North Pacific Anadromous Fish Commission
Bulletin No. 5: 15-23, 2009

Stock Origins of Chum Salmon (Oncorhynchus keta) in the Gulf of
Alaska during Winter as Estimated with Microsatellites

Terry D. Beacham', John R. Candy’, Shunpei Sato?, Shigehiko Urawa?,
Khai D. Le', and Michael Wetklo!

Fisheries and Oceans Canada, Pacific Biological Station,
3190 Hammond Bay Road, Nanaimo, BC V9T 6N7, Canada
’National Salmon Resources Center, Fisheries Research Agency,
2-2 Nakanoshima, Toyohira-ku, Sapporo 062-0922, Japan

Beacham, T.D., J.R. Candy, S. Sato, S. Urawa, K.D. Le, and M. Wetklo. 2009. Stock origins of chum salmon
(Oncorhynchus keta) in the Gulf of Alaska during winter as estimated with microsatellites. N. Pac. Anadr. Fish
Comm. Bull. 5: 15-23.

Abstract: A microsatellite baseline incorporating over 53,000 chum salmon (Oncorhynchus keta) sampled from
over 380 locations in Asia and North America was applied to estimate stock composition in mixed-stock fishery
samples from the Gulf of Alaska. High resolution of these mixed-stock samples was possible, with 1 reporting
group developed for Korean populations, 7 groups for Japanese populations, 8 groups for Russian populations,
15 groups for Alaskan populations, 5 groups for Canadian Yukon River populations, 16 groups for British Columbia
populations, and 5 groups for Washington populations. In February 2006 samples from the Gulf of Alaska (145°W),
chum salmon in more northern areas (54°N) were primarily of North American origin (55% British Columbia, 30%
Alaska), but in more southern areas (48°N), nearly 40% of chum salmon sampled were of Japanese origin (Sea
of Okhotsk and Pacific coasts of Hokkaido), and 30% were of Russian origin (Kamchatka and northeast Russia).
Ocean age-1 chum salmon spending their first winter in the Gulf of Alaska were almost entirely from southeast
Alaska (39%), Prince William Sound (31%), or southern British Columbia (26%). However, by the second winter,

30% of ocean age-2 chum salmon were identified as of Asian origin (18% Japanese, 12% Russian).
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INTRODUCTION

Stock composition information is important in deter-
mining areas of ocean rearing of stocks of immature chum
salmon (Oncorhynchus keta), and the migration routes used
by immature salmon to reach seasonal rearing areas, as well
as the routes used by maturing chum salmon to return to na-
tal rivers. Although scale pattern analysis has been used in
chum salmon stock identification (Tanaka et al. 1969; Ishi-
da et al. 1989), stock identification based upon analysis of
genetic variation has been the main method used in stock
identification applications. Initial applications centered on
allozymes, whereby the genetic structure of populations po-
tentially contributing to a mixed-stock fishery was determined
(Okazaki 1982a,b; Wilmot et al. 1994; Winans et al. 1994;
Seeb and Crane 1999a; Efremov 2001) and then this struc-
ture was used to estimate the stock composition of samples
from mixed-stock fisheries (Beacham et al. 1987; Urawa et
al. 1997, 2000, 2009; Wilmot et al. 1998; Winans et al. 1998;
Seeb and Crane 1999b). Additionally, sequence variation in
mitochondrial (mt) DNA has been used to evaluate popula-
tion structure (Ginatulina 1992; Sato et al. 2001, 2004) and
to estimate stock compositions of chum salmon in the Bering

Sea and North Pacific Ocean (Moriya et al. 2007; Sato et al.
2009). Microsatellites have also been demonstrated to be ef-
fective in determining population structure of chum salmon
and estimating stock composition in fisheries in local areas
in both Asia (Beacham et al. 2008b,c) and North America
(Beacham et al. 2008a), as well as providing high resolu-
tion stock composition estimates for complex mixed-stock
samples in North Pacific and Bering Sea sampling (Beacham
et al. unpub. data).

Accurate, cost-effective identification of chum salmon
to region of origin is important to our understanding of stock-
specific responses to recent climatic regime shifts in the
north Pacific Ocean (Welch et al. 2000; Mueter et al. 2002).
Identification of marine factors responsible for survival
variation observed in salmon stocks requires identification
of fish sampled in marine environments to stock of origin as
an initial step. The potential mixing of many chum salmon
stocks throughout their marine existence necessitates identi-
fication of fish from mixed-stock samples for delineation of
stock-specific migration pathways and marine feeding areas
(Brodeur et al. 2003), and for evaluation of physiological
status during spawning migrations (Cooke et al. 2004).

In the present study, mixed-stock samples from the Gulf
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of Alaska were analyzed for stock composition through anal-
ysis of 14 microsatellites by incorporating a 381-population
baseline including populations from Korea, Japan, Russia,
Alaska, the Yukon Territory, British Columbia, and Wash-
ington. Comparisons of presence and absence of specific
stocks of salmon in the areas surveyed are outlined.

MATERIALS AND METHODS
Baseline Populations

The baseline survey consisted of the analysis of over
53,000 chum salmon from 381 populations from Korea,
Japan, Russia, Alaska, Canada, and Washington, with the
sampling sites or populations surveyed in each geographic
region outlined by Beacham et al. (unpub. data). Informa-
tion on regional population structure has been outlined pre-
viously for Japanese populations (Beacham et al. 2008b),
Russian populations (Beacham et al. 2008¢), western Alaska
populations (Beacham et al. 2009b) and British Columbia
populations (Beacham et al. 2008a). Pacific Rim population
structure of chum salmon was reported by Beacham et al.
(2009a).

Marine Samples and Laboratory Analysis

A series of six samples was collected during a research
cruise in the Gulf of Alaska during February 2006 between
approximately latitude 48°N—53°N along longitude 145°W
(Fig. 1). The age of virtually all individuals in these six sam-
ples was determined by analysis of scales, and variation in
stock composition attributable to both location and age was
conducted subsequently.

Laboratory Analysis

Tissue samples from the marine samples were collected,
preserved in 95% ethanol, and DNA subsequently extracted.
Extracted DNA from 2006 Gulf of Alaska samples was sent
to the Molecular Genetics Laboratory (MGL) at the Pacific
Biological Station for subsequent analysis. Once extracted
DNA was available, surveys of variation at 14 microsatel-
lite loci were conducted: Ots3 (Banks et al. 1999), Oke3
(Buchholz et al. 2001), Oki2 (Smith et al. 1998), Okil00
(Beacham et al. 2008b), Omm1070 (Rexroad et al. 2001),
Omyl011 (Spies et al. 2005), Onel01, Onel02, Onel04,
Onelll, and Onel14 (Olsen et al. 2000), Ots103 (Nelson and
Beacham 1999), Ssa419 (Cairney et al. 2000), and OtsG68
(Williamson et al. 2002).

PCR DNA amplifications were conducted using DNA
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Fig. 1. Map indicating the locations of six samples collected during a February 2006 cruise of the R/V Kaiyo-maru in the Gulf of Alaska and

eastern Pacific Ocean.
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Engine Cycler Tetrad2 (BioRad, Hercules, CA) in 6-ul
volumes consisting of 0.15 units of Taq polymerase, 1 pl
of extracted DNA, 1x PCR buffer (Qiagen, Mississauga,
Ontario), 60 uM each nucleotide, 0.40 uM of each primer,
and deionized H,O. The thermal cycling profile involved
one cycle of 15 min at 95°C, followed by 3040 cycles of 20
sec at 94°C, 30-60 sec at 47-65°C and 30-60 sec at 68—72°C
(depending on the locus). Specific PCR conditions for a par-
ticular locus could vary from this general outline and were
outlined by Beacham et al. (2009b). PCR fragments were
size fractionated in an ABI 3730 capillary DNA sequencer,
and genotypes were scored by GeneMapper software 3.0
(Applied Biosystems, Foster City, CA) using an internal lane
sizing standard.

Estimation of Stock Composition in Mixed-stock
Samples

The BAYES routine of Pella and Masuda (2001) was
modified by our laboratory to a C++-based program (cBayes),
which is available from our laboratory website (Neaves et
al. 2005). In the analysis, ten 20,000-iteration Monte Carlo
Markov chains of estimated stock compositions were pro-
duced, with initial starting values for each chain set at 0.90
for a particular population that was different for each chain.
Estimated stock compositions were considered to have con-
verged when the shrink factor was < 1.2 for the 10 chains
(Pella and Masuda 2001), and thus the starting values were
considered to be irrelevant (uninformative prior). Stock
composition estimates converged before 20,000 iterations,
and no further improvements in the estimates were observed
in excess of 20,000 iterations. Therefore, 20,000 iterations
was set as the standard in the analysis. The last 1,000 itera-
tions from each of the 10 chains were then combined, and for
each fish the probability of originating from each population
in the baseline was determined. These individual probabili-
ties were summed over all fish in the sample, and divided by
the number of fish sampled to provide the point estimate of
stock composition. Standard deviations of estimated stock
compositions were determined from the last 1,000 iterations
from each of the 10 chains incorporated in the analysis.

RESULTS

Winter distribution of chum salmon along 145°W lon-
gitude in 2006 was evaluated between 48°N and 53°N. In
the most northerly location sampled (53°N), sample size was
modest (N=32), but chum salmon originating from the cen-
tral coast of British Columbia (19%), the Fraser River (15%)
in southern British Columbia, and southeast Alaska (12%)
were identified as the most relatively abundant stocks (Table
1). Contributions were also identified from chum salmon
originating from southern coastal British Columbia (8%) and
Prince William Sound (7%). Asian chum salmon detected
were limited to those from Kamchatka (8%) and northeast

Russia (3%). Sampling at 52°N indicated that chum salmon
from southeast Alaska (23%), the Fraser River (23%), Prince
William Sound (15%), and the west coast of Vancouver Is-
land (13%) accounted for 74% of the chum salmon sampled.
Asian chum salmon accounted for 8% of the fish sampled
from this location, with the largest stock from the Sea of
Okhotsk coast of Hokkaido (5%). Sampling at 51°N indi-
cated that chum salmon from southeast Alaska were the most
relatively abundant stock (22%), followed by chum salm-
on from Prince William Sound (17%) and the Fraser River
(9%) (Table 1). Chum salmon from Norton Sound and the
lower Yukon River constituted approximately 11% of the
individuals sampled. Asian chum salmon were estimated
to constitute 26% of the individuals sampled, with Russian
chum salmon identified almost exclusively from Kamchatka
(7%) and northeast Russia (8%), and Japanese chum salmon
almost exclusively from the Sea of Okhotsk coast and Nem-
uro Strait region of Hokkaido (10%). Sampling from these
three sites indicated an increasing proportion of Asian chum
salmon from north to south, a dominant presence of chum
salmon from southeast Alaska and Prince William Sound in
the samples, little evidence of chum salmon from northern
British Columbia, and evidence of chum salmon from south-
ern British Columbia, Washington, and western Alaska.

In the southern section of the survey, starting at 50°N,
the single most abundant stock was the Sea of Okhotsk coast
of Hokkaido (13%), followed by the southeast Alaska (12%)
and Prince William Sound stocks (10%) (Table 1). Asian
chum salmon accounted for 39% of the sample (23% Japa-
nese, 16% Russian), with the Russian contribution largely
accounted for by Kamchatka and northeast Russia stocks.
Chum salmon from northern North America in Kotzebue
Sound (3%), Norton Sound (7%), and the Yukon River (3%)
were also identified as present in the sample. Asian chum
salmon increased substantially in relative abundance in the
sample from 49°N, with Japanese (34%) and Russian (35%)
chum salmon substantial contributors to the catch. Japanese
chum salmon were largely from the Pacific coast (21%) and
Nemuro Strait (12%) regions of Hokkaido. Russian chum
salmon were largely from northeast Russia (24%), Magadan
(6%), and Kamchatka (4%). North American chum salmon
were largely from southeast Alaska (12%) and Washington
(12%). Asian chum salmon again dominated at the most
southern sampling site (48°N), with 66% of the fish sam-
pled of Asian origin. Japanese chum salmon, at 37% of the
fish sampled, were largely from the Sea of Okhotsk coast
(28%) and Pacific coast (9%) regions of Hokkaido. Russian
chum salmon, constituting 28% of the fish sampled, were
largely from Kamchatka (12%), northeast Russia (7%), and
Sakhalin Island (6%). Chum salmon from North America
were identified as originating mainly from southeast Alaska
(15%) and Prince William Sound (9%). Asian chum salm-
on dominated at the southern sampling sites, with Japanese
chum salmon estimated to be largely derived from the Sea of
Okhotsk, Nemuro Strait, and Pacific coastal regions of Hok-
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Table 1. Estimated stock compositions (percentage, SD in parentheses) of six mixed-stock samples of chum salmon sampled in the Gulf of
Alaska during February 2006. Region codes are: QCI (Queen Charlotte Islands), BC (British Columbia), ECVI (east coast Vancouver Island),
WCVI (west coast Vancouver Island).

Latitude 53°01'N 52°09' N 50°52' N 49°52'N 48°53'N 47°54'N
Longitude 145°00' W 144°58' W 144°52’ W 144°53' W 144°49' W 144°49' W
Date 16 February 16 February 17 February 17 February 18 February 18 February

Number of samples 32 64 130 136 34 111
Honshu Sea of Japan 0.0 (0.4) 0(0.2) 0.1 (0.3) 3(2.6) 0.3 (1.7) 0(0.2)
Honshu Pacific 0.0 (0.3) 0(0.2) 0.3 (0.7) 2(0.6) 0.3 (1.4) 1(0.5)
Hokkaido Sea of Japan 0.0 (0.3) 0(0.1) 0.0 (0.1) 0(0.1) 0.3 (1.3) 0(0.1)
Hokkaido Sea of Okhotsk 0.4 (1.5) 9 (2.8) 3.3(2.0) 13.1(4.7) 0.6 (2.2) 27.8 (5.2)
Nemuro Strait 0.0 (0.2) 0(0.1) 6.2 (2.5) 3(3.3) 11.8 (6.7) 1(0.4)
Hokkaido eastern Pacific 0.0 (0.2) 0(0.1) 0.7 (1.5) 0(0.2) 11.6 (6.0) 4 (3.5)
Hokkaido western Pacific 0.0 (0.3) 0(0.2) 0.8 (1.4) 0(3.6) 9.1 (6.4) 7(3.3)
Sakhalin 0.0 (0.4) 0(0.2) 0.0 (0.1) 0(0.1) 0.0 (0.3) 7 (2.5)
Magadan 0.1 (1.0) 6 (2.6) 0.2 (0.7) 4(1.8) 6.1 (5.5) 0(2.4)
Northern Sea of Okhotsk 0.0 (0.2) 0(0.2) 0.4 (1.1) 0(0.1) 0.1(1.2) 0(0.3)
West Kamchatka 5.9 (6.5) 3(1.1) 4.3 (3.3) 3(3.2) 3.3(4.8) 12.3 (4.4)
East Kamchatka 1.9 (3.9) 0(0.5) 2.4 (2.6) 1(0.6) 0.9 (2.4) 0(0.3)
Northeast Russia 3.3(4.7) 0(0.3) 7.7 (2.6) 5(2.1) 24.1(8.9) 4 (4.0)
Kotzebue Sound 0.0 (0.5) 2(0.8) 0.9 (1.8) 5(1.7) 0.2 (1.3) 0(0.2)
Norton Sound 1.2(3.1) 9(3.4) 6.1 (4.4) 1(4.5) 1.7 (3.2) 2(2.9)
Yukon lower summer 1.8 (3.6) 2(1.0) 4.4 (3.4) 1(2.3) 0.1 (0.9) 3(1.2)
Yukon upper Alaska fall 0.0 (0.4) 0(0.2) 0.2 (0.8) 7(1.5) 0.1(0.8) 7(1.1)
Yukon mainstem Canada 0.0 (0.4) 0(0.2) 0.0 (0.3) 4 (0.8) 0.0 (0.3) 0(0.3)
Yukon Porcupine Canada 0.0 (0.4) 0(0.1) 0.0 (0.2) 1(0.4) 0.0 (0.2) 0(0.3)
Nushagak summer 0.0 (0.5) 0(0.4) 0.4 (1.2) 1(0.6) 0.0 (0.5) 0(0.4)
Kuskokwim Bay/ River 0.5(2.2) 1(0.5) 0.1 (0.7) 7 (2.8) 0.4 (1.7) 4(1.2)
Northeast Bristol Bay 0.0 (0.5) 6 (4.0) 0.0 (0.3) 8(2.4) 0.1 (0.6) 1(0.4)
Southwest Bristol Bay 0.0 (0.4) 0(0.3) 0.1 (0.6) 0(0.2) 0.0 (0.4) 0(0.1)
North Peninsula 0.0 (0.2) 0(0.4) 2.7 (1.7) 2(1.4) 0.0 (0.3) 0(0.2)
Southwest Peninsula 0.6 (2.2) 0(0.2) 0.0 (0.3) 1(0.6) 0.2 (1.0) 0(0.1)
Southeast Peninsula 0.3(1.2) 1(0.5) 0.1(0.4) 0(0.2) 0.0 (0.4) 1(0.3)
Kodiak Island 0.0 (0.3) 0(0.2) 0.0 (0.2) 6 (1.1) 0.0 (0.2) 0(0.1)
Prince William Sound 7.2 (6.5) 15.3 (5.8) 16.8 (3.7) 6 (3.0) 0.4 (1.5) 3(3.0)
SE Alaska 12.2(10.4) 23.2 (8.0) 21.8 (4.8) 11.8 (4.0) 12.2 (6.2) 15.0 (3.9)
Taku 0.1 (0.8) 7 (2.0) 0.1 (0.5) 1(0.6) 0.0 (0.4) 0(0.3)
QCl west 1.9 (4.0) 0(0.4) 0.1(0.4) 3(0.8) 0.0 (0.5) 0(0.3)
QCl east 0.1 (0.9) 4 (1.5) 0.1 (0.4) 1(0.5) 0.4 (1.7) 1(0.4)
QCI Skidegate 0.1 (0.8) 2(1.1) 0.0 (0.2) 6(1.2) 0.0 (0.4) 1(0.4)
BC north 2.4 (6.9) 6 (1.9) 1.2(2.2) 3(1.0) 0.9 (2.7) 1(0.5)
Skeena 0.0 (0.7) 5(1.6) 0.1 (0.6) 0(0.2) 0.0 (0.6) 3(0.9)
BC Grenville 0(10.5) 1(0.8) 0.0 (0.4) 1(0.4) 0.2 (1.3) 1(0.6)
BC central 19.4 (10.4) 5(1.7) 4.4 (2.9) 5(1.2) 0.7 (2.5) 3(1.0)
BC Rivers Inlet 0.2 (1.3) 0 (0.5) 0.1(0.4) 1(0.4) 0.0 (0.4) 0(0.3)
Johnstone Strait 0.2 (1.6) 3(1.4) 0.0 (0.2) 0(0.3) 0.0 (0.4) 3(0.7)
BC south 8.4 (8.4) 8 (4.7) 0.4 (1.1) 9(3.1) 0.6 (2.4) 7(1.3)
ECVI 4.0 (6.9) 5(1.6) 0.3 (1.0) 1(2.7) 0.2 (1.4) 0(0.3)
WCVI 0.5 (2.6) 13.1 (4.6) 3.7 (2.0) 1(2.7) 0.3 (1.5) 0(0.2)
Fraser 15.2 (9.1) 22 6 (7.1) 9.2 (3.1) 5(2.7) 0.9 (2.9) 3(1.9)
North Puget Sound 0.1(1.1) 4 (3.5) 0.0 (0.3) 4 (1.5) 1.0 (3.1) 2(0.7)
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Table 1 (continued).

Latitude 53°01" N 52°09' N 50°52’ N 49°52'N 48°53'N 47°54'N
Longitude 145°00° W 144°58 W 144°52° W 144°53' W 144°49° W 144°49' W
Date 16 February 16 February 17 February 17 February 18 February 18 February
South Puget Sound 2.2 (4.3) 1(0.5) 0.090.2) 0(0.1) 0.6 (2.3) 0(0.1)
Hood Canal 0.0 (0.3) 5(2.9) 0.0 (0.1) 0(0.1) 0.0 (0.1) 0(0.1)
Juan de Fuca Strait 3.2(5.9) 1.0 (2.4) 0.0 (0.1) 0.0 (0.2) 10.0 (7.0) 0.0 (0.1)
Coastal Washington 0.2 (1.2) 0(0.2) 0.0 (0.1) 7(1.3) 0.0 (0.3) 0(0.1)
Values by region
Japan 0.4 (1.7) 9(2.8) 11.3 92.9) 23.0 (3.7) 34.1(8.1) 37.1(4.8)
Russia 11.3 (7.5) 0(2.6) 15.1 (3.8) 16.3 (3.8) 34.5(8.7) 28.4 (5.2)
Western Alaska 3.6 (4.6) 9(3.5) 12.2 (3.3) 16.0 (3.6) 2.6 (3.8) 6 (2.9)
Central/Southeast Alaska 20.3 (10.7) 38.7 (8.3) 41.6 (5.5) 24.4 (4.4) 12.9 (6.3) 24.4 (4.4)
Canada Yukon 0.0 (0.7) 0(0.3) 0.1(0.4) 4 (0.9) 0.0 (0.5) 1(0.5)
Northern British Columbia 30.2 (12.7) 2(4.4) 6.1(3.7) 1(2.2) 2.4 (4.0) 0(1.7)
Southern British Columbia 28.3 (11.7) 39.3(7.5) 13.6 (3.5) 16.6 (3.7) 2.0(4.2) 2(2.2)
Washington 5.8 (5.2) 0 (4.6) 0.1(0.4) 2(1.9) 11.6 (6.9) 2(0.7)

kaido. Russian chum salmon were identified as primarily
from Kamchatka and northeast Russia.

Stock composition showed considerable differences
among the age-classes of chum salmon evaluated. Chum
salmon typically spend 1-4 winters rearing in the ocean.
Ocean age-1 chum salmon spending their first winter in the
ocean were almost entirely from southeast Alaska (39%),
Prince William Sound (31%), or southern British Columbia
(26%) (Table 2). No ocean age-1 individuals were iden-
tified as Asian in origin. However, by the second winter,
30% of chum salmon of ocean age-2 were identified as of
Asian origin (18% Japanese, 12% Russian). Ocean age-2
North American fish were estimated to be from British Co-
lumbia (27%), Prince William Sound (18%), western Alaska
(13%), and southeast Alaska (8%). Asian chum salmon ac-
counted for 36% of ocean age-3 chum salmon (20% Japa-
nese, 16% Russian), with ocean age-3 North American chum
salmon ranging from western Alaska to Washington (Table
2). Ocean age-4 chum salmon were predominately (66%)
Asian in origin (36% Japanese, 30% Russian). Higher pro-
portions of ocean age-4 chum salmon from North America
were generally observed in more northerly stocks (central
and southeast Alaska 14%, southern British Columbia 4%,
and Washington 4%).

DISCUSSION

The present microsatellite stock identification study
indicated that various stocks of Asian and North American
chum salmon stocks intermingled in the central Gulf of Alas-
ka during winter. A similar result was obtained by allozyme
analysis for chum salmon collected in the same region dur-
ing the winter of 1996 (Urawa et al. 1997).

Ocean age-1 chum salmon spending their first winter in
the ocean in the Gulf of Alaska along 145°W were all of

North American origin, primarily from regions directly ad-
jacent (Prince William Sound, southeast Alaska) to the sam-
pling locations. No migration of ocean age-1 (2004 brood
year) Asian chum salmon into the region was observed. Al-
lozyme stock identification has indicated that Japanese chum
salmon inhabit in the western North Pacific Ocean during
their first winter, move into the Bering Sea in the summer,
and migrate into the Gulf of Alaska for their second winter
(Urawa 2000, 2004; Urawa et al. 2001, 2009). The pres-
ent study supported this migration model, and indicated that
ocean age-2 Asian chum salmon had moved into the Gulf
of Alaska after the second summer of marine rearing (2003
brood year), as did chum salmon from western Alaska.
However, Russian chum salmon of this age were primarily
of northeast Russia origin, with virtually no 2003 broodyear
chum salmon from Kamchatka observed. Substantial dif-
ferences in survival rates, broodyear spawning abundances,
or sampling variation could account for the observed dif-
ferences in age composition between northeast Russia and
Kamchatka, but perhaps the results may reflect a differential
migration pattern between chum salmon of northeast Russia
and Kamchatka origin chum salmon of this age. Older Rus-
sian chum salmon were primarily of Kamchatka origin, so
it is possible that the lack of 2003 brood year salmon from
Kamchatka may reflect a slower rate of migration into the
Gulf of Alaska of this stock. In the Gulf of Alaska, Russian
chum salmon originated primarily from northeast Russia and
Kamchatka, so these differences reflect either differences in
survival and spawning abundance, or a more eastward mi-
gration pattern of these stocks compared with other stocks in
Russia.

Japanese chum salmon in the Gulf of Alaska originated
entirely from the Sea of Okhotsk coast, Nemuro Strait, and
Pacific coast regions of Hokkaido. Production from these
areas accounts for about 75% of total production of Japanese
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Table 2. Estimated stock compositions (percentage, SD in parentheses) by age of 519 chum salmon sampled in the Gulf of Alaska during Febru-
ary 2006. Region codes are as outlined in Table 1.

All Ocean age 1 Ocean age 2 Ocean age 3 Ocean age 4 Undetermined

Number of samples 519 30 212 162 104 12

Honshu Sea of Japan 0.0 (0.1) 0.0 (0.4) 0.0 (0.2) 0.0 (0.3) 0.0 (0.3) 0.0 (1.0)
Honshu Pacific 0.0 (0.1) 0.0 (0.4) 0.0 (0.1) 0.1(0.4) 0.3 (0.9) 0.0 (0.9)
Hokkaido Sea of Japan 0.0 (0.0) 0.0 (0.3) 0.0 (0.3) 0.0 (0.1) 0.0 (0.1) 2.7 (5.8)
Hokkaido Sea of Okhotsk 11.7 (1.8) 0.0 (0.3) 8.1(2.7) 12.1 (3.3) 24.9 (5.3) 1.0 (3.8)
Nemuro Strait 1.4 (1.1) 0.0 (0.2) 0.0 (0.1) 4.7 (3.1) 0.6 (1.8) 2.0 (5.0)
Hokkaido eastern Pacific 2.6 (1.0) 0.0 (0.3) 1.7 (1.9) 3.0 (2.0) 3.7 (2.5) 1.4 (4.3)
Hokkaido western Pacific 5.6 (1.3) 0.0 (0.3) 8.2 (2.3) 0.3(0.9) 6.6 (3.2) 1.6 (4.3)
Sakhalin 1.0 (0.5) 0.0 (0.3) 1.6 (1.0) 0.1 (0.3) 1.8 (1.7) 0.0 (0.6)
Magadan 1.5(0.8) 0.0 (0.6) 0.4 (0.8) 0.0 (0.3) 6.7 (3.1) 0.0 (1.0)
West Kamchatka 6.9 (1.6) 0.1 (0.9) 0.6 (1.1) 15.1 (3.5) 9.4 (4.2) 0.0 (0.9)
East Kamchatka 0.9 (1.5) 0.0 (0.6) 0.3 (0.7) 0.3 (1.1) 22(4.2) 0.0 (1.0)
Northeast Russia 7.2(1.4) 0.0 (0.2) 9.2 (2.2) 0.4 (1.0) 9.3(3.2) 0.0 (0.5)
Kotzebue Sound 1.9 (0.8) 0.0 (0.4) 2.1(1.2) 0.1(0.4) 0.0 (0.3) 0.0 (0.9)
Norton Sound 4.8 (1.5) 0.0 (0.5) 8.5 (2.5) 7.4 (3.0) 0.3 (1.0) 7.0 (7.3)
Yukon lower summer 0.2 (0.6) 0.0 (0.6) 0.1 (0.5) 0.6 (1.4) 4.5(2.9) 0.4 (2.6)
Yukon Upper Alaska fall 0.9 (0.6) 0.0 (0.3) 1.5(1.3) 0.6 (0.9) 0.0 (0.1) 0.0 (0.7)
Yukon mainstem Canada 0.1(0.3) 0.0 (0.3) 0.4 (0.9) 0.0 (0.3) 0.0 (0.1) 0.0 (0.9)
Yukon White 0.0 (0.0) 0.0 (0.3) 0.0 (0.0) 0.1 (0.3) 0.0 (0.1) 0.0 (0.6)
Yukon Porcupine Canada 0.0 (0.1) 0.0 (0.3) 0.1 (0.5) 0.1 (0.3) 0.0 (0.1) 0.0 (0.7)
Nushagak summer 0.1 (0.4) 0.0 (0.2) 0.0 (0.1) 1.5(1.9) 0.0 (0.2) 0.3 (2.4)
Kuskokwim Bay/ River 0.3(0.7) 0.0 (0.4) 0.3 (0.8) 0.2 (0.9) 0.2 (0.8) 0.7 (2.7)
Northeast Bristol Bay 0.9 (1.2) 0.0 (0.3) 0.8 (1.3) 0.3 (1.0) 0.1 (0.6) 0.0 (0.6)
North Peninsula 0.9 (0.5) 0.0 (0.3) 1.7 (1.0) 0.0 (0.1) 2.3(1.9) 0.0 (0.8)
Southwest Peninsula 0.0 (0.1) 0.3 (1.3) 0.1 (0.3) 0.0 (0.3) 0.1(0.4) 0.0 (0.5)
Southeast Peninsula 0.1(0.2) 0.0 (0.4) 0.6 (1.0) 0.0 (0.1) 0.0 (0.3) 0.0 (0.9)
Kodiak Island 0.4 (0.3) 0.0 (0.2) 0.6 (0.6) 0.6 (0.6) 0.0 (0.1) 0.0 (0.6)
Prince William Sound 11.3 (1.6) 30.5 (10.6) 17.9 (2.9) 4.1(1.8) 2.8 (2.7) 1.0 (4.4)
SE Alaska 18.0 (2.2) 38.7 (12.0) 7.5(3.6) 18.2 (3.8) 9.3 (3.9) 42.5 (15.5)
Taku 0.1 (0.3) 0.6 (2.7) 0.0 (0.2) 0.3 (0.8) 0.0 (0.3) 9.3 (8.9)
QCl west 0.0 (0.1) 0.5(2.2) 0.1(0.4) 0.0 (0.2) 0.1 (0.6) 0.0 (1.2)
QCl east 0.1 (0.3) 1.0(3.3) 0.0 (0.3) 0.0 (0.2) 0.0 (0.3) 0.0 (1.6)
QCI Skidegate 0.1(0.2) 0.1(0.7) 0.1(0.4) 0.0 (0.2) 0.2 (0.7) 0.0 (1.4)
BC north 0.3 (0.8) 0.3 (1.7) 0.5(1.2) 0.3 (1.1) 0.9 (1.9) 0.3 (2.7)
Skeena 0.0 (0.1) 0.4 (1.8) 0.0 (0.2) 0.0 (0.2) 0.0 (0.2) 0.1(2.2)
BC Grenville 0.4 (0.7) 0.2 (1.7) 6.5 (3.5) 0.0 (0.3) 1.6 (2.2) 0.0 (1.1)
BC central 1.7 (1.0) 0.6 (2.4) 2.7 (2.0) 3.5(2.7) 3.4 (3.7) 0.0 (2.5)
BC Rivers Inlet 0.0 (0.1) 0.1 (0.8) 0.0 (0.2) 0.0 (0.1) 0.7 (1.9) 0.0 (1.1)
Johnstone Strait 0.0 (0.2) 0.4 (1.6) 0.0 (0.2) 0.0 (0.2) 0.0 (0.3) 0.0 (1.7)
BC south 3.6 (1.5) 6.4 (7.3) 4.1(2.6) 0.4 (1.2) 0.1(0.5) 14.0 (14.7)
ECVI 1.5(1.7) 10.0 (9.3) 2.3(2.3) 5.5(3.3) 0.1(0.7) 12.6 (15.4)
WCVI 4.6 (1.2) 0.6 (2.4) 4.4 (1.7) 5.2(2.3) 1.8 (1.5) 0.0 (1.3)
Fraser 7.3 (1.6) 8.9 (8.1) 6.4 (2.4) 7.1(2.9) 2.2(2.8) 1.9(6.1)
North Puget Sound 0.0 (0.2) 0.0 (0.5) 0.5(1.1) 0.3 (1.1) 3.7 (3.7) 0.7 (3.1)
South Puget Sound 0.2 (0.4) 0.0 (0.6) 0.0 (0.1) 2.6 (1.7) 0.0 (0.1) 0.0 (0.7)
Hood Canal 0.2 (0.4) 0.0 (0.3) 0.0 (0.1) 0.9 (1.5) 0.0 (0.1) 0.1(1.3)
Juan de Fuca Strait 1.0 (0.8) 0.0 (0.3) 0.1(0.4) 3.5(1.8) 0.0 (0.2) 0.0 (0.8)
Coastal Washington 0.0 (0.2) 0.0 (0.3) 0.00.1) 0.2 (0.7) 0.0 (0.1) 0.0 (0.7)
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Table 2 (continued).

All Ocean age 1 Ocean age 2 Ocean age 3 Ocean age 4 Undetermined

Values by region

Japan 21.3 (1.9) 0.0 (0.9) 18.0 (2.8) 20.2 (3.3) 36.0 (4.9) 8.7 (7.8)
Russia 17.5 (2.0) 0.2 (1.4) 12.2 (2.6) 16.0 (3.4) 29.5 (5.2) 0.0 (2.0)
Western Alaska 9.3 (1.5) 0.0 (1.2) 13.2 (2.6) 10.8 (2.7) 5.1(2.7) 8.3 (7.6)
Central/Southeast Alaska 30.6 (2.4) 69.6 (9.9) 28.3 (4.2) 23.0 (3.9) 14.4 (4.9) 43.6 (14.7)
Canada Yukon 0.1(0.3) 0.0 (0.6) 0.5 (1.0) 0.2 (0.5) 0.0 (0.2) 0.0 (1.6)
Northern British Columbia 2.7 (1.3) 3.7 (5.9) 10.0 (3.9) 4.2 (2.9) 7.0 (4.6) 9.8 (10.3)
Southern British Columbia 17.1 (1.9) 26.4 (9.1) 17.1(2.9) 18.3 (3.8) 43(3.1) 28.6 (12.9)
Washington 1.4 (0.8) 0.1 (1.0) 0.6 (1.1) 7.4 (2.7) 3.7 (3.7) 0.8 (3.6)

chum salmon, so if Japanese chum salmon are present, sub- L.W. Barner. 1987. Biochemical genetic survey and

stantial contributions from these regions would be expect-
ed. However, it is noteworthy that few chum salmon from
Honshu or the Sea of Japan coast of Hokkaido were observed
in the sampling in the Gulf of Alaska, so chum salmon from
these regions either do not migrate as far east as other Japa-
nese chum salmon, or they were south of 48°N during winter
residence in the Gulf of Alaska.

Chum salmon from North America were distributed in
the more northerly regions sampled in the Gulf of Alaska,
and, conversely, Asian chum salmon were more prevalent
in the southern regions. Chum salmon from western Alaska
were observed in the Gulf of Alaska in winter after two sum-
mers of marine residence, but not after one summer. Urawa
etal. (2000) indicated that western Alaskan stocks were rare-
ly present among ocean age-1 chum salmon, and increased
among ocean age-2 and -3 in the central Gulf of Alaska dur-
ing the summer of 1998. Therefore, western Alaska chum
salmon might not migrate to the Gulf of Alaska after one
summer of rearing. Chum salmon from northern British Co-
lumbia were only observed in significant proportions in the
most northern sample (53°N), perhaps indicative of a more
northerly distribution in the Gulf of Alaska for chum salmon
from this region. Fraser River chum salmon were also more
prevalent at more northern sampling locations in the Gulf of
Alaska. Clearly, there was a nonrandom distribution of chum
salmon in the Gulf of Alaska during the winter of 2006.
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