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Stock identification of chum salmon (Oncorhynchus keta) migrating through particular locations on the high
seas can be of scientific and management interest. Although allozyme-based methods of stock identification have
proven useful in estimation of chum salmon stock composition in mixed-stock fisheries (Shaklee et al. 1999), and
differentiation at allozyme loci occurs among chum salmon (Beacham et al. 1987; Seeb and Crane 1999), the level
of discrimination available in some applications is not sufficient for fisheries management decisions. Variation in
microsatellite loci has been applied in other species requiring discrimination among salmonid populations within
watersheds (Small et al. 1998; Beacham and Wood 1999; Beacham et al. 2001), and has been shown to be useful in
stock discrimination in chinook salmon (Banks et al. 2000). Variation at microsatellite loci has been particularly
useful for population-specific estimates of stock composition of Fraser River chinook salmon (Beacham et al. 2003),
and may work well for chum salmon. In the present study, we survey variation at 13 microsatellite loci in chum
salmon, and evaluate the utility of using microsatellite variation for stock identification on a regional and local basis.
This is accomplished by analysis of simulated mixtures containing chum salmon from different regions, and on a
local basis by incorporation of specific chum salmon populations.
Tissue samples were collected from adult chum salmon from populations in Japan, the Yukon River, southeast
Alaska, and British Columbia and DNA extracted from the samples as described by Withler et al. (2000). For the
survey of baseline populations, PCR products at 13 microsatellite loci: Ots3 (Banks et al. 1999), Oke3 (Buchholz et
al. 2001), Oki2 (Smith et al. 1998), Oki100 (Miller et al. unpub), One101, One102, One103, One104, One106,
One108, One109, One111, and One114 (Olsen et al. 2000), Ssa419 (Cairney et al. 2000), and OtsG68 (Williamson
et al. 2002) were size fractionated on denaturing polyacrylamide gels with the ABI 377 automated DNA sequencer.
Allele sizes were determined with Genescan 3.1 and Genotyper 2.5 software (PE Biosystems, Foster City, CA).
Cavalli-Sforza and Edwards (1967) chord distance was used to estimate distances among populations. An unrooted
neighbor-joining tree was generated with PHYLIP (Felsenstein 1993).
Genotypic frequencies were determined at each locus in each population and the statistical package for the
analysis of mixtures software program (SPAM) (Debevec et al. 2000) was used to estimate stock composition of
each mixture. A recent version of SPAM (3.7) that incorporates a correction to baseline allele frequencies was used
in the analysis in order to avoid the occurrence of fish in the mixed sample from a specific population having an
allele not observed in the baseline samples from that population (SPAM software available at
http://www.cf.adfg.state.ak.us/geninfo/research/genetics/software/spampage.htm). All loci were considered to be in
Hardy-Weinberg equilibrium, and expected genotypic frequencies were determined from the observed allele
frequencies.
Each baseline population was resampled with replacement in order to simulate random variation involved in the
collection of the baseline samples before the estimation of stock composition of each simulated mixture. Simulated
mixtures composed of chum salmon from different regional groups were examined in order to evaluate accuracy and
precision of the estimated stock compositions. Simulated fishery samples of 150 fish were generated by randomly
resampling with replacement the baseline populations in each drainage. Estimated stock composition of a simulated
mixture was then determined, and the whole process was repeated 100 times to estimate the mean and standard
deviation of the individual stock composition estimates. A baseline incorporating 90 populations ranging from
Japan, the Yukon River, southeast Alaska, and British Columbia was used in analysis of the simulated mixtures.
The dendrogram analysis indicated that there was regional structure in the chum salmon populations analyzed.
Regional structure was observed for chum salmon populations from Japan, the Yukon River, southeast Alaska, the
Taku River, the east and west coast of the Queen Charlotte Islands in British Columbia, the central coast of British
Columbia, the east and west coasts of Vancouver Island, the southern British Columbia mainland, and the Fraser
River.
Analysis of simulated mixtures was conducted to evaluate the utility of microsatellites for estimation of stock
composition in mixed-stock samples. Samples containing only Japanese chum salmon from four populations
(Abashiri, Chitose, Horonai, Tokachi) were well estimated on both an individual population and region level. With
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each of the four populations comprising from 10–40% of the mixture, mean errors of estimation for each of the 4
populations were generally within 3% of the actual values, and mean error of the regional estimate was 1.2%
(estimate of 98.8% Japanese component versus 100% actual component). Similar results were observed for four
Yukon River populations (Kantishna, Toklat, Fishing Branch, Kluane) comprising 10–40% of the mixtures, with
mean population-specific errors generally < 3% of actual values, and with the error in the regional estimates 0.2%.
For west coast Queen Charlotte Islands populations (Botany, Clapp Basin, Gold Harbour, Government), mean
population-specific errors for populations comprising 10–40% of the mixtures was < 3%, and mean error of the
regional estimate was 4%. Similar results were again observed for east coast of Vancouver Island populations
(Cowichan, Goldstream, Nanaimo, Campbell River), with population specific errors < 6% of actual values, and the
regional estimate in error by 7% (93.2% versus 100%). When multi-regional mixtures were evaluated, mean
regional estimates were in error by < 2% for all regions.
Analysis of actual mixed-stock fishery samples from the vicinity of the Saanich Inlet on the south east coast of
Vancouver Island provided a practical way to evalute fishing boundary locations designed to reduce exploitation of
Cowichan River chum salmon. Microsatellites appear to be a very effective method to provide a regional estimate
of stock composition in samples comprising populations from multiple regions, and may also provide populationspecific estimates if the baseline survey of populations in the region has been adequate.
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