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Introduction

This is a report of the activities of a three-year project designed to determine the genetic stock

structure of winter flounder larvae in eastern Long Island Sound and to use genetic differences to

determine the likely source populations entrained by the Millstone Power Station. The goals of this

project were to: provide proof-of-principle for the scientific approach, i.e., that genetic differences among

larvae groups were large enough to allow them to be used to identify entrained larvae source populations

(Ist year). The goal of the 2nd year was to use the information gained In the 15' year to attempt to estimate

proportion of larvae from Identifiable spawning stocks entrained by the Millstone Power Station. The goal

of the 3d year was to further assess entrainment sources and to provide an indication of the temporal

fluctuations. In addition, In the 2nd and 3rd years of the project, the goal was to use developed Information

to examine recruitment of larvae to young-of-the-year juveniles in the Niantic River.

This project was funded by Northeast Utilities (2000) and Dominion Nuclear Connecticut (2001,

2002) in a contract to Dr. J. Crivello, University of Connecticut, Department of Physiology & Neurobiology.
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Materials and Methods

j
Larval collection

Winter flounder larvae were collected from three sites within eastern Long Island Sound (Figure l

1), the Thames River, Niantic River, and just to the west of the mouth of the Connecticut River (at Plum

Bank in 2000, or off of Westbrook in 2001 and 2002). These areas were known to be, or adjacent to j
winter flounder nursery locations in the Connecticut waters of eastern LIS relatively near the Millstone

Power Station. Mostly Stage 1 (yolk-sac) and 2 (pre-flexion) and some Stage 3 (flexion) winter flounder

larvae were collected with a bongo net sampler with a 202-pm mesh net at variable depths from late I
February through April of each year. Larvae were placed in 70% ethanol and sorted In the laboratory.

Larvae were also collected using a 333-urn mesh net from seawater entrained at Millstone Power I
Station from late March through mid-June of each year. Larval samples collected during this time period

using a stratified random design (in 2001 and 2002) so as to provide an accurate cross-section of larvae

entrained at the Station (i.e., most samples were collected during those weeks when the greatest number

of larvae were expected to be entrained at the Station, based on a long-term average distribution).

The number of larvae, by developmental stage (described in DNC 2003), collected from field 'I

locations, and by entrainment at the Millstone Power Station, are given in Table 1. There were 134, 164,

and 171 staged larvae collected from the Niantic River in 2000, 2001, and 2002, respectively. There En

were 144, 174, and 151 larvae collected from the Thames River in 2000, 2001, and 2002, respectively.

There were 144, 197, and 239 larvae collected from the Connecticut River in 2000, 2001, and 2002, J

respectively.

There were 359, 1050, and 969 entrained larvae collected in 2000, 2001, and 2002, respectively.

Young-of-the-year collection

Following metamorphosis and settlement, juvenile winter flounder (10-71 mm) were collected with 1
a 1-m beam trawl at two locations in the Niantic River LR, approximately 500 m west of the river niouth

and WA, about 1 km north of the mouth near the eastern shoreline (Figure 2). Juveniles were placed in

70% ethanol and then transferred to the lab for analysis. A small (5 x 5 mm) piece of muscle tissue was
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used to isolate genomic DNA from each juvenile. There were 157, 211, and 180 juveniles collected In

2000, 2001, and 2002, respectively (Table 2).

Genetic analysis

Genomic DNA was extracted by the method of Kaplan et al. (2001) from each Individual larvae or

juvenile muscle sample. Genomic DNA was quantified with Pico Green(Molecular Probes, Inc.,

Eugene, OR) and comparison to a DNA standard curve (0 to 100 ng). Stage I larvae provided 75-100 nb

of genomic DNA, sufficient for analysis of 6 microsatellite loci. Stage 2 through 4 larvae gave relatively

large amounts of genomic DNA.

To analyze each microsatellite locus, 10 ng of genomic DNA was added to a solution containing

10 mM Tris, 50 mM KCI, 2.5 mM MgCI2, 0.2 mM dNTPs, 0.2 FLM forward and reverse primers to a final 10

t1 volume. The forward primer was covalently modified with a D2, D3, or D4 fluorescent tag (Research

Genetics Inc., Huntsville, AL). The sequence of primers is Included In Table 3, as well as the PCR

conditions for each primer set. Primers A441, 129, D34 and J42 were from McGowan and Reith (1999).

After PCR, the samples were precipitated by addition of 2 ttL 3 M Sodium Acetate pH 5, 2 IIL of a

I mg/ml glycogen solution and 50 tL of absolute ethanol. The samples were frozen at -70"C for 10

minutes and then spun at 30,000xg for 15 minutes. The supematant was discarded and each sample

was washed with 75 81 of 70% ethanol. The samples were dried and re-suspended In 30 I.L of formamide

that contained a 60-400 base pair DNA standard labeled with a DI-fluorescent tag (Beckman

Instruments, Palo Alto, CA). The samples were then analyzed on the Beckman Seq-2000" Capillary

Electrophoresis System. Microsatellite products were identified by size with an accuracy of 0.25 base

pair by comparison to standards. Table 3 contains the size ranges and number of alleles for each locus.

Statistical analysis

Several different approaches were used for the statistical analyses of pair-wise comparisons

between populations; i.e., FST, Rho (an intra-class relatedness coefficient that permits comparison among

different ploidy levels), RST (an FST analogue based on allele size), D, (Nei's 1978 standard genetic

distance) and 612 (a D, analogue based on allele size)(Slatkin 1995; Goldstein and Pollock 1997; Ronfort
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et al. 1998). All of these statistics were computed for each locus and a multi-locus weighted average was

determined. A jackknife re-sampling method for each locus (i.e., deleting information from one locus at a

time) was used to determine approximate standard errors for the multi-locus estimates of genetic

differences. The allele frequencies for each population were also determined. ]

Analysis of entrainment

An estimation of the proportion of entrained larvae from Identifiable spawning stocks was

examined initially by discriminant analysis (Emesto Lorda, Millstone Power. Station). In the nd and 3 :1
years of this project, entrainment was examined by a multi-layer feed-forward neural network trained on ]

supervised procedures, i.e., the construction of a model based on examples of data with known outputs

(Lek and Guegan 1999; Wu-Catherine and McLarty 2000; Brosse et al. 2001). These networks construct

models solely from provided examples, which are assumed to implicitly contain the information necessary

to establish the correct relationship. The structure of these models is a layered feed-forward network in

which non-linear elements (neurons) are arranged in successive layers and information flows .
unidirectionally, from input to output layer, through hidden layers. Networks with an arbitrary number of

hidden neurons have been shown to be universal approximators (Cybenko 1989) for continuous maps :

and can be used to irimplement any defined function. In this type of neural network, backpropagation

algorithms correct errors during the leaming process. After training, the network is tested by a 'holdout

procedure' (Kohav, 1995). This requires the network to be trained on a randomly selected half of a set of

known samples and then applied to the remaining half to assess the accuracy of assignment to the

correct population. The holdout procedure is repeated 100 times on a sample set in which the order and

the assignment to the trained and assessed halves is randomized (i.e., essentially a boot-strapping j
procedure). An error rate is determined from the holdout procedure, as well as 95% and 99% confidence .

limits. The distribution of the classification values generated by the holdout procedure is used to calculate

a classification value cutoff for the assignment of unknown samples to known spawning groups.

I!
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Analysis of recruitment

The above approach can also be used to estimate recruitment, that Is, the estimation of the

proportion of young-of-the-year juveniles derived from an Identifiable spawning group. In the 2 d and 3rd

years of this project, the multi-layer, feed-forward trained neural network was used to examine the

recruitment of larvae to young-of-the-year juveniles.

Results

Microsatellite loci

The characteristics of the six assayed microsatellite markers are given in Tables 3 and 4. All of

the microsatellite loci were polymorphic and heterozygotic with no evidence of inbreeding (Table 4).

There are 135 possible alleles among the six microsatellite loci. An example of the microsatellite alleles

is given in Figure 3.

The determination of population genetic structure Is made by pair-wise statistical examination of

the differences in allele frequencies (i.e., microsatellite products) in each population. The statistic FST

reflects the proportion of the observed genetic variation that can be explained by partitioning between

populations (between 0.0 and 1.0)(Wright 1969). A value of I Indicates that the populations share no

alleles In common, and a value of 0 indicates that the populations are identical. A FST value greater than

0.05 suggests that significanit genetic differences exist between two populations, and some factor Is

acting to limit gene flow.

The statistical analyses of pair-wise comparisons between populations for all three years are

given in Table 5. The genetic differences between populations were calculated using different

approaches. The greatest variance was seen with Ds (Nel's genetic difference) but RST and AD2, that have

been developed for the use of microsatellite Information, gave very similar results to the standard FST.

The genetic variance is more significant than what might be predicted on the basis of geographical

distance.
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There was an apparent temporal stability to the genetic difference between collection sites. a

There was also a geographic influence with the most distant populations (Thames and Connecticut I
Rivers, with the average = 0.0507) having the greatest genetic difference, and the closest populations

(Thames and Niantic Rivers, with the average = 0.0311) having the least difference. The intermediate.

populations (Niantic and Connecticut Rivers, with the average = 0.0431) had an intermediate level of

genetic difference.

Larval Classification A
There was sufficient genetic difference between the possible source populations (i.e., genetic

differences greater than 0.05) to allow for the estimation of entrained larvae from identifiable spawning

stocks by a discriminant program and a multi-layer feed-forward trained neural network. The accuracy of

the discriminant analysis is given in Table 6, and the accuracy of the multi-layer feed-forward trained

neural network is given in Table 7. |

Discriminant analysis is designed expressly to determine what best distinguishes or tells apart

groups. The discriminant analysis had 85%, 89% and 92% accuracy in assigning larvae to the known

population. The discrirrinant analysis was used to assign entrained larvae to the most likely source

population (Table 7). The neural network approach was used in the 2nd and 3rd years of this project

because of its greater accuracy in assigning known samples to known populations (Table 8). The J
accuracy of the neural network is determined by a holdout procedure repeated 100 times on a sample set

in which the order and the assignment to the trained and assessed halves are randomized (i.e., J
essentially a boot-strapping procedure). An error rate is determined from the holdout procedure as well

as 95% and 99% confidence limits. The holdout procedure is also used to develop a classification |

confidence value. The distribution of the classification values generated by the holdout procedure is used

to calculate a mean and standard deviation of the values. Greater than 80% of the classification values L -

are between 0.8 and 1.0 and >90% of the values were greater than or equal to a classification value of

0.75. A classification value equal to or greater than 0.75 was used to classify an unknown sample to a

specific spawning group. A value less than 0.75 resulted in the sample being assigned to an unknown

group. This gave four possible groups: Niantic River, Thames River, Connecticut River, or an unknown
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location. The network was trained on the microsatellite allele frequency differences between the test

larval spawning groups and typically generated 75-85 hidden neurons. A single qualitative output neuron

was used to classify the juvenile samples. The classification of the 2001 and 2002 samples by the neural

network Is given In Table 8.

From the data presented in Table 8, the peak fractional entrainment of larvae from the Niantic

River occurs in late April through early May. The peak fractional entrainment from the Thames River

occurs in April, as does the peak fractional entrainment from the Connecticut River area. The peak

entrainment of larvae occurred In late April through early May in both 2001 and 2002. The peak

entrainment from the Thames and Connecticut Rivers occurred In late May and early April, and early May

and mid April In 2001 and 2002, respectively. We have not attempted to make the same estimation of the

2000 data, since it was determined In a different manner and there were far fewer entrained larvae.

Juvenile recruitment

Proportional stock contribution of larvae to juvenile stage (age-0) winter flounder was estimated

by the use of the neural network analysis of allele frequency differences in the same manner as

estimation of entrainment. The analysis of recruitment is given in Table 9. LR station, located near the

mouth of the river, had Initially fewer juveniles classified to the Niantic spawning stock in June 2000 than

the WA site that Is more upriver. However, smaller differences were seen In September of 2000, 2001,

and 2002. The great majority of juveniles were classified to the Niantic River and Connecticut River

areas and not to the Thames River. Also of Interest was the size of juveniles assigned to source

populations, I.e., larger juveniles were produced within the Niantic River as opposed to smaller fish

entering the River from other areas. A one-way analysis of variance indicated no significant difference In

the size of juveniles by year, month, and station, except In September 2000 at the lower river site, where

juveniles originating from the Connecticut River were significantly larger (mean of 43 mm) than those from

the Niantic (36 mm) or Thames Rivers (35 mm).
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Discussion and Conclusions

Previous work suggests that there are discrete breeding stocks of winter flounder, based on

morphometric, meristic, tagging studies and other factors (Perlmutter 1947). In general, marine fish show 9
less genetic differentiation than freshwater or anadromous fishes, since marine environments are less

fragmented than freshwater environments (Carvalho and Hauser 1994;.Ward et al. 1994). Marine ]
organisms with a planktonic phase have a high potential for physically and biologically mediated

dispersal. Nonetheless, evidence does suggest that larval retention (Jordan et al. 2000), cohort fidelity D
(Sinclair 1988), geographical structures and impediments (Ruzzante et al. 1.998) and natal. homing

instincts (Nielsen et al. 1999) may limit gene flow. Marine species such as cod, hake, herring and squid

have previously shown little genetic population differentiation by allozyme markers and were thought to

be homogeneous over large geographical ranges. However, recent examination with microsatellite loci

has revealed fine levels of population structure in a wide range of marine species (Bentzen et al. 1996;

O'Connell et al. 1998; Lundy et al. 1999; Shaw et al. 1999).

Microsatellite loci form a class of highly polymorphic and informative regions of chromosomal

DNA that have found great usage for studies of intra-specific population structures, as well as

hybridization events, linkage mapping, paternity testing and pedigree analysis (Hughes and Queller 1993; i

Roy et al. 1994; Dowling et al. 1997). Although statistically significant genetic differences do not always j

have biological significance (Waples 1998), they can play an important role in fishery management issues

or in instances of efforts to recover commercial fishing industries. ,I

Winter flounder has experienced a significant decline in both commercial and recreational

catches. Though efforts have been made to limit fishing to increase breeding stocks, no information I
about any genetically based population structures has been obtained. LIS represents the central portion

of the natural geographical range of this fish. Work over the past few decades by the Connecticut

Department of Environmental Protection has suggested that distinct spawning and nursery areas for

winter flounder exist within LIS (Howell et al. 1999). One such nursery area is the Niantic River that is

nearby to Millstone Power Station.
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During normal Station operations, cooling water withdrawn by the station causes the entrainment

and loss of millions of winter flounder larvae. The Issue of plant impact due to winter flounder larval

entrainment has been addressed by population dynamics modeling (Lorda et al. 2000). This modeling

has focused on the Niantic River winter flounder stock and among the Information required is an estimate

of the annual reproductive output removed by entrainment. This fraction was determined using an

indirect method (i.e., the mass-balance model). However, the present genetic analysis provides a more

direct quantitative estimate of entrainment loss by source population and can serve to corroborate

modeling approaches.

Larvae in early developmental stages were collected from .areas known to be near spawning

grounds, as the young Stage I and 2 larvae appear to have limited geographical dispersal and, hence,

likely retain. gerietic differences. Comparison of genetic differences among these groups demonstrates a

relatively high degree of difference. This genetic differentiation Is geographically based, with the greatest

difference seen between the Connecticut and the Thames River source areas that are separated by 33

km. Though only separated by 8 km, the Thames and Niantic River source areas also had relatively

substantial genetic separation between them, suggesting that one or more factors might be limiting gene

flow. Very similar genetic differences were seen in larvae collected in 2000, 2001, and 2002, suggesting

a temporal stability to these genetic differences.

There is no apparent geographical or physical barrier to gene flow between these areas, so natal

homing instincts or selective pressures may be responsible. These differences were sufficient to provide

the resolution to assign entrained larvae or older, settled juveniles to the tested populations. Many

different approaches have been used to assign Individuals of unknown origin to populations based on the

genetic distance between Individuals and populations (e.g., neighbor-joining trees, likelihood of the multi-

locus genotype and Bayesian (Comuet et al. 1999). A key component of any of these approaches Is that

they have the ability to correctly assign individuals, but a common drawback is that if the origin of the

individual is not represented in the reference populations, most methods will still designate a wrong

population of origin (Cornuet et al. 1999). Many approaches are based on two explicit assumptions that

all loci are at Hardy-Weinberg equilibrium, and at linkage equilibrium. Other constraints are the levels of

differentiation between tested populations, the ability to sample all, or virtually all of the potentially
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contributing stocks, the temporal stability of the microsatellite markers and a large sample size that

contains representation for all donor populations (Smouse et al. 1990; Letcher and King 1999). Newer f
approaches have attempted to overcome these limitations (e.g., Bayesian), and maximizing the accuracy

of assignment depends, in part, on the FsT values, population sizes and loci number. The relatively large f
differences in FST values among tested reference populations in this work, coupled with large population

sizes (on average 150 individuals) and loci with large numbers of alleles (135) allows for the maximal

accuracy in assignment to reference populations. It is clear that we have not sampled from all of the

possible donor stocks in the Connecticut waters of eastern LIS or surrounding areas, but focusing on a II
smaller geographical range across which all stocks can be sampled adequately minimizes this problem.

Recently, several investigators have begun to use non-supervised or artificial neural networks to

assign Individuals to populations based on genetic differences (Brosse et al. 1999, 2001; Wu-Catherine ]

and McClarty 2000). These multi-layer feed-forward neural networks are trained on populations with

known genetic differences and then applied to unknown individuals. These neural networks have been

used in a wide range of areas including assessments of fish abundance and spatial occupancies (Brosse

et al. 1999). The neural network trained on the genetic differences between winter flounder larval

populations estimated that the fractional entrainment in 2001 from the Niantic River stocks was 0.22; that

is in very close agreement with a mass-balance model of 0.215 (DNC 2002). In 2003, the genetic

analysis indicated that the Niantic River fraction was 0.123 and the mass-balance model gave 0.142

(DNC 2003). Peak fractional entrainment from the Niantic River had been estimated by the mass-

balance model to occur in spring, which is supported by the results obtained by this neural network 1
classification.

In early spring, winter flounder larvae displaced from the Niantic River make up a greater

proportion of all larvae found in Niantic Bay. As the season progresses, more larvae from other sources

are transported by tidal currents into this area and locally produced larvae are less dominant. Large

assignments were made to the tested population that lies 25 km to the west near the Connecticut River

mouth. The Thames River, which is 8 km 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. The assignment of larvae to the Connecticut River area reaches a peak in mid-May, when the
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contribution of larvae from the Niantic River has reached a nadir. The peak entrainment at the Millstone

Power Station occurs in early April, when the contributions from the Niantic and Connecticut River areas

are about equal.

Approximately 77% of the larvae could be definitively assigned to one of the tested populations

with at least a 0.75 confidence value. Of the remaining 23%, they may have arisen from larval source

populations that were not tested. These populations are perhaps more likely west of Millstone Power

Station than east, because of predominant current flows.

This approach is also able to classify recruitment between larvae and young-of-the-year juvenile

flounder. We arialyzed the recruitment of juvenile flounder of the 2000, 2001, and 2002 year classes that

were collected In July and September of each year from two sites In the Niantic River. The lower river site

had initially a smaller proportion of juveniles assigned to the Niantic River than the mid-river site. Also,

there were substantial numbers of juvenile flounder from the Connecticut River area that were captured in

the Niantic River. Given the apparently stable genetic differences between larval populations In these

areas, the juvenile flounder that are found in the Niantic River that arise from other areas likely do not

contribute genetically to the larval stocks.

For fisheries management, this approach allows for the estimation of the Impact of a commercial

operation on specific flounder spawning groups and also allows for the direct linkage between winter

flounder spawning stocks and recruitment to juveniles. Both of these factors are critical components of

any fishery management plan that attempts to Increase winter flounder biomass In LIS.
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Table 1. The number of winter flounder larvae collected by stage at the three sites in eastern Long Island
Sound (source populations) and entrained at the Millstone Station.
Year Niantic River Thames River Connecticut River Entrained
2000 134 stage 1 10 stage 1 144 stage 1 51 stage 2

134 stage 2 249 stage 3
59 stage 4

134 total 144 total 144 total 359 total
2001 85 stage 1 43 stage 1 60 stage 1 199 stage 2

79 stage 2 131 stage 2 86 stage 2 741 stage 3
51 stage 3 111 stage 4

164 total 174 total 197 total 1050 total
2002 137 stage 1 125 stage 1 179 stage 1 1 stage 1

22 stage 2 26 stage 2 50 stage 2 85 stage 2
12 stage 3 10 stage 3 752 stage 3

129 stage 4

171 total 151 total 239 total 969 total
Winter flounder larvae were collected from source populations in February, March, and April of

each year. Entrained samples were collected in April, May, and June of each year.

T']II
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Table 2. The number of juveniles collected from the Niantic River in 2000, 2001, and 2002.

Year Station LR Station WA
Date Number Date Number

2000 June 22 57 June 22 35
September 18 30 September 18 35

Total 87 Total 70
2001 July 3 70 July 3 78

September 18 45 September 18 18

Total 115 Total 96
2002 June 13 45 June 13 11

June 24 49 June 24 38
September 20 31 September 18 6

Total 125 Total 55
.;
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Table 3. Primers and PCR conditions, microsatellite sizes, and number of alleles for the six tested
microsatellite loci.
Loci Primer Sequence'. Products (bp) Annealing T"C Allele Number

P157 D2 -AGTGCAACMCAGATTCCAG(+) 93-195 50°C 40
GCAGAATGAGTGAAATGTGG(-)

P159 D3-GTGTGGAGGTCAATGC(+) 85-209 53*C 11
GGAGCATCATTCATACAC(-)

A441 D2-CMCTGTGGGTATGTGCCTG(+) 89-213 55eC 25
GTGTCAGCACTGTGCTTAAACC(-)

D34 D4-GCCTGGTCTCATTGTGTTCC(+) 89-315 55cC 27
AGGTTAMTGAT1ICCTGAAGCTG(-)

129 D3-GCTTCGGTTACACCT1TGC(+) 91-223 55°C 4
AGGACAGTGAGGATGTCCG(-)

J42 D4-CACAAACTCMGATGTTGCG(+) 95-185 55°C 28
AAGCTCACTGGAAAATAATACCC(-)

3D2, D3 & D4 refer to fluorescent tags on the forward primer.

Table 4. Summary statistics, by source area, for the six microsatellite loci for all three years combined.

Population

Niantic River
P valuea
Hetcsb

N'
Thames River

P value
Hetob5

N
Connecticut

River

Microsatellite Loci
A441 D34P157

0.0000
0.7481

459

0.0000
0.8129

469

P159

0.2798
0.3926

459

0.9817
0.1719

469

0.0000
0.6000

459

0.0000
0.5971

469

0.0000
0.7185

459

0.0000
0.5972

469

129

0.2759'
0.1667

459

0.0000
0.1020

469

J42

0.0000
0.5333

459

0.0000
0.3669

469

P value 0.0000 0.8865 0.0000 0.0000 0.1594 0.0000
Het~b, 0.7744 0.2359 0.6821 0.4974 0.1103 0.3538

N 587 587 587 587 587 587
aP values indicate the probability of conformity to Hardy-Weinberg expectations by the Chi-squared
method. bHetb, refers to observed Heterozygosity. cN is the number of assayed larvae.
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Table 5. Genetic differences between larval sampling populations for the past three years (2000 through
2002).

Year I Locationa FsT Rho RST Ds 6?2
.1 -- -- -

2000
2001
2002

Niantic vs. Thames 0.0301
0.0268
0.0365

0.0300
0.0268

.0.0365

0.231
0.0254
0.0371

0.0273 0.0224
0.0307 0.0189
0.0551 0.0251

I]

I

2000
2001
2002

2000
2001
2002

Niantic vs. Connecticut

Thames vs. Connecticut

0.0553
0.0430
0.0311

0.0441
0.0503
0.0578

0.0553.
0.0430
0.0310

0.0441
0.0503
0.0578

0.0551
0.0534
0.0362

0.0413
0.0372
0.0462

0.0503 0.0345
0.0668 0.0312
0.0389 0.0411

I

Ii-i
0.0379 0.0434
0.0785 0.0214
0.0781 0.0516

US

fI

Table 6. Discriminant analysis: The accuracy of the discriminant method in assigning known samples to
the correct source population (2000 samples only).

From site I Niantic River Thames River Connecticut River Unknown Total
Assigned to
Niantic River

Thames River
Connecticut River

Total
Accuracy

94
11
6

111
84.7%

7
85
3

' 95
89.5%

8
1

103
112

92.0%

1 110
0 97
1 113
2 320
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Table 7. The error rates and confidence values for the accuracy of the neural network assignment of
larvae to known source populations (2001 and 2002 data sets).

Error rate
± SD

Confidence Value
(95%)

Confidence Value
(99%)2001 data

* Niantic River
Thames River

Connecticut River

2002 data
Niantic River

Thames River
Connecticut River

15.57±3.31
18.13±4.45
21.67±4.28

14.31 ± 3.04
16.65 ± 4.09
17.37 ± 3.43

0.0313
* 0.0429

0.0405

0.0288
0.0394
0.0325

0.0063
0.0086
0.0081

0.0058
0.0079
0.0065
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ITable 8. Fractional assignment of entrained larvae to source populations by the multi-layer feed-forward
trained neural network approach.

Date Niantic River Thames River Connecticut River Unknown Site .I
2000*

4.05.00
4.11.00
4.19.00
4.26.00
5.05.00
5.11.00
5.19.00
5.24.00
6.02.00
6.09.00

2001
3.28.01
4.09.01
4.16.01
4.23.01
4.30.01
5.07.01
5.14.01
5.21.01
5.28.01
6.04.01
6.11.01
6.17.01
2002

4.01.02
4.08.02
4.15.02
4.22.02
4.29.02
5.06.02
5.13.02
5.20.02
5.28.02
6.03.02
6.10.02

0.11
0.07
0.38
0.06
0.20
0.89
0.79
0.78
0.46
0.80

0.46
0.15
0.30
0.36
0.27
0.16
0.17
0.22
0.19
0.07
0.19
0.23

0.00
0.00
0.03
0.00
0.00
0.00
0.03
0.00
0.00
0.00

0.08
0.29
0.23
0.23
0.15
0.14
0.14
0.30
0.29
0.24
0.19
0.39

0.89
0.89
0.59
0.85
0.80
0.11
0.18
0.22
0.54
0.20

0.15
0.35
0.25
0.22
0.34
0.52
0.46
0.32
0.29
0.48
0.37
0.08

0.00
0.04
0.00
0.08
0.00
0.00
0.00
0.00
0.00
0.00

1VI

Il
0.31
0.21
0.22
0.19
0.24
0.18
0.23
0.16
0.23
0.21
0.25
0.30

.

LI

I
I I

0.07
0.09
0.09
0.17
0.14
0.31
0.12
0.12
0.27
0.04
0.57

0.25
0.03
0.06
0.04
0.00
0.02
0.02
0.02
0.00
0.08
0.08

0.57
0.77
0.69
0.59
0.57
0.41
0.72
0.63
0.43
0.72
0.08

0.11
0.11
0.16
0.20
0.29
0.26
0.14
0.23
0.30
0.16
0.27 .1

.

*The discriminant analysis was used to assign entrained larvae in 2000; the multi-layer feed-forward
neural network was used to assign entrained larvae in 2001 and 2002.
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Table 9. Classification of juvenile winter flounder to source areas using the trained neural networks
I Classification (values are Individuals assigned to a source area)

-

Year
2000 June September June September

LR LR WA WA
Niantic River 10 7 18 9

Thames River 7 3 4 10
Connecticut River 23 11 6 13

Unknown .17 9 .7 3
Total 57 30 35 35

2001
Niantic River 14 13 12 3

Thames River 17 4 10 2
Connecticut River 19 16 35 6

Unknown 20 12 21 7
Total 70 45 78 18

2002
Niantic River

Thames River
Connecticut River

I Inlenniwn

24
7

53
in

9
2
18
*1

11

5
24

1
0
4
41

I .I W L

Total 94 31 49 6
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Figure 1. Approximate locations in eastern Long Island Sound (X) where larval winter flounder were
collected for genetic stock identification studies during 2000. 2001, and 2002.
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Figure 2. Approximate locations in the Niantic River (LR and WA) where age-0 juvenile winter flounder
were collected for genetic stock identification studies during 2000, 2001, and 2002.
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Fig 3. An example of a PAGE (polyacrylamide gel electrophoresis) analysis of microsatellite
locus PCR products


