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Abstract 
Each year the members of Working Group on Stock Identification meet to present and discuss 
the status of stock identification research and the development new applications, technology 
and baselines.  The information and experience shared enables collaborative research to 
increase knowledge of anadromous stock-specific ocean distribution and migration in the North 
Pacific Ocean. This document contains the country reports provided at the 2021 annual meeting 
of the working group.  

 
Introduction 

 
The Working Group on Stock Identification (WGSI) was established in 1999 on an ad hoc 

basis and was changed to a full working group in 2011. Its goals are to develop, standardize, 
and disseminate genetic and other databases among the Parties, to encourage the development 
of new genetic technologies, and to facilitate the dissemination of statistical techniques.  This 
document provides the detailed country reports on the stock identification research activities 
taken in 2020 and 2021. 

 
Country reports on stock identification and new technologies 

Canada 
In 2020, Canada applied direct DNA sequencing to genotype Chinook salmon, coho 

salmon, chum salmon, and sockeye salmon.  For Chinook salmon, a panel of primers has been 
developed where approximately 550 amplicons are amplified via a highly multiplexed single 
polymerase chain reaction, with at least one single nucleotide polymorphism (SNP) scored at 
each amplicon.  For coho salmon, a panel has been developed to amplify about 480 amplicons.  
The SNP panel for chum salmon amplifies about 540 amplicons, and for sockeye about 550 
amplicons.  Species identification SNPs have been incorporated in all panels.  For coho and 
Chinook salmon, the panels are being used in an evaluation of whether parental-based tagging 
(PBT) is a practical alternative to the present coded-wire tag (CWT) program for Chinook and 
coho salmon.  In 2020, samples were collected from Chinook salmon broodstock 
(approximately 20,000 individuals) at hatcheries in British Columbia.  Samples were also 
collected from coho salmon broodstock (approximately 7,500 individuals) at hatcheries where 
individuals are adipose fin clipped upon release.  Canada genotyped these individuals using the 
SNP amplicon panels.  Approximately 11,000 Chinook salmon were also sampled in fisheries 
in British Columbia in 2020, as well as about 7,000 coho salmon. Returning adults from prior 
hatchery releases were genotyped to identify returning Chinook and coho salmon to specific 
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hatchery parents sampled in 2014-2018, thereby providing a method to evaluate the 
effectiveness of PBT.  Approximately 130,000 individuals are included in the Chinook salmon 
baseline, and about 60,000 individuals are included in the coho salmon baseline.  Standard 
genetic stock identification techniques (GSI) were also used to identify the origin of individuals 
not assigned via PBT.  Accurate identification of returning individuals to specific hatchery 
parents provided the year and location of hatchery release, thereby providing a possible 
alternative to the current method of CWT assessment.  Results of the application of PBT and 
GSI in Chinook and coho salmon fisheries have been published in peer-reviewed scientific 
journals in 2017-2021.   

The SNP panel for chum salmon has been applied to 2020 commercial fishery samples in 
British Columbia, as well as the 2020 Gulf of Alaska survey.  The sockeye salmon SNP baseline 
is being developed and may be applied in 2021 to fisheries in local areas in northern and central 
British Columbia. 

In 2021, Canada will continue to apply the SNP panels for the four species previously noted 
and anticipate that samples from mixed-stock fisheries will be collected for all four species.  
The samples will be analyzed by GSI and PBT as appropriate.  Chinook and coho broodstocks 
at hatcheries in British Columbia are anticipated to be sampled as well, in order to continue the 
application of PBT to these species.  PBT also provides a method to estimate the proportion of 
hatchery-produced individuals in each hatchery broodstock and may replace other methods of 
marking of hatchery-origin individuals currently employed. 

Discussion of new stock identification technologies and methods 

Canada has been applying genetic stock identification (GSI) combined with parentage-
based tagging (PBT) for assessment of Chinook and coho salmon fisheries.   Direct DNA 
sequencing of amplicons was used to genotype individuals at single nucleotide polymorphism 
genetic markers.  Canada has been applying similar GSI techniques to develop baselines for 
sockeye and chum salmon.  Details of the results for Chinook and coho salmon have been 
summarized in a series of papers (Beacham 2021; Beacham et al. 2020a,b; Beacham et al. 
2021a,b).  

SNP baselines are available for both Chinook and coho salmon.  For Chinook salmon, a 
panel of primers has been developed where approximately 550 amplicons are amplified via a 
highly multiplexed single polymerase chain reaction, with at least one single nucleotide 
polymorphism (SNP) scored at each amplicon.  For coho salmon, a panel has been developed 
to amplify about 480 amplicons.  Approximately 130,000 individuals are included in the 
Chinook salmon baseline, and about 60,000 individuals are included in the coho salmon 
baseline.  Standard GSI techniques were also used to identify the origin of individuals not 
assigned via PBT.  Accurate identification of returning individuals to specific hatchery parents 
provided the year and location of hatchery release.   

For chum salmon, a SNP baseline incorporating variation at 545 loci, one locus per 
amplicon, is available, including approximately 400 populations with about 31,000 individuals 
genotyped.  The SNP baseline for sockeye salmon is in development, and currently includes 
variation at about 540 loci, and includes mainly populations from northern and central British 
Columbia.  

Standardization of genetic baseline data 

Canada is working with the Washington Department of Fish and Wildlife on 
standardization of SNP baselines for chum and coho salmon.  Canada is also working with the 
Alaska Department of Fish and Game on standardization of a SNP baseline for Chinook salmon, 
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with emphasis in this regard placed on populations in southeast Alaska and northern British 
Columbia. 

Progress on pink salmon as a high priority 

Canada has made no progress on development of a SNP baseline for pink salmon, although 
a regional microsatellite baseline is available that incorporates populations from Washington 
and British Columbia.  Canada may begin to develop a SNP panel for pink salmon in 2021, but 
the timing of the development of such a panel is uncertain. 

Japan 
Japan has continued a long-term monitoring for stock-specific distribution of chum salmon 

in the summer Bering Sea. In 2020, we collected over 2000 genetic samples from chum salmon 
caught by a surface trawl of Japanese R/V Hokko maru. Stock compositions of collected chum 
salmon were estimated using a SNP baseline dataset from 186 populations in the Pacific Rim. 
In the 2020 season, the stock contribution estimated by 45 SNP loci was 35.9% for Japanese 
chum salmon, while it was 57.1% for Russian chum salmon. Japanese stocks were relatively 
abundant in the northern areas, while they were more abundant in southeastern areas than in 
previous years.  

In addition, Japan demonstrated results of long-term monitoring for stock-specific 
abundance of chum salmon in the summer Bering Sea during 2007-2019. Asian chum salmon, 
including Japanese stocks, are mainly distributed in the Bering Sea during summer to feed 
abundant preys. Since 2007, Japanese salmon research cruises have been annually conducted 
by R/V Hokko maru in the summer Bering Sea in order to monitor the abundance, growth and 
feeding of chum salmon and their habitat environments. In this study, Japanese scientists 
estimated stock-specific abundance of chum salmon using a genetic stock identification (GSI) 
method. Our monitoring research has been carried out at 17 stations in the central Bering Sea 
(52º 30’ N-58º 33’ N, 174º 49’ E-174º 49’ W) using a surface trawl net. Average number of 
chum salmon caught was 2,885 fish (range: 2,653-3,308 fish) between 2007-2013 except for 
2010 (no survey), while it was 2,068 fish (range: 1,532-3,058 fish) between 2014-2019. Stock 
compositions of immature chum salmon were estimated using a conditional likelihood using a 
SNP baseline dataset from 186 populations in the Pacific Rim. GSI estimated compositions was 
26.1±1.0-38.7±1.3% (mean ± standard deviation) Japanese, 58.6±1.5-69.4±1.2% Russian, and 
2.6±0.7-4.0±0.9% North American stocks during 2007-2013 seasons. On the other hand, the 
stock composition was 15.8±1.1-25.9±1.4% Japanese, 65.3±1.6-73.1±1.6% Russian, and 
7.0±1.1-14.7±1.3% North American stocks during 2014-2019. Stock-specific CPUE (catch per 
unit effort) of chum salmon in the summer Bering Sea suggests that the abundances of Japanese 
and Russian stocks in 2007-2013 were higher than that in 2014-2019 seasons. Particularly, the 
abundance of Japanese stocks decreased dramatically in 2014 and continued in low level during 
the following years (2015-2019). There was a significant positive correlation between mean 
CPUE of ocean age (OA)-2 Japanese stocks in the Bering Sea and the numbers of OA-3 fish 
returning to Japan in the next year. 

Korea 
Korea has provided an updated national research plan for salmon in 2021 (Doc. 1957) 

which includes activities taken to support the NPAFC science plan. The plan for chum salmon 
research includes studies on the mechanisms of mass mortality during early life stages, climate 
change effects, otolith thermal marking to provide information about growth and survival, and 
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creating artificial spawning channels. In support of stock identification research, Korea has also 
developed SNP markers for salmon and will be able to report progress in the future. 

Russia 
Genetic identification 

Materials for the regional identification of juvenile pink salmon were obtained during 
autumn trawl survey in the Sea of Okhotsk provided by the R/V “Professor Kaganovsky” and 
by the R/V “TINRO” for the period 09.10–27.10.2020. Samples were collected by staff of 
Kamchatka and Pacific branches of VNIRO. Samples from the catches of 24 trawling 
operations were examined. The total sample size analyzed included 1183 juvenile pink salmon 
individuals. 

Evaluation of the contribution of individuals from different regions of salmon reproduction 
within the Okhotsk Sea basin used results of mitochondrial DNA (mtDNA) restriction fragment 
length polymorphism (RFLP) analysis. Variability of the Cytb/D-loop sequence was analyzed 
using several restriction enzymes, including CfrI13, RsaI, MspI, Hin6I, HinfI, DdeI. The 
reference database includes 26 samples (1648 individuals) from pink salmon spawning rivers 
on West Kamchatka, northern part of the continental coast of the Sea of Okhotsk (hereinafter 
OSCC), Sakhalin and the islands between Kamchatka and Hokkaido. 

General evaluation of the composition of mixed juvenile pink salmon aggregations in the 
part of the Sea of Okhotsk examined in October 2020 revealed dominance (70.0%) of 
individuals from northern regions of reproduction (West Kamchatka + northern part of the 
continental coast of the Sea of Okhotsk). The part of pink salmon from Sakhalin was 27.1%, 
and from the islands between Kamchatka and Hokkaido — 2.9%. “Northern stock complex” 
dominated in the northern and eastern parts of examined area.  Contribution of Sakhalin stocks 
increased southward and westward.  Contribution of stocks from the islands between 
Kamchatka and Hokkaido was high (10.0%) southward from 50° N.  

Otolithometric identification 

Otolith samples from the trawl catches by the R/V “Professor Kaganovsky” and by the R/V 
“TINRO” in the Sea of Okhotsk for the period 09–21.10.2019 were analyzed as mixed samples 
of juvenile samples. The total number of the fish analyzed included 2005 pink salmon 
individuals and 1827 chum salmon individuals. 

Pink salmon. Examination of the juvenile pink salmon otoliths revealed 75 individuals with 
marked otoliths, 3.7% in the total sample of the species analyzed. Among the individuals 
marked in 2019 the number of fish with Japan SH marks was higher (54%) for the first time 
when comparing to the number of fish with Russian marks. Among the individuals of Russian 
origin the main body (90%) consisted of juvenile pink salmon from the hatcheries of Sakhalin. 

Sites of catching marked juvenile pink salmon generally coincided with zones of increased 
density of all under-yearlings of the species. Pink salmon individuals with marks of Russian 
salmon hatcheries in most cases were observed in the southeastern part of the Sea of Okhotsk, 
whereas Japan marked individuals were observed rather toward the central part. 

Chum salmon. Analysis of the otolith structure of juvenile chum salmon from mixed 
catches revealed 134 marked individuals, 7.3% of the total number of juvenile fish in the sample. 
The main part (54%) of marked chum salmon as usual was of Japanese origin. However, the 
part was not as high as in previous years. Among the fish with the marks of Russian salmon 
hatcheries the most frequent were under-yearlings from Sakhalin hatcheries. Individuals with 
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marks of salmon hatcheries on the islands between Kamchatka and Hokkaido (“Lebediniy”, 
“Mineralniy”) were observed in the catches for the first time in recent 5 years. Juvenile fish 
from hatcheries of Hokkaido dominated among Japanese marked fish.  

Analysis of the distribution of marked juvenile chum salmon revealed quite clear spatial 
pattern of the dominance of the fish in the most dense aggregations of the species. At the same 
time, while chum salmon from Russian salmon hatcheries were feeding generally in the central 
part of the Sea of Okhotsk, major aggregations of the fish marked in salmon hatchery of Japan 
localized to the East, more close to the coast of West Kamchatka. 

Development of genetic baselines in Russia 

In 2018 VNIRO initiated development of methods for pink salmon regional identification 
based on analyzing SNP–loci nuclear genetic markers with the use of KASP-genotyping 
technology. These markers were proposed in the Washington State University (the USA). 
However, the number of the baseline populations used during figuring out the markers was 
insufficient for accurate regional differentiation of stocks from the Sea of Okhotsk. For now the 
laboratory of molecular genetics of VNIRO continues its research for markers and accomplishes 
RAD–sequencing with the use of extended number of the baseline samples from pink salmon 
populations of Russian Far East. Results will make it possible to select necessary loci to increase 
the stock identification level for this species. 

This large-scale project of searching genetic markers for accurate differentiation of Asian 
stocks of pink salmon is planned in several stages. The first stage implies making a library for 
the RAD sequencing. There are 19 libraries prepared and ready for analyzing on the Illumina 
genomic sequencer. The libraries will be used for NGS- sequencing next. 

United States 
The U.S. continues to develop and apply genetic technologies for stock identification of 

Pacific salmon in marine waters.  These activities fall into three categories: 

Development of marker panels for Chinook, chum and pink salmon 

The U.S recently identified SNPs and developed a GT-seq panel focused on the resolution 
for stock identification for Chinook and chum salmon among major drainages of coastal 
Western Alaska. For Chinook salmon, current panels allow the separation of Norton Sound, 
Lower Yukon River, and a combined group of the Kuskokwim and Nushagak rivers (McKinney 
et al. 2020b).   Further research to identify SNPs to separate the Yukon and Kuskokwim rivers 
is underway. In addition, four Y-chromosome haplogroups that showed regional- and 
population-specific variation in frequency were identified. GT-seq assays were then developed. 
These haplogroups exhibited associations with size at maturity in multiple populations 
(McKinney et al. 2020c). 

For chum salmon, current research allows the separation of Norton Sound and a combined 
group of Yukon, Kuskokwim, and Nushagak rivers; the data suggest that the Lower Yukon 
River and a combined group from the Kuskokwim and Nushagak rivers can also be potentially 
separated. These chum salmon SNPs are included in a GT-seq panel that will likely be useful 
in Asia and for high-seas applications once an appropriate baseline has been compiled.  The 
final panel included 448 SNPs.  Most SNPs were chosen based on high FST values to 
discriminate collections of chum salmon from Western Alaska.  As part of the project, an 
overlapping chromosome inversion and sex-determining region were detected; markers 
identifying these features are included in the panel (McKinney et al. 2020a).  
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The U.S. has developed a GT-seq panel for pink salmon for the Alaska Hatchery Research 
Program from RADseq data for parentage and stock identification applications. In addition, the 
U.S. is in the initial stages of developing a GT-seq panel for parentage analyses in chum salmon. 

Review of baseline development and maintenance  

The U.S. continues development of new baselines for Chinook, steelhead, pink, coho, 
sockeye, and chum salmon using GT-seq SNP panels.  Efforts are being coordinated with 
federal, state, and tribal laboratories in the U.S. and with Canadian laboratories.  

A preliminary Pacific Rim baseline for even- and odd-year pink salmon has been developed 
using GT-seq data from Alaska and RADseq data from Tarpey et al. (2018).  The baseline uses 
a standardized GT-seq panel and includes 31 populations representing 16 locations from Japan 
to Washington State.   

For Chinook salmon, progress has been made to expand the use of a set of 299 SNPs both 
in the western U.S. and in Alaska.  In addition, a panel of 396 SNPs specifically developed for 
use in Western Alaska has been screened in a comprehensive Yukon River baseline, and plans 
are underway to expand its use for Western Alaskan populations.  

Work is underway in Alaska to build a comprehensive coho salmon baseline using a GT-
seq marker set common to Canada.  Initial work has begun in Southeast Alaska, with additional 
work planned for Western Alaska.   

Genetic analysis of high seas juvenile and immature samples  

A collaboration between various U.S. labs will assist with the genetic analysis and stock 
identification of selected Pacific salmon samples from the 2019 and 2020 International Year of 
the Salmon (IYS) cruises in the Gulf of Alaska. 

The U.S. recently genotyped immature Chinook salmon collected during fall research 
surface trawl surveys on the eastern Bering Sea shelf from 2003 to 2019. Additionally, juvenile 
Chinook salmon were collected during research cruises in the southern Bering Sea in 2018 and 
2019, and juveniles will be collected again during the 2021 Southern Bering Sea research cruise.  
The three years of samples will be genotyped in winter 2021/2022 and results are expected 
spring 2022.  No Bering Sea research cruises occurred in 2020.    

The U.S. continues it studies on migration patterns of juvenile chum salmon in the eastern 
Bering Sea with the objective to develop a forecast model for fall-run returns to the Yukon 
River.  Additionally, out-migrating juvenile chum salmon in the Yukon River mouth continue 
to be analyzed to determine whether the fall-run proportion is correlated with 1) juveniles 
caught a few months later in the eastern Bering Sea, and 2) adult returns, as has been 
demonstrated for juveniles caught during their first summer/fall in the eastern Bering Sea.  

Discussion of new stock identification technologies and methods 

U.S. laboratories have fully adopted GT-seq (genotyping-in-thousands-by-sequencing) for 
most genotyping needs. This approach uses PCR to amplify target regions ~100 base pairs long 
that contain SNPs. These regions are then sequenced on a high-throughput sequencer (e.g. 
Illumina NextSeq) and genotypes are called based on sequence reads for each allele. GT-seq is 
much more cost efficient than previous TaqMan based approaches and scoring is automated, 
increasing efficiency and consistency of scoring within and among laboratories. Additionally, 
GT-seq panels typically contain more markers than TaqMan panels, with most panels 
containing ~300 loci. GT-seq allows for scoring of multi-SNP haplotypes, and U.S. laboratories 
have developed GT-seq marker panels for all five species of Pacific salmon as well as steelhead. 
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Efforts are underway to genotype these panels in more populations to create comprehensive 
baselines. 

Review of recent development of genetic baselines 

Chinook: The U.S. has been working on expanding the use of a set of 299-SNP GT-seq 
both in Alaska and in the western U.S. in Washington and the Columbia River basin.  Additional 
run timing markers have been added for many populations. An additional 396-SNP panel 
specifically designed for use in western Alaska has been screened in populations in the Yukon 
River, with plans to expand to additional populations.  Two other baselines—the Northern 
American coastwide microsatellite GAPS baseline (13 markers; Seeb et al. 2007) and a range-
wide SNP baseline (45 markers; Templin et al. 2011)—are used in many GSI applications in 
Alaska. 

Coho: WDFW compiled a GT-seq panel of 372 SNPs, of which all but a few loci are also 
found in Canada’s SNP panel.  The U.S. has been working jointly with Canada on a multi-year 
project to develop the baseline for coho populations in Washington and the southern boundary 
with Canada. The first year of genotyping is complete, with populations important to 
management prioritized including lower Columbia, Washington Coast, Strait of Juan de Fuca, 
and Puget Sound. In Alaska, the U.S. has been working to build the Southeast Alaska baseline 
using this marker set, with additional plans to expand to the Yukon, Western Alaska, and Cook 
Inlet. 

Sockeye: The U.S. has a GT-seq panel of 382 SNPs in use in the Columbia River basin, 
with baseline updates currently underway for additional populations in Washington. In Alaska, 
this panel will be screened for select populations, but there are no plans to do a widespread 
update from the 96 TaqMan SNP assays currently in use.  This 96-SNP baseline has coverage 
from Alaska to Washington. 

Chum: The U.S. has a 350-SNP GT-seq panel with substantial overlap with Canada’s chum 
SNP panel.  This panel has primarily been used in the western U.S. In Alaska, 96 TaqMan SNP 
assays are currently in use, and a baseline with 227 populations ranging from western Alaska 
to the Columbia River is in place.  

Pink: The U.S. has a preliminary baseline using 262 SNP loci and populations ranging from 
Asia to Washington. Additional baseline samples are being collected in Alaska. 

Steelhead: The U.S. is currently using a 379-SNP panel to build a steelhead baseline in the 
western U.S.  No work in being conducted on steelhead in Alaska at this time. 

Standardization of genetic baseline data 

Chinook: Previously, the set of 13 microsatellite markers was the standardized set of 
markers for the U.S. and Canada.  In recent years, several GT-seq panels have been developed 
and are in use in the U.S.  Most of the overlap is with the 299-SNP panel.  Alaska has been 
actively screening existing collections for this marker set.  Alaska has been working with 
Canada to standardize markers for applications in Southeast Alaska and northern British 
Columbia; there some overlap with the 299-SNP marker panel and the Canadian marker panel. 

Coho:  The 372-SNP marker panel developed by WDFW overlaps with the Canadian panel 
at all but two markers, and several regional laboratories are partners on the project and intend 
to use the panel for baseline development.  Alaska is using the marker set to build a coho 
baseline in southeast Alaska, with plans to expand to additional populations throughout Alaska. 

Sockeye: The 382-SNP GT-seq panel is widely used in the western U.S. and will be 
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screened in select populations in Alaska.   
Chum: The U.S. and Canada have coordinated on development of the 350-SNP GT-seq 

panel in use in Washington and southern British Columbia.  This panel has not been screened 
for Alaska populations.  Alaska does have a baseline that uses the results of Small et al. 2015 
and Petrou et al. 2013, with gaps filled in by Alaska for 96 SNP markers for populations ranging 
from western Alaska to the Columbia River.  A subset of these markers are included in the 350-
SNP marker set. 

Pink: There is no standardized baseline, though the U.S. has done a preliminary broad-
scale baseline using 262 single-SNP loci in both lineages. 

Steelhead: The ascertainment panel for the 379-SNP GT-seq panel was regional to the 
western U.S., so it may not be useful in other areas.  Alaska has not screened this panel. 

General: Any range-wide standardization efforts will need to contend with diverged 
duplicates (loci that look normal in one part of the range but not another) and may require 
scoring cut-off differences, etc.  

Progress on pink salmon as a high priority 

The U.S. has taken a preliminary look at a coastwide baseline combining RAD data from 
the University of Washington (Tarpey et al. 2018) and GT-seq data from Alaska. Alaska is 
actively collecting baseline samples from the Alaska Peninsula and Cook Inlet. 
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