river. .

Larval data analyses were based on densitj per 500 m® and due to
varying sampling frequéncies data were reduced to weekly mean density.
Data from all mesh sizes and tow dqrations vere used in calculating the
weekly mean densities. For comparisons, daylight samples in 1983 from
the last week of April through ;he end of the season were excluded.
These samples underestimated abundance because of diel behavior éf the
older larvae (NUSCo 1984). Daylight samples were not collected in 1984
during these weeks.

Most ichthyoplankton samples were preserved with 10% formalin.
Except for tows made to compare net extrusion between 0.202-mm and
6.333—mm mesh nets, only one of the two bongo sampler replicates was
processed for Niantic River and Bay samples. Samples were split to at
least one-half volume and larvae were identified and counted using a
dissecting microscope. Up to 50 winter flounder larvae were measured to
0.1-mm in standard length (snout tip to notochord tip). The
developmental stage of each larva measured was recorded and the fivé

stages were defined as:

Stage 1. The yolk sac was present or the eyes were not pigmented

. (yolk-sac larvae)

Stage 2. The eyes were pigmented, no yolk sac was present, and no

fin ray development

Stage 3. Fin rays were present, but the left eye had not migrated
to the mid-line

Stage 4. The left eye had reached the mid-line, but juvenile

characteristics were not present

Stage 5. Transformation to juvenile was complete and intense

pigmentation was bresent near the caudal fin base
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Figure 2. Location of stations sampled for winter flounder in the trawl
and ichthyoplankton monitoring programs.
was based on water depth and the tow line angle as measured with an
inclinometer and was determined by the following relatiomship:
tow line length = desired sampling depth/cosine of tow angle.

"From February 6 through March 19, 0.202-mm and 0.333~mm mesh nets
were paired on the bongo sampler and 28 samples were taken to compare
net extrusion between the two meshes atthe Niantic River stations. Nets
.were towed for 6 min because the 0.202-mm mesh net clogged when duration
was greater. After March 19, all collections were made with 0.333-mm-
mesh. When time permitted, consecutive éf and 15-min tows were made at
the Niantic River stations with 0.333-mm mesh nets to compére net
extrusion for the two durations (16 paired comparisons). A Wilcoxon
signed-ranks test was used to compare the paired samples and test for

significant differences due to mesh and tow duration. Beginning in

April at stations A and B, all tows were 6 min due to clogging by Cyanea

spp. hydromedusae. At station NB, 0.333-mm mesh nets-and 15-min tows

were used throughout the season.




size~classes showed that larvae 4 mm and smaller were more abundant
during an ebb tide and larvae 5 mm and larger were more abundant during
a flood tide.

In order to determine if velocity measurements were comparable
between ebb and flood tides, separate quadratic polynomial equatiomns
were fitted to hourly velocity measurements combined from each of fhe
three ebb and flood tides sampled.' Good fits were obtained for both ebb
(R?=0.98) and flood (R®=0.97) tide equations (Table 15). The mean

Table 15. Quadratic equations used to describe ebb and flood tide velocities
{cn/sec), with estimates of tidal stage durations, integrated areas
under the velocity equation curves, and final equation to adjust
flood~tide velocities (see text). )

Ebb Flood
Actual (Eq. 7)* Vel = 52.6(t) - 7.4(t?) Vel = 5.17(t) - 8.8(t?)
bDuration (Eq. 8) 6.2 h ~ 5.8h
Area (Eq. 9) 417.3 294,1
Adjusted -
velocity - Vel = 73.3(t) - 12.6(t?)

a Equations found on page 1l.

P Based on re-computed parameter- estimates of (a) and (b) from Equations 8

° and 10 (pages 11 and 12).
duration of each ebb tide was about 1 h longer than the flood tide and
the area under the curve for the latter was smaller than the former.
This difference in area indicated that if the flood sampling had been
conducted at the same location as ebb sampling, the flood velocities’
would have been higher.. Therefore, the flood velocities were estimated
by re-computing the parameters (a) and (b) with Equations 8 and 10 and
then substituting them into Equation 7."The calculations of net exchange.
of larvae which follow were based on actual ebb current velocitigs and
the adjusted flood current velocities. )

Using daté combined from the three sampling dates, net tidal
exchange was estimated for each l-mm size-class; the 2- and 3-mm size-
classes were combined because of the low collection densities of the
former. The estimates were obtained by summing the number (n/500 m®) of
larvae of each size-class in each hourly sample for the three sampling

dates. The sum was multiplied by the estimated water velocity at the
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time of the hourly collection. This density-velocity adjustment
accounted for changes in discharge volume during the tidal cycle. Since
larvae collected during an ebb tide represented a loss from the riveé,
the density-velocity value was made negative. A harmonic regression .
equation using a 12.7-h tidal cycle (tﬁe average duration of the three
tides sampled) was fitted to density-velocity values. The area under
'the‘curve for each tidal stage was estimated by numerical integration of
the harmonic regression equation using 5-min increments. Net tidal
exchange was expressed as the percent return of a size-class on a flood
tide compared to the loss on a ebb tide (Table 16). There was a net
export of 4 mm and smaller size-classes and a net import of 5 mm and

larger size-classes.

Table 16. Percent return of larval winter flounder on a flood tide that
vere flushed from the river on an ebb tide by size class and
R? values of the harmonic regression models.

Size Percent . . R? of
class (om) return model
3 . 19.8 © 0.81
4 . 48.8 0.52
5 _ 174.9 : - 0.91
6 . 136.8 0.82
7 ’ 103.8 0.66

The 1985 import-export data were consistent with previous findings
(NUSCo 1984, 1985). Since 1983, eight tidal cycles were sampled and
these data clearly indicated a net loss of smaller larvae that lack fin
"ray development and have 1itt1é or no locomotion. However, larger
larvae with developed fin rays apparently utilized vertical migration in ~
relation to tidal currents for passive migration back into the Niantic
River. This vertical migration of larvae after fin ray development was
also apparent during 24-h studies conducted in the river in 1953 (NﬁSCo
1984), where densities of larger larvae increased during a flood tide
and decreased during an ebb tide. Vertical migration was not apparent
during 24-h studies in 1984 (NUSCo 1985) since all sampling was

conducted prior to fin ray development. Other researchers have also
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"reported vertical migration in early life history stages of fish. Diel .%f

PN
Iy

movement of larval yellowtail flounder was found to increase with the
size of the larvae (Smith et al.'1978). Atlantic herring larvae
synchronized verticél migration with flood tides to minimize seaward
transport (Fortier and Leggett 1983). Post-larval spot, Atlantic

croaker, and Paralichthys spp. flounders used verical migration in

response to tides as a retention mechanism (Weinstein et al..1980).
Larval North Sea plaice demonstratéd_selective horizontai transport by
swimming up from the bottom during f;pod tides and remaining ﬁear the
bottom during ebb tides (Riqudorp et al. 1985). Most winter flounder
larvae found in Niantic Bay probably were tidally flushed from the
Niantic River during early developmental stages. After fin ray
development, at least some of the older larvae in the bay utilized
vertical migration in relation to tidal flow to reenter the river.

\\\\-*-Eﬁose within the river demonstrated z similar behavior to remain there. \4_1__,//

Post~larval Stage

Abundance

Post-larval winter flounder were collected using a l-m beam trawl
from late May through late September at stations LR and WA in the
Niantic River. The standardized catch per 100 m? at both stations
peaked on June 13 and began to decline thereaftér, most likely after
fegruitment began to be offset by mortality, and stablized by late July
(Fig. 14). Although densities were more variable at WA, juveniles were
more abundant there during late summer (ca. 8 per 100 m?) than at LR
(ca. 6 per 100 m?). This was also found in 1984 (NUSCo 1985).

. A comparison of catches made from 1983 through 1985 at LR showed
that although ‘densities in 1984 were initially higher, they yeré similar
in magnitude to 1985 by July (Fig. 15). The first 5 weeks of 1983 are
not shown because the catch during that period was biased (NUSCo 1984),
but based on abundance later in the year, juveniles were probably more
numerous than during the other yeérs. Although 1983 densities were
within the range of those found for 1984 and 1985 during early Juiy,

" abundance in late summer was greater. More varizbility was evident for
1983 as only three replicate tows were taken per sampling trip rather A

than the four made dufing 1983 and 1984.
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difference agreed well with the 17-day difference in developmental time
to Stage 4 between the two years (Table 9). The estimated time from
hatching to Stage 4 in 1983 and 1984 was 56 and 73-days, respectively.
.This was longer than the estiﬁated 49 and 63 days needed for growth from
3 mm to 7.5 mm in 1983 and 1984, respectively.

Although day 1 was defined at-a length of 3 mm, it did not
necessarily represent the date of hatching because little growth was
expected during yolk-sac absorption. Cetta and Capuzzo (1982) reported
that in a laboratory study total body wéight of winter flounder larvae
decreased dufing the fir#t 2.5 weeks after hatching and after 1 week,
larvae‘appeared to be metabolizing body tissue following depletion of
the yolk sac. Therefore, an additional 10 days may pass during yolk-sac
'aﬁsorption when larvae are in the 3-mm size-class. Based on the growth
curves, these additional.days would increase the age of a 7.5-mm larva
to 59 days in 1983 and 73 days in 1984, which agreed with the estimated
developmental time to reach Stage 4 of 56 days in 1983 and 73 days in
1984.

Tidal Import” and Export

Sampling was conducted at the Niantic River Highway Bridge on April
5 and May 8 during two tidal cycles to estimate the tidal import and
export of winter flounder. On April 5, mostly Stage 1 and 2 larvae were
collected and on May 8 the larvae were primarily Stage 3 (Fig. 16).

More Stage 1 larvae were collected during ebb rather than flood tide in
April, although about 40Z (1,521 per 500 m>®) of the former were
collected in one sample taken, near the bottom. Slightly fewer Stage 2
and 3 larvae were collected during flood tide. On May 8, similar
numbers of Stage 3 larvae were collected on the two tides and most of
the Stage 4 1arvae were collected during the flood.

Net tidal flushing for the predominanc developmental stages on each
sampling date was estimated by multiplying the density (average of mid
and bottom samples) by the estimated water velocity during the time of
saﬁple collection. This density adjustment accounted for changes in
discharge volume during the tidal cycle. A harmonic regression

equation using a 12-h tidal cycle was fit to densities adjusted for
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16. Frequency of larval winter flounder by developmental stage
collected at the mouth of the Niantic River during ebb and
flood tides on April 5 and May 8, 1984.
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.velocity. Good fits were obtained for.Stage 2 and 3 larvae on April 5'
and for Stage 3 larvae on May .8 (Fig. 17). Densities of Stage 1 larvae
on ApriI 5 could not be modeled (R?=0.38) because larvae were scarce
during flood tide and the one sample with a very high density was
collected during ebb tide. The area under the curve for each tidal
stage was assumed to be a good estimate of net flushing and the areas
were approximated by numerical integration of the respective harmonic
regression equations using 5-min increments. On April S5, an estimated
65 and 637 of the Stage 2 and 3 larvae, respectively, returned to the
Niantic River on a flood tide. The return of a flood tige increased. to
927 for Stage 3 larvae on May 8. The larval dispersion model QeQeloped
for winter flounder larvae in the Niantic River used a 72% return of
passive particles to the river on a flood tide (Saila 1976). This model
underestimated larval retention because older larvae used flood currents
to increase their return to the river.

The data for May 8 showed a net loss of Stage 3 larvae from the
river during a tidal cyclé.- This did not agree with the tidal
import-eﬁpgrt studies conducted in 1983, when many more larvae were
found entering the river than leaving (NUSCo 1984). 1In 1983, sampling
was -conducted on May 9 and 18 and Stage 3 (45%Z) and 4 (48%) larvae
predominated. Although they May 8 sampling in 1984 was conducted during
a similar time-period, larval development was slower this year -(Table
9) . Because of slower development in 1984, few Stage 4 larvae were
present during the early part of May and the younger Stage 3 larvae may
not have had fully develope& fins. This lack of complete fin
development possibly prevented the larvae from using tidal currents to

enter the river as it was postulated in 1983.

24-h Tidal Studies

Two 24-h tidal studies were conducted in 1984 to examine the effect
of tide on the observed abundance of early developmental stages (Stages
1 and 2). These studies were used to most efficiently schedule sampling
for winter flounder larvae of various developmehtal stgges, The 1983

24-h sampling was conducted when Stage 3 and 4 larvae predominated and
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Figure 17. Estimated exchangé of larval winter flounder at the mouth of the
Niantic River for Stage 2 and 3 larvae on April 5 and Stage 3

larvae on May 8 with the line f1tted from a harmonic regression
model. . -
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"their collection densities increased during flood tides. This was
attributed to a vertical movement in relation to tidal currents, which
sefved as an estuarine retention mechanism.

In 1984, densities of Sfage 1"and 2 larvae on March 12 were
untrelated to tide (Fig. 18). Although the greatest density (746 per 500
m®) ‘was found dﬁring one of three low slack tidal stages sampled, the
remaining collection éensities ranged from appfoximately 100 to 300.
Collection densiiies evidently changed in relation to tiﬂal,sﬁage on
March 19. The greatest densities were found during an ebb tide and the
lowest during a flood tide. Also, collection densities were smaller on
March 12 than on March 19, as the largest ones from the first study were
smaller than.almost all those found a week later. A harmonic regression
with a 12-h period was used in an attempt to relate changes in density
to tidal stage. A satisfactory fit was achieved for Stage 1 larvae
(R?=0.58), but not for Stage 2 (R2=0.01) (Fig. 19).

The increased abundance of Stage 1 larvae found during an ebb tide
on March 19 agreed with the results of the previously ﬁresented tidal

import-export study on April 4, when few Stage 1 larvae returned to the
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of high and low slack tidal currents during the March 12
and 19, 1984 24-h studies at station C.
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currents for the March 19, 1984 24-h study at station
C with the line fitted from a harmonic regression
(In density = 5.32 - 0.55 cos(h) + 0.34 sin (h);

R? = 0.58).

Niantic River on a fioccd tide (Fig. 16}. Although the same tidal
flushing study indicated a net loss oi Stage.2 larvae, apparentiy the
difference in density between ebb and flood tides at station C was not

sufficient to have been detected using the harmonic regression model.

Post-larval Stage

Abundance

A'l-m beam trawl was used at stations LR and CO in the Niantic
River during 1984 to sample for young-of-the-year winter flounder
following larval metamorphosis. As in 1983, dense mats of the alga

Enteromorpha clathrata developed at CO and hampered sampling there

beginning in mid-July. Much algae collected on the tickler chain and
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. , m‘Rﬂ'EAST U'I'II.ITIES General Offices ® Selden Street, Berlin, Connecticut
- THE COMMECTICUT 1'GHT AND POWER COMPANY .
S !‘I l’ *ESTEAN MASSACISETTS ELECTAC Couesoer ’ £.0.BOX 270
- FOLYOKE WATER PO COuPe . HARTFORD, CONNECTICUT 06141-0270
ASY ANy
B O IEAS A O G (203) 665-5000

October 30, 1990
D04143

Ms. Leslie Carothers, Commissioner
Department of Environmental Protection
State’ Office Building

165 Capitol Avenue

Hartford, CT 06115

Dear Commissioner Carothers:
- N

M#l1stone Nuclear Power Station
Fcoloqical Monitoring Program

Northeast Utilities Service Company (NUSCO), as agent for Northeast Nuclear
Energy Company (NNECO), agreed with- Connecticut Department of Environmental
Protection, Bureau of Water Management personnel in a meeting at Northeast
Utilities Environmental Laboratory on September 11, 1990, to provide a report
on or before October 31, 1990, describing winter flounder abundance. indices

“ for 1990; new methods for assessing larval entrainment effects, and a progress
report on the fish return sluiceway systems at NNECO’s Millstone Nuclear Power
Station (MNPS). Accordingly, NUSCO hereby submits, on behalf of NNECO,
updates of work completed in 1990 as follows: :

0 1990 Abundance Indices for Winter Flounder (Enclosure 1)

] Mass-Balance Calculations for Assessing Production Losses due to Entrain-
ment of Winter Flounder (Enclosure 2)

0 Progress.Report on the MNPS Fish Return Systems (Enclosure 3)

If you have any questions after reviewing this submission, please. call
Dr. ¥William C. Renfro, Director, NUSCO  Environmental Programs, at
(203) 665-4620. .

Very truly yours,

NORTHEAST UTILITIES SERVICE COMPANY
As Agent for Northeast Nuclear
Energy Company

E. J. qupika /4
‘ Senior Vice President

Enclosures
dcc: See next page
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Enclosure 2 to Letter No. D04143

MASS-BALANCE CALCULATIONS FOR ASSESSING PRODUCTION
LOSSES DUE TO ENTRAINMENT OF WINTER FLOUNDER

MILLSTONE NUCLEAR POWER STATION
NORTHEAST NUCLEAR ENERGY COMPANY
NPDES PERMIT No. CT000326

Northeast Utilities Service Company
PO Box 270

Harntford, Connecticut 06141-0270
October 1990



BACKGROUND

“Recent assessments of the potential impact of entrainment by Millstone Nuclear Power Station

(MNNPS) on the Niantic River winter flounder stock have assumed either an entrainment loss of a
postulated percentage of the larvae produced in the River (NUSCO 1989, 1990) or that all winter
flounder larvae entrained came from the Niantic River (Crecco and Howell 1990). Results from
special studies conducted in 1988 suggested that many larvae entering Niantic Bay may not have
come from the Niantic River stock. These studies consisted of 24-h sampling conducted in
Twotree Island Channel and import/export sampling at the mouth of the Niantic River NUSCO -
1989). The geometric mean density of winter flounder larvae collected during a flood tide (from
low to hlgh slack current, 16 samples) during two 24-h sampling periods (April 25 and May 4,
1988) in Twotree Island Channel was 128 per 500 m3. These larvae would pass Millstone Point
and potentially enter Niantic Bay. The average volume of water passm g between Millstone Point
and bell buoy 4 (about 0.5 nautical miles SW of Millstone Point) is approximately 2,200 m3/sec
(NUSCO 1983). Therefore, about 13 million larvae should have entered Niantic Bay through this .
area during a flood tide. During a similar time period, two lmport/cxport studies (April 18 and
May 2, 1988) were conducted at the mouth of the Niantic River and the geometric mean density of
samples collected during an ebb tide (10 samples) was 155 per 500 m3. With an average tidal
prism volume for the Niantic River of about 2.7 x 106 m3 (Kollmcyer 1972), less than 0.9 million
larvae left the river during an ebb tide. This number of larvae is equivalent to less than 7% of the
larvae entering Niantic Bay between Millstone Point and bell buoy 4 during a flood tide.
Therefore, at least for this period during 1988, a majority of the winter flounder larvae entering
Niantic Bay and potentially entrained came from a source(s) other than the Nlannc River. .

MATERIALS AND METHODS

Mass-balance calculations were used to investigate whether the number of winter flounder larvae
entering the Niantic Bay from the Niantic River could support the number of larvae observed in the
Bay during the winter flounder larval season each year. There are three potential larval inputs to
Niantic Bay: eggs hatching in the Bay, larvae flushed from the Niantic River, and larvae entering
the Bay across the boundary between Millstone Point and Black Point. Due to the low numbers of
yolk-sac larvae collected in Niantic Bay (NUSCO 1985-90), minimal spawning and subsequent
hatching is thought to occur in Niantic Bay and, therefore, would be a negligible larval source. It
is known that larvae are flushed from the Niantic River to the Bay and the number entering can be
estimated from available data. Although it was demonstrated above that a large number of larvae
entered Niantic Bay from Long Island Sound (LIS) in 1988 during at least a portion of the larval
season, insufficient data were available to quantify this source throughout the entire larval season

. and for different years. Therefore, this source remains a potentially important one that needs

further investigation. There are four potential losses of larvae from Niantic Bay: larvae enter the
Niantic River during a flood tide, are lost due to natural mortality, entrained by MNPS, and larvae

* are flushed from the Bay into LIS. The number entering the Niantic River can be estimated from

available data, and estimates of natural mortality and entrainment have been made, but little is
known about the number of larvae flushed to LIS and this remained an unknown in the following
calculation. The form of the mass balance equation was:

NB;,s= (NB,) (Ent) - (Mort) + (FromNR) - (T oNR) + (Source/Sink)
where t=time in days ;
NB,; 5 = number of larvae in Niantic Bay 5 days after day t (instantaneous daxly
estimate)
NB, = initial number of larvae in Niantic Bay on day t (instantaneous daily estimate)
Ent = number of larvae lost from Niantic Bay due to 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/Sink = unknown number of larvae in Niantic Bay that flush to LIS or enter
the Bay from LIS (over a 5-day period)

Solving for the unknown Source/Sink term, the equation was rearranged as:
Source/Sink = (NBy 4 5) - (NBy) + (Ent) + (Mort) - (FromNR) + (ToNR)

and because thcsc mass-balance ca]cu]anons were based on the change in the number of larvae i in

‘Niantic Bay over a 5-day period:

5-day Change = (NB, . s) - (NB,)
therefore:
Sourcc/Sink = (5-day Change) + (Ent) + (Mort) - (FromNR) + (ToNR)

The selection of 5 days as the period of change was arbitrary and the use of different time periods
should not alter the conclusions from the mass-balance calculations. Daily abundance estimates
were derived from the Gompertz equation. The equation was fitted to weekly geometric mean
densities (NUSCO 1990). Daily estimates for Niantic Bay (NB; and NB, ., 5) were calculated from
data collected at stations NB and EN combined, which represented an instantaneous daily standing
stock after adjusting for the volume of Niantic Bay (about 50 x 106 m3; E. Adams, MIT, personal
communicaﬁons). The difference between these two estimates was the term (5-day Change).
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 (Ent). Stage-specific montality rates were determined by Crecco and Howell
(1990) and modified to daily stage-specific montality rates by assuming stage durations of 10 days
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 5-day period was applied to the daily standing stock for Niantic
Bay (NB)) to estimate the number of larvae in each developmental stage for stage-specific mortality
calculations. The daily loss due to natural mortality was summed for each 5-day period (Mort).

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 the of River (Fig. 1). To estimate the relationship between the estimated 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 10 import/export studies conducted at the mouth
of the Niantic River during 1984,1985, and 1988 (NUSCO 1985, 1986, 1989) were compared to

- the estimated daily densities at station C. It appeared that less than 50% of the larvae estimated to

be at station C were flushed from the river. Therefore the average density of larvae flushed from
the Niantic River was estimated by the regression equation:

Average dcnsity = 18.828 + 0.458 (Daily density at station C)

This average density, the average tidal prism of 2.7 x 106 m3 (Kollmeyer 1972), and about l 9
tidal prisms per day were used to estimate the daily flushing of larvae from the River to Niantic
Bay. This dally input to the Bay was summed for each 5-day period to calculate the term
(FromNR) in the mass-balance equation. The loss of larvae from Niantic Bay to the River during a
flood tide (ToNR) was based on the daily density estimates for Niantic Bay (stations NB and EN
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+ combined). A comparison of the cimly estimated density for Niantic Bay to the geometric mean

density of the samples collected during a flood tide for the 10 import/export studies indicated no
significant relationship (Fig. 2). Because there was no apparent systematic bias in this relationship
and for lack of better information, the estimated daily densities for Niantic Bay from the Gompertz
equation were used to estimate daily loss after adjusting for the average tidal prism and the number
of tidal prisms per day. These daily estimates of the number of larvae entering the river during a
flood tide were summed over each 5-day period to calculate the term (ToNR) in the mass-balance
equation.

The Source/Sink term represents the net loss from or gain to Niantic Bay of larvae from LIS dunng .
a 5-day period that is required to balance the calculation. For a net loss this term would be negative .
and for a net gain the term wou]d be positive.

RESULTS AND DISCUSSION

Mass-balance calculations were made for 1984 through 1989 with four of these years (1986-89)
during 3-unit operation. The results of calculations for each 5-day period in 1989 are provided as
an example (Table 1). During the season the value of the term (5-day Change) went from positive
to negative when the estimated number of larvae in Niantic Bay started to decline during a 5-day
period. In the first part of the larval season there was a net loss of larvae from Niantic Bay
(negative Source/Sink term). Starting in early April the Source/Sink term became positive,
indicating that larvae from other sources (LIS) were required to support the change in larval
abundance or to balance the equation. During peak entrainment (mid-April), more larvaé were
imported from LIS than were entrained suggesting that this was an important larval source for
Niantic Bay. For each 5-day period the proportion of entrainment attributed to the Niantic River
was estimated from the ratio of larvae entering the Bay from the River (FromNR) to the total input
from both sources (FromNR + Source/Sink). This proportion was applied to the total number
entrained to estimate the number entrained from the Niantic River. For the S-day periods when
there was a net loss (negative Source/Sink term) or when the proportion from the river was greater
than one, all larvae entrained were assumed to have originated from the Niantic River. Estimates
of annual total entrainment and the annual number entrained from the Niantic River were
determined by summing all 5-day periods. Based on mass-balance calculations for data collected
in 1984-89, 28.2 10 65.7% of winter flounder larvae entrained by MNPS originated from the
Niantic River.(Table 2). Except for 1984, the total entrainment estimates based on the daily
densities derived from the Gomperz function were 19 to 39% larger than those previously reported
(NUSCO 1990), which were calculated from median entrainment densities. The reason for this
increase was not immediately evident, but these larger annual entrainment estimates were used for
the remaining calculations.

The number of each developmental stage entrained during each 5-day period was estimated based

-on the proportion of each stage collected at station EN during the period. By applying the

proportion entrained attributed to the Niantic River (FromNR / Z of FromNR and Source/Sink) the
number of larvae in each stage was allocated to the two sources for each 5-day period. The annual
number of larvae entrained by stage from each source was estimated by summing all 5-day periods -
(Fig. 3). Except for 1984, most of the Stage 3 larvae (the predominant stage entrained) originated
from sources other than the Niantic River.- The estimated number of larvae entrained by stage from .
the River was compared to the annual abundance estimates for each larval stage in the Niantic River
(Crecco and Howell 1990). The estimated percentage of the Niantic River winter flounder

-production that was entrained annually since 1984 ranged from about 6 to 17% (Table 3). These

estimates of year-class strength reductions can be used in further impact assessment work using the
stochastic popu]ation‘modcl.



CONCLUSION

Mass-balance calculations were used, as an empirical analysis on available data, to estimate the
proportion of the Niantic River production that was annually entrained. The results indicated that a
large number of entrained larvae were from a source or sources other than the Niantic River. A

special sampling program is presently being designed for the 1991 larval wmtcr flounder season to
help verify these results.
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- Table 1. Results of mass-balance calculations for each 5-day period in 1989. -

Start of 5-day Number Loss due Number from Numberto " Source/Sink
5-day Change Entrained to Mortality Niantic R. Niantic R. Term
Period (x 105) (x 109) (x 106) (x 109) (x 109) (x 106)

2-15 00* 0.0° 0.0* 1.8 0.0* -1.8
2-20 0.0 0.0 0.0 9.2 0.0 92
2-25 0.0 0.0 0.0 314 0.0 -314
3-02 00 0.0 0.0 62.0 0.0 -62.0
3-07 00 0.0 0.0 828 0.0 -82.8
3-12 0.0 0.0 0.0 853 0.0- -852
3-17 0.3 0.0 0.0 74.2 0.1 73.7
322 14 03 03 57.9 0.6 -553
3-27 37 2.7 12 422 2.1 - 2326
4-01 58. 11.1 33 29.5 5.0 -38
4-06 6.1 214 4.3 20.1 8.7 T 204
4-11 43 215 7.1 13.6 11.9 312
4-16 16 26.0 74 9.2 13.7 39.6
4-21 -09 24.1 6.3 6.3 139 37.2
4-26 -25 19.6 63 43 12.8 319
5-01 -32 17.2 53 3.1 11.1 272
5-06 -32 123 40 23 9.1 199
5-11 29 74 30 1.8 7.2 129
5-16 25 3.5 23 1.5 5.6 74
5-21 20 23 1.8 1.3 4.2 5.1
5-26 -15 1.8 13 1.1 32 3.6
5-31 -12 1.2 1.0 1.1 24 23
6-05 -09 1.0 0.7 1.0 1.7 1.5
6-10 -0.7 0.6 0.5 1.0 1.3 08
6-15 -05 04 0.0 0.9 0.9 -0.1
6-20 -04 0.3 0.0 09 0.7 -03

. *Due to rounding zero values represent numbers under 50,000 larvae.

Table 2. Larval winter flounder estimates of total entrainment, number of larvae entrained from the Niantic River,
and the percentage of total entrainment attributed to the Niantic River for 1984-89 based on mass-balance
calculations.

_ Niantic River % Entrainment
Total Entrainment Larval Entrainment Attributed to

Year (X 10%) (X 10%) : the Niantic River
1984 87.8 571.7 65.7
1985 ' 82.6 432 523
1986 130.1 51.4 395
1987 171.8 : 66.8 38.9
1988 192.0 60.8 31.7

1989 : 174.8 49.3 28.2
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+ Table 3. Estimated abundance of winter flounder larvae in the Niantic River and the number and percentage of the

production entrained from the Niantic River by developmental stage for 1984789. The number of larvae from the

Niantic River was based on mass-balance calculations.

Niantic River® Entrainment from
Developmental - Abundance Niantic River % of the
Stage (x 109 (x 10%) Production
1984
Stage 1 3096 03 <0.1
Stage 2 743 248 33
Stage 3 364 26.5 7.3
Stage 4 255 6.1 24
Total LYA LI 13.0
1985
Stage 1 4071 40 0.1
Stage 2 977 224 23
Stage 3 479 143 30
Stage 4 335 12 0.3
Total 419° 5.1
1986
Stage 1 2696 1.2 <0.1
Stage 2 755 11.9 1.6
Stage 3 392 . 259 6.6
Stage 4 275 84 3.1
Total 474 11.3
1987
Stage 1 -3281 1.1 <0.1
Stage 2 919 214 23
Stage 3 478 38.5 8.1
Stage 4 334 44 13
Total 654 11.7
1988
Stage 1 5352 ! 47 0.1
. Stage2 803 12.5 1.6
Stage 3 289 39.0 13.5
Stage 4 208 3.1 . 15 .
Total 59.3 16.7
: 1989
Stage 1 442) 3.6 0.1
Stage 2 619 15.6 25
Stage 3 204 27.6 135
Stage 4 137 1.7 12
Total 48.5 173

2 Abundance estimates are from Creeco and Howell (1990).

bSome total entrainment estimates may differ slightly from Table 2 due to rounding error.
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Fig. 1. Comparison of winter flounder larval densities collected during an ebb tide at

the mouth of the Niantic River and corresponding daily density estimates at station C
in the Niantic River from the Gompertz function.
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Fig. 2. Comparison of winter flounder larval densities collected during a flood tide

. at the mouth of the Niantic River and corresponding daily density estimates in Niantic
\'3 Bay from the Gompertz function.
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_collected for genetlc stock |den'nf|cm‘|on studues durmg 2001,

‘Report ‘ro Mlllstone Enwronmentol Laboratory, Ecological Advnsory Commnttee e
; .’ Analysis of winter flounder Larvae [ELRURSTE R A
By Dr J Cl‘lVe"O University ‘of ‘Connecticut, Storrs, CT :
. 2 2.12.02 02

Thisisa report of the ochvmes of the second year of a pro Ject des:gned to

determine the most likely source population for winter flounder larvae entrained by the Millstone >~
~ Power Station. Staff scientists at the Environmental Laboratory, Millstone Power Station,

Waterford, CT, provided samples. Larvae were collected from the Nidntic River, Thames River and *
an area due west of the Connecticut River, mostly of f Westbrook (Flgure 1). These areas were
known to be, or adjacent to winter flounder nursery locations in Long Island Sound (LIS), and were

- near the Millstone Station. Larvae samples were staged occordmg to‘criteria presented in NUSCO
* (2000). Stage 1 (yolk-sac)& 2 (pre-flexion) winter flounder larvae - were collected witha bongo net
sampler with a 202-um mesh net at variable depths from February 1hrough April 2001, Larvae were

sorted on board the sampling vessel and placed in 70% ethanol. ‘A total of 164 S‘roge 14 2'ldrvag’
were collected from the Niantic River, 174 from the Thames Rlver area and 198 from the
Westbrook area (Table 1). AR co

Atlantic Ocean

Lo~ .

‘ Niantic River

Connecticul River

Millstone Nuclear . .
" Power Station "~ '

x T .. . Longlsland Sound
Westbrook Tt SR SRS
es rOOj N

Figure 1. Approx:mote locotuons in eostern Long Tsland Sound (X) where lorval wm'rer f lounder were.

Lor-voe were also collected using a 333-micron mesh net from seowoter emramed at the .
Millstone Power Station from March through June 2001, Larval samples collected durmg this time
period were strahfled so as to provide an accurate cross-sectlon of larvoe emramed by the Station

.....



(i.e., the maximal number of sample were collected during those dates when it was known that the
maximal number of larvae are entrained in the Station). A total of 1067 stage 2, stage 3 (flexion)
and stage 4 (pre-metamorphosing) entrainment larvae were:collected (Table 2).

Table 1. Spawning Stock collection sites and number of larvae processed
Collectionsite  Date  Number and stage Total

Niantic River 2.27.01 35 - stage 1
- 25 -stage 2
" 31401 . 31-stagel
. -19 - stage 2 *
3.28.01 19 - stage 1

o - . -35-stage 2 164
Thames River  3.03.01 12 - stage 1 .
: 44 - stage 2
3.11.01 19 - stage 1
N . 42 - stage 2
3.18.01 12 - stage 1

- Westbrook 4.05.01 - 30-stagel
: ' 50 -stage 2 -
416.01 24 - stage 1
, 34 - stage 2
4.26.01 6 - stage 1
3 -stage 2
51 - stage 3 198

- 536

Table 2. Entrained larvae collection dates & amounts and number of larvae processed

.

Collection Dates Number and stage Total Collection Dates Number and stage Total

3.28.01 "~ 14-stage2” 14 5.14.01- ~ 28-stage 2
4.06.01 4 -stage 2 . 66 - stage 3
_ 7 - stage 3 11 - 10 - stage 4 104
.4,05.01 45 - stage 2 . 5.21.01 43 - stage 3
34 - stage 3 79 . © 20 -stage 4 63
4.16.01 47 - stage 2 5.29.01 41 - stage 3
95 - stage 3 142 , 10 - stage 4 51
4.23.01 14 - sfage 2 . 6.04.01 ~ 15-stage 3
176 - stage 3 190 " ' 19 - stage 4 34
4.30.01 18 - stage 2 ' 6.11.01 29 - stage 4 29
160 - stage 3 178 6.18.01 18 -stage4 == 18
5.07.01 29-stage2 . ‘ 1067
104 - stage 3

21 -stage 4 154




Following metamorphosing and settlement, juvenile wmfer flounder (10-71 mm)’ were
collected on June 22™ and September.18"™ of 2000 and July 3™ and September 24" of 2001 with a .
1-meter beam Trawl at two locations in the Nuan‘nc River (anure 2; LR and WA). J uvemles were
ploced in 70% ethanol and then transferred to the lab for analysus A small plece of muscle ‘nssue
'was usad to asolafe genomlc DNA from each Juvemle (Table 3) S —

MNP

Flgure 2. Approxamate locat:ons in 1he Nmnhc Rlver (LR and WA) where age-O Juvemle wm‘l’er'-
flounder were collecfed for genetic stock ndenhfncahon studues durmg 2000 and 2001. -
_Table 3. Age-OJuvemle collechon dates and number processed L ‘. R R
- Collection Site ' 'Date ’ Number Collection Site ‘Date “Numbeér | Total = .o -ive
(Nmntuc Rlyer) e (Nlanhc R:ver) o ) S
w ersge” 57 WA 62200 .35 .| 2. . . . i
) T 791800 30 - .o 091800 .. 35 .| 65.. . ;
70801, 70 - vt 70301 78- | 148 .o . 7
92401~ 45 v U7 7 92401 .18 ] 63 - Tt -



Genetic analysis

Genomic DNA was extracted from each sample by The method of Kaplan et al. (2001) from
each larva and juvenile muscle sample. Genomic DNA was quantified with Pico Green™ (Molecular
Probes, Inc.) and comparison to a DNA standard curve. Stage 1 larvae provided 75-100ng of genomic
DNA that was sufficient for analysis of 6 microsatellite loci. Stage 2 through 4 larvae and age-o
juveniles gave large amounts of genomic DNA.

To analyze each microsatellite loci, 10ng of genomic DNA was added to a solution containing
10mM Tris, 50mM KCl, 2 5mM MgClz, 0.2mM dNTPs, 0.2uM forward and reverse primers to a final
© 10ul volume. The forward primer was covalently modified with a D2, D3, or D4 fluorescent tag
(Research Genetics Inc. Huntsville, Alabama). The sequence of primers is included in Table 4 as well
as the PCR conditions for each primer set. Prlmer sequences were a kind gift from Susan Douglas
and Doug Cook (McGowan & Rzith, 1999).

After PCR, the samples were prec:plfcn‘ed by addition of Zpl 3M NaAcetate pH 5, 2ul of a
1mg/ml glycogen solution and 50ul of absolute ethanol. The samples were frozen at -70°C for ten
minutes and then spun at 30,000xg for 15 minutes. The supernatant was discarded and each sample -
washed with 75ul of 70% ethanol. The samples were dried and re-suspended in 30ul of formamide
that contained a 60-400 bp DNA standard labeled with a Di-fluorescent tag (Beckman
Instruments, Pal Alto, CA). The samples were then analyzed on the Beckman Seq-2000™ Capillary
Electrophoresis Sysfem (frag3 protocol). Microsatellite products were identified by size with an
accuracy of 0.25 bp by comparison to standards. Table 4 contains the size ranges and number of
- alleles for each loci.

Statistical analysis

Statistical analyses of ddta were performed using PopGene (available as shareware at
http://www.ualberta.ca/~fyeh/) and the NeuroShell™ Classifier neural net software (Ward
Systems Inc, Frederick, MD). PopGene calculated expected heterozygosities as well as an estimate
of Fis (Cockerham and Weir, 1986). Tests for conformity to Hardy-Weinberg equilibrium were
calculated using a Markov chain method. Tests for allele frequency differences were calculated
using Fisher's exact test with pair-wise comparison of all samples at all loci that were then
combined across loci. Genetic differences were also calculated.

The NeuroShell™ Classifier neural net software was used to assign entrained larvae to
likely source locations. This software makes no assumptions about genetic differences among
populations and builds an algorithm (i.e., a neural network) that best differentiates differences
among the populations. This neural network is then applied to the entrained data. The network is
trained on a file (i.e., the training file) that contains the genetic information about larvae collected
from the three source areas.’ . ' g

Control experiments to determine the accuracy and resolving power of this approach were
carried out in the following manner. A validation experiment was carried out in which the network
was trained on one-half of the training sets and then used to classify the other half of each
training set. This was repeated 100 times by randomly selecting which samples were included in the
training set and which were classified. Through these experiments a mean error rate confidence
value was generated. Then the network was trained on the complete training sets (TNN). Ina
second set of control experiments, the source location of each larva within the training groups was
randomized (n=100). The randomized training sets were used to develop networks that were applied
to entrained samples (RNN).



» . After the control experiments wére carried out, the TNN i was uséd fo classsfy all entramed
( . larvae and juveniles to the most likely geographical : source The TNN generafed a confudence value .
for the classification of each unknown sample from 0 — 1.0. Samples were assagned toa f, 7 L
geographical source population if confidence value exceeded 0.75. A confndence level of 0 75 was '
chosen for the following reasons: 1) this confidence level would be at least 3 ‘nrnes os grea‘l as ‘lhe L
next hlgh confidence value'and 2) it represents the lowest confldence value w:th error less ﬂ\an SA'Y .
_(delermmed by. mulhple classification of the same sample). In some cases 1he TNN could not assngn o
a sample to a source area with'0,75 confidence but was able to determme that ‘the sample dud not L
. ‘belong to @ 5pecuf|c :source population (less than 0.05 confidence).” If the assngned confadence value

was the same or similar for* all three source populations the sample was ass:gned toan unknown )
group. This gave 7 poss:ble groups: Niantic River, Thames River, Westbrook (Connectlcuf Rwer)
not- Nlamlc River, not- -Themes Rlver nol-Wesfbrook or an unknown locatlon LT
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'Results: S Ry ST A

A major goal of this year’s effort was to increase the number of identified alleles, *to )
increase the number of larvae in the source populations and 1o make the collection of enframed
laryae represent with the overall enfrainment (i.e., the greatest number of analyzed entrained
larvae should come from the date in which the greatest number of larvae are entrained by 1he o
plant) SR

-These objectives were meet with an increase of 30% in the number of source popula‘hon
larvae (536 in 2001-vs: 423 in 2000).  The number of entrained larvae also increased by 3-fold"
(1067 in 2001 vs. 360 in 2000) and the collection of larvae peaked during late April usually when the
greatest numbers of larvae are entrained at the plant, although in 2001, entrained larvae were also
> . abundant in May (DNC, in preparation). The number of identifiable alleles increased from 29 i in

.2000 to 135 alleles in 2001, Thereby mcreasmg the resolvmg power of the analysxs )
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Table 4, Pmmers and PCR condmons mlcrosatellnte sizes, and number of alleles

Loa . . Prlmer Sequence ** Product Annealmg T°C _ Allele Number'
) -length
: ~ . (bp) L
P157 " D2-AGTGCAACAACAGATTCCAG(+) 93-195 50°C o 40 -
. . GCAGAATGAGTGAAATGTGG(-) foo T
P159 . - D3-6TETGEAGGTCAATEC(+) 85 209 7 53°C % 11
. ' . GGAGCATCATTCATACAC(-) . o o -
A441 . D2-CAACTGT6GGTATETGCCTG(+) ?.,.,89-213 o BBC . i .28 T
. BTETCAGCACTGTGCTTAAACC(-)-i-  +o . -lorois il o m o
- D34 D4-GCCTGGTCTCATTGTETTCC(+) 89-315 - 55°C .- Y27
. AGGTTAAATGATTTCCTGAAGCTG(-) . o
I29 . D3-GCTTCG6TTACACCTTTEC(+) 91223 55°C « v 4 S
| ABGACAGTGAGGATETCCH(S) invr .o, oy o i Tt T e R
J42  DA-CACAAACTCAAGATGTTGCG(+) . 95-1857¢ - :B5°C~ =+ v 28 7

AAGCTCACTGGAAAATAATACCC(—) R R A

D2, D3 & D4 refer to fluorescent tags onthe forward primer. " = <& ot o
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Individual larvae could have 12 possible products (2 for each primer set) if each locus was
‘heterozygous or one if the locus is homozygous (to a minimum of 6 products). The source
populations were examined by POPGENE statistical package. In Table 5, the relevant
characteristics of each microsatellite loci are provided. The p value refers to the likelihood that
the loci obey Hardy-Weinberg rules (a p value >0.05 suggests that it does not). Loci p159 and 129
don't always obey Hard- Wemberg rules suggesting that they might be inbred but the Frs values
don't suggest that the loci are inbred. The Het.us values refer to the heterozygosity of the loci
among the tested samples. The heterozygosity varied from about 10-80%, which is typical for
microsatellite loci. Five out of the 6 loci were very heterozygatic (thereby increasing their
resolving power) while one (I29) was not very heterozygotic. In the future, it may be worthwhile to
substitute a different marker than the 129 to increase resolving power. It is interesting o note
that on'the basis of the heterozygosities, the Thames River larvae were less heterozygotic than
the Niantic or Westbrook. The Westbrook larvae were the most genetically diverse and may reflect
more than one population as these larvae were collected in the open waters of LIS rather than
within a specific estuary. <

Table 5. Summary statistics for' 6 mncrosatelh?e loci surveyed in winter flounder.

" Population . ' Microsatellite Loci
P157 P159 A441 D34 129 Ja2
Niantic ' '
P value 0.0000 0.2798 0.0000 0.0000 0.2759 0.0000
Hetops 0.7481 0.3926 0.6000 0.7185 0.0667 05333
N o148 148 148 - 148 148 148
Fis  0.1485 -00515 = 03151 01823 °  -0.0345 0.3597
Thames _ : v ‘

P value 0.0000 0.9817 0.0000 0.0000 0.0000 0.0000
Hetobs 0.8129 .. . 00719 0.5971 05972 0.1000 0.3669
N . 154 154 - 154 154 154 . .. 154

Frs 00937 -0.0281 ~  0.3263 0.2985 0.1078 0.5927
Westbrook :
Pvalue . 00000 0.8865 0.0000 0.0000 -~ 01594 0.0000
Hetops 0.7744 0.2359 0.6821 0.4974 . 00103 0.3538
N 195 195 195 195 . 195 " 195
Fis -00062 = -0.0572 0.2133 0.4256 -0.0052 0.5716

P values indicate the probability of conformity to Hardy—Wemberg expectations by the Chi-squared
method. N is the sample size.

The next comparison was to see how distinct the source populations were from each other.
This is determined through the Fsy (Fisher's statistic), which is a numerical measurement of the
genetic dif ference, with values greater than 0.05 considered to be significantly genetically distinct
and values between 0.025 and 0.05 considered to show less significant but potentially important
genetic differences. Table 6 has the results for 2000 & 2001. It is interesting to note that the
Niantic River population is distinct from the Thames & Connecticut River area populations in both
years. The Thames River larvae are also distinct from the Plum Bank and Westbrook larvae. This
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genetic differentiation is geogrophtcally linked; i.e., those source populafuons ‘that most
geographically distinct are the most genetically distinct. The other interesting point isthat the
genetic differences were rela‘nvely s:m:lar over The last 1wo years suggestmg a 1emporal stability.

Table 6. The genetic dnfference befween ’rrammg groups

Fst , Fsr
2001 2000 A
Vs Thames ~ Westbrook ~ Thames ., Plum Bank ~*
. Niantic 00385 00571 - 0.0384 - 00518 <
Thames - .. 00545 . - - 0.042'5

Westbrook i e L

The NeuroShell neural network classrfymg program was ?hen ?ramed ‘on the flles contammg

the genetic differences between larvae collected in the Thames, Niantic and Connecticut Rivers. -
_Control experiments were carried out in the fallowing manner. Initially, the neural network was
trained on half of the larva from each training area and then used to classify the other half of -

larva from the same oreo Secondly, the order of the samples within the 1rmmng set(s) was
randomized but the correct source location was maintained, Thirdly, both the order and source of -

the larva in the training set was randomzzed These controls demonstrated that this approach had °

at least 98.5% accuracy in closs:fymg unknown larvae to one of the spawning areas. Samples were
" assigned to a geographical nursery population if their probability exceeded 0.75. A confidence level -
of 0.75 was chosen for the following reasons: 1) this confidence level would be at least 3 timesas *
great as the next high confidence value and 2) it represents the lowest confidence value with error
less than 5% (determined by multiple classification of the same samples with neural networks). In
some cases, the network could not assign a sample 10 a nursery area but was able to determine thaf
the sample did not belong to'a  specific nursery population (e.ssentmlly less than 5% conf:dence) If
the ossngnmen‘r confidence was the same for all  3-nursery populations the sample was cssngned toan -
unknown group. This gave 7 possible groups: Niantic River, Thames River, Westbrook (Connecticut
R:ver) not- Nlanﬂc River, not-Thames River, not- Westbrook or an unknown location. =t -

" It'is clear from Table 7 1hat thére were very few larvae fhat could not be assngned
to one of the 19 6 ‘groups (essentm!ly not from any of the tested source areas). The greatest™
number of enfmmed larvae came from 1he Westbrook area (34%) and approximately equal number . )
classified t0.the other spawning stocks (Nlam‘nc Ruver 24%, Thames River 21%). Peak entrainment of .= -

‘Niantic River larvoe was in mid: Aprul Peak em‘rammenf of Thames Rlver larvae was in late May,
early J une, whnle peak en?rammen’t of Westbrook larvae occurred in early May at the same hme of
peak enframment into the. Power Sfotlon (Toble 7) : o
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vaer ’ Rlver' brook Nrom‘lc . r
River - Rlver Brook i
Collection ‘ -
Date e
. 3.28.01 46.2 7.7 1548 23170 -

4.09.01 14.6 29.2 '»34 8. 677 T
- 4.16.01 295 227 250" 6.1

4.23.01 35.6 23.3 21.7 5.0

43001 27.2 154.. 333 ‘8 0

60401 . 69+ 1241
61101 ;185185

61701 23
“%of all o241
sampled i el

“larvae.: s - : , : g .
'Clas&flcoflon fo one of 1he known spawmng areas requ:red at leasta 0.75 confldence Clcxssn‘:cahon:ff.;,-r3 e
to 'rhe not—spawmng area columns requured that one of the spawnmg areasgbe classufled as havmgu et -

Tt kI
n...t en -»“‘

. Juvenlles That ere. ollec‘red in 2000 & 2001 fr m ;
'rfested spawnmg stocks (Table '8). Ornce. agam very few Juvemles could' nof be assngned 16 one of; the -
1% six groups ‘There was no slgmf:cam‘ dtfference m the closs«flcahon of The Juvemles collec‘red m (= U

early‘or late summer f both yedrs LR smt:on located near The mouth of the river; had mmally o
fewer Juvenlles class:fced fo 1he Nmn’nc spawnlng sfock in J' une 2000 than fhe»WA site, That ist -1y
. more upnver However less dlfference was seen’ m Sep'rember 2000 or m ZOQ "[he great’ma Jornty
. of Juvemles were classified. 1'o the Niantic River and Westbrook areas cmd not to the. Thames Rlver
_ Also of interest was the size of Juvemle.s assigned to source popula'ﬂons ie., were larger juveniles” _
E produced within the N«armc River as opposed to smaller fish entering ‘the River from other areas. A s
~ ‘one-way analysis of variance indicated no significant difference in the Juvemle size by year, month, '
_and station except in September 2000 at the lower river site, where juveniles originating from
' Westbrook were significantly larger (mean of 43 mm) than those from fhe Niantic (36 mm) or
' Thames Rwers (35 mm).
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Table 8. Closs:fucohon of Juvemle winter flounder fo nursery areas using the trained neurol
networks.

' Classification (values are expresséd as percentage of total) .~ <

v, .June, September June,’ -September = June;, September .- June, - September
7. '2000 . 2000 | T:2000° .- 2000 2001 ' 2001 . 2001~ . 2001 -
S MR R e WA WAL IR LRT WAL TR WAE
Nianfic ~-<21 ~~ .23 ' Bi... .26 - .20 " ‘28 .. 1677 a7,
Thames®© 11 0 10 - 1 - 329 - 24~ L9 L 3o e
West. "140 ,° 37+ - M7¢. 37 27 - 36., 44 0 337
Not, ~-5 - 100 - . 0 - -0--=. 6. . 5. 1 e
Niantic: -~ . 7 e i o0 T s e
Not'. -4 D7 A 0 T S A a7 g T
Not .- w70 = 137 6" . 6 . 9 B U2 L M
Brook i ' _ I T L e N
Unknown . -2 - 0o- -3 .3 0 . 0", . .0, .. &

'1999). .

Conclusions & Discussion:

Prevaous work suggests that there are. dnscrete breedmg stocks of wmter flounder bosed
on morphometnc meristic, tagging studies and ‘6ther factors (Pearcy 1962aq, 1962b Berry et al.,

1965). Work over the past few decades by the Connecticut Department of. Envuronme,ntal Protec'non -

has suggested that distinct spawning and nursery areas for winter’ flounder exist within LIS -

" (Howell et al,, 1999). One such nursery area is in the Niantic River that-is nearby Yo the Mullstone

Power Station, In general, marine fish show less genetic | dif ferentiation than freshwater or -
anadromous fishes since marine envwonmants are less fragmented than freshwater environments ..
(Carvalho, 1994; Ward et al., 1994). Murnne organisms with a plonk?omc phase'have a high potenhol
for physucally and biologically mednated dnSpersaI Nonetheless, evidence does suggest that larval
retention (J ordan ef al. , 2000), ‘cohort fadeluty (Sinclair 1988) geogmph:cal structures and *

:mpeduments (Ruzzanfe et al., 1998) and natal hommg instincts.(Nielsen et al., 1999) may limit ¢ gene e

flow. Marine species such as cod, hake, herrmg and squid have previously shown little genehc ;
populatnon dtfferemlatlon by allozyme markers and ‘thought to be homogeneous over large -
geographscol ranges. Recent examination wnth mscrosatelhte loci has revealed fine levels of
populahon struc1ure (Bemzen et cl 1996 OConneH et a! 1998 Lundy et ol 1999, Shaw etal,

Mncrosatelllte loci forma clcss of highly polymorphic and informative regions of .
chromosomal DNA ﬂ\at have found great usage for studles of mtra-specafuc population sfructures
as well as hybridization events, linkage mapping, pate,rmty ‘testing and pedlgree analysis (Hughes &
Queller et al., 1993, Roy et. al., 1994, Dowhng et.al., 1997). Although stcmstlcally sngmflcont
gene.tnc dnfferences do not olwoys have blologncol sugmflcnnce (Woples 1998) they can play an-

-

-



:mportanf role in fishery:i managemem‘ isstes or in instances of efforfs 1o recover commerc:al .
fxshlng mdusfrxes h
Durmg normal STa’non operahons coolmg water, wnhdrawn by The Sfa'non causes the
e nssue of ‘plant impact due to meerW
) ﬂflounder larval entramment has been addressed by populahon dynamuc modelmg (Lorda et al., 2000). -
This. modelmg has focused on,the Nlanhc River winter flounder stock’ and | among the information
requ:red is an eshma‘l’e of the annual reproduchve output removed by enframmenf This fraction -
was determined using an mdlrecf method, (the mass-balance model) However the present genet:c
, analys:s provides a more dlrecf quantitative estimate of entrainment loss by source population...;ii"
Thus, larvae in early developmental stages were coilected from areas known to be near spawning;::
grounds. The young stage 1 &2 larvae appear to have limited geographucal dlspersal and hence likely -
. retain genetic differences: Comparnson ‘of genetic dlfferences between these groups demonstrates
~ arelatively high degree of difference (NCIS genetic difference >0 05) Th:s genetic differentiation
- is geographically based with the grea'resf difference seen between the Westbrook and the Thames;
River source areas that are separa.ed by 20.5 miles. Though or..y separafed by 5 miles, the Thames'-' -
and Niantic River source areas had relatively substantial gene‘nc separahon between them (Nei's-
genetic difference = 0 .036), suggesfmg Thaf one or more factors mlghf be limiting gene flow. The _
same genetic differences were seen in larvae collected i in 2000, suggesfmg a temporal sfabxllty fo« ‘
“these genetic differences. o
. There is no apparenf geograph:cal or physical barrier to gene flow between these areas soi
-natal hommg instincts or selective pressures may be’ respons:ble These dufferences were
sufficient-to prov:de the resolution to assign entrained larvae or older settled juveniles to the
tested populations. Many different approaches have been used to assign individuals of ynknown
origin to populations based on the genetic distance between individuals and populations (e.g;, o
neighbor-joining trees, Estoup et al., 1998, likelihood of the multi- locus genotype and Bayesian,
Cornuet et al.; 1999)."A key componenf of any of These approaches |$ that They have the abnllfy tou oz
correcﬂy assugn cnd:v:duals but a'common wback us fhat |f fhe or:gm of the mduv:dual is no'r' 1
repreSented m fhe reference popula‘ho s

LU

.

' coupled wath large populahon suzes (on average ISOlndxvudaals) and locn wnh large humbers of alleles
(135) should allow for:the’ max:mal accuraEy in ass:gnmenf 'ro reference popula'nons It-is clear 'rhaf
we have not sampled from all of the poss:ble donor stocks in LIS or surroundmg areas; but focusmg
on a smaller geograph:cal range ‘across which all stocks can be sampled adequa'rely, nminimizes ﬂus

~ problem. ‘ L o et ' : o '
Recenﬂy, several lnvestcga‘rorﬂ ave begun to U

etal: 1999 2001 Wu-Ca’rherme,ZOO These neural networks are 'rramed on populahons withs i
known genehc dlfferences and then apphed to unknown mdavuduals Neural networks make no prror
’ assumpnons about, 1he characfercsncs of the 'rrammg sefs and develop algor:thms that maximize its -

—
C
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ability to correctly identify unknown individuals to populahons These ANN have been used ina wude,
range of areas mcludmg assessmems of flSh abundance and spat:al occupancres (Brosse et ol
1999) ' - . .o . . h

The TNN used in Thus work was tramed on mncrosatel’ltte dafa generaled from the : ,
populations found in the Niantic, Thames and Westbrook areas. To test the accuracy of this -
approach for correct assignment of individuals to ‘populations, confidence values were genemted

" and classuflcahon was compared to neural networks trained on randomized (and mcorrect) ‘rmmmg

sets (i.e., the RNNs). The RNNs lost all ability to classify individuals and classification was’

essermally random. The TNNs classified individuals with high accuracy. A confidence value below .
0.75 was the lowest confidence used to assign an individual o a source population. Even when the - -~

TNN could not assign an individual to a Spelelc population with at least 0.75 confidence, it was
capable of determining that an individual was not from a specific: populcmon («0.05 confldence)

* When the TNN was applled to the cm‘ramed larvae and collected Juvemles the oss:gnmenfs namely

that not all of the entrained larvae were froim the Niantic River stock, are in agreement with other
approaches (e.g., mass-balance model based on larval dispersal). Previous mass-balance approaches 1
(NUsCO, 2000) mducated ﬂmt durmg 1984-98; about 12% to 59% of the entramed larvae were
from the Nlonhc River with a long term average of 25: 4% that i is in agreement with 1he rzsulls seen
here (24. 1’/o) Prevnous work has also suggested that larval entrainment from the Nmnﬂc River area
is hughest earher in spring. This lnkely occurs because this area is closest to 1he Smhon and larvae
dasplaced from The. R:ver make up a greafer proporhon of all larvae found in Nlonhc Bay "As the

season progresses more larvae from other sources are transported by tidal currents into this area

and locally produced larvoe are less dominant, Large assignments were made to the tested -
population that lies 15 miles to the west near the Connecticut River. The Thames River, which is 5
miles to the east, contributed far fewer larvae. This suggests that currents and tidal flow

transport winter flounder larvae in April and May predominantly from a west-to-east direction. This- -

is supported by the fact that the contribution of the Thames River population is also highest J une.

" . The assignment of larvae to the- Westbrook (i.e. , Connecticut River) area reaches a peak in.
mid- May, when the contribution of larvae from the Niantic River has reached a nadir. The peak
entrainment in the Station occurs in late Aprll & early Moy when 1he com‘nbutlon from The -
Westbrook area is greatest. :

Over 80% of the larvae could be defm:tlvely ossugned 10 one of 1he 1ested populcmons with -
- at least 0 0.75 confadence value. of 1he remaining 20%; the TNN could determine that they dnd not

P

belong to one of the popula'nons and the confidence values were roughly divided between 1the . *
remaining two. There were very few larvae (2%) that could not be ass:gned to 1he. 1esfed : o
populcmons or.were known not to have come froma specnflc populcmon S

fpove .

.....

Jjuvenile flounder. Though only the genehc dlfferences between larvae collected in 2001 were used

in the TNN, we had previously characterized larvae in 2000 and found the genetic dlfferences T

between the source populations to be almost identical as they were in'2001. Juvenile flounder of -

~ the 2000 & 2001 year class that were collected in J uly and September of each year from two sntes

in the Niantic River were then assigned to the tested populatioris with the TNN. The lower river

site had initially a smaller proportlon of Juvenules ass:gned to the Niantic River than the m:d -river T
. site, where there were more juveniles resulting from the Thames River. Also, there were '

substantial numbers of juvenile flounder from the Westbrook are ‘that were copfured in‘the Nuanhc

River. Overall, in 2001, 21% of the Juvemles were classified as of Niantic River ¢ omgun '15% from the 2
Thames River, 25% from the Westbrook area and the source of 28% of the Juwamles could not be™” -

o~



defermmed These results . clearly ¢ demonstrate that Though the stageil larvae found in up- -Five

PRI FENTR AR RS TR .

spawning areas have subsfanhal genetic dlfferences with larvae from other spawmng areas, 4'rhe

young-of—fhe-year that settle in the Niantic River are from a wide geographtc ared. .. .-
Interms of flsherces monagemenT thls approach allows’ for the eshmcmon of the tmpact of ,

a commerc:al operahon (i.e:; The Power Station) on specnfuc ﬂounder spawnmg groups ond alsozallows; :

for the durecf lmkoge between a. flounder spawning’ ‘stock and recrunment to: Juvemles Both 0 :

these foctors are critical componenfs of any fishery mcnagemem‘ plan That atfempts To mamtam a::’

commerc:ally vxab!e wmter ﬂounder populahon in LIS T : SRR

Fufure ) exberimenfs: crelogn

'.. "ro defermme 1he varmnce in The genehc dxfference between 'the spawnmg populatlons
qs well as, the var:ance un 1He e:m'amnent o. larvae If thxs g

- Eldulfs tha'r contnbufe ihe genes to 95% of the populahon ond is a'i:séful volue for ‘
flshery mcmgemenf issues and ldenhfzes fhe number of females producmg the Iarvae e
found m each river sysfem IO - . o

B
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Fig. 3. Location of stations sampled for larval winter flounder during 1991.

using 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 neces-
sary to sample the mid-water and bottom strata was
determined by water depth and tow-line angle measured
with an inclinometer. The nets were towed for 6
minutes at stations ‘A, B, and C (filtering about 120
in>) and 15 minutes at station NB (filtering about 300
m3). One of the duplicate samples from the bongo
sampler was retained for laboratory processing.

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
biases (NUSCO 1987). Larval sampling at the three
Niantic River stations usually started in mid-February.
From then through the end of March, daytime tows
were conducted within 1 hour of low slack tide.
During the remainder of the season, until the disap-

12 Monitoring Studics, 1991

pearance 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. In 1991, sampling was reduced to 1 day a week
(NUSCO 1991a). At NB, single day and night tows
were made every two weeks during February and at
Ieast once a week from March through the end of the
larval winter flounder season. During 1991, all day
collections in March were made during a flood tide and
in April and May all night collections were taken
during a flood tide. Jellyfish medusae at the three
river stations were removed (1-cm mesh sieve) from
the samples and measured volumetrically to the near-
B N S

Three additional stations in Niantic Bay were sam-
pled during 1991 10 determine larval winter flounder
abundance and spatial distribution relative to tidal
currents. Station RM was Jocated south of the mouth
of the Niantic River, MP west of Millstone Point,
and BL east of Black Point (Fig. 3). Six-minute
stepwise oblique tows were made with the bongo

Meterists § Methol




sampler described above. ,Sampling was conducted

- within one hour fromthe time of maximum ¢bb and
( flood tidal currents twice a week from March through
May. Collections were made during daylight in
March with 202-pum mesh nets and during night-time
in April and May with 333-um mesh nets. For
station MP, neither ebb nor flood samples collected

—"WM
S unng 1991, the vertical distribution of yolk=.

(Stage 1) winter flounder larvae in the Niantic River
was determined using a pump sampler (Fig. 4). The
" sampler was designed to collect larvae from discrete
depths-and remove them before they passed through
the pump, which would have destroyed yolk-sac
winter flounder larvae, The intake of the sampler
consisted of four 10.3-cm diameter inlets connected 1o
a 15.4-cm hose; the inlet openings were perpendicular
to the bottom. The intake could be raised and lowered
to sample discrete depths. The 15.4-cm hose was
connected 10 the top of the net chamber located aboard
the research vessel, The net chamber was fabricated
from fiberglass and had a diameter of 0.6 m, was 1 m
deep, and was designed to withstand a perfect vacuum.

-

,,‘3‘2}:.4‘;1.-312;,-.-.’, R
.

VR

ey
FPRLRINN

Net
% Chamber

A 202-jtm mesh net was attached 0 a net ring within

- the net chamber. Seawater was filtered though the

net, which removed larvae, and exited through the
bottom of the net chamber via a 7.7-cm hose connect-
ed to a gasoline-powered pump (Pacer Pumps, Model
SE3SLL). Water volume was measured with an
electronic in-line flowmeter (Omega Engineering,
Inc.) locatéd in the pump discharge pipe; flow rate and
total sample volume were registered on a' rcmotc
readout box. The pump capacity was about 1 m3 per
minute and total sample volume ranged from about 5
to 10 m3 . During sampling, the research vessel was
anchorcd from buth the bow and stem to prevent
movement; this stability was particularly important
while sampling at the sediment-water interface. A
total of 12 sets of samples were collected during
February and March at the three Niantic River stations
(Fig. 3). Each set consisted of collections at the
surface, mid-depth, near bottom (approximately 0.3 m
above the bottom), and at the sediment-water interface.
Five sets of samples were collected at station A, six at
B, and only 1 at C. Station C was located in the
navigational channel, where strong tidal currents made
sampling difficult.

-

Discharge

Pump

Intake

1

Fig.4. Schematic of the pump sampler used to collect winter flounder larvae in the Niantic River during 1991.
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.. years in both the river and bay, except for the river in
. ( 1988. Dates of p&k abunaanoc for older larvac were
similar in both the river and bay and because those for
Stage 2 larvae differed considerably, this suggested
that most larvae were probably flushed from the river
during Stage 2 of development.

Previously, it was shown that water temperature
may affect the rate of development for winter flounder
larvae, where growth and development were positively

i related to temperature (NUSCO 1991b). The warmer
than normal water temperature during the larval season
: in 1991 (Table 6) and the early peaks of Stage 3 and 4
: larvae in the river and bay during 1991 suggested a
: relationship between water temperature and the rate of
; : larval development. The mean March-April water
: ‘temperature in the bay (determined from a continuous
! recorder in the intakes of Units 1 and 2) in 1991 was
i . 6.8°C (95% CI of 6.5-7.2°C), the highest of the
\ preceding 15 years (1976-90), which had a mean of
l 5.1°C (95% CI of 5.0-5.2°C). Buckley et al. (1990)
: reported that egg incubation time was inversely related
H to water temperature during cocyte maturation and egg
incubation. The early peaks of Stage 1 and 2 larvae in
: the river during 1990 was related to higher than aver-
i - age February water temperatures (NUSCO 1991b).
. The average February 1991 water temperature (4.8°C:
i . 95% CI of 4.6-4.9°C) was even higher than found for
( 1990 (4.3°C: 95% CI of 4.1-4.5°C), but the dates of
. peak abundance for Stage 1 and 2 were near the aver-
age for the 9-year period. Based on the results from
field data, jt appeared that water temperature affects
larval developmental rates, but its effects on oocyte
tion and egg incubation rates was not clear.
During 1991, a special sampling program was
conducted in Niantic Bay to examine larval winter
flounder temporal and spatial distribution and abun-
dance relative to tidal stage. Three new stations (RM,
MP, and BL) were sampled from March through May

P

- abundance for RM-flood collections began to exceed }
-RM-¢bb in €arly March and continued throughout the "M ‘,'

with paired ebb and flood tidal stage collections takm
during times of maximum tidal current; collections 3 2l
station NB were made only during a flood tide. A
comparison of abundances based on the a parameler
from the Gompertz function (Eq. 2) indicated large
differences between ebb and flood collections at xhe
three new stations (Table 15). Two distinct groups
were evident on the basis of abundance. Larvae were
most abundant for RM-flood, MP-flood, and BL-¢bb
collections, with a values ranging from 4,225 .to’
5,322. Similarly, lowest abundances were found for
RM-¢bb, MP-cbb, and BL-flood, with a values rang-
ing from 1,865 to 2,124. The NB-flood collections’#;
were also within this lJower abundance range. The
95% confidence interval indicated good precision of
the abundance estimates, except for both ébb and flood .~
collections at station RM. The low of precision in 3
estimating the other two parameters (p and x) was®; ;.;‘
also evident for RM. Many of the samples collected 1
at RM had heavy detrital loads, particularly during ebb 3
collections, which may have affected the quality of 4 ;
sample processing. "’ i+
Abundance curves were constructed based on the
Gompertz density function (Eq. 3) to examine tempo- £}
ral abundance at each bay station (Fig. 14). Due to | g7
the low precision of parameter estimates for station f‘
RM, only limited interpretations were made concern-
ing temporal changes at this location. The estimated 33

"t

4‘
£4

season. MP-flood abundance was greater than MP-¢bb '# 3%
starting on March 23. In contrast, BL-ebb abundance ¢
exceeded BL-flood beginning on April 5. The shapc. i 1.
of the abundance curves and density estimates were H2 R
similar for MP-ebb, BL-flood, and NB-flood (Fig. 15).3% b

Since tidal current patterns in Niantic Bay could f.
affect larval abundance, the examination of theset§
patterns may provide some insight into the differences’ 33§
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, L TABLE 15. Larval winter flounder abundances and 95% confidence intervals for ebb and flood tide collections at stations NB, RM, MP, md : ‘

g ,BL as estimated by the @ parameter from the Gompertz function. ; :

x Station Ebb Flood o

H ” };, A
N8B - 1,889 (1,829-1,950) * ;
RM 2,124 (948-3,299) 5,141 (2374.7,908) : ’
MP 1.865 (1,688-2,044) 4,225 (3,464-4,986) go:

i B 5,322 (4,719-5924) 1,962 (1,688-2,236) ,-;,-

s 4

: * Ebb tide was not sampled. -'
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Fig. 14. Abundance curves estimated from the Gompertz density function for Jarval winter flounder during an ebb and flood
tidal stages at stations RM, MP, BL, and NB in 1991. '

in density estimates between ebb and flood collections
at the various stations. Hydrodynamic modeling has
Pprovided simulations of tidal currents in Niantic Bay
during maximum ebb and flood currents (NUSCO
1976: Figs. 4.2-2 and 4.2-4). In addition, several

current drogue studies were conducted during 1991 to
verify the model simulations (see the Niantic Bay
Current Studies section in this report). Based on the
hydrodynamic model simulations and verification with
current drogues, generalized current flow patterns were
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Fig. 15. Comparison of abundance curves estimated from
thé Gompertz density function for larval winter flounder
during selected tidal stages at stations MP, BL, and NB.

prepared for maximum ebb and flood currents (Fig.
16). During maximum flood current some of the
water mass flowing westward south of Millstone
Point enters Niantic Bay, flowing north by the MNPS
intakes and towards the Niantic River mouth. The
remaining water mass continues westward until being
deflected towards the southwest by Black Point.
During maximum ebb current, some of the water
mass flowing eastward south of Black Point enters
Niantic Bay and flows to the northeast. The flow then
turns to the southeast, passes MNPS intakes, and
exits the Niantic Bay to the east.

The circulation patterns and differences in larval .

abundance between ebb and flood tides at stations MP
and BL indicated that as the larval season progressed
into April, large numbers of larvae entered Niantic
Bay from LIS. Collections with the greatest larval
abundance were MP-flood and BL-¢bb. In both collec-
tions, the primary source of water entering the bay
was from LIS. In contrast, the lowest larval densities

occuired during MP-ebb and BL-flood collections, For

these collections the water sampled had entered from
LIS, but had flowed across the bay and most likely
mixed with bay water, possibly diluting the greater
densities of Iarvae entering from LIS. The abundance
during NB-flood collections were similar to BL-flood
and MP-¢ebb (Fig. 15), suggesting a similar dilution
of LIS water in the bay. Previous 24-hour tidal stud-
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ies at station NB showed no tidal-related differencesin

winter flounder larval abundance (NUSCO 1989a).
Developmental stage-specific abundances were
compared at stations RM, MP, and BL on the basis of
cumulative weckly geometric means, an approxima-
tion for the o paramelter in the Gompertz function

(Fig. 17). Stage 1 larvae were most abundant at . 1

station RM, with the Niantic River the most probable
source of this early developmental stage. The abun-
dance of Stage 2 was more homogenous in the bay,
except for RM-ebb collections. Stage 3 abundance
was much greater than Stage 2 and collections by tidal
stage indicated that more were entering the bay from
LIS (MP-flood and BL-ebb) than were being flushed
out of the bay to LIS (MP-ebb and BL-flood). A
similar pattern at stations MP and BL was evident for
Stage 4 larvae.

The results of this special bay-wide sampling in
1991, taking into account tidal circulation patterns,
provided some insight into the sources of winter
flounder larvae in Niantic Bay. Early in the larval
season the primary source appeared to be the Niantic
River, but as the season progressed the major source
was LIS. Because this change in sources occurred
later in the season, these older larvae could have origi-
nated from spawning stocks both east and west of the
Niantic Bay and transported by tidally currents to the
Millstone area.

Development and growth

The length-frequency distribution for each stage has
remained fairly consistent since developmental stage
determination began in 1983 (NUSCO 1987, 1988c,
1989a, 1990a, 1991b). Stage-specific length-
frequency distributions by 0.5-mm size-classes in
1991 showed a separation in predominant size-classes

for the first four developmental stages (Fig. 18). *
Stage 1 larvae were primarily in the 2.5 to 3.5-mm -
size-classes (96%), Stage 2 were 3.0 to 4.0 mm
(84%), Stage 3 were 4.5 10 7.5 mm (82%), and Stage .’,
4 were 7.0 10 9.0 mm (87%). These consistent re- -

sults from year to year indicated that developmental |

stage and length of larval winter flounder were closely s
related. This agreed with laboratory studies on larval ;,,;

winter flounder which showed that there were positive .
correlations between growth and developmental rates 3

This relationship allowed for thc estimation of dcvcl-
opmental stage from length-frequency data.
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Fig. 16. Generalized current patterns in Niantic Bay during maximum flood and ebb current, adapted from hydrod‘ynam.ic
model simulations (NUSCO 1976: Figs. 4.2-2 and 4.2-4). Also shown are larval winter flounder sampling locations in

Niantic Bay during 1991.
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The length-frequency distributions of larvae (all
stages combined) collected in the Niantic River (sta-
tions A, B, and C combined) were quite different than
for Niantic Bay (stations EN and NB combined) in
1991 (Fig. 19). The differences in size-class distribu-
tion between the two areas were similar 1o previous
findings reported in NUSCO (1987, 1988c, 1989a,
19902, 1991b) and consistent with the spatial distribu-
tion of developmental stages (Figs. 11 and 12).
Smaller size-classes predominated in the river during
1991, which had about 70% of the larvae in the 3.5-
mm and smaller size-classes. In contrast, more than
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"examined because a 16-year time-series was availabs

some older larvae were imported to the river. E

Length-frequency data from entrainment collectiod
(station EN) were used to estimate larval wintg
flounder growth rates for Niantic Bay; these data wel

Weekly mean lengths during a season formed a Si§
moid-shaped curve (NUSCO 1988c). The linc
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Niantic

River

North

Fig. 2. Location of stations sampled for winter flounder
during the spawning season in the Niantic River during
1988. :

containers aboard the survey vesscl before pro-
cessing. At least 200 randomly selected fish were
measured to the nearest 0.] cm in total length
during each week of the survey in all years. Since
1983, all winter flounder Jarger than 20 cm have
been measured and sexed. Fish not measured

N attric U‘%
/V\(,‘f’lwlU

have been classified into various length and sex
groupings, depending upon the ycar; at minimum,
all fish caught can be classified as smaller or larger
than 15 cm. Since 1977, the sex and reproductive
condition of the larger winter flounder have been
dctermined either by observing eggs or milt or by
the presence (males) or absence (femalces) of ctenii
on thc caudal peduncle scales of the left side
(Smigiclski 1975).  Fish Jarger than 15 cm
(1977-82) or 20 cm (1983-88) were marked with
a number or letter made by a brass brand cooled
in liquid nitrogen and were then released. The
mark was changed weekly and fish recaptured
were noted and remarked with the brand desig-
nating the currént week of sampling.

Larval winter flounder

Winter flounder larvae have been routinely
sampled in Niantic River at stations A, B, and C
since 1983, and in Niantic Bay at NB since 1979
and at EN (entrainment sampling) since 1976
(Fig. 3). In addition, special studies were con-
ducted during 1988 at the mouth of the Niantic
River to examine larval export-import; 24-h sam-
pling was conducted in. mid-Niantic Bay and
T'wotree Island Channel to cxamine possible tidal
and dicl larval behavior; and a comparison of
entrainment sampling densitics was made at the
discharges of Units 1, 2, and 3. The export-import
studies'and the 24-h sampling studies are described
below. The comparison of entrainment sampling
densitics among the units was presented in the
Fish Ecology Section of this report.

Collections in the river and at NB were made
with a 60-cm bongo sampler with 3.3-m Jong ncts
towed at approximately 2 knots and weighted
with a 28.2-kg oceanographic depressor. Volume
of water filtered was determined using a single
General Oceanics (GO) flowmeter (model 2030)

.mounted in the center of each bongo opening. A

stepwise oblique tow pattern was used with equal
sampling time at surface, mid-depth, and near
bottom. The length of tow line necessary to
sample the mid-watcr and bottom strata was
based on water depth and tow-linc angle measurcd
with an inclinometer. Winter flounder larvae
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¥ig ¥ l.ocation of stations sampled for Jarval winter flounder in 1988,
3 P

entrained by MNPS were collected at Units |
and 2 discharge (station EN) using a gantry system
to deploy a 1.0 x 3.6-m plankton net. 'Four GO
flowmeters were positioned in the mouth of the
net to account for horizontal and vertical flow
vaniation; sample volume was determined by av-
eraging the four volume cstimates from the
flowmcters.

All sampling at EN was conducted with
333-uym mesh nets. On the bongo sampler,
202-um mesh nets were used from February 23
through the last week of March and 333-pm mesh

‘nets during the remainder of the season. The

bongo sampler was towed for 6 min at stations
A, B, and C (filtering about 120 m®) and for 15
min at station NB (filtering about 300 m®). Gen-
erally, the net was dcgloyed at EN for 5to 6 min
(filtering about 400 m”), but this varied depending

242 Monitoring Studics, 1988

upon plant operations (number of circulating
pumps). All ichthyoplankton samples were pre-
scrved with 10% formalin. At the three river
stations, jellyfish medusae were sieved (1l-cm
mesh) from the sample and measured volumetni-
cally (ml).

During the larval winter flounder season, sam-
pling timc and frequency varied by station and
month. At EN, two replicate samples were taken
during both daylight and at night once per week
in February and June, and during four days and
nights per week from March through May. Single
bongo tows were made during the day and night
at NB biweckly iri February and at least once a
week in March through the end of the larval
winter flounder season. Sampling in the Niantic
River did not start in 1988 until February 23
because of ice. From the start of sampling through



AN

the end of March, single daytime tows at each
station were made twice weekly within an hour
of low slack tide. During the first three weeks of
April, single day and night bongo tows were made
twice weekly. Day samples were collected within
an hour of low slack tide and night samples during
the second half of a flood tide. During the re-
mainder of the season, until the disappearance of
larvae at each station, tows were made twice a
week only at night during the second half of a
flood tide. This sampling scheme, based on in-

.- formation from previous years, was designed to

increase efficiency in data gathering and reduce
sampling biases (NUSCO 1987a).

Larval export-import studies were conducted
at the mouth of the Niantic River in 1988 on
March 24, April 18, May 2, May 10, and May
17. Stationary tows were taken by mooring the
boat to the Niantic River Highway Bridge in the

. middle of the channel. During a complete tidal

cycle, samples were taken hourly except from 1
hour before to 1 hour after slack tidal currents.
A bongo sampler with 202-pm mesh nets was
used on March 24; 333-pm mesh nets were used
on the other four dates. The bongo sampler was
deployed off the side of the boat and was lowered
and raised belween the surface and ncar bottom
continuously during the sampling period. Sam-
pling duration varied from 6to 15 min (depending
vclocity of tidal currents) to sample approximately
100 m™ of water.

Two 24-h studies were conducted to examine

-diel and tidal effects on sample density at stations

NB and TT on April 25-26 and May 4-5 (Fig.
3). At both stations, samples were collected ap-
proximately every 2 hours intervals through the
two 24-h periods. Tow durations were 15 min

. using a bongo sampler with 505-pm mesh nets.

Stepwise oblique tows were made to sample
equally at the surface, mid-depths, and near bot-
tom. )

e ——

Post-larval age-0 and age-1 winter
Slounder

Annual surveys of post-larval  young-
of-the-year winter flounder in the Niantic River
began in 1983 (NUSCO 1987a). Station LR has
been sampled every year and WA since late 1984
(Fig. 4). Two Niantic Bay stations {(RM and
BP) were established in 1988. Each station was
sampled weekly from late May through late Sep-
tember during daylight from about 2 hours before
to 1 hour after high tide. Sampling ceased at the
Niantic Bay stations in September when few or
no young were present.

A 1-m beam trawl with interchangeable nets
of 0.8-, 1.6, 3.2-, and 6.4-mm bar mesh was used
to catch age-0 winter flounder. Two tickler chains
were added in late June of 1983 to increase catch
efficiency, because older and larger young appar-
ently were able to avoid the net without them
{(NUSCO 1987a). In 1983, triplicate tows were
made using nets of increasing larger mesh as fish
grew during the season. Since 1984, two nets of
successively larger mesh have been used during
cach sampling trip to collect the entire available
size range of young. A change to the next larger -
mesh in the four-nct sequence was made when
fish had grown enough to become susceptible to
it; the larger meshes rcduced the amount of
detritus and algae retained. Two replicates with
each of the two nects were made at all stations,
deploying them in a random order. Distance was
estimated by letting out a measured line attached
1o a lead weight as the net was towed at about
25 m per.min. Tow length was increased from
50 to 75 and to 100 m as the number of fish
decreased throughout the summer.

An abundance index of juvenile winter floun-
der during fall and winter was calculated by using
catches from the trawl monitoring program; field
sampling methodology is detailed in the Fish
Ecology scction of this report. Because data on
juvenile fish abundance were available from about
May of their birth year into April of the following
year, juvenile indices were referred to as age-0 or
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- significant predator of larval winter flounder.

TABLE 9. Estimated dates of peak abundance of larval winter flounder for each developmental stage in the
Niantic River and Bay.

Year Stage ) Stage 2 Stage 3 . Stage 4

Niantic River .
1983 Mar § Mar 15 Apr 18 May 1

1934 Mar 7 Mar 9 . Apr 26 May 19
1985 Mar 12 Mar 16 Apr 28 May 15
1986 Feb 26 Mar 7 Apr 23 May 12
1987 Mar 10 Mar 15 Apr 22 May 9

1988 Feb 29 Mar 9 Apr 6 . May 1

Niantic Bay

1983 - Apr’l Apr 24 May 10
1984 - Apr 8 May 4 May 25
1985 - - Aprl Apr 28 May 138
1986 - Apr 6 Apr 29 May 12
1987 - Apr S Apr 25 May 16
1988 - ’ Mar 24 Apr 23 May 10

Predation may affect larval abundance and ('962) also reponed.thal jellyfish were more abun-
there are numerous accounts of jellyfish being dant in the upper river. In addition, laboratory
predators of fish larvae. - Several species of studies have shown that winter ﬂour.xdcr larvae
hydromedusae and the scyphomedusa, Aurelia which contacted the tentacles of the lion’s mane
aurita, prey upon heming larvac (Arai and Hay jellyfish were stunned and ultimately dicd, even

. 1982; Molier 1984), and laboratory studies with if not consumed by the medusa (NUSCO 1988a).

cod, plaice, and herring have shown that the cap- Similar to 1985 and 1987, jellyfish abundance at
ture success by A. aurita increased with medusal station A in 1988 was rclatively low when com-

size (Bailey and Batty 1984). Evidence of a causal - pared to 1983, 1984, and 1986 (Fiig. 15). Coinci-
predator-prey relationship on larvac of two Eu- dent with the low jellyfish abundances in 1985

ropean flatfishes (Pleuronectes platessa and and 1988 were the highest abundances of Stage 2
Platichthys flesus) by A. aurita and the ctenophore, larvac at station A (Fig. 13). Although few Stag.e
Pleurobrachia pileus, was reported by van ‘der 2 larvae were taken at station A in 1987, ‘their

Veer (1985). Pearcy (1962) stated that Sarsia " abundance was Jow at all stations, thus obsuring
tubulosa medusae were important predators of any observation on the effects of prcdahon No
larval winter flounder. in the Mystic River, CT, causal predator-prey relationship in the Niantic
and had greatest impact on younger, less mobile River has been established, but there is strong -
individuals. Crawford and Carey (1985) rcported circumstantial cvidfzncc that the lion’s mane ].CI-
large numbers of the moon jelly (A. aurata) in lyﬁsh.may be an important source of mortality
Point Judith Pond, RI and felt that they were a for winter flounder larvae.

_Sampling was conducted over 24-h periods on
April 25 and May 4, 1988 at stations NB and TT
to examine the effects of tidal stage and day-night
collection on the sample density of winter flounder
larvae. These sampling dates were selected

Medusae of the the lion’s mane jellyfish (Cyanea
sp.), prevalent in collections at station A, were
suspected of being an important predator of larval
winter flounder in the upper portion of the Niantic
River (NUSCO 1987a). Marshall and Hicks
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to provide opposing tidal stages during the same
time of day to discriminate between possible diel
and tidal responses of larvae. Stage 3 larvac dom-
inated the collections (95%) at both stations for
the two dates. There was a large varation in
sample densities during both sampling dates (Fig.
16).- In general, densities were greater at night
than during daylight and there was no apparent
tidal influence on collection densities. Larval den-
sities were significantly (p <0.025) greater at NB

"~ for both dates combined and for each date

seperately, tested with the Wilcoxon’s signed-rank
test (Sokal and Rohlf 1969) by pairing the samples
collected within the same 2-h intervals at NB and
TT. The seawater flow through Twotree Island
Channel is large, and sample densities from station
~ “TT are probably more representive of larval winter

flounder abundance found in LIS than collections
taken in Niantic Bay because of the proximity of
station NB to the Niantic River. Although den-

sities at station TT were lower than at NB, larval
densities in Twotree Island Channel generally ex-
ceeded 100 per 500 m’, suggesting that there were
large numbers of winter flounder larvac through-
out LIS at this time of the season. Most likely,
some of the large numbers of larvae found in LIS
in the proximity of Millstone Point could have

originated from other spawning grounds and were

tidally tranported into the area.

Tidal export-import sampling was previously

conducted at the mouth of the Niantic River

(NUSCO 1987a) to estimate the net loss of winter
flounder Jarvae from the river, and in 1988 five
additional studies were conducted to verify earlier
results. ' Sampling dates during 1988 were spaced
over most of the larval winter flounder season to
collect various developmental stages and size-
classes. On March 24, a majority of the larvae
collected were Stages 1 and 2 (89%); Stage 3 was
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Fig. 163. l.arval winter flounder densitics (number per
500 m”) during two 24-h sampling periods al stations

NB and TT in 1988 including the periods when night -

and daylight samples were collected and the time of
low slack (LS) and high slack (HS) tides. Hours is the
time from the start of sampling on each date.

dominant on April 18 (68%) and May 2 (92%);
and Stages 3 and 4 dominated on May 10 (92%)
and May 17 (100%). Tor the five dates, the
mean length ranged from 3.3 mm on March 24
to 6.8 mm on May 17. Examination of the per-
centage of each developmental stage for the com-

- bined data from all five dates showed that larvae

of Stages 1 and 2 were more abundant during ebb
tides and those of Stages 3 and 4 during flood
tides (Fig. 17). Also, an examination by size-class
showed that larvae S mm and smaller were more
abundant.during an ebb tide, where as, larvae 6
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Iig. 17. Percent occurrence by cach developmentai
stage and 1-mm size-class of winter flounder larvae col-
lected at the mouth of the Niantic River during ebb (E)
and flood (F) tidal stages in 1988.

mm large were more abundant dunng a flood
tide. Similar results were found in previous stud-
ies, cxcept that the S5-mm size-class was more
abundant during flood tide (NUSCO 1987a).

To determine if velocity measurements were
comparable between ebb and flood tides, separate
quadratic polynomial equations were fit to the
hourly velocity measurements combined from
each of the five ebb and flood tides sampled.
Good fits were obtained with R? values exceeding
0.95 for both equations. The mean ebb duration
was 6.7 h and flood duration was 5.7 h. The
area under the curve for the flood tide (307.8)
was smaller than for the ebb tide (414.4), indicating
that flood velocities were low due to ‘sampling
location. To make ebb and flood velocities com-
parable, the flood velocities were estimated using
a technique presented in NUSCO (1986a). These

results were similar to those from prévious studies



(NUSCO 1987a). The calculations of net larval
exchange, which follow, were based on actual ebb
current velocities and the adjusted flood current
velocities.

-Using data combined from the five sampling
dates, net tidal exchange was estimated for each
{-mm size-class. The estimates were obtained by
averaging the number of larvae per 500 m® of
each size-class during each hourly sample for the
five sampling dates. The average was multiplied
by the cstimated water velocity at the time of the

" hourly collection. This density-velocity adjust-

ment accounted for changes in discharge volume
during the tidal cycle. Because larvae collected
during an ebb tide represented a loss from the
river, the density-velocity value was made negative.
A harmonic regression equation using a 12.4-h
tidal cycle (the average duration of the five tides
sampled) was fit to density-velocity values. The
area under. the curve for each tidal stage was es-

" timated by numerical integration of the regression

equation using 5-min increments. Net tidal ex-
change was expressed as the percent return of a
size-class on a flood tide compared to Joss on an
ebb tide (Table 10). The harmonic regressions
could not be satisfactorily fit to the 2- and 8-mm
size-class data since the model sums of squares
did not account for a significant (p = 0.05) amount
of the total corrected sums of squares. The results

showed a net export of 5 mm and smaller size- -

classes and a net import of 6 mm and larger
size-classes. These results were similar to those
of previous studies (NUSCO 1987a), except that
there was a net loss of the 5-mm size-class in

TABLE 10. Estimated percent return of larval winter
flounder on a flood tide that were flushed from the
river on an ¢bb tide presented by size-class with R
values of the harmonic regression models.

Size Percent R* of
class (mm) return mode)
3 27.0 0.60
4 28.0 0.61
5 55.0 ‘ 0.70
6 164.2 0.60
7 3149 0.78

1988, but a net gain (percent return of 131.8) in
the earlier studies. This difference suggested that

the 5-mm size-class was the size at which the-

transition from net loss to gain occurred and their
relative abundance in relation to tidal stage may

- vary annually.

This change from a net loss of larvae from
the river to a nct gain as they get older has been
attributed in the past to Jarval behavior with ver-
tical migration in the water column as a retention
mechanism (NUSCO 1987a). This behavior ap-
pears to become evident at the time of fin ray
development, which allowed for better locomotion
ability. Other researchers have also reported ver-
tical migrations in early life history stages of fish.

- Diel movements of larval yellowtail flounder

(Limanda ferruginea) were found to increase with
larval size (Smith et al. 1978). Atlantic herring
(Clupea harengus) larvae synchronize vertical mi-
gration with flood tides to minimize seaward trans-
port (Fortier and Leggett 1983). Post-larval spot
(Leiostomus  xanthurus), Atlantic  croaker
(Micropogonias undulatus), and Paralichthys spp.
flounders use vertical migration in response o
tides as a retention mechanism (Weinstein et al.
1980). Larval North Sea plaice demonstrated se-
lective horizontal transport by swimming up from
the bottom during flood tides and remaining near
the bottom during ebb tides (Rijnsdorp et al.
1985). Vertical migration by larval winter flounder
in relation to tidal stage was a plausible explana-
tion for the results of the export-import studies.

- However, an alternative hypothesis was that dur-

ing the latter portion of the larval season large
numbers of winter flounder larvae were tidally
transported into Niantic Bay from other spawning
areas and the larval density in the bay exceeded
that of the river. Therefore, more larvaec were
present during a flood tide than an ebb. Several
research projects are presently underway to ex-
amine this altemative hypothesis.

o e —————r s s $ 85 e b

Growth and development
Examination of the length-frequency distribu-

tion of larvae collected in 1988 showed a separa-
tion between the first three developmental stages
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The goal of this project was to assess the degree to which
winter flounder larvae are entrained from major 1local

sources into the Mlllstone NUClear Power Statlon (MNPS)

‘} -5

new multi- elemental ‘tracer . method uSLng 1nd1v1dua1 w1nter
flounder larvae and established statistical analysis and
neural network‘ techniques. The emphasis was on multi-
elemental analysis of individual larvae as this was of
primary importance in tracking the or1g1n of larvae from
" local sources into thengllstonenPlant. Winter flounder
larvae {primarily stage 2} were coilected during March-
April, 2001, from the" 1N1ant1c ‘and Thames Rivers, off
Westbrook, and- PlumaBank (ola- Saybrook

E =i i

larvae (stage:- 2 4) entralned into" theQM11lstone Plant were
also collected and-analyzed’from-mld-Aprll to mid-May.
Samples were digested in a cleanroom laboratory and analyzed
using inductively coupled plasma mass speCtronetry (ICP-MS).
A total of 247 individual winter larvae (stages 1-4) and 10

blanks were. analyzed for: 11 elements (2827 data points).

multivariate techniques: and a ‘three=- layer neural network
‘classifier indicate that'a relatlvely small percentage (~ 10-

20%) of winters: flounder larvae entralnedf by the MNPS

.orlglnate from the Nlantlc Rlver. Results from this study

g vfurther suggest that the use of mlcroelements is a promising

-new tool for stock 1dent1f1catlon of the early life history

"as mlcrosatelllte DNA ana1y513.

Winter flounder

Statlstlcal ‘analysis of these multi- elemental data u31ng'

netages of winter flounder and.'poesibly' other species,'

)' part1cular1y when combined with 1ndependent technlques such

pon IR
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. INTRODUCTION .

The populatlon of the- winter flounder local to the Nlantlc
'\Rlver is potentlally affected by the operatlon.of the
jVMJ.llstone Nuclear Power Station (MNPS), malnly by the'
'entralnment of larvae through the coollng-water systems of
: the operat:mg units (NUEL ‘Annual Report, 1997) Since 1976 A
_there have been extens:.ve studies of the 11fe hlstory and
populatlon dynamlcs of this 1mportant sport and commerc1a1
speC1es.: "It is now clear that a key goal 1s to ass:LQn
'larval w1nter flounder: in thls reg:.on.- Thls requlres a

vunlque_tracer, or “fingerprint~, ‘OF the 1nd1v1dua1 1arva..;:; :

a recent report entitled “Stock Identlflcatlon Research
Dlrectlons for the Northeéast Flsherles Sc1ence Center" by
the NEFSC Stock Identlfn.catlon Worklng Group (January 10 A
2000) prov1des an «excellent summary of current research:
needs and some practical: appl:.catlons related to marlne:;
stock 1dent1f1cat10n problems An - 1mportant objectlve An
applled flshery management of some species is the ablllty to'
assign individuals to one of several of stocks 1n a glven_
_reglon.;, Substant1a1 effort has already been focused on.
mcrosatelllte DNA analys:.s, and the’ potent:..al of DNA marker
ana1y31s is recogm.zed.., However, we suggest that the‘.';
approach descrlbed herein .also’ prov:Ldes a un:.que and

pract:.cal method for - 1dent1fy1ng source(s) of early 11fe '

hlstory stages . of " species,.’ - such as" the w1nter rlounder,

wh:.ch return.w:.th ‘high fldellty “to rlver:.ne estuarlne_

spawn:mg areas .that- retaln thelr early llfe hJ.story stages.

The 'a'p‘proa_chi ‘conducted . in this study “was to use trace

elements incorporated in whole winter flounder larvae. as a
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tracer of the local environmental condltlonsfrwhich ‘were

assumed. to be unlque for each spawnlng stock The use of

mlcroelemental data to dellneate flsh‘ stocks ‘has’ been
Ao et

1ncrea51ngly utlllzed v1a analy31s of: otollths u51ng hlghly
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ssens:Ltlve laser‘ablatlon 1nduct1vely coupled plasma mass
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spectrometry le g.,WSecor et al.,}1995, Thresher et al.
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1999) The ;key advantage 1n. analy21ng' whole larvae,
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tlssue component h;such .as the ‘otorlth whlch adds
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study 1s that the trace element(s)iare recorded inr the
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larvae tlssue,:and we suggest.that thls’is most 11kely
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w1th1n the larval otollth and other boney tissues.
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In this report are the results .from a more detailed study, ’,
conducted 1n 2001 and its appllcatlon to the ‘problem of
" larval entralnment by . the MNPS. Results’ from this study
' further suggest that the use of microelemental analy51s of
whole larvae, rather than the otoliths, is a promlslng tool-
for stock 1dent1f1cat10n of the. early 1ife history stages of
w1nter flounder and other species, . partlcularly when
Tcomblned Wlth 1ndependent ‘techniques such as mlcrosatelllte

-

DNA data ana1y51s.

OBJECTIVES
The overreachlng objectlve of this project was to further
:develop ‘the use of a new technique to assess the degree to
‘whlch early llfe hlstory stages of winter flounder larvae
are entralned 1nto the MNPS ‘using. a combination of ‘a new
multi- elemental tracer approach -and establlshed ‘statistical
and neural network cla551f1catlon techniques. This multl—;
elemental approach is .a flrst ‘attempt at developlng ‘an
emplrlcal chemlcal tracer technlque to assign” 1nd1v1dualh
laivae to one of several stocks. The .details ‘of "the |
statlstlcal and neural network methodologies  to be applled”
in thlS proposal are very 51m11ar to those proposed by Salla‘ﬁ
(1998). | o

- -

A total of 247 w1nter flounder larvae samples were’ collectedv'
from March—May, 2001 1n conjunctlon ‘with the ongo:l.ng'

Mlllstone Env1ronmental Laboratory sampling operatlons.

Samples were analyzed for a sulte of -trace elements by"w
1nduct1ve1y coupled plasma .mass spectrometry {ICP- MS)QWH
These data were ‘then forwarded to Drs. Lorda-and-saila”for"
statistical analysis and interpretation. This work orovides

complementary information to independent stock
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A proposal was submltted to the MNPS inddanuary,LZOOl whlch 2
outllned the: follow1ng work " to ‘be’ completed The proposed
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hlstory stages of. winter- flounder and other spe01es._¢
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1) Increase §ample ~Size: - The larval sample 31ze collected
durlng the Year 2000 study ranged from approxlmately 10-20

larvae per river (Moran, 2000). Moreover, the least number
of larvae were collected from the primary~r1ver, the Nlantlc
River. Furthermore, only 5-10 entrained larvae were
;analyzed for each collection périod. We proposed that a
:total of approx1mate1y 150. larvae from the three rlvers
'?sampled 1n thls work be obtained in- order to better
'establlsh the ;nltlal conditions (" tralnlng sets ) requlred
?for data -analysxs. After dlscuss1ons w1th Mlllstone
personnel we further proposed that a sample’ size of
approximately 100-150 individual- entralned larvae be
collected over several weeks An’ sprlng 2001 in- order to
'prov1de a more - robust statlstlcal analysxs of - these data.
:Based on these recommendatlons, ‘the total’ number 'of samples
to be analyzed increased from approximately: 100 larvae in

i

'Year 2000 to 247 larvae in Year -2001.

2) Speclfic Elements: A primary'objectivefof the{Year 2060
study was to assess the fea31b111ty of this multi- elemental
technlque. For thlS reason,, we: analyzed each larvae for 30
elements. It became apparent that a 'smaller number of‘
elements may prov1de sufficient ‘information to conduct a
statlstlcally robust stock 1dent1f1cat10n. Spec1flca11y,"
based on results contalned in' the 2000 . Flnal Report (Moran,i
2000' Sa11a and Lorda, 2000), we proposed to focus on a;
number of. key elements (Co, Ni, Cu, Mo,,Ba, Ce, Nd Sm, Gd -
Au, and. Pb),‘shown to provide the best’ dlscrlmlnatlon in- the".
'Year 2000 study. ot ‘ ERAE
Detalls of. the proposed work including sample‘c011éction);’

'sample proce531ng, elemental ‘analysis - and statlstlcal
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The proposed\work 1nvolved collectlon of a total of 247

i

A of whlch fresh larvae (stage 1 and 2) were targeted 1n the

’,u51ng teflonwforceps toan- “dcid-cleaned v1al (ca _2;m@)ﬂt',

v”capped, and stored frozen until further proce551ng in the’

ﬁpower planbjdlscharges ‘using methods outllned 1n NUSCO

analy31s, have been documented - (Moran, 2006- Saila;and

Lorda, 2000) and are . summarlzed below.'*?
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SAMPLE COLLECTION

';.A

samples (105 populatlon samples and 142% entralnment samples)

from the aforementloned locatlons early March 2001 to m1d-

P SR

May/ 2001 ,“Samples coIlected were: winter flounder larvae,

~ . _,,.
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At all tlmes,»samples were collected u51ng clean technlques

f

to av01d-contam1nat10n from external sources Samples were

_«
-yt gwr

external sources.; Source ‘area larval samples were collected
u51ng a 60-cm bongo sampler, ‘towed “6-8" mlnutes near the

bottom. Contents of both replicates were rlnsed *w1th

SbggEa , i

seawater into. a;. 5 gallon plastlc bucketh

. T Lh i .
- P Dy LT

A sub sample (ca.,l L) was placed ‘in"a plex1g1ass”sort1ng

tray onboard.; Ind1v1duals were” sorted’ and removed u51ng‘a

plaStlc plpette and transferred into” ziﬁspottlng glass

.- .to?

contalnlng de 1onlzed water. ' ndrvxdual larvae were

3 :»4 »5‘“7,\(<

separated from zooplankton u51ng a ;ﬂastlc plpette an

.‘-»w_. . -5

,transferred tx> auflnal .Spot: glass contalnlng delonlzed

SRRSO At

M11l1 Q water. - Ind1v1dua1 larvae were'then transferred

S P

:cleanroom laboratory Entrainment samples were taken at the, .

PIEEPERS "J

Ar.f 1 i,a
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(1997) Laboratory proces51ng ‘was ' the same as for fleld

collected larvae.
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. SAMPLE - PROCESSING - .

. Samples were thawed and processed u51ng a total mlcrowave
‘dlgestlon technique, whlch. was’ adapted from za method
orlglnally developed in- ‘the . PI* s laboratory for elemental
' analy51s oft ‘marine. partlculate matter and sedlment (Plke,
711998;'P1ke:and Moran, 2001) - Samples were processed 1n a
.clean' room _laboratory,fto‘ reduce p0351b1e: sample
' COntamination from ‘external sources ~(e.g.,' dust).
Ind1v1dua1 larvae were transferred from sample collectlon
vials to a teflon Dbomb. u51ng an ac1d cleaned plpette.
_Collectlon v1als were’ rlnsed w1th 2% ultrapure (sub b0111ng
idlstllled) HNO,. Approx1mate1y 1l mL of concentrated HNO,
'and HF<was added to each sample in- the bomb and then
dlgested in a microwave oven at low heat for 45 seconos.
Dlgested samples were then’ subjected ‘to mild heat overnlght:
to ensure total dlgestlon of the larvae.‘ The flnal clgested
solutlons “were clear ‘and devoid of any v151b1e partlcle

matter, 1nd1cat1ng total dlgestlon of the sample.t

éamples were then evaporated to dryness in a clean bood andiy
further evaporated two more times ‘using 2% ultrapure HNO,s
Samples in 2% HNO, were transferred to prewelghed ac1d—,
cleaned v1als and’ then welghed. Procedural’ blan<s were:
prepared using the same dlgestlon procedures as -or the'

larval sample analyses.
SAMPLE ANALYSIS

A key technlcal advantage of the -project 1nv01ved the use ofix
1nduct1vely coupled plasma mass . spectrometry (ICP-MS) Tne:;4
rapld .multz element capablllty, :and”’ hlgh sen51t1"1ty of"

ICP-MS prov1ded a poweriful method for quantifying a wide




range of trace metals in the larval samples-‘Digested'
samples were analyzed for simultaneous determination of Co,
Ni, Cu, Mo, Ba, Ce, Nd, Sm, Gd, Au, and Pb using a VG
PlasmaQuad ExCell ICPMS. Matrix n@tched, multi-element
standards were prepared using SPEX high purity standards.
Instrument drift was monitored throughout the analysis.
Quality control is based on analysis of certified reference
materials (MESS-2, MESS-4, BCSS, PACS) (Pike, 1998; Pike and
Moran, 2001). ‘s

Data reduction was conducted off-line. Linear regression
calibration curves were prepared for each element and
applied to all samples analyzed. Elemental concentrations

in larvae are reported as ng element per individual larva.

It is worth noting that an alternative and/or complementary
method could be developed to analyze the otoliths of
individual winter flounder larvae using LA-ICPMS. Thls
technique has the advantages of the multi-elemental analysis
afforded by ICP-MS plus the ability to ablate, with a high
degree Qf.precision.and accuracy, solid surfaces .using a
high-powered laser. indeed;' the use of LA-ICPMS is
receiving ' increased appiication to fishery source
identification and it is increasingly being recognized as a
viable method for identifying source(s) of early life
history stages of a number of fish species {Secor et al.,
1995; Thresher et al., 1999; Yoshihaga et al., 2000;
Zdanowicz, 2001). The minimum target spot size is 5 um,
which is well within the approximate 50-100 um size of a
winter flounde: larval otolith. The use of LA-ICPMS would
also reduce sources of external coﬁtamination, as a solid

surface is analyzed and would avoid the need for sample

10




digestion and preconcentration, which is prone to. sample -

contamination.
RESULTS "+ .. T

Results from the elemental analysis of .winter flounder
,larvae are listed in’the attached: Tables (Tables 1- 10). A
total of 247 1nd1v1dua1 winter 1arvae and 10 blanks were
"analyzed for 11 elements, ‘resulting in a total of 2827 data
dp01nts.d In’ addltlon, results from the statlstlcal analy51s
~of . these data, and a comparlson Wlth the 2001 mlcrosatelllte:
'fDNA entralnment results (Crlvellof 2002 1n preparatlon),

Aare presented in Tables 11-13. .

STATISTICAL ANALYSIS
Statlstlcal and. neural networx based c1a551f1cat10n of

w1nter flounder larvae

TheAmlcroelemental;dataTlisted in Tables 10 were analyzed
usingr.statistical"teCHnidues ‘and neural network
~methodolog1es for c1a551f1catlon.7 The:ul 1mate goal was to .
ass1gn an, 1nd1v1dual w1nter flounder larva to one of a
number of predetermlned groups. This type of problem is-
termed cla551f1catlon, and :it is 1mportant 1n many areas of
science. . A common cla551f1catron7~tool, the llnear
discriminant function, has desirable properties and was,
explored initiallY“(Saila,.iQQB)‘fThe llnear dlscrlmlnant :
'Eunctlon .can be, considered as.a form or Bayes rule that
applles when :the ‘measurement:’ vector’ comes from ‘a
multlvarlate normal dlstrlbutlon when all croups are assumed
to have 1dent1cal .covariance ma-rlces.‘ if the covarlance

matrices were not . equal, this: leads to a ouadratlc form of

11




the discriminant function. The above approaches were also
combined with an artificial intelligence tool; namely, a
three-layer mneural network classifier (NeuroShell Easy

Classifier™).

‘The microelemental data sets from the four known larval

sources (Tables 1-4) were consolidated into a single
“training data’ set” aﬁa the sources Plum Bank (PB) and
Westbrook (WB), geographically undistinguishable, were
pooled together as a single WB location. Screening
statistical analyses were.conducted on this'training,data
set prior to the final discrimination analysis. The
séreeniﬁg process invoived the foiiowing steps carried out

with the SAS computer programs:

1) All data sets were first screened for negative
concentrations (changed to zeroes) and for unusually
latge concentrations likeiy resulting from sample
contamination. The lattér were removed and replaced with
the mean concentration of that particular microelement in
the specific location where the abnormal data was found.
In a final- step prior to any subsequent analysis, the
data were subjected to logérithmic transformation (i.e.,
log?budj) to reduce the disparity of scales among the

eleven microelements.

2) Linear correlation analyses were conducted to estéblish
whether larval size was related .to the concentrations of
‘the eleven microelements; the results showed significant
correlation for some. large larvae. It was concluded that
a few larvae larger than 6.5 mm should be excluded prior

to the discrimination analysis (see below).




3)Multip1e ~means comparisonst of micrbeiemental
lconcentratlons among the three .sources .were- conducted for
each of"~ the eleven chemlcal elements in an attempt to
select only elements w1th 31gn1f1cant mean concent*atlon
dlfferences. Slnce no 51gn1flcant differences’ among
-Fsources could be found for any . of: the mlcroelements, it -
;1:was dec1ded to use all of- them- in -all subsequent

dlscrlmlnatlon analyses.ﬁ

'y

.Given’ that ‘Some of the data were clearly not meetin g ‘the

,requlrements ‘of normallty and homogenelty of variance for

l?

standard parametrlc statlstlcal analysis, only nonparametrlc
dlscrlmlnant methods were applied. - In: the case of ‘the
tralnlng data sets (1 e., from larvae of known-sources), the
best dlscrlmlnatlon results were obtalned with a K-nearest<
neighbor method wlth a parameter K-2 chosen because 1:'gave'
the . best cross valldated estlmate of the error rate. This
same method w1th K=2 was subsequently used ‘to ddentify
poss1b1e larval sources 1n the Entralnment data sets (”ables{
5- 10), for- wh1ch actual sources were unknown "~ The screenlng
step #1 above was applled to the raw entralnment .data pr10r3'
to the dlscrlmlnatlon analy51s., A second . nonparanetr1c7
dlscrlmlnant functlon based on a kernel method using xernel
density estlmates w1th unequal bandw1dth was. applied to both“i
tralnlng and the entralnment data sets w1th no. dlsce*nlble‘“

1mprovement of the dlscrlmlnatlon results.,.

A totally different classification method. applied to-the '/

above. data ‘was based on a three-layer neural-network

classifier algorithm (NeuroShell Easy Classifier™) recuiring

no assumptlons for the data.' This'class of algorith:s use

the,‘lnformatlon content ‘in the data regardless:- of

distribution, scales, or unlts. The spec1f1c algorithx: used
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was from the computer program “Neuro-Shell Classifier~”
developed by Ward Systems Group, Inc., (www.wardsystems.com)

widely used in medical and pharmaceutical research.

Results from the analysis of the training set data using a
nonparametric discriminant function with K=2 (Table 11)
indicated 76-81% of larvae matched the source regions. By

comparison, analysis of .the training set data using a three-

layer neural network model indicated 84-93% classification

sensitivity (Table 12). Thus, considering just the training

set data, these classification results were satisfactory.

When app;ied to the entrained larvae samples (Tablé 13), the
nénparahetric discriminant function with K=2 suggests a
classification of 4%, 0% and 66% to the Niantic and Thames
Ri&ers and off Westbrook, respectively, and 30% to other
sources not classified, based on the training set data
provided. Using this classification model with kernal
density estimates with equal bandwidth, the classification
results were 14% Niantic, 5% Thames, 80% Westbrookt_and 0%
to other sources. The entrainment analysis results obtained
using ‘the neural network classifier ranged from 10 to 20%
Niantic, 2 to 4% Thames, 33 to 61% Westbrook, and 15 to 55%
to other sources, using a cut-off brobabiIity of 0.65 and
0.5, respectively. This compares with preliminary results
of the neural network analysis of the 2001 microsatellite
DNA data (CrivellQ, 2002, in preparation) of about 24%
Niantic, 22% Thames, 35% Westbrook, and 19% to other sources

(Table 13).
It is encouraging that the microelemental and microsatellite

DNA results suggest a similar classification probability to

the Niantic  River; namely, 10-20%. Also, the 33%

14




c1a551flcat10n to Westbrook (0.65 cut-off) and 15% to other'

sources (0 5 cutoff)- 18- con51stent “with' the mlcrosatelllte

"'DNA results.. However,'u31ng the neural network ana1y51s

ciaSSifier, the mlcroelemental data suggests a relatlvely

‘ .1ow percentage a551gned to the Thames Rlver compared to the
"mlcrosatelllte 'DNA - data.y This result lS unusual ‘and
Vapparently 1ncon51stent ‘with ‘-the’ known t1da1 c1rcu1atlon

'“pattern 1n thls reglon ‘that - 1s expected to dellver

51gn1f1cant quantltles of larvae from the Thames R1ver to

- the Mlllstone Plant.

'

‘One‘ p0551b1e, explanatlon' may be that the elemental
'comp051tlon of the larvae .assigned ‘to- other sources may have

‘been’ 51m11ar to the Thames River elemental comp031t10n, at

least in 2001, thereby complicating the cla551f1cat10n.
Supportlng thls suggestlon is - the: fact’ that elemental
concentratlons 1n the larvae 'in Year 2001 were extremely,
low,' maklng' 1t more dlfflcult to dlStngUlSh. between
geographlcal sources.: In this. regard ‘examlnatunl oﬁ,
additional elemental data (above the 11 elements examlned):
from the larvae analyzed in 2001 may - prov1deufurther;

1nformat10n.

In addltlon to us:Lng a .neural network ‘for class:.fya.ng_,.

1nd1v1dua1 w1nter flounder larvae - 1nto known groups, an. -

effort’ was also made to. utlllze an unsuperv;sed clusterlng,_

method to estlmate the  optimum number of - groups 1n a data J
set’ w1thout any a pr10r1 *nformatlon -about the actual number._i
of groups 1n the data The purpose: of thls work was to be. .

able to obtaln a grouplng from sample data w1thout any otherl”,

1nformat10n.f The spe01f1c fuzzy. clusterlng method used 1nv

N

this’ study is descrlbed in' Kaufmann:and Rousseeuw (1990).
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The fuzzy clustering method was applied to the training set
for microelements, but_no information on individual larval

sources was provided. Fuzzy clustering was applied to these

- data under the assumption of 2,3,4,5 and 6 groups. It was

observed that the clustering into 3 groups provided the best
grouping, based on Dunn's partition coefficient. This

confirmed that the unsupervised clustering method appeared

" to work in a satisfacthy manner with training set data by

providing a similar partitioning of the individuals.
However, the attémpt to separate the entrainment data set
into groups was not successful. It appeared that these data
were more variable to the extent that this particular
clustering' algorithm could not effectively distinguish

groups.

Further efforts to use other unsupervised clustering methods
were undertaken. . An approach to fuzzy clustering first
described by Marsili-Libelli (1989) was developed and
tested. This-ﬁses a fuzzy partition algorithm, "and fuzzy
partition efficiency was measured by a normalized partition
entropy. It has been indicated by the above author that the
normalized partition entropy corresponds to a maximization
of the likelihood that a given data set X may indeed contain
C subsets with homogeneous features. Our program utilizes

algorithm 1 of Marsili-Libelli and normalized partition

entropy. It was applied to an entrainment sample which
consisted of N = 113 observations_with 11 variables per
observation. It was found that +the optimum number of

clusters was three with an optimal' entropy index of
0.0213576. The results from thié unsupervised algorithm
suggest that the entrainment data analyzed consists of three
distinct groups of winter founder larvae. This corresponds

with a familiar finding of three groups for the training

16




set. The ‘results of this. analy31s for the entralnment
samples suggest ‘that these. larvae also con51st of . . three
distinct groups, which are. assumed to correspond to the
tralnlng set samples. However, there is no valld procedure
for comparlng ‘these results with the neural net predlctlons
because the a551gnment ‘methods dlffer. ThlS analy51s also
1nd1cated. that only .one 1nd1v1dua1 1arva of the 113
"1nd1v1dua1s was ~classified ’ as unknown by v1rtue of a
: calculated pos51b111ty of . membershlp 1n any group of less
:than the 0.65. |

*Belationshig betwegn m1croelementa1 com9051t10n and total
1gngth of wlnter flounder larvae o

Total length measurements were. made for a sample of the
tralnlng set larvae prlor to analys1s of thelr whole body
mlcroelemental comp081tlon by ICPMS. ’I‘he puroose was
' determlne whether or not there is-a s1gn1f1cant functlonal
relatlonshlp 'between s;ze,.of sampled larvae;,and

mlcroelemental, composltionr and, = if: a 51gn1f1cant

relatlonshipras,found; to . prov1de adv1ce as to how 1t.

should»bettreated.

Initially, a Pearson product ' foment correlation was

calculated between larval size of all sampled larvae and a

suite of the eleven elements analyzed. ° That is, all sampled-

31tes were comblned and correlated w1th each 1nd1v1dua1

element. The results of this -~ ana1y51s 1nd1cated nog
statlstlcally s1gn1f1cant correlatlon for elght of he -

eleven elements.; The : three - elements’ for wh1ch 1ow (butc_

statlstlcally s1gn1f1cant) correlatlon s were obtalned 1n

" this manner were Cu, Mo and Pb.
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A further careful analysis of the relation between size and
quantities of these elements was then made. This was done
using an automated curve fitting program which fitted a
series of 105 single term functions with intercepts to the
data regarding the above elements. This curve fitting
procedure aésufed that the best fitting equation based on a
r? and F statistic values was selected in each application.
It was decided to test whether the initial correlations for
the three eleﬁénts listed as significant were affected by
merging all samples prior to analysis. Therefore, separate
analyses were conducted for establishing relations between

size and composition for each sample site (namely Niantic

River, ?hames RiVer, and Westbrook) wversus each element

Cnamely Cu, Mo, Pb).

Thé results of this work are summarized as follows. No
significant relationship between size and concentration of
any of the three elements was found for the Niantic River
data. No significant relationship between the concentration
of the three elements and larval size were found for the
Thames River data. However, a. significant functional
relationship was found between Cu and size for the Westbrook
sample data. . This significant relationship was eliminated

by truncating the individual larval size at 7 mm.

A one-way analysis of variance (ANOVA) clearly indicated
that the average size of Westbrook larvae was greater than
the Niantic or Thames River larvae. Similarly, it was found
that a significant relation between M6 and size occurred
when all Westbrook data were utilized. This relationship
was eliminated by truncating the sample larvae at 6.5 mm.
No significant rélation between Pb concentration and size

was found for Westbrook larvae. 1In summary, no significant

18




relation Dbetween larval size and microelemental

. concentratlon 1s expected if the size of the largest 1arvae.

used for cla581f1catlon ausing mlcroelements can be llmlted

T as 1nd1cated above.’

CONCLUSIONS

- 1) Based on a three- layer' neural network ana1y31s, a

‘.relatlvely small percentage (10- 20%) of larvae entralned

'“1nto the. Mlllstone Power Station. were’ from the Nlantlc

Rlver for the perlod analyzed in- March-May, 2001. ‘ ’:

PP

12fThe'ciaseification cf 10-20% of entrained 1arvae”to'the

Niantic River based on'the‘microelemental data is in
reasonable agreement with preliminary microsatellite DNA
results (about 24%) for this sampling year.

3)Ana1ysis of the microelemental data suggests a greater
classification probability to Westbrook (Connecticut
River area) and other (nonclassified) sources and a
relacively smaller classification probability-Jx:-the
Thames A River than determined when using the
microsatellite DNA and a neural network classification

model.

4) Results from:an unsupervised fuzzy clustering algoritﬁm
(Marsili-Libelli, 1989)'suggest that~theAentrainment data
analyzed consists of three distinct groups of winter
fouhder larvae. This corresponds with a familiar finding
of three groups for the training set. Results of this
analysis for the enprainment samples suggest that these
larvae also consist of three distinct groups, which are

assumed to correspond to the training set samples.
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Table 1. 2001 Thames River Trainlng Sets Final (ng element per Indlvldua! larvag)

ave

.5.8376

“4

Sample L (mm) . NI QY Mo U T Ba- Co -  Nd  Sm d CAu- Pb o
- TR1- 1 5,0....0. 1390‘7,1.3444,“0.9447} 0.0251 0.0792 "‘0.0076 0.0162 0.0045 0.0090 0.0004 0.3026 ' =
TR 1.2 52 0.1194° 1.7318 1.0334 0.0273° 0.1552 -0.0503 0;0038 0.0024 0.0088 0.0009. 0. 2594"
TR 1-3 4.5 0.1169 1.6668 1.77261 0.0313 0.0117 -0.0534 0.0038 0.0027 0.0088 0.0003 025'60‘
TR 1-5 5.9 0.1008 1.4890 0.5281 0.0251 0.0377 -0.0488 .0.0010 0.0013 0,0083 0.0004 0.2606
TR 1-8 5.2 0.1175 1.4890 1.6902. 0.0280 0.0756 -0.0465 0.0040 0.0012 0.0084 0.0002 06621-
TR1-10 5.1 0.1254 1.5849. 1.4081 0.0404 0.0939 -0.0453 0.0057. 0.0022 0.0082 -0.0001 0.5360
TR1-12 6.0 -0.1040 1.4259 1.1633 0.0139 0.1864 -0.0424 0.0016 0.0033 0.0090 0.0003 04348,
TR 113 6.3 0.1925 30.0135 "4,2337 0.0247 0.1980 -0.0455 0.0026 - 0.0015 0.008‘1";0.0002 0. 4572 ;
TR116 6.3  0.1187 1.4901 . 1.6802. 0.0254 10,0625 -0.0129 0'.0250  0.0064 0.,0109 0.0002 .0, 4329
TR2.1 - 3.7 0.1222 1.4376 ' 1,4468 0.03%94 0.0196 -0.0472' 0.0028 0.0013. 0.0074 0.0002 - '0.3562
TR 2-2 4.4  0.5298 1.8676 2.5503 0.0378 0.0688 -0.0539 0.0016 0.0014 0.0084 0.0001 0 3039
TR 28 4.2 0.0994 1.4815 0.8764 0.0281 --0.0600 -0.0382. 0.0005 0.0010 0.0080 -0. 0002 1.2616
TR2410 4.4 0.1046 1.5700 1.1101 0.0240 0.1251 -0.0166 0.0213 0.0056 0.0099 -0.0001 0 2636
TR 212 5.7 0.1124 1.3607 1.3206  0.0154 1.4766 +0.0335 0.0098 0.0028 0.0087 0.0002 ‘0 5252
TR2-13 4,0 0.0888 1.2825 0.4836 0.0245 0.3887 -0.0451 0.0015 0.0018 0.0070 0.0000 '.',0 2748
TR 215 4.0 0.1043 11,3597 0.9913 -.0.0142 -0.0089 -0.0524 -0,0004 0.0006 0.0081 -0.0001 0‘,261“7
TR 2-17. 4.3 0.1296 1.8169 13.2825 0.0158 0.3319 -0.0611 0.0010 0.0019 0.0094° 0.0001 0‘2592
TR 219 3.8 0.1237 1.7218 0.4951 0.0185 -0.0089 -0.0245 (.0190 0.0056 0.0115 0.0001 02222
TR 221 4.1 0.1011 1.4755 0.5293 ~0.0154 -0.0802 -.0.0485 0.0010 0.0013 0.0075 0.0004 02862
TR223 3.5 0.1332 1.7117 1,139% 0.0106 0.0038 -0.0487 0.0038 0.0005 0.0081 -0.0001 0:45.5‘5,
TR 3-1 6.6 0.1390 1.9800 0.8324 0.0194 0.3472 -0.0565 0.0022 0.0024 0.0093 0.0008 0'3398' ;
TR 3-2 4,0. 0,4550 2.0086 4.3136 0.2797 50.6500 -0.0435 0.0031..0.0024: 0.0074 0.0003 7. 3052"
TR 3-3 5.8 0.1376 1.7764 1.5069 0.0573 0.2197 -0.0095 0.0250 0.0070 0.0107 0:0013: 0. 4764
TR 3-5 6.0 0.1363 1.5680 2.2406 0.0387 0.3258 -0.0461 0.0027- 0.0018 0.0082 0.0006 04796
TR 3-9 7.0 0.0935 1.3587 1.0608 0.0172 0.1572 -0.0406 0.0025 0.0015 0.0065 0.0000 O, 3945
TR 3-10 - 6.9 0.1185 1.7867 1.2492 0.0151 0.,1744 -0.0553 - 0.003% 0. 0017 0.0089 0.0001 0. 5276
TR 3-11 4.2 0.1189 1.8878 3.1296 0.0268 0.0671 -0.0192 0.0169 0.0063-0.0100 0.0000 0,,8;047,,
TR3-12 6.8 0.1366 2.8612 128,3488 0.0201 10,0730 -0.0491 0.0038 0.0017 0.0080 -0.0001 6.2705"
TR3-13 7.2 0.1703 1.6959 2.3467 0.0462 0.1315 -0.0270 0.0043 0.0016 0.0077 0.0003 06571.‘
TR 316 5.5 0.1389 1.6726 1.6060 0.0469 0.0993 -0.0565 0.0007 0.0011 0.0087 -0.0003 0. 4323*"
TR 3-18 4.5 0.1075 1.5162 - 1.0140 0.0101 . -0,0705 -0.0520 -0.0012 0.0007:°0.0072 -0.0001 O. 2§,75u
TR3-19 5.2 0.1200° 1.5413 0.4695 0.0220 ‘0.2289 0.1662 0.1033 0.0209 0.0143 -0.0002 0.2514 ~
' 0.1455 2:5305 0.0339 1.7363 -0.0347 0,0092 '0.0031 0.0088 0.0002

0.6334
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Table 2 - 2001 Plum Bank Tralning Sets - Final (ng element per Individual latvde).

sm.

L Gd - ~7Au

Pb

Sample L.(mm) - Co ' : -Ni -~ Cu ‘Mo .. Ba- .~ Ca. ~.Nd

PB 1-1 0.0070

“PB12

'~ PB1-3
' _PB15

4.5

0.0969

~.0.1106
. 0.1001:

- 1.3033
1.7347

" 0.7948 0.0135 -0.0342 . -0,0388

0.0036_0.0014

1.3078

71:1347 '0.0171 -0.0709 -
'1.0859 0.0159 -0.0663

-0.0467 -
-0.0449

0.0018_0.0012 .0.0073

0.0000 0.0008 ,0.0069

10.0002-0.2128
/0.0000 0.2488
10,0006 0.1959

0.0986

© 1.8605

1.9064 0.0891 0.0768

- +0.0152

0.0177 0.0044 0.0091
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Table 3- 2001 Niantic River Tralnlng Sets Final (n Lg element per individual Iarvae) - : ;
Sample ~ L (mm) Co NE Mo Ba Ce. Nd Sm Gd Au  Pb-

NR 1-B 0.2451 1.3744 2,6457 0.0153 0.0423 -0.0439 0.0016 0.0015 0.0066 0.0000 0.3735
NR 1-1 0.0684 1.1326 1.1570 0.0094 0.0837 -0.0447 0.0014 0.0011 0.00685 0.0001 0.4091
NR 1-2 : 0.0835 1.2046 . 1.5271 0.2002 0.4942 -0.0428 0.0002 0.0010 0.0058 0.0000 0.2970
NR 1-3 0.0855 1.3475 2.1260 0,0123 0.0151 -0.0392 0.0022 0.0017 0.0060 0.0000 0.4028
NR 1-4 0.0722 1.0878 1.4269 0.0222 0.0448 -0.0138 0,0190 0.0048 0.0077 0.0001 0.8208
NR 1-5 0.0821 1.1555. 1.0586 0.0170 -0.0289 -0.0411 0.0028 0.0008 0.0062 0.0001 0.2157
NR1-8. . 0.0582 1.0601 0.3457 0.0106 -0.0335 -0.0432 0.0015 0.0011 0.0065 0.0000 0.2671
NR 1.7 - 0.0723 1.1010 1.4235 0.0105 0.0680 -0.0390 "0.0006 0.0015 0.0058 -0,0001.0.3205
NR 1-8(1) 0.0686 1.1710 0.3713 0.,0110 -0,0737 -0.0508 -0.0001 0.0007 0.0070 0.00030,1572
NR 1-8(2) 0.5696 1.6274 0.8075 0.0419 0.1356- 0.0059 0,0285  0.0087 0.0096 *0.0004 1.2417
NR 1-9 0.0775 1.1846 0.3127 0.0099 0.0747 -0. 0252 0.0104 0.0030 - 0.0066 -0.0001' 0.4807
NR 110 0.0748. 8.,2519 0.7264 0.0118 -0.0481 -0.0367 0.0054 0.0014 0.0060 0.0001 0.3160
NR 1-11 0.0820 1.7764 0.4936 - 0.0143 0.0351 -0.0378 0.0337 '0.0062. 0.0092 -0.0001 0.1896
NR 1-12 0.0626 1.,1582 0.6173 0.0168 -0.0100 -0.0377 0.0040 0.0022 0.0067 0.0017 0.2071
NR 1-13 ' 0.0804 1.3843 2.1719 0.,0201 0.2380 0.0341. 0.1900 .0.0380 0.,0198 0.0000 0.2819
NR 2-1 3.3 0.0537 1.3016 1.2721 0.0267 0.2610 -0.0274 0.0056 0.0010 0.0049 0.0003 0.4332
NR 2-3 3.4 0.0700 0.,9912 0.,5777 0.0178 -0.0598 -0.0473 0.0011 0.0011. 0.0064 0.0000 0,2284
NR 2-4 3.6 0.0695 1,2572 0.8089 0.0291 0.0153 -0.0432 0.0034 0.0017 0.0074 0.0000 0.5500
NR 2-5 3.7 . 0.0880 1.1924 0.5219. 0.0622 0.2897 -0.0215 0.0157 0.0052'.0.0083 0.0000 0.3159
NR 2-6 3.4 0.0609 1.1137 0.7208 0.0244 -0.0357 -0.0462 0.0015 0.0018 0.0075 --0,0001 0.2097
- NR 2.7 4.1 0.0624 1.4511 1.4067 0.1341 0.1412 -0,0317 0.0053 0.0023 0.0061 - 0.0002 0.6724

NR2:41 . 3.1  0.0541 0.9366 0.8568 0.0146  0.0262 -0.0308 0.0078  0.0024 0.0057° 0.0002 0.2987
NR2-13 3.8 0.0622 0.9974 0.3796 0.0126 -0.0480 -0.0414. 0.0044 .0.0012 - 0.0061 0.0000 0.2164
NR2:15 3.9 0.0816 1.0848 1,2730 ° 0.0157 0.0688 -0.0179 0.0123 '0.0042. 0.0070 . 0.0000 0.1950
NR2-17 8.9 0.1158 1.0729.°0.7285 0.0173 0.1301 -0.0222 0.0042  0.0019 0.0045 0.0001 0.4845
NR2-18 . 3.6 0.1068 26,4528 0.7761  0.0152 0.0352 -0.0392° 0.0021 '0.0011 0.0065 0.0000" 0.3852
NR2-19 3.9 0.0960 2.2577 0.6658 0.0142° 0.0956 -0.0468 0.0002 0.0017 0.0067 0,0001 0.2504.
NR221 3.5 0.0962 1.9687 4.7716 0.0160 -0.0044 -0.0485 0.0006..0.0011:0,0073.70.0001 0.3020
NR2-22 4.0 0.1075 1.8808 0,9179...0,0158" 0.242077-0.0179::0.0143 % 0,0040  0,0085: 0,0001" 0,1993
NR2:23.. 3,8~ 0.1128371.88807- 0.7257° 0,0141. -0,9932; -0.0480(0. 0012°°0.0010.. 0,00757 -0,00020{1381°
NR3:1. . 4.2 0.1047711,9586'70.9304'" 0,0216 00730, -0.0409::0.0003 #'0:0010,; 0,0061s, 0.00015 0:3053".
NR32' © 7 3.9 0.0929::1.6320140,5567:> 0, 0691 0. 1065 -o 0101:£0,020 0;0057. -0.0077 70,0090 0,415
g3 = 9. 2.9343540,9257:4.0,08 127120 00047 0,00670,0005..3.7244

“0.0030  0.0073 00001 1.2400 -



SR

0.0005 0.0013 0.0063

NR 3-8 52 0.1052 1.6808 0.6592 0.0158 0.1155 -0.0428 0.0003 0.1523

"NR 3-10 3.3 0.1629 2,6263 2.6247 0.0671 2.1659 0.0280 0.0190 0.0047 0.0078 -0.0913 1.6093
NR 3-11 3.1 0.1349 3.1007 1.4608 0.0269 -0.0196 -0.0373 0.0014 0.0017 0.0066 0.0077 0.3259
NR 3-12 3.3 0.1070 2.3502 0.8718 0.0259 0.1773 -0.0149 0.0149 0.0032 0.0071 0.0004 0.5127
NR 3-15 3.9 0.2005 3.9186 1.0098 0.0170 0.0362 -0.0569 0.0020 0.0027 0.0082 0.0001 0.3463
NR 3-16 4 0.0780 0.9344 1.8608 0.0139 -0.0257.-0.0357 0.0058 0.0021 0.0085 0.0006 0.2517
NR 3-18 3.8 10,1864 3.0805 1.8895 0.0440 0.0509 -0.0102 0.0145 0.0031 .0.0081 0.0324.0.3367
NR 3-22 3.2 0.1213 1.7552  0.2791  0.0164 -0.0484 -0.0213 0.0067. 0.0007  0.0064  0.0006.0.1718
ave

0.1105

2,5135 .1.1506_

0.0341

. 0.1451

-0.0308

0.0114° .0.0032 .0.0072

LY

y 4 0-0035




Table 4 2001 Westbrook Tralning Sets Flnal (ng element ner Individual larvae)

0.1377

16316

304475 0.0749..

g
EIR {3

0.17767-0,0408570.0083

Sample L (mm) Co Ni - Cu Mo - Ba Ca"  Nd Sm Gd - Au Pb
wB 1-1 . - 0.1696 1.7655 - 5.2662 0.0301 0.1671 -0.0359° 0.0036 0.0008 0.0067 0.0005 0.4482
wB 1-2 3.8 0.1496 1.6548 2.0446 0.0230 0.0242 -0.0514 0.0017 0.0008 0.0078 0.0001 0.3177
w8 1-3 0.1204 1.7602 2.9598 0.0302 0.0568 -0.0483 0.0051 0.0016 0.0085 0.0001 0.4284
WB 1-4 4.7 0.1293 1.7936 2.8666 0.0251 -0.0351 -0.0538. 0.0025 0.0015 0.0085 -0.0003 0.3620
WB 1-6 0.1318 1.7587 1.3767 0.0776 2.4710 -0.0217 ' 0.0193_0.0075 0.0095 0.0001 0.7674
WB 1-9 5.1  0.1077 1.5767 1.5222' 0.0342 0.0847 -0.0501 0.0087 0.0017 0.0083 0.0009 0.4301
wB1-10 4.9 0.0881 1.4346 1.9411 0.0459 .0.0711 -0.0558 0.0015 0.0014 0.0083 0.0002 0.3315
WB 1-12 0.1326 1.5012 4,4052 0.0519. 0.4078 -0.0270 0.0297 0.0092 0.0105-0.0008 1.3718
WB1 14 0.0918+ 1.1760  1.0631. 0.0233 0.1584 -0.0198 0.0213 0.0054.0.0092 0.0003 0.3007
WB 1-15 0.1057 . 1.4736 1.9432° 0.0503 0.0212 -0.0474- 0.0032 0.0024 0.0075 0.0004 0.6330
- WB.1-16 0.0932 1.3268 0.7492 0.0225 -0.0894 --0.0584 -0.0014 0.0007 0.0077 0.0012 0.1566
WB 1-18 0.0881 1.2260 1.3028 0.0244 -0.0917 -0.0'570 -0.0003 0.0014 0.0075 0.0003 0.6037
wB-1-19 0.1054 1.3213 1.2277 0.0302 0.0800° -0.0146 0.0204 0.0045 0.0106 0.0009 0.4304
WB 2-1 5.1 0.1045 1.4094 10,9638 0.0337 0.1724 -0.0146 0.0280 0.0053 0.0094 0.0004 0.4568
WB 2-2 4,6 0.0902 1.2779 5.4085 0.0186 -0.0030 -0.0519 0.0011 0.0009 0.0070 0.0005 1.5512
W8 2.3 8.5 0.0997 1.3644 1.6147. 1.2158 0.0121 -0.0532 0.0030 0.0014 0.0088 0.0007 0.3840
WB 2.4 3.3 0.9785 5.6027 33.8724 0.0364 0.7140 -0.0376 0.0110 0.0020 0.0082 0.0011 2.8002
WB 2-5 4 0.0999 1.4073 1.3001 0.0221 0.0442 -0.0224 0.0160 0.0057 0.0099 -0.0001 0.9193
WB 2-6 7 0.0812 1,2998 0,9833 0.0217 -0.0800 -0.0473 0.0025 0.0011 0.0084 0.0008 0.2704
WB 2-11 4.1 0,0843 1.4457 0.8778 0.0115 0.2635 -0.0454 0.0030 0.0020 0.0070 -0.0001 0.3814,
WB 2-12 5.3 0.0908 1.8721 1.0465 0.0207 -0.0176 -0.0561 0.0017 0.0016 0.0077 0.0000 1.2668
" WB 2-17 6.4 0.0823 1.2270° 0.8963 0.0235 0.0501. -0.0195  0.0159.-0.0069 0,0085 0.0010 1 0.2891
WwB 2-19 3.8 -0.0768 1.5966 0.8836 0.0171 -0.0040 -0.0380 4,0,0044' 0. 0028 0. 0066- 0.0002 1.0.4124
WB 2-20 4 '0.1017.1.4189 - 0,5173 - 0.0117 0.1056 -0. 0605 * 0.0004 0.0013.0. 0085'-0 0001 1.3464
WB 2-22 3.7 0.0841 1.5088 1.0476 0.0240 0.0151 -0.0501  0.0040 0. 0009 0. 0084 .0.0001: =0, 2875,’;‘*"
WB-2-24 3.2 0.0822 1.4212 1.0833 0.0213 0.0090 -0.0259 .0.01588 0. 0060 0 0092 0 0001:" ©0.3558
ave.

0 003 ’0, 008"»"'0 0004‘ O 6655 '
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Table 5 - 2001 Blanks - Final (ng) ,
Sample _L-(mm) Co NI Cu Mo Ba Ce Nd Sm Gd __Au. Pb
wB 1-8 blank 0.1181 1.6484 1,6455 0.0385.0.0011 -0.0548 0.0010 0.0021 0.0079 0.0001 0.2384
WB 1-17 blank 0.1057 1.3449 0,7993 0.0786 '-.0.0699 -0.0614 -0.0012 0.0009 0.0083 -0.0003 0.1887
WB 27 blank 0.1166°1.2893 1,0701 0.0087 -0.0112 -0.0574 -0.0016 0.0010 0.0081 0.0000 0.1967
WwB 2-21 blank 0.0737 1.2292 0.5899 0.0147 -0.1020 -0.0517 .0.0015 0.0011 0.0076 -0.0002 0.4118
TR 1-7 blank 0,1063 1.4900 0.7528 0.0447 0.2625 -0.0121 0.0158 0.0052 0.0091 0.0001 0.2702
TR 2.7 blank 0.1258 1.7212 1.4245 0.0216 0.0986 -0.04865 0.0066 0.0018 0.0085 -0.0003 0.4819
TR 3.7 blank 0.1439 1.9334 2.1143 0.0185 0.0933 -0.0385 0.0016 0.0022 0.0090 -0.0001 0.7061
PB 1-4 blank 0.0961 1.3236 0.8949. 0.0137 -0.0659 -0.0498 0.0029 0.0015 0.0077 0.0003 0.2849
NR 2-B blank 0.1007 1.5774 3.9013 0.0467 0.4748 -0.0254 0.0094 0.0022 0.0069 0.0002 1.5361
NR 3-7 blank 0,1839 2,9743 1.7334 0.0477 0.3999 0.0207 0.0097 -0.0001

-0.0190

.....

0.3542 . -




Ta‘bla 6 - Ent'ra'lnmént' Daté Set#1 20071 (hg‘elémént.béf Individual larvae)’

0.00442 0.00074

B

st Br e e T

0.00163

*Sample “L{mm) - Co -+ NI QU Mo Ba - Ce Nd - Sm Gd Au -Pb
E-1-17. 5.1 0.15819 2.05172 2.22951 0.03067 0.21725 0.04160 '0.02386 0.00378 0.00373 0.00107. 0.44537
E-1-3 - 5,5 0.14184 2.19115 " 1.11147 0.03585 0.09050 '0.00791 0.00773 0.00042 0,00212 0.00100 0.24883
E-1-5 7.9 0.17157 2.44778 1.69573 0.04198 0.28152 0.'00726 0.01174 0.00163 0.00304 0.00063 0.62817
E-1-7 5.9 0.16942 2,27804 2.28706 0.05831 0,19938 0.00434 0.00752 0.00122 0.00393 0.00102 1.00446
E-1-10 6.1 0.16976 2.06295 1.44320 0.03581 0.21933 0.00274 0.00887 0.00263 0.00504 0.00080 0,39518
E-1-12 6.7 0.17582 2.61985 2.16413 0.03622 0.33308 0.00039 0.01430 0.00285 0.00213 0.00134 0.61087
E-1-14 7.4 0.18167 2.16159 1.93820 0.02921 0.15308 0.03893 0.05018 0.01042° 0.01057 0.00110 4.05547
E-1-15 6.3 ~0.15104  1.91826 = 1.25366 0.03785 0.25804 0.00517 0.00862  0.00095 ., 0.00109 0.00091 0.32369
E-1-17 - 0.16871 ;2,097’55 1.42483° 0.03598 0.15433 0.05498 "‘0'.0'4646 0.00733  0.01166- 0.00184 0.23743
E-1-18 7.6 0.21899. 2.69575 3.84433.. 0.07893 1.33961 - 0.04021 °0.03475 0.00684 0,00655 0.00155 '1.61172
"E-1-19 6.3 0.20837 2,24818 1,79228 0.09210 0.90045 0.02886 0.02736 - 0.00619  0.00592 0.00093::0.78210
E-1-21 6.2 -0.16364 2,30369 1.86131 0.04335 0.26847 -0.00371 0.00968 0.00156 0.00114 0.00145 0.90566
E-1-22 4.6 0.16893 2.00815 3.01516 0,03363 0.18447 -0.00300 0.00747 0.00110 .0.00215 0.00112 0.55080
E-1-23 7.5 0.26252 3.19659 32.68435 0.10094 5.46504 0.12400 0.07072 0.,01221 0.01376 0.00500 12:42337
E-1-26 7 0.59761 2.,36908 1.98863 0.06344 0.31054 0,02024 0,00797 '0.00048 0.00173 0.00195 0.97689
£.1-27 6.2 0.19032 2.20163 2.14498 0.06615 0.27883 0.00593 0.02533 0.00211 0.00330 0.,00140 0.60230
E-1-28 7.5 0.20004 2.05886 2,30398 0.07998 1.03620 1.09828 0.04954 .0.00303 0.02274 0.00196 0.65391
E-1-30 5.7 0.14392 1.87516 1.24434 0.04120 0.11899 -0.00554 0.00177 -0.00027 -0.00026 0.00076 -0.31901
© E-1-31 7.3 0.19436 2.24819 3.69603 0.06847 0.39621 0.03186 0.02872 0.00587 0.00660 0.00102 0.57131
E-1-32 7.3 0.18214 2.33535 -2.22416 0.05160 0.34582 0.00293 0.06186 0.00173 0.00250 0.00173 0,95553
E-1-33 6.8 0.15728 2.00790 2.17079 0.06215 0.24696 -0.00406 0.00088 ’0.764578?
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Table 7 - Entralnment Data Set #2 2001 (ng element per Indlvidual larvae)
Sample L (mm) Co NI Cu Mo Ba Ce Nd Sm Gd Au Pb
E-2-1 5 0.19662 2.49865 3.10124 0.14564 0.39073 0.05254 0.04107 0.00658 0.00647 0.00213 0.62525
E.2.4 4 0.15594 1,96560 2.46015 0.04024 0.14179 -0.00187 0.00708 0.00077 0.00157 0.00071 0.35947
E-2-5 5 0.15187 1.71863 1.82327 0.05337 0.21441 -0.00145 0.01035 0.00074 -0.00017 0.00173 0.54007
E-2-8 5 0.20701 2.06539 1.63504 0.08188 0.77767 0.05521 0.03544 0.00797 0.00748 0.00163 0.53261

E-2-9 4.9 0.15932 1.95531 1.91838 0.04339 0.24928 0.00672 0.00739 0.00122 0.00090 0.00083 0.99301
E-2-10 5.9 0.18322 1,96448 2.95921 0.04406 0.42909 0.01988 0.01897 0.00473 0.00364 0.00075 0.59582
E-2-11 6.6 -0.19170 1.96245 2.63159 0.06313 1.08401 0.05681 0.03945 0.00746 0.00432 0.00130 '0.64059
E-2-13 3.9 0.84429 2,54818 4,98538 0.11151 4,38614 0.00116 0.,00924 0.00138 0.00112 0.00637 2.26569
E-2-14 4.4 0.34108 2.03798 7.18580 0.14350 0.42944 0.03774 0,03096 0.00723 0.00520 0.00242. 6.86795
E-2-16 3.9 0.17833 1.91206 1.55564 0.18275 0.36140 -0.00582 0.00647.0.001.11 0.00083 .0.00120 ; 0.60285
E-2-19 . 4.8 . 0.21292 1.83034 '1,08226-0.04815 0.59197- -0.00541 0.00319 0.00032 _0.00026 0,00052: 0.59429
E-2.22 4.3 0.13381 1.68634 .0.79148 0.03666_0.10711 -0.00479.0.00638 -0.00030 0.00025 0.00090 - 0.20017
‘E-2-23 ' .4.9  0.13506 1.75004 1,31920 0.03169 0.15013. 0.03063-0.02378 0,00424 '0.00306 0.00042 .. 0.26255
E-2.25 5.1 ° 0.17020:2.11568 .1.97913 0.06918 0,36721..0,022570.01873 0.00485 0.0183 0.00084 - 0.93584
'E2:26 5 0.16778 12.25062 1.98922 0.04316 0.71962 0.02436.0.02143 0.00553 0.00326 0.00129 - 0.70224
JE-2:28 3.9 0.12851 .1.76270 -0,75368 0.03629 0.14509.-0,00114 '0.00779 0.00093 -0.00018 0,00078 ., 0.23064
E-2:29 - 6 .0.17053 2.43800. 2.732170.11294 '0.35599 0,00139 0.02098 0.00562 0.00238, 0.00232 - 0.39500
E-2:31 5.8 | 0.17043 2.02240° 1.38159-0.06468 0.57042 '0.07074 0.05817 0.01798 0.01551. 0.00108 -0.34523
©E2:32 5.5 0.15020 -1.89426 1.37457. 0.04944°0.46573 0.05455 0.03836 0,00604 0.00509 0.00131 . 0.64030
“E-2-34 5.9 0.15550 2.04965 1.34170 0.05304 0,17498 -0.00228 0.01106 0.00158  0.00116 0.00079 0.28241
"E-2.36 4.3 0.13453 1.70331 2,40144 0,04466 0.23260,0.21593 0.01644 0.00116 0.00199 - 0.00110 0.30352
"E:2.37 6.6 0.15000 .1.83213 2,81486° 0.07867 0.42147 .0.00609 0.01224’ 0.00259 0.00036 0.00181 0:43561
E:2.36 ‘3 0.13157 1,92339 - 1,73271 0.03324 0.18158 '0.60798 0.03669 000489 0.01432 0.00066. 181.71422

‘£.2.30  °5°  0.15506 .1.63113 .1.91585 0.07092 0.21928 0.01095 0.00792 0.00252 0.00261 0.00140. 0.63774

,,,,,,,,
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‘Sample L(mm) - Go N QU__ Mo~ Ba e Rg Sm Gd Au Pb
E31 " 5.3 0.15468 2.0177 1.36251.0.05107 0,71041 -0.00473 0.00669 0.00126 0,00004 0.01137 0.81783
E-3-2 - 4.8 0.13395 1.78515 1.39815 0,04423 0.24g08 -0.00701 0.00676 0.00078 -0.00052 0.00191 0.65272
B33 57 0.14149 1.74418 2.42108 0.05573 0.09947 :0.01044 0.00435 0.00001 -0.00106 0.00170 0.28756
E-3-6 7 0.18097 2.05871 4,03474 0.07943 0.46052 0.08117 0.04690 0.00975 0.00935 0.00264 0.93663
E-3-8 6.2 0.18238 1.93193 1.67647 0.05341 0.14141 .0.00775 0.00617 0.00118 -0, 00140 0.00128 0.65075-
E3-11 6  0.16021 2.03924 1. 65727 0.06612 1.00641 0.03601 0.03372 1 0.00529 0.00529  0,00363 0.47976
B-3:18 3.5 0.15774 2.10124 1.18504. 0.04306 ' 0.14956 o, 00049 0.00492 0.00145 0.00004 0.00081 0.35220 -
- B816 52 0.16989 2.18728 2, 16280.0,05538 041324 0.02651 0.03098 0.00412° 0,00151... +0.00072-1:25820™"
(E317 61 0.17982 2,36576 1.77837 0.06153_0.29878.-0.051.18 0, 04057°:0.00758-/0;00693"; 10:00456 1, 15482i5
E-3-20 6.4 0,15843. 2.06476°71,6002470, 059880 239244000348 "0.008890:00174 1-0.00082.0, 00102.0,38382:"
(E:321:" 68 021913 2,19338; 3.2851710 .0800370,72394" ¢ 02456, .0, 03048 "0,00479 0. 00169 .0,00241 0.607.10:
'E-s,az’ | _6,_2_ 0.12674 1, 74148 2,53244%0, 07597-0.19855' ,+0,00850, - : 00594 :0,00070_:0! 00132 - 0.00088 0:48214;
E-3:23- - 6.6 o0, .16805. 203355, 1. 97330+0.08074 0.35793" 0.01648 . 0. 02105 3000319 0,00257 .0,00165 0.535237
E:3-247 5.7 0,15043. 2, 01556 1,180790.05945" 0.23069 " 0,03921.. 0.02815°000557 0,00498 o, 00056 0.44226"
E:3-26° 6,1 0,13046 1, 85588 < 1.19821°.0, 05939:.0.15041'*.0,00845, 0, 00714. 0.00097 -0, 00019 0.00157 0.32899 ¢
E-3-28°  6.6° 0138341, 95084 .,1.50896: 0,06002. 0, 29887, 0.01963 - o, 01235! 0.00225 0, .00176° 0.00074 0.85193':
E-3-30'-  6.8" 0.28012, 2, 39269.04.36566 0.09450""3.62425['_ 0.11170,:0.07367: ‘0, 01439 0,01104 o, 00180. 2.27897:
E-:3-31+' 5.7  0.16837 2. 87955 .1, .66542.0,069197, 20590.7-0.00720:; 0,0091 1+ 0; 00214’ -0, 000940 0.00195 0.25962;+
E-3-32-"  6.37 0.14603 2, 15485140871, 060880, 20358.70.02751+: 0:02367 0.00472° 000294’ 0. 00131: 0, 44089:"
E-3-33° 7.2, 0.20327 :2.37058. 1,96625.0. 06116 /0.40513" 20,10928 .40, 0657270.01111" o, 00938 0,00096; 0 46491 -
E:3-34%- 6.3 0.2771902, 46869.1.63403 70, 07057 °0.28170 -0, 00130:.0.01230:0,00172 o; 00004, 0,00146- 0. 6981057
E-3:35 - 5.7~ 0,21012! 2.257831,97107 0.0754770,51200 0, .02353: 0.029720; 00596 0,00535 - °0:00113;0.56556 %
E-3-.36% 4.8 ° 0 11677~1 60378 ~-~1—<12549 0; 04371 0. 05871 0.01357.- 0; 00293 0. oooeo -0. 00177 0. oo1o1-fo 25295‘5
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Table 9 - Entrainment Data Set#4 2001 (ng element per individual larvae) _

Sample L{mm) Co Ni .Cu Mo Ba Ce Nd Sm Gd Au Pb
E-4-1 7.7 0.28437 1.86187 1.62875 0.10233 0.57385 0.04712 0.03330 0.00783 0.00665 0.00088 0.42485
E-4-2 8.2  0.24109 1.88275 1.59764 0.08390 0.32206 '0.00859 0.01397 0.00371 0.00170 0.00169 0.22398
E-4-3 8.5 0.14324 1.61789 1.67873 0.07473 . 0.59013 0.12197 0.07430 0.01304 0.01404 0.00128 0.25116
E-4-5 6.2  0.14938 1.68891 46.94319 0.06930 0.82521 0.03263: 0.03317 0.00626 0.00409 0.00073 .0.48745
E-4-6 6.5  3.49811 3.77235 1.52351 0.06760 0.64156 0.01493 0.01702 0.00422 0.00341 0.00140 0.30839
E-4-7 6.1  0.13335 1.90361 1.51262 0.05695 0.41039 0.04892 0.04416 0.00829 0.00606 0.00147 0.50138
E-4-8 6.8 0,11685 1.52143 3.34680 0.05275. 0.28044 0.01406 0.01979 0.00379 0.00177 0.00103 0.26290
E-4-9 6 0.14683 1.82079 1.52332 0.05216 0.58977 0.02064 0.02238 0.00466 0.00179 0.00122 0.30874
E-4-11 6.2  0.14536 1.54225 1.,05411 0.04692 0.77377 0.06610 0.04970 0.00950 0.00793 0.00054 0.28807
E-4-12 9.5 0.14740 1,76253 2,33106 0.,10184 0.36238 0.00539 0.01659 0.00262 0.00136 0.00176 0.42377
E-4-13 6.2 0.15035 1.58502 1.58555 0.05847 1.40191 0.08716 0.05997 0.01243 0.01157-0,00200- 0.48301
E-4-14 8.8  0.15875 1.59667 2.04410 0.06987 0.807.12 -0:.06368.00.05302. 0.01191:0.00884" 0.00081:'0,33899
E-4-15 ' 6.5 0.17424 1.83807-3.40693 '0.06975 0.38524 .0.00468-.0.00624.0.00153. 0.00015 ,0,00103 0.35909
E-4-167"..76.7 " 10.13554" 1.68262 ;2.15168° 0.07726 0.77506_ 0.03852.0,04150" 0.00756, 0,00580 °0.00130 * 0.50832
E-4-17 .- 9 0.15439 '2.13520°-2.76837 0.09723 0.95818  0.11026 0.09899° 0.02367.,0.02906 '0.00247 . 0.53395
E-4-18 - 8.1. 0.31301 1,86703 3.55295- 0.05820. '0.70221 0.16443 .-0.11222 :0.02377 0.01890.0.00177 ; 0.34247
E-4-19- - 8.8  0.14624 2.00692. 1.83147 . 0.15480 ’5044704_10007244~.o;o13’94 -0.00207° 0.00033 -0.00300 :0.29308
'E-4-20 7.4  0.31621 "2.48819 1.79147 - 0.20362 0.91153 0.01406 /0.01756 .0.00271.0,00095. 0.00107 :0.46270
E-4-23 - 7.9  0.17457 '1.82303 . 1.75424 0.07451 0.50408. 0.02162 ..0.02058 '0.00360 '0.00086 0.00076 0.37808
E-4-24 - 4.9, 0.13314°1.84537.70.80391 0.04238 * 0.15410° -0.00190 .0.00992 0.00164 "0.00035.0,00043-0,20574
E-4-25 - 6.7  0.13010 1.82165..0.95591 0.04167 0.25405. 0.03234 ~0.02587 - 0.00563 0.00444 .0.00046" 0.50583
E.4-26 ~ 6.8 -0.14819 241106 4.37959° 0.10709 '0.54043 - 0.05183 . 0.04062 0,00642 0.00440 0,00075-0.67774
E-4-28 6.4  0.12249 164156 1.41786.°0.05385. 1.13493 0.08781 . 0.02544 0.00387 10.00466 0,00031.0.36448
E-4-30 .- 0.12903 1.67768_ .0.06425 _ 0.44983 -0.00079 000309 .0.00084

6.4

1.53805

0.01406 -

0.001 79 0.28018



. Sample Limm) _Co NI - Cu -~ Mo Ba. Ce ‘Nd Sm Gd Au Pb’
CE-5-1 . 7.3 0,1354 15668 2,0217:0.0773 0.3635 0.0089 0.0160 0.0029 0.0005 0.0016 0.6591
E-52° 7.4 0.1669 1.8641 5.0387 0.1027 0.9504 0.0649 0.0480 0.0110 0.0078 0.0023 1.0204
E-5-3 5.5 0.1106 1.4430 0.9640 0.0441 0,1962 -0.0063 0.0034 0.0012 -0.0002 0.0008 0.3584
E-5-4 7.5 0.1457 1.5339 1.6873 0.0828 0,3068 0.0601 0,0442 0.0033 0,0047 0.0007 0.5709
E-5-5 8.5 0.1395.1.5387 2.3544 0.0863 0.2498 0.0055 0.0116 0.0026 0.0003 0.0011 0.4583
E-56 . 8  0.1428 1.5434 1,968670.0940 0.2306 -0.0101 0.0045 0.0004 -0.0012 0.0010 0.4056
E-5.7 '0.1209 1.5820 0.7705 0.0454 0.1556 0.0277 0.0218. 0.0044 0.0025 0.0004 0.2843
E-5-8 7.5 0.1790 1.5129 2,0325 0.1095 0.2699 -0.0020 0.0109 0.0013 -0.0007...0.0009::0:5223 %
E-59 6.6 0.1181 1.4381-2.6291 0,0751 0.2543..0.0040..0.01717:0,0021: ©0.0010..0,5010"
E-511  0.1108..1,4120.1:20870.0628 0; 13817:0.0082 '0.0044:.:0.0001: 10,0004 ;,0,2824 "
“UESi12T 170770 0. 1362* 1.7489 2.071450:1029 0 4263“'0 0387..0.0320,4 0,0056 ’ 0*'.0010—'2-0.5625*-‘&

E:513  7.8°%70.1210 1,6197,1;8682(0.0901 0.24407 0.0002 +'0,0155.3 0:00161170.0010 ~'0.0020 .0.6892. % * -
E-5-14  5.177-0.1492771.8915,1.7584 10,0557 0.24380.0092. 0.0128;::0.0028. 0, 0001.70,0006 ..1,0619.
E-5-15 5.3~ 0.1884 1.7268.1.2027 :0,0526 O. 0934 :-0.0115, 0,0020;50.0012:30. 0016.7°0,0003 " 0,2400-
E-5-16 9 - *0.1670.1.6166. 2 7409 :0.1114 0,3299 - 0.0052; . 0, ooas,;o 0017 . :0.0012 *0,0018 - ,0,_5691
 E-58 - .:'0.1200:°1.7982.0.6998° 0.0454 0.0570 “-0.0097:70.0029:,:0.0002. 0. 0014 ~0.0004 :+:0,2251 7
L. E5-19 '8 . 0.1769 1.69031.9549° 0.0996’0.3178' 0.0023.. "0.0160: 0.0019; 70,0005 oooos 0.8143
. E-520  5.5.-0.2883 1.7893°1.0769 0.0939::0.4012"0.0041" 0.0171 0:0032" 70 0002’ o 0010 " 0,3274 -
. E521. . 10,1200 1,5684 .1,0254 0.0603:0.0780" 0. 00523 0.0047 + 0.0001: 0. 0017 '0,0006..0:2902"
. E-5:22  3:8-:0.162972.0134: 2, 13027 0.0593+0,2304:0.0588,.0.0277-%:0,0076" (0. 0070 -0:0013,.1.0308 -

: Table 10 Entralnment Data Set#s 2001 (ng element per lndlvldual Iarvae)
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- Table 11 - 2001 nonparametic discriminant function with K=2, training data

Source ‘ NR. - - - LUFR - 0 T WB e - Other- -~ - Total
R 82 e 4 2 4 42
' 76.2% 9.5% 4.8% ° 9.5% 100%
11 o - 23 : 6 3 32

0.0% . 71.9% . 18.8% 9.4% ' ' 100%

WB 2 3 35 3 . 43
4.7% - 7.0% © 81.4% 7.0% 100%
Total 84 30 .. ‘43 10-- - 17

29.1% - 25.6% . 36.8% 8.5% 100%
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WB-clasiﬁed as’

Total

'.',.r:

Sensitivity

,i'é;élasiﬁed as "

42, .

92.9%

2 g,_,: o

27 1

3277 43

84.4% 83.7%...
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Taiile 13 - 2001 micro-elemental and DNA entrainment data analysis results summary

Source NR TR wB Other Total
- Nonparametric discriminant function 5 0 74 34 113
‘with K=2, entrainment data 4.4% 0.0% _ 65.5% 30.1% 100%
Nonparametric discriminant function 16 6 - 91 0 113
with kernal density estimates 14.2% 5.3% 80.5% 0.0% 100%
‘with equal bandwidth
NeuroShell Easy Classifier™ 12 2 37 62 113
entrainment data, cut-off = 0.65 10.6% 1.8% . 32.7% 54.9% 100%
NeuroShell Easy Classifier™ 23 4 69 17 113
-entrainment data, cut-off = 0.5 20.4% 3.5% 61.1% 16.0% 100%
Nuclear DNA - 260 *236 368 - 203 -1067
NeuroShell Easy Classifier™ 24.4% 22.1% 34.5% 19.0% 100%




