U.S. Fish and Wildlife Service

Genetic Variation Among Coho Salmon
Populations From the Kuskokwim Region and
Application to Stock-Specific Harvest Estimation
Alaska Fisheries Technical Report Number 96




CONSERVING

AMERICA’S
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monitoring and population assessment studies throughout many areas of Alaska. Dedicated
professional staff located in Anchorage, Juneau, Fairbanks, Kenai, and King Salmon Fish and
Wildlife Offices and the Anchorage Conservation Genetics Laboratory serve as the core of the
Program'’s fisheries management study efforts. Administrative and technical support is provided
by staff in the Anchorage Regional Office. Our program works closely with the Alaska Depart-
ment of Fish and Game and other partners to conserve and restore Alaska’s fish populations
and aquatic habitats. Additional information about the Fisheries Program and work conducted by
our field offices can be obtained at:

http://alaska.fws.gov/fisheries/index.htm

The Alaska Region Fisheries Program reports its study findings through two regional publication
series. The Alaska Fisheries Data Series was established to provide timely dissemination of
data to local managers and for inclusion in agency databases. The Alaska Fisheries Techni-
cal Reports publishes scientific findings from single and multi-year studies that have undergone
more extensive peer review and statistical testing. Additionally, some study results are published
in a variety of professional fisheries journals.

Disclaimer: The use of trade names of commercial products in this report does not constitute
endorsement or recommendation for use by the federal government.
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ABSTRACT

Genetic variation at 15 microsatellite loci was surveyed in coho salmon Oncorhynchus
kisutch sampled from 12 locations in the Kuskokwim region. These data were combined with
data from a previous study to survey genetic variation of coho salmon in the region. Genetic
diversity patterns showed: 1) populations from the Goodnews, Kanektok and Arolik rivers
were genetically distinct from Kuskokwim River populations, and 2) South Fork Kuskokwim
River and Highpower Creek in the upper Kuskokwim River were extremely divergent from
populations lower in the drainage. Simulation studies indicated that five population ag-
gregates could be identified in mixtures: Kuskokwim Bay (Middle Fork Goodnews, Arolik,
and Kanektok rivers); lower-middle Kuskokwim (Kwethluk, Kisaralik, Tuluksak, Salmon,
George, Kogrukluk, and Tatlawiksuk rivers); Takotna River; South Fork Kuskokwim River;
and Highpower Creek. Data were applied to estimate the stock contribution of a catch sample
made from the commercial fishery on August 13, 2001, and the majority of fish originated
from the lower and middle Kuskokwim River (87%), with smaller contributions from
Kuskokwim Bay and upper Kuskokwim River.

INTRODUCTION

The largest subsistence harvest of coho salmon Oncorhynchus kisutch in Alaska occurs in the
Kuskokwim region (ADF&G 2002, 2003a, 2003b, 2005; Fall et al. 2007), which encompass-
es the Kuskokwim River and rivers draining into Kuskokwim and Goodnews bays. Within
the Kuskokwim region, coho salmon comprise 15 to 18% of the total subsistence salmon
harvest. Coho salmon are often harvested for subsistence use in greater numbers in years of
poor Chinook O. tshawytscha and chum O. keta salmon returns (Whitmore et al. 2005).

Commerecial fishing provides an important source of revenue for residents of the Kuskokwim
region to purchase fuel and supplies for subsistence harvests activities (Coffing 1991; Coffing
et al. 2001). Coho salmon are the dominant species in the Kuskokwim region commercial
catches, both in numbers harvested and in value (Whitmore et al. 2005). The average number
of coho salmon harvested in commercial fisheries from 1993-2002 was 426,505 with an
average exvessel value of $1,243,390. Subsistence and commercial harvests are made mostly
using gillnets deployed from open skiffs and occur in three distinct geographic areas (Figure

1):
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e  District W5 where fishers target salmon returning to the Goodnews River drainage
through harvest mostly limited to the nearly occluded estuarine waters;

e  District W4 where fishers target salmon returning to the Kanektok River, and to a
lesser degree the smaller Arolik River, by fishing in marine waters near the termi-
nus of the river, though the openness of these marine waters and their proximity
to the Kuskokwim River create question as to the degree of non-Kanektok-Arolik
river salmon being intercepted by District 4 fishers;

e Districts W1, 2, and 3 in the Kuskokwim River where fishers, particularly those in
the more intensive fisheries of the lower Kuskokwim River, target salmon returning
to a wide variety of tributary spawning streams found throughout the Kuskokwim
River drainage.

Of these three geographic areas, District W5 has the smallest coho salmon fishery with
average subsistence and commercial harvests of 853 and 18,377; followed by District W4
with average harvests of 2,427 and 51,963; and the Kuskokwim River with average harvests
of 34,804 and 356,165 (Whitmore et al. 2005). Coho salmon fisheries typically begin in late
July and continue through the end of August or early September, although the tail of the coho
salmon run often continues into late fall.

Spawning escapement of coho salmon in the Kuskokwim region is monitored through a
series weirs (Molyneaux and Brannian 2006; Figure 1): Middle Fork Goodnews River weir
in District W5; Kanektok River weir in District W4; the Kwethluk (rm 216), Tuluksak (rkm
248), George (rkm 453), Tatlawiksuk (rkm 568), Kogrukluk (rkm 710), and Takotna (rkm
835) river weirs in the Kuskokwim River. In addition to weir projects, a mark-recapture
study operating from 2001 to 2005 produced total run abundance estimates for Kuskokwim
River coho salmon ranging from 603,719 to 1,510,603 with total exploitation rates ranging
from 20% to 47% (Pawluk et al. 2006). Unlike for Chinook salmon, aerial stream surveys are
not used to provide a broader assessment of coho salmon escapements because of practical
restraints in executing such surveys during the coho salmon season. Among the weir projects,
only the Middle Fork Goodnews and Kogrukluk rivers have formalized escapement goals for
coho salmon.

Management of salmon fisheries in the Kuskokwim region is particularly challenging, in part
because of the large size of the Kuskokwim River watershed that comprises the bulk of the
region, and because harvest occurs in mixed-stock fisheries. Specific management concerns
include the potential for differential exploitation of stocks within the Kuskokwim River due
to run timing variation and the potential interception of Kuskokwim River salmon in District
W4 fisheries.

Coho salmon returning to the Goodnews, Kanektok, and Arolik rivers have a relatively short
distance to travel to spawning grounds because the headwaters of these streams are less than
160 km distant from marine waters of Kuskokwim Bay. Kuskokwim River coho salmon,
however, have much more variable distances to travel, with spawning grounds located from
a few tens of kilometers to over 1,000 km from Kuskokwim Bay. Tagging studies show

a tendency for upper Kuskokwim River spawning populations to pass through the lower
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Kuskokwim River early in the season with progressively later run timing for populations
with less distant spawning grounds (Pawluk et al. 2006; Figure 2).

Variation in run timing between stocks or spawning aggregates is a management concern
because there is typically limited information to assess salmon run abundance early in the
fishing season, thus there is a greater risk of over harvesting these early running salmon
stocks. Should over harvest occur, there are scant resources to assess the impacts on escape-
ments because few escapement monitoring projects exist in the upper Kuskokwim River,
especially for coho salmon as the Takotna River serves as the only indicator for the adequacy
of escapement.

The northern boundary of District W4 was moved 3 miles south, away from the Kuskokwim
River, from 2001-2003 due to concern that Kuskokwim River Chinook and chum salmon
were being intercepted in the District W4 fishery (Burkey et al. 2000a, 2000b). Kuskokwim
River Chinook and chum salmon were considered “Stocks of Concern” following a number
of years of exceptionally low run abundance in the Kuskokwim River. A similar argument
could have been made for Kuskokwim River coho salmon in the years following 1996

when coho salmon abundance in the Kuskokwim River plummeted (Whitmore et al. 2005;
Molyneaux and Brannian 2006). The Alaska Board of Fisheries revoked the boundary restric-
tion in District W4 in 2003 due to the lack of evidence that the boundary had any effect in
conserving Kuskokwim River Chinook and chum salmon (Whitmore and Bergstrom 2003).

Mixed-stock analysis (MSA) using genetic characters has been suggested as a method to
address the management issues describe above. Gilk et al. (2005), Seeb et al. (1997), and
Templin et al. (2004) found upper Kuskokwim River chum and Chinook salmon spawning
populations to be genetically distinct from locations elsewhere in the Kuskokwim region.
The genetic distinctiveness of salmon spawning stocks of the upper Kuskokwim River
drainage facilitates their identification in mixtures and could be used to address concern of
disproportionate harvest rates between upper and lower Kuskokwim River spawning stocks.
Further, Templin et al. (2004) suggested that the genetic distinction between Chinook salmon
from Kuskokwim Bay and the Kuskokwim River might be used to evaluate the intercept of
Kuskokwim River salmon in locations such as the District W4 commercial fishery.

Initiatives for evaluating the genetic stock structure of coho salmon have lagged behind
those for chum and Chinook salmon. To address this information gap, a pilot study to survey
genetic diversity of coho salmon in the Kuskokwim region was funded by the U.S. Fish and
Wildlife Service Office of Subsistence Management (03-041, Genetic variation among coho
salmon populations from the Kuskokwim River region and stock-specific harvest estimation).
Results of this pilot study revealed significant allele frequency heterogeneity among samples
collected from the Arolik, Kanektok, Kisaralik, George, Kogrukluk, Tatlawiksuk, and
Takotna rivers (Crane et al. 2004), indicating a potential for future MSA applications.

This study expands on the pilot study of Crane et al. (2004) by increasing the number of
populations surveyed in the Kuskokwim region and assaying additional loci for genetic varia-
tion. Objectives were to more completely delineate genetic population structure, particularly
in the upper Kuskokwim River drainage, and delineate stock groups that can be identified in
mixtures. Data were also applied to estimate the origin of coho salmon from a single mixture
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Figure 2. Run timing information for coho salmon stocks in the Kuskokwim River from Figure 16, Paw-
luk et al. (2006). Dates when individual coho salmon stocks pass through the Kalskag tagging site (rkm

271) based on coho salmon tagged with anchor tags. Solid lines represent the central 80%o, cross-bars (+)
represent the central 50%o, and circles represent the median passage date for each stock.
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sample collected from the District W1-B commercial fishery of the lower Kuskokwim River
in 2001.

METHODS

Samples

Baseline—Fin tissue was collected from 1,520 adult coho salmon at a total of 12 locations

in the Kuskokwim, Goodnews, and Kanektok river drainages in 2004 and 2005 (Table 1,
Figure 1). Sampling occurred at weir sites on the Takotna, Tatlawiksuk, Kogrukluk, George,
Tuluksak, Kwethluk, Kanektok, and Middle Fork Goodnews rivers, a fishwheel on the South
Fork Kuskokwim River, and via hook and line near spawning areas on Highpower Creek,
Salmon (Aniak) River, and Kisaralik River. Fin clips were stored in individually labeled vials
filled with 90% ethanol, and sampling date and gender were recorded.

Mixture—Fin clips were collected from 250 coho salmon sampled from the District W1-B
commercial catch of the lower Kuskokwim River on 13 August 2001. Fin clips were stored
in 250 ml Nalgene bottles in 90% ethanol. The boundaries for District W1-B roughly include
waters from Bethel downstream to the southern most tip of Eek Island (Figure 1).

Laboratory Analysis

Total genomic DNA was extracted from approximately 25 mg of fin tissue using proteinase
K with the Dneasy™ DNA isolation kit (Qiagen Inc., Valencia, CA). Genetic variation was
assayed at eight microsatellite loci used in a pilot study of genetic variation in Kuskokwim
River coho salmon (Crane et al. 2004), plus seven new loci selected from those standardized
for use in Pacific Salmon Commission Southern Boundary fisheries for coho salmon (Kassler
and Young 2005; Table 2). Single-locus F, (the proportion of genetic variation among
populations) estimates for two loci surveyed in Crane et al. (2004) were not significantly
different from zero; therefore, more loci were incorporated to increase the potential amount
of information for population discrimination. Variation at these additional loci were also
assayed in archived tissue collections from the Kuskokwim region from Olsen et al. (2003)
and Crane et al. (2004) (Table 1). Polymerase chain reaction amplifications of microsatellite
loci were carried out in 10 pl reaction volumes (approximately 30-50 ng DNA, 1.5-2 mM
MgCl,, 0.8-1 mM dNTPs, 0.01-0.05 uM labeled/0.35-0.39 uM unlabeled forward primer,
and 0.4 uM unlabeled reverse primer, and 1M betaine (for One3 only) using an MJResearch
thermocycler. Cycling conditions were 1 cycle of 2 min at 92°; 30 cycles of 15 sec at 92°,

15 sec at 56°-58°, and 30 sec at 72°; with a final extension for 10 min at 72°. Microsatellites
were separated and visualized on 64-well denaturing polyacrylamide gels using a Li-Cor
IR?® scanner and scored with Li-Cor Saga™ GT ver 2.0 software (Lincoln, NE). Li-Cor
50-350 base size standards were loaded in the first and last lanes and at intervals of 14 lanes
or less across each gel. Positive controls consisting of two to eight alleles of predetermined
size were loaded in three lanes distributed evenly across the gels to ensure consistency of
allele scores. Two researchers scored alleles independently, and samples with score discrep-
ancies between researchers were re-amplified at the loci in question and rescored.
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Table 1. Sampling locations, date, and sample size of coho salmon collected from the Kuskokwim
region for genetic analysis.

Location Year Date N Source
M. Fk. Goodnews River 2004 8/3-8/31 200  this study
Arolik River 1997 8/28-8/31 96  Olsen et al. 2003
Kanekotk River 2001 8127 96 Crane et al. 2004
2004 8/6-8/21 100  this study
Kwethluk River 2004 8/9-9/4 200  this study
Kisaralik River 1997 8/15/2007 96 Olsen et al. 2003
2004 8/17 70 this study
Tuluksak River 2004 8/10-9/5 200  this study
Salmon River (Aniak River) 2004 9/14-9/18 100  this study
George River 2001 8/28-8/29 96 Crane et al. 2004
2004 8/14-9/4 100  this study
Kogrukluk River 2001 8/24 96 Crane et al. 2004
2004 8/12-9/3 100  this study
Tatlawiksuk River 2001 8/30-8/31 96 Crane et al. 2004
2004 8/23and 9/2 100  this study
Takotna River 2003 8/20-8/24 96 Crane et al. 2004
2004 8/15-8/30 100  this study
S. Fk. Kuskokwim River 2004 9/8-10/16 200  this study
Highpower Creek 2004 9/15-10/15 21 this study
2005 9/1 29 this study

Statistical Analysis

Baseline—Unless otherwise noted, analyses describing genetic variation within and among
population samples were conducted using FSTAT ver 2.9.3 (Goudet 2001). For each locus
in each sample, deviation of genotypic frequencies from Hardy-Weinberg expectation was
evaluated by testing for a deficit of heterozygotes, F >0. Significance was assessed through
a randomization test, permuting alleles among individuals within samples. Significance of
the P-values was evaluated by adjusting the experiment-wide a= 0.05 for 15 (loci for each
sample) and 12 (population samples for each locus) simultaneous tests using the sequential
Bonferroni technique (Rice 1989).

Homogeneity of allele frequencies among temporal samples (Table 1) was tested using
likelihood ratio statistics and significance was evaluated using a randomization test permut-
ing genotypes between samples. Temporal samples were pooled for subsequent analyses
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Table 2. Microsatellite loci and primer references for loci surveyed for genetic variation in coho
salmon in the Kuskokwim region.

Surveyed in
Crane et al.
Locus Primer sequences (5’-3") Primer Reference (2004)
Ocl8 E:: "léaé; CT igr;g "(l;i(%TCg;l: CC giCT(Tj?r CT Condrey and Bentzen 1998
Oke2 ‘;%gcicgcTAccé? géé Ane ETT gCTACCCTT‘f Buchholz et al. 1999 x
Oea  FACCCTEASAECANICANC it cal 109 .
Oke4 EZ: Zi%, (;/Ei?é;: fgf;fz ?ﬁg ggAﬁ(%”%g AAT Buchholz et al. 1999 X
Okil f{:: éigcAg(éicTigA?ciAgAgﬁTT CAgA Smith et al. 1998 *
Oki3 IF{:: %g%ggCC AC;C&nggTnggTAégcg Ag Smith et al. 1998 x
:
Omy1011 ;2 ’;ﬁg giig}gfcgﬁgz %Tg ggg Morris et al. 1996
One3 ;ﬂ TC% %g;;%%TISZTng%&ggCC:gCg TATC Scribner et al. 1996 X
Ots2M* E:: %Eri :ll:"lc“"; :é‘é légé g;,r CC:/S gACT TAg Grieg and Banks 1999
omon FASETTECTICNENETTT gttt
uios £ EAZENT CTATCAACA TIATC Neson 1998 .
Ots213 E‘: i(;g (T:‘:‘i ;ggiﬁ ?CT%K; gﬁ *‘E’:Tg Grieg et al. 2003
Ssad07 F:TeT gTA geC Age TeT ggA C Cairney et al. 2000

R: CAC TgC TgT TAC TTT ggT gAT TC

*Two groups of alleles were amplified using the Ots2M primers. No evidence of linkage was detected
between the two groups, and they were treated as two separate loci, Ots2MA and Ots2MB, for analysis.

following the recommendation of Waples (1990). Expected heterozygosity and allelic
richness, number of alleles adjusted for sample size, were calculated to describe within-
sample diversity. Cavalli-Sforza and Edwards chord distances (Cavalli-Sforza and Edwards
1967) were calculated between each pair of populations using Phylip ver 3.5c (Felsenstein
1995). Distances were used in a multidimensional scaling (MDS) analysis in S-PLUS 6.0
(Insightful, Inc.; Seattle, WA) to visualize spatial genetic relationships among populations.
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The proportion of genetic variation at different hierarchical levels was estimated with
AMOVA in Arlequin version 1.1 (Schneider et al. 2000). Two different hierarchies were used.
The first partitioned genetic variation into among- and within-region components. Regions
were identified from the MDS. For this analysis, all population samples and loci were used.
The second partitioned genetic variation into among- and within-population (temporal)
components; for this analysis, only those populations with temporal replicates and the loci
surveyed in Crane et al. (2004) were used. Isolation by distance (IBD) among populations
was tested by plotting pairwise F¢ and closest waterway/shoreline distance to identify
barriers to gene flow and patterns of gene flow and genetic drift. Pairwise F¢ values were
calculated following the method of Weir and Cockerham (1984). Geographic distances were
measured using a U.S. Geological Survey Alaska Topographic 1:5,840,000 map and a Scalex
mapwheel. Significance of the correlation between genetic and geographic distance was
evaluated through a Mantel test with 1000 permutations using GENEPOP ver 3.4 (Raymond
and Rousset 1995).

Evaluation for mixed-stock analysis—Conditional maximum likelihood estimation of simu-
lated mixtures was used to delineate identifiable populations or population aggregates of
coho salmon in the Kuskokwim region. Prior to the simulation analysis, alleles in the base-
line populations were binned using the program OptiBin (Bromaghin 2006) to reduce the ef-
fects of sampling error and rare alleles. For each locus, exact tests of homogeneity were used
to test if allele pairs were similarly distributed across populations, with Monte Carlo simula-
tion to estimate significance, to determine the binning strategy. Log-likelihood ratios were
used as the test statistic and the binning procedure executed until P<0.25. For the simulation
analysis, for each population under study, 1000 artificial mixtures of 400 genotypes were
randomly constructed using Hardy-Weinberg expectations from the baseline allele frequen-
cies. The program SPAM ver 3.7b (Debevec et al. 2000) was used for the simulation analysis.
Bayesian estimates of baseline allele proportions (Rannala and Mountain 1997) were used to
further reduce the effects of sampling error in the baseline allele frequencies. Mean contribu-
tion estimates for the population under study should approximate 100%. Populations were
aggregated until mean contribution estimates exceeded 90%, which is generally considered
suitable for mixture analysis (Teel et al. 1999; Kondzela et al. 2002). When populations
were aggregated, mixtures were comprised of genotypes from each population contributing
equally.

Lower Kuskokwim River mixture sample—Stock compositions for the District W1-B com-
mercial catch sample from the lower Kuskowkwim River were estimated using Bayesian
mixture modeling (Pella and Masuda 2001; Neaves et al. 2005). The initial proportion for
the chains (N=5; 5,000 samples each) was 95% from a randomly selected population, with
5% distributed evenly among remaining populations. Values for genetic prior parameters
were determined as described in Pella and Masuda (2001). The Raftery and Lewis (1996)
diagnostic was used to verify that chain lengths were sufficiently long. Convergence was
determined using the Gelman and Rubin (1992) diagnostic. The mean, standard deviaiton,
and posterior quantiles of sample stock compostion estimates were generated after a burn-in
of 4,000 samples.
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Conditional power analyses following the procedure described in Reynolds (2001) were
conducted using SPAM ver 3.7b to determine sample sizes required for detection of small
contributions. Stock contributions are often judged as significantly greater than zero if the
lower bounds of the 95% confidence interval is greater than zero (Reynolds and Templin
2004). Simulated mixtures of N=100, 200, 300, 400, 500, 600, 700, and 800 with contribu-
tions of each population or population aggregate equal to the estimates from the District
W1-B sample as estimated above, were created to evaluate the effects of mixture sample size
on detection and bias.

RESULTS

Baseline

A deficit of heterozygotes was detected at Oke3 for George River 2004; Okil for Goodnews
River; Oki3 for Highpower Creek 2004, George River 2004, Salmon River, and Goodnews
River; One3 for Tatlawiksuk River 2004; Ssa407 for George River 2004; Ocl8 for Highpower
Creek 2004; Omy1011 for Highpower Creek 2004; Ots105 for Kogrukluk River 2001;
Ots2MA for Takotna River 2004; and Ots213 for Takotna River 2004 and Kanektok River
2004 (Appendix 1). Within samples, a deficit of heterozygotes was detected for George River
2004 and Kanektok River; however, after adjusting for multiple tests for comparisons within
loci and within samples, no deviation was deemed significant.

Homogeneity of allele frequencies from temporal samples from new and archived collections
from the Kanektok River, Kisaralik River, George River, Kogrukluk River, Tatlawiksuk
River, Takotna River, and Highpower Creek (Table 1) was tested using likelihood ratio
statistics. Allele frequency differences were detected for temporal samples from the Kisaralik
River (P=0.044), Kogrukluk River (P=0.009), and Takotna River (P=0.001). Only the com-
parison for Takotna River was deemed significant after adjusting for multiple tests. Temporal
samples within tributaries were pooled for subsequent analyses.

Expected heterozygosity ranged from 0.42 in Highpower Creek to 0.59 in Goodnews River
and allele richness, based on a minimum sample size of 37 individuals, ranged from 4.11 in
Highpower Creek to 7.17 in Goodnews River (Appendix 2). There was a decreasing trend
in both expected heterozygosity and allele richness from Kuskokwim Bay populations and
populations further upstream in the Kuskokwim River (Appendix 2).

Multidimensional scaling of pairwise Cavalli-Sforza and Edwards chord distances (Cavalli-
Sforza and Edwards 1967) showed spatial clustering: the samples collected furthest
upstream in the Kuskokwim River (South Fork Kuskokwim River and Highpower Creek)
were clearly distinct from each other and all remaining populations (Figure 3). Populations
from Goodnews River, Arolik River, and Kanektok River were somewhat distinct from
Kuskokwim River collections. The proportion of genetic variation for two hierarchies, one
exploring among- and within-region variation, and one exploring among population and tem-
poral variation within populations was estimated using AMOVA. The first AMOVA indicated
that 95% of the observed genetic variation was due to within-population variation, 5% was
due to among-region variation, and 0.4% was due to within-region (Table 3). The second
AMOVA indicated that spatial variation among populations (1.2%) exceeded temporal varia-

10
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tion within samples (Q' 1_7%) (Table 3). Table 3. Proportion of variation due to spatial and
Though temporal variation was a small, temporal components of coho salmon sampled from
it was significant. the Kuskokwim region.

A weak but significant correlation Proportion of

Component Variation
(Spearman’s R=0.52; P<0.001) was i
found between pairwise genetic and 1. Regional Variation
geographic distances. The scatterplot Among region 4.72

shows a strong genetic distinction
between the South Fork Kuskokwim
River and Highpower Creek and all
other samples (Figure 4). Two distinct
clusters were apparent in the scat-
terplot; one comprising pairwise values
including Highpower Creek and South
Fork Kuskokwim River at F_ >0.08, Among samples within population  0.17
and a second cluster comprising all
other comparisons at F <0.02.

Among populations within region ~ 0.38

Within population 94.9

2. Temporal Variation

Among populations 1.21

Within samples 98.62

Evaluation for Mixed-Stock Analysis

Mean estimates for artificial mixtures composed of randomly generated genotypes from
individual populations ranged from 0.70 for the Kisaralik River to 0.99 for the South Fork
Kuskokwim River (Table 4). Populations were grouped into larger stock aggregates until
mean estimates were 90% or greater: Kuskokwim Bay (0.94), Kwethluk to Tatlawiksuk River
(0.95), Takotna (0.90), South Fork Kuskokwim (0.99), Highpower Creek (0.93) (Figure 5).
Simulations were conducted with the original eight loci to determine if the addition of new
loci increased accuracy and precision of mixture estimates. For all stock groups, the addition
of new loci both increased the accuracy of the estimates and also shrank the 90% confidence
intervals (Figure 6).

District W1-B Mixture Sample

Markov chain Monte Carlo estimates of stock contributions indicated that 87% of the 250
coho salmon sampled from District W1-B commercial catches on 13 August 2001 originated
from tributaries of the lower and middle Kuskokwim River (Table 5). A smaller proportion
originated from Kuskokwim Bay (7%). Small proportions occurred from Highpower Creek
(2%), South Fork Kuskokwim River (1%), and Takotna River (3%), but zero was contained
within the 95% probability interval. When Highpower Creek and South Fork Kuskokwim
River were combined into a single reporting group, zero was not included within the 95%
probability interval, indicating the presence of coho salmon from the upper drainage in the
mixture sample.

In the power analysis, regardless of sample size, small contributions of Highpower Creek,
and Highpower Creek/South Fork Kuskokwim River combined, were slightly underestimated
(Figure 7). Contributions of Kuskokwim Bay were consistently overestimated, while Takotna
River was overestimated in mixture sample sizes of less than N=300. Using the criterion of
the lower limit of the 95% confidence interval to infer non-zero contributions, sample sizes
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Figure 4. Scatter plot of pairwise geographic versus genetic distances for populations of coho salmon
sampled from the Kuskokwim region. Open circles are pairwise comparisons including Highpower
Creek and South Fork Kuskokwim River, and closed circles are all other comparisons.
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Figure 5. Mean estimates and 90% confidence intervals from simulations created from 1000 simulated
mixtures composed of individual stock aggregates. Stock aggregates with mean estimates exceeding 90%
(dotted line) are generally considered acceptable for mixed-stock analysis.
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Table 5. Markov chain Monte Carlo means, standard deviations (S.D.), and posterior quantiles for
stock proportions for 250 coho salmon sampled from the W-1B fishery on 13 August 2001.
Posterior Quantiles

Group Mean S.D. 2.50% Median 97.50%
Highpower Creek 2.0 1.2 0.0 1.9 4.8
South Fork Kuskokwim River 0.8 1.1 0.0 0.2 3.9
Takotna River 33 33 0.0 2.6 1.1
Tatlawiksuk to Kwethluk River 86.6 4.7 76.4 86.9 94.5
Kuskokwim Bay 7.4 33 2.0 7.1 14.7
Highpower Creek to South Fork Kuskokwim River 2.8 1.2 1.0 2.6 5.6
Takotna River to Kwethluk River 89.8 3.5 82.3 90.0 95.7
Kuskokwim Bay 7.4 33 1.9 7.1 14.5

of approximately 300—600 will be needed to identify the contribution of individual stocks in
the upper Kuskokwim River; however, smaller sample sizes may suffice for estimates for a
single, Highpower Creek/South Fork Kuskokwim River stock aggregate (Figure 7).

DISCUSSION

Population Structure

The majority of genetic variation in Kuskokwim region coho salmon occurs within popula-
tions (95%). This value falls within the range of values reported from similar geographic
regions (90%, Yukon River, Flannery et al. 2006; 97.5%, Oregon Coast, Ford et al. 2004).
Patterns of within-population variation for Kuskokwim River coho salmon follow that
described for Chinook salmon (Templin et al. 2004) in that Kuskokwim Bay and lower
Kuskokwim River populations show more within-population diversity than in populations
further upstream. For coho salmon, mean heterozygosity and allele richness were highest
in Kuskokwim Bay populations, with a decreasing trend in these diversity measures with
geographic distance from the river mouth.

Of the remaining variation, genetic differences among regions accounted for more variation
than among populations within regions. Though allele frequency differences were detected
between temporal samples collected from Kisaralik, Kogrukluk, and Takotna rivers, among-
population variation was a far greater component of overall variation.

Both the MDS and IBD analysis indicated a genetic discontinuity between the Takotna River
and the South Fork of the Kuskokwim River. Pairwise F estimates between Highpower
Creek and South Fork Kuskokwim River in the upper Kuskokwim with samples from the
Takotna River to the river mouth were approximately 0.1, a value indicative of strong genetic
divergence (e.g., Faubet et al. 2007). This discontinuity has been reported at approximately
the same geographical location for other salmon species (chum salmon: Takotna River and
Big River, Gilk et al. 2005, Seeb et al. 1997; Chinook salmon: Takotna River and Pitka Fork,
Templin et al. 2004). Vicariance is often implicated when barriers to gene flow are detected,
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Kuskokwim Bay

Low-Mid Kuskokwim

Takotna

SF Kuskokwim

Highpower

Mean estimate

Figure 6. Mean estimates and 90% confidence intervals from simula-
tions created from 1000 simulated mixtures composed of individual stock
aggregates. Solid circles and lines are simulations using data from 15
microsatellite loci; open circles and dashed lines are simulations using
eight microsatellite loci reported in Crane et al. (2004).

especially when such barriers are observed in multiple species (Avise 1994). It is possible
that salmon in the upper Kuskokwim River drainage shared a separate and distinct refuge
during the Pleistocene from salmon that now inhabit the lower Kuskokwim River and coastal
rivers. A similar pattern exists in the Yukon River, where populations of Chinook salmon and
coho salmon in the upper drainage are genetically distinct from more homogenous popula-
tions in the lower Yukon River. Patterns of genetic diversity in the Yukon River may repre-
sent secondary contact between upper river populations that are remnant from those inhabit-
ing the Yukon River during the Pleistocene and lower populations extant from colonizers
from coastal streams of the Bering Land Bridge (Flannery et al. 2006; Olsen et al. submitted).

Differences in spawning or run timing can also produce barriers to gene flow and produce
patterns such as the IBD observed in this study (e.g., Olsen et al. 2006). Run timing has

been used to explain genetic differences observed in upper versus lower river populations of
Kuskokwim River chum salmon (Seeb et al. 1997; Templin et al. 2004). Coho salmon spawn-
ing in the upper Kuskokwim River may represent some of the longest freshwater migrations
known for this species. Coho salmon typically do not migrate more than 240 km upstream
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Figure 7. Bias estimates and lower limit of 95% bootstrap confidence intervals for vary-
ing mixture sample sizes. True stock contributions were based on small (<10%) stock
contributions estimated from a W1-B fishery sample, as follows: Kuskokwim Bay, 7%;
Takotna River, 3%; South Fork Kuskokwim River, 1%; and Highpower Creek, 2%.
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in large river systems; migrations of over 1,000 km have only been reported for the Yukon
River (Sandercock 1991). Coho salmon spawning in the upper reaches of the Kuskokwim
River travel distances of 1,100 to 1,500 km from the river mouth (Whitmore et al. 2005).
Time of entry from marine waters for upstream spawners is typically earlier than for lower
river spawners (Sandercock 1991), a life history attribute also observed in the Kuskokwim
River. Mark-recapture data show that coho salmon bound for the Takotna River were among
the first to migrate passed the tagging site in the lower Kuskokwim River, and that fish
tagged earlier had slower travel times (Pawluk et al. 2006; Figure 2). The central 50% of the
run monitored at weir sites in the region are earlier for the Takotna and Tatlawiksuk rivers
than for weir sites further down stream or in Kuskokwim Bay drainages (e.g.; Shelden et al.
2005; Costello et al. 2006a, 2006b; Jones and Linderman 2006a, 2006b). Regardless of the
origin of genetic differentiation in the Kuskokwim River drainage, South Fork Kuskokwim
River and Highpower Creek and populations from the Kwethluk to Takotna rivers represent
distinct diversity groups.

Mixed-Stock Fishery Applications

Reliable estimation of the stock composition of mixtures is dependent, in part, on adequate
sampling of the genetic diversity of baseline populations contributing to the mixture (Shaklee
and Phelps 1990). Although our collections represent a wide geographic array, we were
unsuccessful in collecting coho salmon spawning in the Eek River and Stony River, as
originally intended. For estimation of the origin of Kuskokwim Bay coho salmon, sampling
of the Eek River, located at the mouth of the Kuskokwim River, may be warranted to deter-
mine if these fish are genetically more similar to Kuskokwim Bay or Kuskokwim River coho
salmon. Sampling of fish from the Stony River may be less important, given that fish from
the Tatlawiksuk River, immediately upstream of the Stony River, were more similar to lower
river populations than to the Takotna River. Improved understanding of the distribution and
relative contribution of tributaries, perhaps through radio-telemetry studies, would provide
better insight as to where additional baseline sampling is needed.

The addition of more loci clearly improved both the accuracy and precision of mixture
estimates in our simulation study (Figure 6). Increasing the number of loci used in mixture
analyses can often improve stock composition estimates providing that new loci add novel
information (e.g., Scribner et al. 1998; Winans et al. 2004), and may be especially useful
when low levels of genetic diversity exist among stocks (Faubet et al. 2007). When large
numbers of loci are available for stock composition estimation, a variety of methods have
been suggested for finding the most parsimonious set of loci to address a mixture problem,
e.g., ranking loci according to information content indicated by number of alleles (e.g.,
Beacham et al. 2006), or searches of combinations of loci (e.g., Bromaghin 2007). Though
not evaluated in this study, these methods could improve the cost effectiveness of mixture
analysis by reducing the number of loci needed to estimate regional groups.

Simulation analyses indicated that the following five stock groups could be identified in mix-
tures comprising coho salmon from the populations sampled in this study: Kuskokwim Bay
(Goodnews, Arolik, and Kanektok rivers); lower-middle Kuskokwim (Kwethluk, Kisaralik,
Tuluksak, Salmon, George, Kogrukluk, and Tatlawiksuk rivers); Takotna River; South Fork
Kuskokwim River; and Highpower Creek. These stock groupings suggest two areas where
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genetic data may be useful in mixed-stock fishery applications: 1) separation of Kuskokwim
Bay from Kuskokwim River populations, and 2) separation of coho salmon spawning in

the upper reaches of the Kuskokwim River from remaining populations. Concern about
disproportionate exploitation rates on upper Kuskokwim River coho salmon populations can
be addressed through mixed-stock analysis of samples from the Bethel test fishery and/or
commercial fishery of District W1 collected throughout the duration of the coho salmon

run to estimate the relative proportion and timing of upriver populations which currently
receive little monitoring. Similarly, the efficacy of boundary changes for reducing the catch
of salmon bound for the Kuskokwim River in the District W4 fishery could be evaluated
through MSA (Templin et al. 2004; Fisheries Resource Monitoring Plan 2005, http://alaska.
fws.gov/asm/fisdetails.cfm?choose=5). The boundaries for the District W4 fishery were
modified by the Alaska Board of Fisheries to reduce suspected interception by Kuskokwim
Bay fishers of Chinook and chum salmon bound for Kuskokwim River (Burkey et al. 2000a,
2000b). The measure was reversed in January 2004 because of the lack of evidence that the
boundary change had any effect in conserving Kuskokwim River salmon (Whitmore and
Bergstrom 2003). A better understanding of the migration patterns of coho salmon stocks
through Kuskokwim Bay could be important in years when this species is in low abundance
in the Kuskokwim River.

District W1-B Mixture Sample

The majority of fish sampled from the W1-B mixture sample originated from tributaries in
the lower and middle portion of the Kuskokwim River, with smaller proportions originat-
ing from Kuskokwim Bay drainages (7%) and tributaries of the upper Kuskokwim River
(Highpower Creek, South Fork Kuskokwim River, 3%). The conditional power analysis,
given the stock proportions in the W1-B mixture estimate, indicated that small contribu-
tions of Kuskokwim Bay are generally overestimated, while contributions from the upper
Kuskokwim River are close to their true proportions (Figure 6). Though a proportion of the
estimate for Kuskokwim Bay may be misallocation between Kuskokwim Bay and lower-
middle Kuskokwim River stocks, District W1-B includes the Kuskokwim River mouth and is
entirely under tidal influence and other in-river mixture studies have detected fish from other
drainages, perhaps due to “nosing-in”. For example, Robertson (1984), using scale-pattern
analyses and coded-wire tagging, found sockeye salmon originating from the Wood River in
mixture samples collected in the Nushagak River 50 km upstream from the river mouth.

The detection of small contributions to mixtures presents a statistical challenge (Reynolds
and Templin 2004); however, the genetic distinctiveness of coho salmon of South Fork
Kuskokwim River and Highpower Creek in the upper Kuskokwim River may permit the
estimation of very small proportions, even in relatively small mixture samples (Figure 6)
and suggests that for small proportions, fishery sampling error may be more of a concern
than genetic error in mixture analysis. Further, their genetic distinctiveness may also support
individual-based analyses. Cornuet et al. (1999) found that for F_ approximating 0.1, the ac-
curacy of identifying the origin of individuals should be close to 100%. The posterior assign-
ment probabilities of genotypes in the Bayesian mixture analysis used in this study indicated
that five of the 242 individuals from the mixture analysis were likely to have originated from
South Fork Kuskokwim River/Highpower Creek.
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CONCLUSIONS

A database of microsatellite allele frequencies and a tissue archive of baseline
samples are available for use in future mixture- or population-level analyses.

Significant genetic population structure exists in coho salmon in the Kuskokwim
region.

A strong genetic discontinuity occurs between populations located from the
Takotna River downstream and populations further upstream in the Kuskokwim
River, a pattern similar to that observed previously in chum and Chinook
populations.

Populations in the lower Kuskokwim River have more within-population variabil-
ity and less among population variability than populations in the upper Kuskokwim
River.

Analysis of artificial mixtures indicated that the following groups can be identified
in mixtures comprising the populations sampled in this study: Kuskokwim Bay
(Goodnews, Arolik, and Kanektok rivers); lower-middle Kuskokwim (Kwethluk,
Kisaralik, Tuluksak, Salmon, George, Kogrukluk, and Tatlawiksuk rivers); Takotna
River; South Fork Kuskokwim River; and Highpower Creek.

The genetic distinctiveness of coho salmon in South Fork Kuskokwim River and
Highpower Creek should permit estimation of very small mixture proportions even
in relatively small mixture samples.

RECOMMENDATIONS

The following recommendations could be implemented in order to address management
concerns detailed above:

Continue sampling of coho salmon populations for genetic analysis on opportu-
nistic basis, especially the Eek River, Stony River, and tributaries in the upper
Kuskokwim River drainage, as well as other Bering Sea basin stocks that may
potentially pass through the Kuskokwim region.

Use radio-telemetry deployment on coho salmon to better define the distribution
and relative contribution of coho salmon spawning streams in the Kuskokwim
River drainage, and use the findings to target genetic sampling of additional
populations.

Collect a temporal array of mixed-stock coho salmon samples from the lower
Kuskokwim River (District W1) to assess run timing of genetically identifiable
aggregates through the commercial fishing district.

Collect a temporal array of mixed-stock coho salmon samples from District W4
to assess potential interception of Kuskokwim River coho salmon in that fishery
through the commercial fishing district.
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e C(Collect a temporal array of mixed-stock coho salmon samples from District W5
to assess potential interception of Kuskokwim River coho salmon in that fishery
through the commerecial fishing district.

ACKNOWLEDGEMENTS

We thank the following for providing samples: Billy Alexia, Nick Alexia, Seth Beaudreault,
Dave Cannon, Russell Corona, Tyler Dann, Chad Diesinger, John Linderman, Adam
Ellsworth, Sara Gilk, Clinton Goods, Kenton Moose, Allen Mwarey, Dave Orabutt, Gene
Sandone, Rob Stewart, and Robert Sundown. We thank Andrea Medeiros, publication
specialist, with the U.S. Fish and Wildlife Service, Office of Subsistence Management for
editing and formatting this report. The U.S. Fish and Wildlife Service, Office of Subsistence
Management, provided $66,200 in funding support for this project through the Fisheries
Resource Monitoring Program, under agreement number FIS 04-311.

LITERATURE CITED

ADF&G (Alaska Department of Fish and Game). 2002. Alaska subsistence fisheries 2000 an-
nual report. Alaska Department of Fish and Game, Division of Subsistence, Juneau.

ADF&G (Alaska Department of Fish and Game). 2003a. Alaska subsistence fisheries 2001
annual report. Alaska Department of Fish and Game, Division of Subsistence, Juneau.

ADF&G (Alaska Department of Fish and Game). 2003b. Alaska subsistence fisheries 2002
annual report. Alaska Department of Fish and Game, Division of Subsistence, Juneau.

ADF&G (Alaska Department of Fish and Game). 2005. Alaska subsistence fisheries 2003 an-
nual report. Alaska Department of Fish and Game, Division of Subsistence, Juneau.

Avise, J. 1994. Molecular Markers, Natural History, and Evolution. Chapman Hall, New
York.

Beacham, T. D. et al. 2006. Estimation of stock composition and individual identification of
Chinook salmon across the Pacific Rim by use of microsatellite variation. Transactions
of the American Fisheries Society 135:861-888.

Bromaghin, J. F. 2007. BELS: Backward elimination locus selection for studies of mixture
composition or individual assignment. Molectular Ecology Notes.

Bromaghin, J. F. 2006. OptiBin: a computer program to bin alleles similarly distributed
across populations. Molecular Ecology Notes 6:573-575.

Buchholz, W., S. J. Miller, and W. J. Spearman. 1999. Summary of PCR primers for salmonid
genetic studies. Alaska Fisheries Progress Report Number 99-1, Conservation Genetics
Laboratory, U.S. Fish and Wildlife Service, Anchorage.

Burkey, Jr. C. E., M. Coffing, D. B. Molyneaux, and P. Salomone. 2000a. Kuskokwim River
Chinook salmon stock status and development of management / action plan options,
report to the Alaska Board of Fisheries. Alaska Department of Fish and Game, Division
of Commercial Fisheries, Regional Information Report No. 3A00-40, Anchorage.

Burkey, Jr. C. E., M. Coffing, D. B. Molyneaux, and P. Salomone. 2000b. Kuskokwim River
chum salmon stock status and development of management / action plan options, report

21



Alaska Fisheries Technical Report Number 96. December 2007
U.S. Fish and Wildlife Service

to the Alaska Board of Fisheries. Alaska Department of Fish and Game, Division of
Commercial Fisheries, Regional Information Report No. 3A00-41, Anchorage.

Cairney, M., J. B. Taggart, and B. Hoyheim. 2000. Characterization of microsatellite and
minisatellite loci in Atlantic salmon (Salmo salar L.) and cross-species amplification in
other salmonids. Molecular Ecology 9:2175-2178.

Cavalli-Sforza, L. L. and A. W. F. Edwards. 1967. Phylogenetic analysis: Models and estima-
tion procedures. Evolution 21:550-570.

Coffing, M. W. 1991. Kwethluk subsistence: contemporary land use patterns, wild resource
harvest and use, and the subsistence economy of a lower Kuskokwim River Area com-
munity. Alaska Department of Fish and Game, Division of Subsistence Technical Paper
No. 157, Juneau.

Coffing, M. W., L. Brown, G. Jennings, and C. J. Utermohle. 2001. The subsistence harvest
and use of wild resources in Akiachuk, Alaska, 1998. Alaska Department of Fish and
Game, Division of Subsistence Technical Paper No. 258, Juneau.

Condrey, M. J. and P. Bentzen. 1998. Characterization of coastal cutthroat trout (Oncorhyn-
chus clarki clarki) microsatellites and their conservation in other salmonids. Molecular
Ecology 7:783-792.

Costello, D. J., D. B. Molyneaux, and C. Goods. 2006a. Takotna River salmon studies, 2005.
Fishery Data Series No. 06-26, Alaska Department of Fish and Game, Anchorage.

Costello, D. J., R. Stewart, D. B. Molyneaux, and D. E. Orabutt. 2006b. Tatlawiksuk River
salmon studies, 2005. Fishery Data Series No. 06-28, Alaska Department of Fish and
Game, Anchorage.

Cornuet, J. M., S. Piry, G. Luikart, A. Estoup, and M. Solignac. 1999. New methods em-
ploying multilocus genotypes to select or exclude populations as origins of individuals.
Genetics 153:1989-2000.

Crane, P., D. Molyneaux, S. Miller, K. Harper, and J. Wenburg. 2004. Genetic variation
among coho salmon populations from the Kuskokwim River region and application to
stock-specific harvest estimation. Final Report for Office of Subsistence Management,
Fisheries Resource Monitoring Program Study 03-041, U.S. Fish and Wildlife Service,
Anchorage.

Debevec, E. M., R. B. Gates, M. Masuda, J. Pella, J. Reynolds, and L. Seeb, L. 2000. SPAM
(Version 3.2): Statistical program for analyzing mixtures. Journal of Heredity 91:509—
510.

Fall, J. A., D. Caylor, M. Turek, C. Brown, T. Krauthoefer, B. Davis, and D. Koster. 2007.
Alaska subsistence salmon fisheries 2004 annual report. Alaska Department of Fish and
Game, Division of Subsistence Technical Paper No. 317, Juneau.

Faubet, P., R. S. Waples, and O. E. Gaggiotti. 2007. Evaluating the performance of a multilo-
cus Bayesian method for the estimation of migration rates. Molecular Ecology 6:1149—
1166.

Felsenstein, J. 1995. PHYLIP version 3.57c. Department of Genetics, University of Washing-
ton, Seattle.

22



Alaska Fisheries Technical Report Number 96. December 2007
U.S. Fish and Wildlife Service

Ford, M. J., D. Teel, D. M. VanDoornik, D. Kuligowski, and P. W. Lawson. 2004. Genetic
population structure of central Oregon coast coho salmon (Oncorhynchus kisutch). Con-
servation Genetics 5:797-812

Flannery, B., L. Luiten, and J. Wenberg. 2006. Yukon River coho salmon genetics. Alaska
Fisheries Technical Report No. 93, U.S. Fish and Wildlife Service, Anchorage.

Gelman, A. and D. B. Rubin. 1992. Inference from iterative simulation using multiple se-
quences. Statistical Science 7:457-511.

Gilk, S. E., W. D. Templin, D. B. Molyneaux, T. Hamazaki, and J. A. Pawluk. 2005. Char-
acteristics of fall chum salmon Oncorhynchus keta in the Kuskokwim River drainage.
Fishery Data Series No. 05-56, Alaska Department of Fish and Game, Anchorage.

Goudet, J. 2001. FSTAT, a program to estimate and test gene diversities and fixation indices
(version 2.9.3). Available from http://www.unil.ch/izea/softwares/fstat.html.

Greig, C. and M. A. Banks. 1999. Five multiplexed microsatellite loci for rapid response
in identification of California’s endangered winter Chinook salmon. Animal Genetics
30:319-320.

Greig, C., D. P. Jacobson, and M. A. Banks. 2003. New tetranucleotide microsatellites for
fine-scale discrimination among endangered Chinook salmon (Oncorhynchus tshawyts-
cha). Molecular Ecology Notes 3:376-379.

Jones, P. W. and J. C. Linderman, Jr. 2006a. Kanektok River salmon monitoring and as-
sessment, 2005. Fishery Data Series No. 06-48, Alaska Department of Fish and Game,
Anchorage.

Jones, P. W. and J. C. Linderman, Jr. 2006b. Goodnews River salmon monitoring and as-
sessment, 2005. Fishery Data Series No. 06-50, Alaska Department of Fish and Game,

Anchorage.

Kassler, T. W., and S. F. Young. 2005. Development of a standardized suite of microsatellite
loci to be used in the establishment of a coho salmon baseline for Washington and South-
ern British Columbia. Washington Department of Fish and Wildlife, Olympia.

Kondzela, C. M., P. A. Crane, S. Urawa, N. V. Varnavskaya, V. Efremov, X. Luan, W. D.
Templin, K. Hayashizaki, R. L. Wilmot, and L. W. Seeb. 2002. Development of a com-
prehensive allozyme baseline for Pacific Rim chum salmon (NPAFC Doc. 629). Alaska
Department of Fish and Game, Anchorage.

Molyneaux, D. B. and L. K. Brannian. 2006. Review of escapement and abundance informa-
tion for Kuskokwim Area salmon stocks. Fishery Manuscript No. 06-08, Alaska Depart-
ment of Fish and Game, Anchorage.

Morris, D. B., K. R. Richard, and J. M. Wright. 1996. Microsatellites from rainbow trout
(Oncorhynchus mykiss) and their use for genetic studies of salmonids. Canadian Journal
of Fisheries and Aquatic Sciences 53:120—126.

Neaves, P. L., C. G. Wallace, J. R. Candy, and T. D. Beacham. 2005. CBayes: Computer pro-

gram for mixed stock analysis of allelic data. Version v2.5. Free program distributed by
the authors over the internet from http://www.pac.dfo-mpo.gc.ca/sci/mgl/Cbayes e.htm

23



Alaska Fisheries Technical Report Number 96. December 2007
U.S. Fish and Wildlife Service

Nelson, R. J. 1998. Final Report, U.S. Fish and Wildlife Service contract order# 1448-70181-
97-M-560.

Olsen, J. B, S. J. Miller, W. J. Spearman, and J. K. Wenburg. 2003. Patterns of intra- and
inter-population genetic diversity in Alaskan coho salmon: Implications for conservation.
Conservation Genetics 4:557-569.

Olsen, J. B. et al. 2006. Genetic variation in Norton Sound chum salmon populations. Final
Report, Arctic-Yukon-Kuskokwim Sustainable Salmon Initiative Project 45081, U.S.
Fish and Wildlife Service, Anchorage.

Olsen, J. B. et al. In review. Secondary contact and heterogeneous gene flow explain non-
equilibrium population structure in a northern glacial refugium: implications for conser-
vation for Chinook salmon. Conservation Genetics.

Pawluk, J., J. Baumer, T. Hamazaki, and D. Orabutt. 2006. A mark—recapture study of
Kuskokwim River sockeye, chum, and coho salmon, 2005. Fishery Data Series No. 06-
54, Alaska Department of Fish and Game, Anchorage.

Pella, J. and M. Masuda. 2001. Bayesian methods for analysis of stock mixtures from genetic
characters. Fishery Bulletin 99:151-167.

Raftery, A. E. and S. M. Lewis. 1996. Implementing MCMC. Pages 115-130 in Gilks, W. R.,
S. Richardson, and D. J. Spiegelhalter, editors. Markov Chain Monte Carlo in Practice.
Chapman and Hall, London.

Rannala, B. and J. L. Mountain. 1997. Detecting immigration by using multilocus genotypes.
Proceedings of the National Academy of Sciences 94:9197-9201.

Raymond, M. and R. Rousset. 1995. An exact test for population differentiation. Evolution
49:1280-1283.

Reynolds, J. H. 2001. SPAM Version 3.5: Addendum to user’s guide for version 3.2. Adden-
dum to Special Publication No. 15, Alaska Department of Fish and Game, Anchorage.

Reynolds, J. H. and W. D. Templin. 2004. Detecting specific populations in mixtures. Envi-
ronmental Biology of Fishes 69:233-243.

Rice, W. R. 1989. Analyzing tables of statistical tests. Evolution 43: 223-225.

Robertson, T. L. 1984. Assessment of the upstream limit of the multiple stock mixing of
sockeye salmon stocks within the lower Nushagak River, Alaska. Informational Leaflet
No. 242, Alaska Department of Fish and Game, Juneau.

Sandercock, F. K. 1991. Life history of coho salmon (Oncorhynchus kisutch). Pages 395-446
in C. Groot and L. Margolis, editors. Pacific Salmon Life Histories, Vancouver, UBC
Press.

Schneider, S., D. Roessli, and L. Excoffier. 2000. ARLEQUIN version 2.0: A software for
population genetics data analysis. Genetics and Biometry Laboratory, Dept. of Anthro-
pology and Ecology, University of Geneva, CP 511, 1211 Geneva 24, Switzerland.

Scribner, K. T., J. R. Gust, and R. L. Fields. 1996. Isolation and characterization of novel
salmon microsatellite loci: cross-species amplification and population genetic applica-
tions. Canadian Journal of Fisheries and Aquatic Sciences. 53:833-841.

24



Alaska Fisheries Technical Report Number 96. December 2007
U.S. Fish and Wildlife Service

Scribner, K. T., P. A. Crane, W. J. Spearman, and L. W. Seeb. 1998. DNA and allozyme
markers provide concordant estimates of population differentiation: analyses of U.S.
and Canadian populations of Yukon River fall-run chum salmon (Oncorhynchus keta).
Canadian Journal of Fisheries and Aquatic Sciences 55:1748—1758.

Seeb, L. W., P. A. Crane, and E. M. Debevec. 1997. Genetic analysis of chum salmon har-
vested in the South Unimak and Shumagin Islands June fisheries, 1993—-1996. Regional
Information Report No. 5J97-17, Commercial Fisheries Management and Development
Division, Alaska Department of Fish and Game, Anchorage.

Shaklee, J.B. and S. R. Phelps. 1990. Operation of a large-scale, multiagency program for
genetic stock identification. American Fisheries Society Symposium 7:817-830.

Shelden, C. A., D. J. Costello, and D. B. Molyneaux. 2005. Kogrukluk River salmon studies,
2004. Fishery Data Series No. 05-58, Alaska Department of Fish and Game, Anchorage.

Small, M. P., T. D. Beacham, R. E. Withler, and R. J. Nelson. 1998. Discriminating coho
salmon (Oncorhynchus kisutch) populations within the Fraser River, British Columbia
using microsatellite DNA markers. Molecular Ecology 7: 141-155.

Smith, C. T., B. F. Koop, and R. J. Nelson. 1998. Isolation and characterization of coho
salmon (Oncorhynchus kisutch) microsatellites and their use in other salmonids. Molecu-
lar Ecology 7:1614-1616.

Teel, D. J. et al. 1999. Comprehensive allozyme database discriminates chinook salmon
around the Pacific Rim. (NPAFC document 440) 25 pages. Alaska Department of Fish
and Game, Division of Commercial Fisheries, Anchorage.

Templin, W. D., C. T. Smith, D. Molyneaux, and L. W. Seeb. 2004. Genetic diversity of Chi-
nook salmon from the Kuskokwim River. USFWS Office of Subsistence Management,
Fisheries Resource Monitoring Program, Final Report No. 01-070, Anchorage, Alaska.

Waples, R. S. 1990. Temporal changes of allele frequency in Pacific salmon: implications for
mixed-stock fishery analysis. Canadian Journal of Fisheries and Aquatic Sciences 47:
968-976.

Weir, B. S. and C. C. Cockerham. 1984. Estimating F-statistics for the analysis of population
structure. Evolution 38:1358-1370.

Whitmore, C., and D. J. Bergstrom. 2003. Overview of the Kuskokwim Area salmon fisher-
ies, 2001-2003. Regional Information Report No. 3A03-39, Alaska Department of Fish
and Game, Anchorage.

Whitmore, C., M. M. Martz, D. G. Bue, J. D. Linderman, Jr., and R. L. Fisher. 2005. Annual
management report for the subsistence and commercial fisheries of the Kuskokwim area,
2003. Fishery Management Report No. 05-72, Alaska Department of Fish and Game,
Anchorage.

Winans, G. A. et al. 2004. Genetic stock identification of Steelhead in the Columbia River
Basin: an evaluation of different molecular markers. North American Journal of Fisher-
ies Management 24:672—685.

25



Alaska Fisheries Technical Report Number 96. December 2007

U.S. Fish and Wildlife Service

panunuo)

6200 /v98'0 ST9E'0 LLT80 8EVZO ZTIS0 €860 G2LL'0 €9TT'0 L¥26'0 YELO 8ETY'0 80Y8'0 882T'0 G.66'0 86.9°0 89/8'0 86560 L¥66'0 €120 d

€000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 2ET

€100 ZT00 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 ¥CT

S000 0000 0000 0000 0000 6000 9000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 OZT

€200 /100 STO0 9700 €TO0 8200 9000 €I00 0000 0T00 S000 0200 9T00 SO00 0000 OT00 9000 SIO0 0000 0000 9TT

€ST0 9620 /8T0 T920 9820 8.20 TOZO T2g0 0S¢0 2020 LLTO 0020 1820 L€2O 6920 LST'O €0Z0 G.00 0000 6T00 2TT

S600 0800 90T0 TOTO 8ETO TECO TOZO 29T0 €€T0 ¢9T0 60T0 GL00 GSETO TITO <2ET'0 2020 €ET0 €40 00E0 GSBEO 80T

STZ'0 erT'0 29T0 ¥STO €9T0 ¥/00 0800 L0T'0 22T'0 92T0 SET'0 GITO 6800 29T0 €YT'0 1600 /L2T0 S.TO SLE0 /[2E€0 ¥OT

09v'0 92r'0 SIS0 9e¥'0 O0EY'0 T9E0 ¥6Y'O LFO 6SY'0 SL¥0 0050 G950 €SY0  08Y0 €2r0 S0S0 6150 €vZ0 SGZE0 0520 00T

SE00 L1000 0TO0 TZ00 0200 6T00 TIOO 0200 9€00 0200 LvO'O 0200 9200 G000 €€00 SEO'0 €T00 STO0 0000 6T00 96

0000 9000 G000 TIO'0 0000 0000 0000 0000 0000 G000 9200 GOO'O 0000 0000 0000 0000 0000 €000 0000 0000 €6

00z 88 66 v6 66T ¥S5 .8 16T 86 66 9% 00T 96 66 6 66 8T 00z 0z 92 N MO

T 96710 T T T T T T T 88950 T T T T T T T T YN YN d

S000 0000 0000 0000 0000 0000 0000 0000 SO00 S000 TIO0 0000 0000 0000 0000 0000 0000 0000 0000 0000 ¥ve

8160 8¥6'0 0/60 [£60 0860 T86'0 8860 2960 Y960 Y060 6560 0960 ¥960 0860 860 6960 260 G660 000T 000T ¢ve

800 9¥00 0€00 €900 0TO0 6TO0 ZIO0 €200 9200 1600 ¥¥0'0 G200 9E00 0200 9T00 0200 €200 SOO'0 0000 0000 8ET

0000 9000 0000 0000 OTO'0 0000 0000 STO'0 SO0'0 0000 9000 GTOO 0000 0000 SOO'0 OT0'0 0000 0000 0000 0000 VEZ

00z /8 66 56 66T ¢S T8 96T L6 66 06 00T 96 66 €6 8  G5T 28T /T 0z N v40

8¥SS0 G260 8v80'0 LESB'0 SSE0  GZTY0 860  GO9E'0 26Y8'0 TCO0 GLS8'0 26V6'0 8SE90 GLYY'0 ZYYED 8.€6°0 £0/8'0 L/820 €S6Y0 Sv2CO d

99T'0 0000 90T'0 6800 TOZO 80Z0 6610 T9T'O SIT0 88T0 TSTO TETO 8900 TST'O Y600 2800 VET'O OST'O 8800 6STO 8LZ

0TS0 1S90 +950 ST90 T85O0 8250 8950 LYS0 €890 S6Y0 LySO 9550 290 G6Y'0 €850 Pr9'0 8850 9090 Ly90 SOLO 9LZ

€000 0000 0000 0000 0000 0000 0000 €000 0000 9T00 9200 0000 0000 0000 0000 0000 0000 0000 0000 0000 ¥ig

€000 0000 G000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 €lZ

0000 0000 0000 0000 0000 0000 0000 SO0'0 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 892

9820 6EE0 /20 9920 SETO LTZ0 €2T0 TIZ0 719T0 ¥EZO +2Z0 8920 00Z0 BIE0 G520 2€C0 €0Z0 €610 9LT0 T600 ¥9C

0000 0000 0000 0000 €000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 €000 0000 0000 €92

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 6200 0000 09¢

STO'0 0000 TIO0 000 STO0 0000 8Y0'0 SO0'0 9T00 0T00 TZ00 0200 TTO0 0000 SO0 S000 TrO0 €I00 6500 S¥O0 95T

0000 0000 0000 0000 €000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 ¥ST

8700 TI00 /E00 9200 €900 LbO'O 2900 8900 2200 LS00 TEO0 G200 600 9E00 €900 9E00 ¥EO'O SO0 0000 0000 0SC

66T €6  v6 9% 6T €5 €. 26T €6 96 9% 66 s6 9% % .6 09T v6T /T 2 N €240

86880 T T T T T T 2989'0 250  SOT6'0 2Zv6Y'0 G609°0 T T v620 1T 88€T°0 T YN VN d

60T0 €200 9vT0 LS00 8600 <OTO 9800 92T'0 OETO SYT'O ¥8O0 G600 SITO G2T'0 60T0 9800 TLT0 SIT'0 0000 0000 2LT

1680 /.60 ¥S80 €v6'0 €060 8680 VIO V.80 080 5580 9T60 G060 S88°0 G.80 1680 PIEO 6280 G880 000T 000T OLT

€6T 98 66 9% 00z %S 18 86T 00T 00T 66 00T 96 00T 96 66  T9T 00z T2 9 N Z0

v000D /6OIV pOUBM TOUBM pOSMM ©OSI  L6SIM vOINL  OS 0099 10089 pOBOM TOBOM oL TOeL vodel €odel v0M4S S0BH  vOBIH w_ﬂMOS
‘sa1064zo0l1919Yy

10 1191)3p 1UBDIUBIS © 31RDIPUl SaNeA-d Plog "UO0IBal WIMY0XSNY 8yl WO} pa1da||j0d uowes oyod 1oy (0<™d) d pue ‘serewnss Aouanbaly sja|fe ‘azis ajdwes ‘T xipuaddy

26



Alaska Fisheries Technical Report Number 96. December 2007

U.S. Fish and Wildlife Service

panunuod

82v'0 .80 £218'0 G926'0 €LL°0 8TLG0 1G/L°0 192.°0 /STT'0 €86E0 ETE6'0 L29L0 600 T 20920 6/50 €26E0 8850 T VN d
0000 0000 0000 0000 0000 OTO0 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 LET

€020 TIZ0 0820 G520 8ST0 G2T'0 8YT'0 SST'0 9IT0 GSSTO 86T0 v6T'0 8STO €STO0 19T0 1600 ¥6T0 TL00 9500 0000 €ET

86,0 68,0 0.0 Gv.0 ¢Zv80 G980 2¢S8'0 SY8'0 PS80 GS¥BO <080 9080 V8O P8O 6E80 6060 9080 6260 ¥¥6'0 000T 6CT

00z 06 86 9 66T 25 19 6T 66 /6 96 86 56 86 96 66 29T 0T 8T 9 N S0Ts1I0
22820 $82Z0 LL0L'0 €5v9'0 SS0Z0 GZST'0 8699'0 LT99'0 82850 8IEZ0 S68E'0 L6BE'0 €Z6E'0 E€TO0 28Y8'0 €550 SEE0 SE60'0 EVLT'O S996'0 d

€920 ¢Zz0 LLT0 86T0 GYT'O L9T0 GST'O L9T0 8YT'0 82ZT0 9vT'0 2910 <2ET0 /8T0 TIyT'0 TET0 %00 8200 8200 0000 €8T

0000 0000 0000 0000 0000 6000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 T8T

8020 ¥6T0 2vZ’0 T8T'0 ¥SZ0 LST'O ¥eC0 L6T'0 ¥0ZO OvZ0 80Z0 LZ2'0 SO0ZT0 Lyg'0 €020 8620 2620 90T'O L9T0 6220 6LT

€000 0000 0000 0000 0000 0000 0000 €000 0000 0000 0000 0000 S00'0 0000 0000 0000 0000 0000 0000 0000 LLT

0TZ0 ¥6T'0 L.T0 9.T0 €6T0 6ET0 20 610 0S¢0 ¥6T'0 9/20 2LT0 ¥/Z0 2ST0 €610 9IT0 TSTO ¥820 0SC0 6220 SLT

8TE0 68€0 vOV'O Gvv'0 60V'0 8250 L6€0 SSY'O 86E0 6EVO OLE0 6EV0 ¥BED YIVO YIY0 SSP'O €8Y0 €850 9S50 EvS0 €LT

00z 06 66 16 6T v5 8 8T 8 86 96 66 56 66 9% 66  6YT 66T 8T  vZ N gauo
8666'0 8y2'0 ZTTL'0 G0S0'0 8ET6'0 8.GE'0 CT9L°0 /8/G0 €S0 €608'0 80T6'0 LGLE0 EELB'0 EVIT'O SLV6'0 ST6Y'O S66'0 1 YN VN d

€000 9000 0000 0000 STOO 8200 0000 OTO0 STIO0 OTO0 9700 G000 9TO0 G000 0000 0000 €000 0000 0000 0000 06

S¢z0 v6T'0 6810 8220 €LT0 86T0 69T0 8610 €ST0 TZT0 9vT0 SGYT'0 GSETO ¢9T0 T9T0 €9T0 Z9T0 0200 0000 0000 88

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 SO0'0 0000 0000 0000 0000 0000 0000 98

€0 0080 TI80 2LL0 €T80 /L0 TEG0 T6L0 2€80 6980 6E80 0S80 6v80 8280 6E80 LE80 L2Z8O 0860 000T 000T 8

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 €000 0000 0000 0000 ¢8

00z 06 86 26 00z g5 68 66T 86 66 96 00T 96 66 96 8 9T 00 0z 8 N TINO
ET00 26080 L/95°0 LEyL'O ZOLT'O 8v.y'0 8TLEO GZv.'0 €600 9T0°0 26VY'0 LOOE'0 82900 S6EY'O SYE6'0 E0VE'0 82Z2Z6'0 ZYSE0 T 9000 d

0000 0000 0000 0000 €000 0000 9000 €000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 9L

L1800 8980 0880 [LL0 ¥0L0 Ov.O 8890 TEL0 0SL0 ¥690 0S50 850 ¢/90 8690 v¥2L0 1290 61.0 2vED SECO 0610 €L

€870 CET0 0LT'0 €220 €620 0920 90£0 9520 0S¢0 90E0 0S20 2vg'0 82E0 <200 9/20 6€0 T820 G590 G9L0 0180 0L

0000 0000 0000 0000 0000 0000 0000 OTO'0 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 L9

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 €000 0000 0000 +9

66T /8 00T 6 9%T 25 S8 6T 86 86  ¥8 16 9 6 9 66 €T /8T T 12 N EMO
v000D /60IV  pOUEM TOUBM pOSMM YOS L6SIM  YOINL  vOES #0099 10089 pOBOM TOBOM oL TOeL vodYel €oMel +0M4S SOBIH  vOBIH w_/__m\umoﬂ

‘panunuo) ‘T Xipuaddy

27



Alaska Fisheries Technical Report Number 96. December 2007

U.S. Fish and Wildlife Service

panunuo)

80T6'0 £066'0 ¥88°0 9Tr'0  £2L50 1698°0 9260 E€Y0'0 L1620 29280 58260 21520 9850 €S€0 d
€000 0000 5000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 822
S000 0000 0T00 0000 0000 0000 0000 0000 0200 0000 0000 0000 0000 0000 ¥2Z
€000 9000 0000 0000 0000 0000 0TO'0 0000 0000 0000 5000 9¥0'0 0000 0000 022
¥T0'0 6700 0000 8000 6700 €000 G000 S000 5000 5000 0000 ¥20'0 0000 0000 9T¢
1200 2ZT00 5000 0000 0000 0000 0000 0000 0000 0000 0000 2Z0'0 0000 0000 2TZ
8000 0000 0000 8000 0000 S000 0000 0100 00 0000 1500 6¥00 7200 0000 802
9700 2T00  §20°0 2500 6700 TL00 2500 SY00 9500 00 9200 8900 /9T'0 VST'O V0T
8800 2900 0800 000 9500 90T'0 €900 0600 2800 2800 2800 T€20 0T€0 €2r'0 002
Lv0'0 1800 0500 S900 €600 ¥500 600 S.0°0 9800 2900 9500 LTU0  8Y0'0 9600 96T
S200 TE00  STO0 vE0'0 8200 ¥20'0 0100 S200 0100 1200 0000 60T0 8700 6T00 26T
8000 0000 0000 €000 0000 0000 0000 S000 ST00 0000 0000 8900 0000 8€0'0 88T
0000 0000 0000 €000 0000 €000 1200 0000 0000 0000 0000 €000 0000 0000 V8T
S000 2T00 0000 €200 900 0800 0T00 §200 5000 0100 5000 0000 0000 0000 08T
vZro  6.T0 S2ZT0 SET0  22Z0 TITO  ZLT0 S9T0 LTT0 80T°0 LTT'0 6,00 G600 SIT'O 9LT
80E0 9YE0 GTYO 0820 9620 €620 1820 0S2'0 LEE0 0vE0 9,20 6Y00 2920 STT0 2LT
29T0  SO0T0  02T0 €9T0  ¥.00 0ZT0 OET'0 $80°0 2010 veTo 2600 0800 0000 0000 891
9800 0000 0000 8000 0000 S000 G000 0100 0700 9200 0000 0000 0000 0000 V91
S200 6700 0200 0100 8200 0000 0000 0200 0100 0000 €00 ¥20'0 0000 0000 091
9vT'0  09T0 OET'0 ovT0 02T v.T0 TYT0 0610 €ST0 SLT0 0920 2800 8Y0'0 €00 9ST
0000 0000 0000 0000 0000 0000 0000 0000 0000 5000 0000 0000 0000 0000 2ST
e8T 18 00T e6T  ¥§ v8T 96 001 86 L6 86 v8T T¢  9¢ N Lovess
1686'0 SLL6'0 S¥0Z'0 €v90°0 S6TT'0 EVL0'0 SEVE'0 £69Y'0 SYEE0 8610 29900 €8T2°0 G€SG'0 L¥00 d
0000 0000 0000 0000 0000 0000 0000 S000 0000 0000 0000 0000 0000 0000 SET
0000 0000 0000 0000 0000 €000 0000 0000 0000 0000 0000 0000 0000 0000 T€Z
8000 0000 0000 €000 0000 S000 G000 0000 0700 0000 0000 0000 0000 0000 €2C
2S00 8¥00  SY0'0 v20'0 800 8600 Y00 SY0'0 SE00 2800 0200 TI00 0000 0000 612
€000 8T00 0E0'0 TE00 8800 6v00 9€0'0 0100 5200 1200 0100 ¥T0'0 0000 0000 STZ
€ST0  SSTO 0970 29T0 8020 89T0 G520 0910 TET0 6210 2800 1500 0000 0000 TTC
€800 200 0800 1600 8200 6/00 €900 §.00 9200 2900 1200 5200 0000 0000 L0Z
S000 9000 5000 €000 0000 €000 0000 0000 0000 0000 0000 0000 0000 0000 €0Z
6v00 0800 §20°0 ¥20'0 0000 TI00 1200 SEO'0 ST00 ST0'0 1500 0000 0000 0000 661
0T0'0 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 S61
0000 0000 0000 0000 0000 €000 G000 0000 5000 0000 0000 0000 0000 0000 7161
TLTO0 9220 0LT0 Sez0 6870 €520 0920 S9T0 8120 €920 020 9900 Y200 9800 /8T
8220 96T0 08T0 LSTO  ¥600 LyT0  ¥0T'0 0910 2910 SST'0 6810 1090 980 IS0 €8T
8620 ¥¥Z0 SO0 SLZ0  6VED Zvz0 6120 SYED €920 8920 29E0 1220 06T'0 L6€0 6LT
€6T  ¥8 00T T6T €5 v8T 96 00T 66 L6 86 €81 T¢ 62 N TI0TAWO
v000D /60IV  pOUEM TOUBM pOSMM YOS L6SIM  YOINL  vOES #0099 10089 pOBOM TOBOM oL TOeL vodYel €oMel +0M4S SOBIH  vOBIH w_/__m\umoﬂ

‘panunuo) ‘T Xipuaddy

28



Alaska Fisheries Technical Report Number 96. December 2007

U.S. Fish and Wildlife Service

panunuo)

§65.°0 2L6'0 E9TT'0 LTEV'0 S9TL0 2SLL'0 G¥9L'0 8T60 26E80 15920 €00 €1500 S€6'0 16160 d
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 5000 0000 0000 0000 SvI

0800 0v0'0 TEO'O 0T0'0 0000 8000 G000 S000 0700 0000 0000 €¥0°0 0000 0000 TVT

9880 TEYO 6EVD 69€0  LTEO Tvy'0  6Y¥'0  L2E0 zrEo vey'o 20r'0 ELT0 6TT0 €0T'0 6T

S620 €620 0520 SLZ0  SLED LEZ0  ¥IZ0 9IE0 LrE0 Lvzo zezo 8ZT0  8Y0'0 LT00 LET

§520 9820 G520 S820  TEC0 €520 9,20 1620 5920 €0€°0 6620 Zvy'0  2SY'0 0050 GET

€200 0000 9200 0900 2200 7900 9500 1900 9€00 5200 2200 vIZ0 T8E0 6.0 €ET

86T /8 86 T6T 2§ 9T 8 86 86 66 L6 661 Tz 62 N VINZSIO
2208'0 LZST'0 L1600 ¥9L0 2550 LZvz0 LE0  SSS8°0 £1660 87060 1050 8TEL0 T 9000 d

0000 0000 0000 €000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 2¥1

0000 0000 5000 €000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 SvT

€600 OTT'0 2800 6800 6200 9800 €Y0'0 0£0'0 700 9800 o0 8200 0000 0000 EVT

8000 0000 0000 S000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 1¥1

S000 0000 0000 8000 0200 0000 S00'0 0000 0000 0000 0000 8000 0000 0000 6€T

8000 0000 0000 0000 0000 0000 0000 0000 0000 5000 0000 0000 0000 0000 Z€T

€000 0000 0000 0000 0000 0000 0000 0000 0000 0000 000 0000 0000 0000 /2T

0000 9000 0000 S000 0000 S000 S000 S200 ST00 0000 0000 0000 0000 0000 SeT

S¥0'0  L¥0'0 9500 6v00 800 6,00 0800 9900 800 £90°0 9200 8200 06T'0 TZT'0 12T

0000 0000 0000 0000 0000 €000 0000 0000 0000 0000 0000 0000 ¥200 0000 ZTT

€000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 STT

0000 0000 0000 S000 0000 S000 0000 S00'0 0000 0000 0000 0000 0000 0000 €TT

8700 2T00 0000 €100 0000 €700 §00'0 0000 S000 0100 0700 €800 200 6900 TIT

VETO 2800 LTTO TITO  L¥T0 8210 8210 9110 8970 w10 00 €200 0000 0000 60T

T650 2290 8290 Ly9'0 8190 SZ90 Y90  9Y9'0 9550 0890 800 T80 290 €60 LOT

0200 LT00 0200 8000 0200 0T0'0 0000 0100 0200 5000 8900 0000 0000 0000 SOT

8500 LT00 STO0 1200 0T00 €700 TIO0 0200 S000 0000 000 €000 0000 0000 €0T

€000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 10T

€100 1800 100 S80°0 6900 2800 0800 1800 2010 2500 6800 8¥00 0000 LI00 66

0000 0000 0000 0000 0000 €000 0000 0000 0000 0000 0000 0000 0000 0000 76

0000 0000 0000 0000  0T00 0000 0000 0000 0000 0000 0000 0000 0000 0000 S6

86T 98 86 veT 1§ %T  ¥6 66 86 L6 96 66T T¢ 62 N 8120
v000D /60IV  pOUEM TOUBM pOSMM YOS L6SIM  YOINL  vOES #0099 10089 pOBOM TOBOM oL TOeL vodYel €oMel +0M4S SOBIH  vOBIH w_/__m\umoﬂ

‘panunuo) ‘T xipuaddy

29



Alaska Fisheries Technical Report Number 96. December 2007

U.S. Fish and Wildlife Service

panunuo)

0000 0000 5000 8000 0000 8000 0000 TE00 0000 0000 0000 8000 0000 0000 .tZ
0v0'0 6200 GO0 TI00  6T00 TI00  TI00 S00°0 0700 000 0000 0000 0000 0000 E€¥e
0v0'0 6200 000 ¥100  0T00 8000 0000 S00'0 0100 0100 0000 TI00 0000 0000 6€2
S000 ZT00 5000 L1000 0T00 TIO'0 0000 0000 S000 0000 T10°0 0000 0000 0000 SEZ
£200 9000 G000 0000 0000 S000 G000 0100 9200 5000 000 0000 0S00 0000 Tg€Z
8800 €200 GE0'0 LT00 0000 6700 9200 ST00 0200 ST0°0 0000 0000 0000 0000 /¢
5000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 €22
0000 ZT00 0T0'0 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 €91
1500 €200 G900 0500 2800 Sv0'0 €500 9Y0'0 1200 0£00 9200 6100 0000 VEOD'O 6ST
9920 SSE0  GTIED 1980 ¥OV'0 2980 8980 8LE0 LEE0 €0E°0 80 v09'0 0S¢0 ¥ESO SST
2880 8LE0 GSE0 8680 GLE0 20v'0 89€°0 88E0 L1980 vio o 0S€0 0S90 TEVO TST
98T 98 00T 8T ¢S 68T 96 86 86 66 s6 88T 0z 62 N £12s10
L28v'0 8v89°0 £290°0 L1690 SEOE0 Sv68'0 €£22°0 L1.20 2Lero 86.€0 289€0 €/9L°0 €0S8°0 2S2€0 d
0000 0000 0000 €000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 S¢g
0000 0000 0000 €000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 €22
€100 ZT00 5000 0000 0000 0000 0000 0000 0100 0000 S000 0000 0000 0000 T2Z
€000 0000 0000 0000 0000 0000 0000 S000 S000 0000 0000 0000 0000 0000 612
ovT0 2ZT0 1600 STT'0 9570 90T0 800 Y10 €970 €600 910 8100 .00 2S00 .12
€100 LT00 0000 8000  0T00 5000 G000 TT00 5000 5000 9100 0000 0000 0000 STZ
9v0'0 6200 T90'0 €100  T200 8000 S000 9100 0200 9200 9€0'0 TIT0 G200 0000 €12
0000 0000 5000 0000 0000 0000 0000 0000 0000 0000 0000 S000 0000 0000 TTZ
8000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0T
0200 L¥0'0 0000 9800  T200 vE0'0 2€00 1200 0000 1200 9100 9800 0500 9800 G8T
1500  LT00 000 9100 T200 8000 9100 TT00 9200 1200 1200 8000 0000 0000 T8T
0T0'0 9000 0T0'0 €000 0000 €000 0000 0000 0000 5000 0000 0000 0000 0000 6.1
6900 9200 T900 €800  ¥0TO 9TT'0 €900 6800 LTT0 €0T'0 6120 €200 0000 0000 LT
v6T'0 0520 800 cveo 8810 v0Z0 2820 9120 v02'0 eveo 0ET0 EIT0 G20 9800 GLT
8000 9000 000 S000  T2Z00 €000 TIO0 TT00 0000 0100 0100 0000 0000 0000 €1
LEE0  TEE0 8IED Lzv'o vrEo 8vy'0 TISO ¥8E0 6210 vSv'0 0L£0 6790 G20 10L0 TLT
0T0'0 0000 0000 8000  0T00 STO0 G000 9200 0000 0000 0000 0000 0000 0000 691
0000 0000 0000 0000 0000 €000 0000 0000 0000 0000 0000 0000 0000 0000 291
0000 0000 0000 €000 0000 ST00 G000 0000 0000 0000 5000 8000 0000 0000 S9T
0000 0000 5000 0000 0000 0000 0000 0000 0000 0000 0000 €000 0000 0000 €9T
6,00 /800 T60°0 9800 ¥0T0 V€00  2E0'0 €900 0200 1200 9200 LS00 0000 6900 T9T
9T 98 66 26T 8 v6T  G6  G6 86 L6 9 6T 02 62 N gNesio
v000D /60IV  pOUEM TOUBM pOSMM YOS L6SIM  YOINL  vOES #0099 10089 pOBOM TOBOM oL TOeL vodYel €oMel +0M4S SOBIH  vOBIH w_/__m\umoﬂ

‘panunuo) ‘T xipuaddy

30



Alaska Fisheries Technical Report Number 96. December 2007

U.S. Fish and Wildlife Service

panunuod

¥90'0  0v0'0 0600 00  Tv0'0 7500 €600 9900 9600 vL0'0 00 S9T'0  €YT'0 8ET0 88T
80T0 SL00 Sv0'0 0ET0  €ST0 6800 ¥2T'0 T0T0 T2T0 8ET0 2900 9ST0  TL00 2500 v8T
€500 2600 5800 6,00 T900 OTT'0 LS00 9200 1500 800 €0T'0 €L00 G600 6900 08T
0500 9¥0'0 0900 9v0'0 22T €800 TY0'0 9800 100 200 1900 6500 TL00 6900 9LT
2200  ¥E0'0 0900 v.00  TL00 9v0'0 TY0'0 9500 1500 EET0 9120 1800 TL00 2S00 2LT
8000 2S00 0000 0T0'0 0000 8000 0TO0 0000 0000 100 0000 S¥00 T.00 0000 89T
§200 0V00 SY0'0 €100  TE00 TI00  0T00  S00°0 5000 0000 0100 8/00 €YT0 v2Z0 Vol
6600 ¥E0'0  0TO0 €100 0700 0000 S00'0 0000 S000 1200 ST00 €000 7200 6900 09T
1900 2S00 Y00 1500 1500 1200 2500 SE00 SE00 LE0'0 ST00 2Z0'0 0000 0000 9ST
9800 6900 0900 9900  Tv0'0 6600 .00 1900 9500 8v0'0 ST00 8000 0000 0000 2ST
Lv0'0  ¥E00 0500 1900  20T0 9500 1200 TITO 9500 vL0'0 80T0 0500 ¥200 0000 8vI
90T0 €900 §L00 1600 TLOO 6600 €600 9IT0 9TT'0 0600 2800 §20'0 0000 0000 ¥YT
¥90'0  LT00 SE0'0 TE00  0T00 2800 1200 1S00 9500 6900 9€0'0 vT0'0 0000 0000 OY1
6T00 9000 0200 S000 0000 €700 TE00 S000 S000 5000 0000 0000 0000 0000 9€T
TE00 ¥E00 0T00 ST00  0T00 0000 0000 0100 0700 0000 5000 0000 0000 0000 CET
9000 TIO0 0TO0 0000 0000 0000 0TO'0 0000 0000 0000 0000 0000 0000 0000 82T
€000 9000 0000 €000 0000 S000 STO0 0000 0000 0000 0000 0000 0000 0000 V2T
0000 TIO0 0£0'0 0000 0000 0000 0000 0000 0000 5000 0700 0000 0000 0000 ZIT
8200 LT00 GT00 8000  0T00 8000 9500 0100 5200 200 5000 0000 0000 0000 80T
¥T0'0 €200 0200 €000 0000 0000 0000 0000 0000 5000 0000 €000 0000 0000 V0T
0000 0000 0000 0000 0000 0000 0000 0000 0000 5000 0000 0000 0000 0000 96
08T /8 00T 9T 6 98T L6 66 66 v6 L6 6,1 Tz 62 N T0TSIO
SZEC0 S868°0 GO0 88850 8E020 LOVE'0 E€VZ8'0 80920 €290 SvvS0 500 19120 ¢8/2°0 €8€6°0 d
€000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 S62
0000 9000 0000 8000 0000 S000 0000 STO0 S000 0000 0000 0000 0000 0000 162
TI00 €200 S00'0 LT00  0T00 T200 9100 0000 9200 5000 9200 €000 0000 0000 /82
TI00 0000 0200 ¥100  0T00 S¥0'0 1200 ST00 5000 ST0°0 1200 0000 0000 0000 €82
S000  LT00  0T0'0 0000 0000 0000 0000 S00'0 5000 0000 000 0000 0000 0000 6.2
S000 9000 G000 9000  0T00 €000 9200 0000 0000 5000 0000 0000 0000 0000 S/
9700 LT00 STO0 TI00  0T00 €000 0000 0000 ST00 5200 0000 0000 0000 0000 T/Z
0v0'0 6200 GEO'0 8000  0T00 €700 9100 9200 ST00 5200 T10°0 0000 0S00 0000 /492
€100 LT00 000 6700 800 8000 2€00 9Y0'0 1900 0£0'0 2e00 G000 0000 0000 €92
TIO'0 9000 5000 S200 0000 9700 9700 0100 0100 Sv0'0 9100 0000 0000 0000 6SZ
¥20'0 0000 0000 TI00 0000 0000 LE00 0000 0000 0000 0000 1200 0000 0000 SS2
5000 2T00  §T00 0000 0000 9700 G000  S00°0 0700 0000 1200 0000 0000 0000 1SC
v000D /60IV  pOUEM TOUBM pOSMM YOS L6SIM  YOINL  vOES #0099 10089 pOBOM TOBOM oL TOeL vodYel €oMel +0M4S SOBIH  vOBIH w_/__m\umoﬂ

‘panunuo) ‘T Xipuaddy

31



Alaska Fisheries Technical Report Number 96. December 2007

U.S. Fish and Wildlife Service

29050 S066'0 2200 Z6L0 S98T'0 GZ90°0 SS96'0 SEL9'0 €L2r'0 EE00 G6S8'0 GL6L°0 20ST0 L90T'0 2G66'0 S86T'0 €..8'0 SY8T'O ZBOG'O €610 d
28200 8020 G800 85720 6800 LSvy'0 L0£9'0 29800 85550 L0v2'0 28L00 8E0T'0 €/18°0 €¥8L°0 d
0000 0000 0000 €000 0000 0000 0000 0000 0000 5000 0000 0000 0000 0000 022
9000 900°0 0000 0000 0000 €000 0000 0000 0000 0000 0000 0000 0000 0000 912
0000 9000 5000 0000 0000 0000 0000 0000 S000 5000 0000 0000 0000 0000 ZIZ
8000 TIO0 5000 €000 0000 6700 G000 0000 ST00 0000 0000 0000 0000 0000 80T
¥T0'0 0000 0200 0200 0200 1200 1200 ST00 ST00 9100 1200 2200 0000 0000 V0Z
2200 €200 0500 ¥S00 0200 0L00 1900 0100 000 2e0'0 €600 L1000 0000 LT00 002
Ly0'0  92T0  §S0°0 6,00 Tv00 9500 €0T'0 9200 TL00 vL0'0 9€0'0 6E0°0 0000 0000 96T
¥90'0 6900 0600 1600 €ET0 9800 /900 TIT'O 9600 800 2500 VET'0 9820 0IE0 261
Y000 /60IV  pOUEM TOUBM YOMM YOS L6SIM  YOINL  vOES #0099 10089 pOBOM TOBOM oL TOeL vodYel €oMel +0M4S SOBIH  vOBIH w_/__m\umoﬂ

‘panunuo) ‘T xipuaddy

32



Alaska Fisheries Technical Report Number 96. December 2007

U.S. Fish and Wildlife Service

Appendix 2. Sample size (N), allele richness (AR), and expected heterozygosity (H,) for coho

salmon collected from the Kuskokwim region.

Locus

Population

Hig SFK Tak Tat

Kog Geo

Sal

Tul  Kis

Kwe

Kan

Aro

Goo

Oke2

Oke3

Oke4

Okil

Oki3

Okill

One3

Ots105

Omy1011

Ssa407

Ocl8

N 47
AR 1.00
H, 0.00

N 39
AR 4.95
H 051

N 37
AR 1.00
H, 0.00

N 46
AR 4.61
H, 0.68

N 38
AR 2.00
H, 0.34

N 48
AR 1.00
H, 0.00

N 42
AR 3.88
H, 0.61

N 44
AR 1.98
H, 0.05

N 50
AR 3.00
H,  0.51

N 47
AR 8.73
H, 0.79

AR 4.48
H, 0.37

200
2.00
0.20

194
4.19
0.57

182
1.37
0.01

200
5.66
0.68

187
2.20
0.46

200
1.81
0.04

199
3.90
0.57

170
2.00
0.13

183
6.14
0.58

184
13.64
0.89

199
6.27
0.38

260 196
2.00 2.00
024 0.21

257 192
483 4.18
0.57 0.61

253 192
210 1.97
0.05 0.04

257 190
529 4.98
0.67 0.70

252 187
2.00 2.00
0.44 041

260 195
229 238
0.28 0.28

248 195
4.00 4.00
0.66 0.70

261 194
2.00 2.00
0.26 0.27

98 97
7.46 7.62
0.78 0.81

98 97
9.60 10.13
0.82 0.82

96 97
7.28 6.34
0.48 0.51

196
2.00
0.19

194
4.71
0.58

196
2.39
0.07

196
5.81
0.66

193
2.00
0.41

196
2.57
0.26

194
4.19
0.71

193
2.00
0.29

99
8.61
0.81

98
12.15
0.83

98
7.35
0.65

195
2.00
0.21

192
5.52
0.65

189
2.67
0.15

195
6.13
0.69

182
2.00
0.41

195
2.65
0.25

194
4.00
0.71

193
2.00
0.29

100
7.92
0.80

100
11.59
0.85

99
7.68
0.56

1

100
2.00
0.23

93
4.66
0.50

97
2.68
0.07

98
4.97
0.70

98
2.00
0.38

98
2.76
0.29

98
4.00
0.72

99
2.00
0.21

96
8.58
0.81

96
0.49
0.84

94
6.80
0.56

198 135
2.00 2.00
0.22 0.17

192 126
4.89 4.91
0.63 0.63

196 133
2.57 1.73
0.07 0.03

197 141
5.46 5.87
0.69 0.70

197 137
275 2.27
0.40 0.42

199 142
2.56 2.60
0.34 0.31

198 112
419 433
0.70 0.70

197 113
2.00 2.33
0.26 0.25

184 53
8.50 6.99
0.82 0.79

184 54
9.90 10.74
0.84 0.84

196 51
7.88 8.29
0.58 0.59

200
2.00
0.18

197
5.09
0.60

199
2.13
0.04

199
5.46
0.72

196
2.19
0.42

200
271
0.31

197
4.00
0.71

199
2.00
0.27

191
8.03
0.81

193
11.15
0.85

194
8.78
0.56

195
2.00
0.19

190
4.60
0.57

194
1.98
0.09

193
5.92
0.69

194
2.00
0.32

190
2.00
0.33

190
4.00
0.71

194
2.00
0.37

100
8.20
0.81

100
9.84
0.77

98
6.99
0.58

86
1.90
0.05

93
2.64
0.46

87
2.42
0.10

88
6.84
0.71

87
2.00
0.23

90
2.41
0.32

90
4.00
0.73

90
2.00
0.34

84
8.21
0.82

81
11.19
0.81

86
7.73
0.59

193
2.00
0.19

199
4.85
0.63

200
2.34
0.15

200
6.95
0.71

199
2.00
0.30

200
2.19
0.35

200
4.19
0.75

200
2.00
0.32

193
8.56
0.83

182
13.10
0.84

198
9.02
0.62
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Appendix 2. Continued.

Locus

Population

Hig SFK Tak Tat

Kog Geo

Sal

Tul Kis Kwe

Kan

Aro

Goo

Ots2MA

Ots2MB

Ots213

Ots101

Average

N 50
AR 3.98
H, 0.62

N 49
AR 5.75
H, 0.47

N 49
AR 4.83
H, 0.56

N 50
AR 10.46
H, 0.84

AR 4.11
H, 0.42

199
4.97
0.71

194
8.05
0.59

188
5.24
0.53

179

97 99
438 391
0.70 0.67

96 97
9.68 8.86
0.78 0.72

95 99
9.33 10.93
0.66 0.71

97 94

14.85 16.06 18.38

0.90

5.48
0.48

0.90 0.93

5.89 5.98
0.55 0.56

98 98
458 4.38
0.69 0.71

98 95
7.98 9.83
0.74 0.78

98 98
12.16 10.85
0.74 0.70

99 99
17.43 15.28
0.93 0.92

6.40 6.30
0.57 0.58

98
4.37
0.68

95
8.86
0.68

95

11.35

1

0.72

97
8.81
0.93

6.29
0.55

196 52 191
4.46 4.00 4.57
0.68 0.71 0.71

194 48 192
9.18 10.34 9.36
0.73 0.81 0.74

189 52 181
11.41 9.90 11.94
0.70 0.69 0.70

186 49 196
17.25 16.88 17.80
0.93 0.92 0.93

6.33 6.21 6.48
0.57 0.57 0.57

98
4.85
0.68

99
9.08
0.78

100
13.41
0.77

100
20.76
0.95

6.51
0.57

87
3.98
0.68

86
10.10
0.80

86
13.72
0.73

87
21.93
0.94

6.74
0.55

198
4.86
0.70

196
11.34
0.82

186
13.78
0.77

180
20.40
0.94

7.17
0.59
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