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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 2022 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 2021 and 2022. 

 
Country reports on stock identification and new technologies 

Canada 

In 2021, 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 
and sex identification SNPs have been incorporated in all panels.  For coho and Chinook salmon, 
the panels are being used to combine genetic stock identification (GSI) and parental-based 
tagging (PBT) in assessing fishery catch on specific populations or conservation units.  In 2021, 
samples were collected from Chinook salmon broodstock (approximately 21,000 individuals) 
at hatcheries in British Columbia.  Samples were also collected from coho salmon broodstock 
(approximately 8,000 individuals) at hatcheries where individuals are adipose fin clipped upon 
release.  Genotypes were derived from applying the appropriate species SNP panel.  
Approximately 19,000 Chinook salmon were also sampled in fisheries in British Columbia in 
2021, as well as about 9,000 coho salmon. Returning adults from prior hatchery releases were 
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genotyped to identify returning Chinook and coho salmon to specific hatchery parents sampled 
in 2015-2019, thereby providing a method to determine age composition of the 2021 catch via 
PBT, and sex composition of the catch via the sex identification SNP in the panel.  
Approximately 150,000 individuals are included in the Chinook salmon baseline, and about 
70,000 individuals are included in the coho salmon baseline.  Standard GSI analyses 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 coded-wire tag 
assessment.  Results of the application of PBT and GSI in Chinook and coho salmon fisheries 
have been published in peer-reviewed scientific journals in 2017-2022.   

The SNP panel for chum salmon has been applied to 2021 commercial fishery samples in 
British Columbia, as well as samples from the 2021 Gulf of Alaska survey.  Stock composition 
of the mixed-stock fishery samples was estimated to conservation unit for chum salmon in 
British Columbia.  

The sockeye salmon SNP baseline is being developed, and incorporates most of the British 
Columbia populations previously included in the microsatellite baseline.  The SNP baseline is 
likely to be applied in 2022 to fisheries in local areas in northern and central British Columbia. 

A pink salmon SNP panel is anticipated to be developed in 2022, with the target of 
amplifying approximately 550 amplicons, with a single SNP genotyped from each amplicon.  
The panel will then be applied to develop a GSI baseline for pink salmon in British Columbia. 

In 2022, Canada will continue to apply the SNP panels for Chinook, coho, chum, and 
sockeye salmon, 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. 

Japan 

Japan has continued a long-term monitoring for stock-specific distribution and abundance 
of chum salmon in the summer Bering Sea.  In late July 2021, we collected tissue samples from 
1,501 chum salmon caught at 17 stations (52°31’N-58°33’N, 175°04’E-174°54’W) by a surface 
trawl of Japanese R/V Hokko maru (Doc. 2030).  Stock origins of collected chum salmon were 
estimated using 45 SNP loci and a SNP baseline dataset from 186 populations in the Pacific 
Rim.  The estimated stock composition of all samples was 29.9% Japanese, 62.5% Russian, and 
6.3% North America.  The proportion of Japanese chum salmon in 2021 was lower than that in 
2020 (35.9%).  While Russian stocks were widely distributed in the central Bering Sea, 
Japanese stocks were predominant in the northern survey areas (56°34’N-58°33’N, 179°58’E-
174°54’W).  The estimated abundance of Japanese ocean age (OA)-1 fish in 2021 was lower 
than that in 2020, while the abundance of OA-2 fish was higher than that in 2020.  Abundance 
of Japanese OA-2 fish in 2021 was highest among three regional (Japan, Russia, and North 
America) stocks. 
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Korea 
Korea has analyzed population genetic structure for chum salmon (Oncorhynchus keta). In 

this study, we used seventeen microsatellite DNA markers to examine genetic diversity and 
population structure in a total 1,127 samples collected in Korea including seven returning 
populations in 2020 and five releasing populations in 2021 collected in Korea.  The mean Na 
(number of alleles) ranged from 16.41 (Seomjin River) to 17.65 (Taehwa River). The HO 
(observed heterozygosity) ranged from 0.7056 (Seomjin River) to 0.7458 (Namdae Stream). 
The HE (expected heterozygosity) ranged from 0.7776 (Seawater) to 0.7889 (Myeongpa 
Stream). The PIC (Polymorphism Information Content) ranged from 0.7527(seawater) to 
0.7644 (Myeongpa Stream). Among the five releasing populations, the highest genetic diversity 
values of Na (15.73), HE (0.7740) and PIC (0.7487) were observed from Yangyang-releasing 
population genetically managed by Korea Fisheries Resources Agency (FIRA). The results of 
genetic differentiations (FST) and PCoA analysis showed that the seven returning populations 
were not significantly different. On the other hand, the results of genetic distance of all releasing 
populations managed by local government were significantly different between every 
population. 

In addition, analysis was performed with SNP (Single Nucleotide Polymorphism) markers 
developed from a closely related species, Coho salmon (Oncorhynchus kisutch), but no 
significant results were obtained. 

Russia 
In 2021, Russia provided genetic identification studies of regional pink salmon stock 

complexes in the basin of the Sea of Okhotsk during the fall migration period. Trawl survey 
was carried out simultaneously by two vessels - Professor Kaganovsky and TINRO. Twenty-
three samples were processed in total, including genetic samples of 1194 juvenile pink salmon. 

Studies on the identification of pink salmon stocks were carried out in two ways. The first 
way was based on the use of mitochondrial DNA, and the second - on the use of SNP-markers.    

Mitochondrial DNA  
These studies have been traditionally performed since 2009 by specialists from 

KamchatNIRO (Petropavlovsk-Kamchatsky). Results of the mitochondrial DNA restriction 
fragment length polymorphism analysis (RFLP analysis) were used to figure out the proportion 
of individuals from different regions of reproduction in the basin of the Sea of Okhotsk. 
Variability of the Cytb/D-loop sequence was analyzed using a set of restriction enzymes: CfrI13, 
RsaI, MspI, Hin6I, HinfI, and DdeI.  

The reference database includes 34 samples (2335 specimens) from pink salmon spawning 
streams in the basin of the Sea of Okhotsk: Western Kamchatka, northern part of the continental 
coast of the Sea of Okhotsk (NCC), southern part of the continental coast (SCC), Sakhalin 
Island, the islands between Kamchatka and Hokkaido, Amur River basin. Simulation analysis 
revealed the average accuracy of the reference database used for identification of pink salmon 
origin (given reproduction line) about 82.3%.   

Results of the genetic identification demonstrate uneven regional distribution of juvenile 
pink salmon in the basin of the Sea of Okhotsk. To the North from 52°00' N, the ratio of regional 
pink salmon stock complexes was: Western Kamchatka and NCC - 41.6%, Sakhalin and the 
islands between Kamchatka and Hokkaido - 31.1%, Amur River basin and SCC - 27.3%. To 
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the South from 52°00' N, the ratio of regional pink salmon stock complexes was visibly 
different: Western Kamchatka and NCC - 14.6%, Sakhalin and the islands between Kamchatka 
and Hokkaido - 67.3%, Amur River basin and SCC - 18.1%. 

The total regional composition of pink salmon catches in the Sea of Okhotsk basin was: 
Western Kamchatka and NCC - 25.5%, Sakhalin and the islands between Kamchatka and 
Hokkaido - 44.0%, Amur River basin and SCC - 30.5%. In contrast to previous years, in 2021 
the predominance in the catches of young pink salmon of the southern complex of stocks is 
noticeable.  

SNP-markers 
In 2021 a new method for genetic identification of regional pink salmon stock complexes - 

SNP-marker genotyping using CASP (Competitive Allele Specific PCR) technology - was 
mastered and tested at the VNIRO molecular genetics laboratory (Moscow) in cooperation with 
KamchatNIRO. This technology is based on the use of competitive allele-specific PCR by 
endpoint with fluorescent detection, where polymorphism is detected using SNP-markers due 
to single-nucleotide substitutions, insertions and deletions. This universal diagnostic method is 
characterized by a high accuracy and performance. New homogenous fluorescent system of 
genotyping, allowing to obtain accurate results (99.8 %) in several hours, is used in the CASP 
analysis. In this way the CASP-markers are effective instruments in the molecular-genetic 
studies. These markers can be used for accurate and quick analyzing hundreds of samples 
simultaneously using the SNP-markers. 

Developed panel of the SNP-markers currently allows differentiation of pink salmon stocks 
of the Okhotsk Sea basin at the regional level mainly. Results of simulation show that the 
accuracy of the SNP-marker reference model used is about 88.5%.  

 
Results of identification of regional composition of juvenile pink salmon in the trawl 

catches, obtained due to the use of the SNP-markers are as next: Western Kamchatka and NCC 
– 31.1%, Sakhalin and the islands between Kamchatka and Hokkaido – 38.1%, Amur River 
basin and SCC – 31.8%. 

Thus, the results of the identification based on using two methods (mtDNA & SNP-markers) 
demonstrate similar patterns of distribution of regional pink salmon complexes in the basin of 
the Sea of Okhotsk in the fall of 2021. In both cases, pink salmon stocks of the southern group 
of stocks - Sakhalin + the islands between Kamchatka and Hokkaido and the Amur River basin 
+ Khabarovsk Krai rivers - dominate in trawl catches. 

 
On the basis of the laboratories of molecular genetics of the Kamchatka branch of "VNIRO" 

("KamchatNIRO") (Petropavlovsk-Kamchatsky) and the Central Office of the Federal State 
Budgetary Scientific Institution "VNIRO" (Moscow), genetic studies of the intraspecific 
structure of Pacific salmon - pink salmon, chum and sockeye, are provided in the monitoring 
mode. To create and replenish previously created genetic databases, annual collection of salmon 
tissue samples from the most commercially significant populations is carried out. At present, an 
extensive collection of genetic samples from various regions of reproduction has been collected, 
and now it includes several tens of thousands of specimens. 

 
Pink salmon 

Since 2009, the laboratory of molecular genetics "KamchatNIRO" has been carrying out 
identification of the Sea of Okhotsk pink salmon in mixed marine aggregations by the method 
of restrictive fragment length analysis (RFLP analysis) of mtDNA. The variability of the 
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Cytb/D-loop region is analyzed using a set of restriction enzymes: CfrI13, RsaI, MspI, Hin6I, 
HinfI, DdeI. The results obtained are adequately correlated with the assessments of regional 
returns within the basin of the Sea of Okhotsk. 

The reference database of the even line of pink salmon includes 34 samples (2335 ind.) from 
spawning locations of the basin of the Sea of Okhotsk: Western Kamchatka, the continental  
coast of the Sea of Okhotsk (CCOS), Sakhalin and the islands between Kamchatka and 
Hokkaido, the Amur river and the southern part of the continental coast (SCC). The reference 
database of the odd line includes 26 samples (1648 specimens) from the spawning locations of 
pink salmon in Western Kamchatka, the northern part of the continental coast of the Sea of 
Okhotsk, Sakhalin and the islands between Kamchatka and Hokkaido. 

In 2022, it is planned to introduce a new method for the regional identification of pink 
salmon based on the analysis of nuclear genetic markers of SNP-loci (CASP genotyping). The 
technique was developed on the basis of the laboratory of molecular genetics of the central 
office "VNIRO". 

Chum salmon 
A reference database of chum salmon from the Sea of Okhotsk basin on microsatellite loci 

has been created and is being expanded annually (25 samples of the total size of 1226 
specimens). A panel of eight microsatellite loci (Ssa20.19, One101, Oke3, Oki1b, Oki23, 
Ogo2G, Oke11, Ots102) was developed. 

 
Sockeye salmon 

A reference database of frequencies of microsatellite loci of sockeye salmon in the Asian 
part of the area of distribution was created (52 samples of the total size of 2514 specimens). The 
number of loci used varied depending on the tasks being solved. For example, 9 microsatellite 
loci (Oki1a, Oki1b, Oki6, Ots107, OtsG68, One104, One109, Ots100, Omm1037) were used to 
identify catches in the Kamchatka Gulf (20 samples, totaling 988 specimens). Five genetically 
isolated groups have been identified in the river basin, including “Azabachye lake” (early and 
late morphs), “upper part of Kamchatka river”, “middle part of Kamchatka river” and 
“Ushkovskoye lake”. Seven microsatellite loci (Oki1a, Oki1b, Oki6, Ots107, OtsG68, One104, 
One109) were used to identify fish in the southern part of the Kamchatka-islands between 
Kamchatka and Hokkaido subzone (18 samples of 819 specimens). The loci Oki1a, Oki1b, Oki6, 
Ots107, OtsG68, One104 and One109 were used for all studied localities. 

On the whole, the Russian side agrees with the presented WGSI action plan. However, at 
present there are certain logistical and technical difficulties to ensure the standardization and 
availability of genetic bases between Russia and other countries participating in the NPAFC. 
Therefore, Russian specialists are planning to continue learning from the experience of 
introducing and developing genetic databases in other countries.   

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

Pacific salmon in marine waters.   

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 
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specifically designed for use in western Alaska has been screened in populations in the Yukon 
River, and is currently being screened in remaining Western Alaskan collections.  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 baselines in Southeast Alaska, 
the Yukon, and Western Alaska using this marker set. 

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 is being 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 
Asia to Washington. 

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 primarily been used 
in the western U.S., and has not been screened for Alaska populations. In Alaska, 96 TaqMan 
SNP assays are currently in use, and a baseline with 382 populations ranging from Asia to the 
Columbia River is in place. A subset of these markers is included in the 350-SNP marker set.  
In addition, the U.S. is in the initial stages of developing a GT-seq panel for parentage analyses 
in chum salmon. 

Pink: The U.S. has developed a GT-seq panel consisting of 262 SNP loci for pink salmon 
for the Alaska Hatchery Research Program from RADseq data for parentage and stock 
identification applications. A preliminary Pacific Rim baseline for even- and odd-year pink 
salmon has been developed using a standardized GT-seq panel and includes 31 populations 
representing 16 locations from Japan to Washington State.  In addition, the U.S. is actively 
developing a more detailed baseline, both to incorporate additional collections and to develop 
a marker set for specific regional and high seas mixed stock analysis applications. Additional 
archived collections from throughout the range will be included and additional baseline samples 
from the Alaska Peninsula and Cook Inlet are being collected.  Collaborations are ongoing with 
Canada to develop a useful marker set for regional applications.   

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

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 2022 International Year of the Salmon 
(IYS) cruises in the Gulf of Alaska. 

The U.S. sampled juvenile and immature salmon (Chinook, chum, pink, coho, and sockeye) 
during the fall 2021 surface trawl survey in the northeastern Bering Sea. The juvenile Chinook 
and chum salmon samples were genotyped and analyzed for genetic stock identification in 
winter 2021/2022 for application in juvenile forecast models of Yukon River adult returns. The 
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U.S. plans to collect juvenile and immature salmon samples again during the fall 2022 surface 
trawl survey in the northeastern Bering Sea. Additionally, juvenile Chinook salmon were 
collected during research cruises in the southeastern Bering Sea in 2018, 2019, and 2021, and 
the three years of samples will be genotyped and analyzed in winter 2022/2023.   

The U.S. continues studies on 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.  
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