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tal otoliths, muscle, heart, and liver were collected 
from each fish. The sagittal otoliths were dried and 
kept in cell well plates until the detection of otolith 
makers. The other tissues (muscle, heart, and liver) 
were immediately frozen in -80/C freezer for ge-
netic analysis.

GSI analysis
Genetic samples were examined for protein elec-

trophoretic variation on horizontal starch gels using 
standard procedures described by Aebersold et al. 
(1987). Alleles were compared and standardized for 

20 polymorphic loci (Table 2). We used Asian base-
line data set (43 stocks/20 loci) collected by Winans 
et al. (1994), Wilmot et al. (1998) and present study 
(Appendix). Estimates of stock contributions were 
made with a conditional maximum likelihood algo-
rithm (Pella and Milner 1987) using the Statistics 
Program for Analyzing Mixtures (SPAM version 
3.5, Debevec et al. 2000). Standard deviations and 
90% confidence intervals were estimated by 1,000 
bootstrap resamplings of the baseline and mixture 
samples. Estimates were made to individual stocks 
and than pooled to regional stock groups: Japan, Sak-

さけ・ます資源管理センター研報 Bull. Natl. Salmon Resources Center, No. 8, 200610

Fig. 1. CPUE distribution of juvenile chum salmon in the southern Okhotsk Sea in October 2000. CPUE means the number of 
fish caught by 1-h trawl at 3.5 knots.

Table 1. Sampling location, date and number of juvenile chum salmon (age 0.0) caught in the Okhotsk Sea in the fall of 2000.

Number of otolith marked fishNumber of 
fish samples

Date of sam-
pling

Sampling location
Ozerky
 Hatchery

Bereznykovsky 
HatcheryLongitude (E)Latitude (N)Station #

000Oct. 13146/02'45/00'1
000Oct. 14148/00'46/01'2
000Oct. 14148/00'47/00'3
0015Oct. 16147/59'48/01'4
002Oct. 16146/02'48/00'5
0043Oct. 21146/03'49/00'6
0115Oct. 23148/01'51/00'7
1282Oct. 24148/00'50/01'8
0341Oct. 25150/01'49/01'9
008Oct. 25150/02'49/59'10
000Oct. 28150/01'44/02'11



halin, Premorye, Amur River, and northern Russia 
(Magadan/Kamchatka/Anadyre). 

Detection of otolith marks

Otoliths were collected from 206 juvenile chum 
salmon. The left sagittal otoliths were mounted on 
slide glasses using thermoplastic cement, and then 
ground to expose the primordia. If the left sagittal 

Urawa et al.－Origins of juvenile chum salmon in the Okhotsk Sea 11

Table 2. Loci and alleles pooled for Asian baseline of chum salmon. 

Allele 
987654321Locus

84/80/9565120/125100/113sAAT-1,2*
-70-120/-110-100mAAT-1*

124100/140/115mAH-3*
7893/90100/98/fastALAT*

110/10691/80100ESTD*
90100/132G3PDH-2*

40fast100GPI-B1,2*
Fastslow100GPI-A*

852014060100mIDHP-1*
452811020258535100/65sIDHP-2*

110/050100LDH-A1*
  120/115100/60LDH-B2*
10400200100sMDH-A1*

fast>11050/2072/85/95100/110sMDH-B1,2*
122100/75mMEP-2*
90100sMEP-1*

7480/8611094/91/95/97100MPI*
11390100PEPA*

-72/-50-127-126-146-100PEPB-1*
     95104/106/11088/84100PGDH*

Table 3. A list of otolith-marked chum salmon fry (1999 brood year) released from hatcheries in Japan and Russia during the 
spring of 2000. These data are available through the North Pacific Anadromous Fish Commission (NPAFC) Working Group on 
Salmon Marking website (http://npafc.taglab.org/).

RBr code*2Total #
releasedRelease siteFacilityRegion releasedState/

ProvinceCountryDate
released

Mark 
type*1ID #

1:1.2,2.6n4,914,000Chitose RiverChitose HatcheryJapan Sea coastHokkaidoJapanMar. 16-Apr. 10TMJ99-01
1:1.2,2.3311,000Shizunai RiverShizunai HatcheryWest Pacific coastHokkaidoJapanMay19-22TMJ99-02
1:1.2,2.33,113,000Shizunai RiverShizunai HatcheryWest Pacific coastHokkaidoJapanMar. 3-May 17TMJ99-03
1:1.2,2.3+3.515,000Shizunai RiverShizunai HatcheryWest Pacific coastHokkaidoJapanMay 10TMJ99-04
1:1.2,2.3n -3.3n824,000Shikiu RiverShikiu HatcheryWest Pacific coastHokkaidoJapanMay 31-Jun. 3TMJ99-05
1:1.2,2.3n -3.5n360,000Shikiu RiverShikiu HatcheryWest Pacific coastHokkaidoJapanApr. 20-May 31TMJ99-06
1:1.2,2.1n378,000Shikiu RiverShikiu HatcheryWest Pacific coastHokkaidoJapanApr. 20-May 31TMJ99-07
1:1.2,2.4n1,085,000Kunbetsu RiverIchani HatcheryNemuro Strait coastHokkaidoJapanMay 1TMJ99-08
1:1.2,2.8n3,503,000Ichani RiverIchani HatcheryNemuro Strait coastHokkaidoJapanApr. 19-May 31TMJ99-09
1:1.5n4,100,000Arman RiverArman HatcheryTauy BayMagadanRussiaunknownTMR99-01
1:1.639,100Yana RiverYana HatcheryTauy BayMagadanRussiaunknownDMR99-02
1:1.5302,000Ola RiverOla HatcheryTauy BayMagadanRussiaunknownDMR99-04
1:1.5n112,000Ola RiverOla HatcheryTauy BayMagadanRussiaunknownDMR99-06

1:1.5n+2.1743,000Ola RiverOla HatcheryTauy BayMagadanRussiaunknownDMR99-07
1:1.53,500,000Ola RiverOla HatcheryTauy BayMagadanRussiaunknownTMR99-08
1:1.5+2.2740,000Tauy RiverTauy HatcheryTauy BayMagadanRussiaunknownTMR99-09
1:1.3+2.2422,000Bolshaya RiverOzerky HatcheryWest KamchatkaKamchatkaRussiaunknownDMR99-12
1:1.3n95,000Bolshaya RiverOzerky HatcheryWest KamchatkaKamchatkaRussiaunknownDMR99-13
1:1.3+2.4621,000Avacha RiverKetkino HatcheryEast KamchatkaKamchatkaRussiaunknownDMR99-15

1:1.422,546,100Okhotsk SeaBereznykovsky 
HatcheryOkhotsk SeaSakhalinRussiaunknownTMR99-18

*1DM, dry mark; TM, thermal mark
*2RBr, Regional band rings showing coding structure of thermal marks (Munk and Geiger 1998)
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the Bereznykovsky Hatchery origin in Sakhalin. 
This hatchery released approximately 22 million 
thermal marked chum salmon fry in the spring of 
2000 (Table 3). On the other hand, we found one dry 
marked fish released from the Ozerky Hatchery 
along the Bolshaya River in western Kamchatka, al-
though only 95,000 chum salmon fry with the same 
mark (RBr 1:1.3n) were released from this hatchery. 
In the spring of 2000, a total of 14 million 

thermally-marked chum salmon fry were released 
from the Chitose (Japan Sea coast), Shizunai and 
Shikiu (Pacific coast), Kunbetsu and Ichani hatcher-
ies (Nemuro coast) in Hokkaido. However, Japanese 
marked fish were not detected among the present ju-
venile chum samples. The GSI analysis also sug-
gested a low contribution of Japanese stocks. The 
low contribution of Japanese stock in juvenile chum 
salmon may be due to the sampling locations limited 
in the western waters.
Urawa et al. (2001) estimates that Japanese 

chum salmon juveniles stay in the Okhotsk Sea from 
summer until late autumn, overwinter in the western 
North Pacific Ocean, and then migrate into the Ber-
ing Sea by the following summer. We should con-
tinue the monitoring program for juvenile salmon in 
the Okhotsk Sea using stock identification and abun-
dance estimate techniques to clarify the survival 
mechanisms of Asian chum salmon during the early 
ocean life.

Acknowledgements

We are grateful to the crew of the R/V Torishima 
for their cooperation to collect salmon samples.

References

Aebersold, P. B., G. A. Winans, D. J. Teel, G. B. Mil-
ner, and F. M. Utter. 1987. Manual for starch gel 
electrophoresis: a method for the detection of ge-
netic variation. U.S. Dept. Commer., NOAA 
Tech. Rep., 61. 19 p.

Debevec, E. M., R. B. Gates, M. Masuda, J. Pella, J. 
Reynolds, and L. W. Seeb. 2000. SPAM (version 
3.2): statistics program for analyzing mixtures. 
J. Heredity, 91: 509-511.

Lapko, V. V., and I. I. Glebov. 2001. Distribution 
and abundance of Pacific salmon in the southern 
Okhotsk Sea in summer-fall 2000. (NPAFC 
Doc. 522) 14 p. Pacific Scientific Research Fish-

eries Center (TINRO-center), Vladivostok, Russia.
Melnikov, I. V., V. I. Radchenko, and A. N. 
Starovoitov. 1999a. Pacific salmon distribution 
in the southern Okhotsk Sea during autumn of 
1998 and pink salmon catch forecast for 1999 
fishery season. (NPAFC Doc. 433) 10 p. Pacific 
Scientific Research Fisheries Center (TINRO-
center), Vladivostok, Russia.

Melnikov, I. V., A. N. Starovoitov, E. N. Ilyinsky, 
and I. I. Glebov. 1999b. Interannual variability 
of Pacific salmon distribution in the southern Ok-
hotsk Sea during summer of 1998 and 1999. 
(NPAFC Doc. 432) 12 p. Pacific Scientific Re-
search Fisheries Center (TINRO-center), Vladi-
vostok, Russia.

Munk, K. M., and H. J. Geiger. 1998. Thermal mark-
ing of otoliths: the "RBr" coding structure of 
thermal marks. (NPAFC Doc. 367) 19 p. Alaska 
Department of Fish and Game, CWT and Otolith 
Processing Laboratory, Box 25526, Juneau, AK 
99802, USA.

Pella, J. J., and G. B. Milner. 1987. Use of genetic 
marks in stock composition analysis. In Popula-
tion genetics and fishery management (edited by 
N. Ryman and F. Utter). University of Washing-
ton Press, Seattle, WA. pp. 247-276.

Saito, T., J. Seki, T. Kinoshita, M. Fukuwaka, S. V. 
Davydova, and N. B. Bessmertnaya. 2001. Dis-
tribution and biological characteristics of juve-
nile salmon in the Sea of Okhotsk in the autumn 
of 2000. (NPAFC Doc. 538) 13 p. National 
Salmon Resources Center, Toyohira-ku, Sapporo 
062-0922, Japan.

Seeb, L. W., P. A. Crane, and R. B. Gates. 1995. Pro-
gress report of genetic studies of Pacific rim 
chum salmon and preliminary analysis of the 
1993 and 1994 south Unimak June fisheries. Re-
gional Information Report No. 5J95-07, Alaska 
Department of Fish and Game, Division of Com-
mercial Fisheries Management and Develop-
ment, Anchorage, AK, USA. 

Ueno, Y. 1997. Distribution, migration, and abun-
dance estimation of Asian juvenile salmon. 
(NPAFC doc. 270). 17 p. National Research In-
stitute of Far Seas Fisheries, 7-1 Orido 5-chome, 
Shimizu, Shizuoka 424, Japan. 

Urawa, S., Y. Ueno, Y. Ishida, L. W. Seeb, P. A. Cra-
ne, S. Abe, and N. D. Davis. 2001. A migration 
model of Japanese chum salmon during early 
ocean life. NPAFC Tech. Rep., 2: 1-2.

Urawa et al.－Origins of juvenile chum salmon in the Okhotsk Sea 13



Urawa, S., Y. Ueno, Y. Ishida, S. Takagi, G. Winans, 
and N. Davis. 1998. Genetic stock identification 
of young chum salmon in the North Pacific 
Ocean and adjacent seas. (NPAFC Doc. 336) 9 
p. National Salmon Resources Center, Fisheries 
Agency of Japan, Toyohira-ku, Sapporo 062-
0922, Japan.

Wilmot, R. L., C. M. Kondzela, C. M. Guthrie, and 
M. S. Masuda. 1998. Genetic stock identifica-
tion of chum salmon harvested incidentally in 
the 1994 and 1995 Bering Sea trawl fishery. N. 
Pac. Anadr. Fish Comm. Bull., 1: 285-299. 

Winans, G. A., P. B. Aebersold, S. Urawa, and N. V. 
Varnavskaya. 1994. Determining continent of 
origin of chum salmon (Oncorhynchus kata) us-
ing genetic stock identification techniques: 
status of allozyme baseline in Asia. Can. J. Fish. 
Aquat. Sci., 51 (Suppl. 1): 95-113.

2000年秋にオホーツク海南西部で採集されたサケ
幼魚の起源

浦和茂彦・関　二郎・川名守彦・斎藤寿彦・
Penelope. A. Crane・Lisa. W. Seeb・福若雅彰・

Elina Akinicheva

　2000年10月にオホーツク海南西部で調査船とりし
まにより採集されたサケ幼魚206個体の地理的起源
を遺伝的系群識別法と耳石標識により推定した．ア
ロザイム多型による遺伝的系群識別で推定された系
群組成は，日本系21％，アムール系22％，サハリン
系25％，北ロシア系31％であった．7個体(3.4％)より
耳石標識が検出されたが，これらはサハリンの
Bereznykovsky Hatchery (n=6)と西カムチャツカの 
Ozerky Hatchery (n=1)より放流された幼魚であっ
た．以上の結果は，2000年秋にオホーツク海南西部
に分布したサケ幼魚はロシア系が大部分を占めてい
たことを示唆する．
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Appendix. List of populations for Asian chum salmon baseline.

SourceNumber of samplesDate of collectionPopulation
JAPAN
   Pacific Coast of Honshu

Present study80Nov. 7, 1994Kido River
Present study80Nov. 21, 1996Koizumi River 
Present study80Nov. 1995Naruse River

Winans et al. 1994100Dec. 6, 1989Ohkawa River
Present study79Nov. 22, 1995Katagishi River 
Present study45Oct. 25, 1996Hei River

Winans et al. 1994100Dec. 7, 1989Tsugaruishi River 
Present study80Oct 24, 1996Orikasa River 

   Japan Sea Coast of Honshu
Present study40Nov. 8, 1994Tedori River 
Present study80Nov. 14, 1994Sho River 
Present study80Oct. 31, 1996Kurobe River 

Winans et al. 1994100Nov. 6, 1989Miomote River
Present study80Oct. 18, 1995Uono River 
Present study40Dec. 8, 1994Gakko River
Present study40Dec. 3, 1997Gakko River

Winans et al. 199439Nov. 8, 1989Gakko River
   Pacific Coast of Hokkaido

Present study80Sep. 24, 1997Yurrapu River Early
Present study80Oct. 15, 1997Yurrapu River Mid
Present study80Nov. 17, 1997Yurrapu River Late
Present study80Oct. 1991Shikiu River
Present study80Oct. 1991Shizunai River

Winans et al. 199480Sep. 27, 1990Tokachi River
Winans et al. 1994100Oct. 19, 1989Kushiro River

  Nemuro Coast
Winans et al. 1994100Oct. 17, 1989Nishibetsu River

  Okhotsk Sea Coast
Present study80Oct. 19, 1998Abashiri River

Winans et al. 199442Oct. 17, 1987Tokushibetsu River            
Present study40Nov. 1992Yubetsu River

Winans et al. 1994100Oct. 18, 1989Shari River                   
  Japan Sea Coast of Hokkaido

Winans et al. 1994180Oct. 16, 1989, 1990Chitose River
Winans et al. 199497Oct. 15, 1987Teshio River　

RUSSIA
   Amur River

Wilmot et al. 19981501997Amur River
   Premorye

Wilmot et al. 1998511994Ryzanovka River
Wilmot et al. 1998351994Avakumovka 
Wilmot et al. 1998181994Narva

   Sakhalin Island
Wilmot et al. 1998491994Kalininka River 
Wilmot et al. 19981001994, 1995Naiba River
Wilmot et al. 1998981994Udarnitsa 

   Anadyr River
Winans et al. 19941041991Anadyr River 

   Eastern Kamchatka
Winans et al. 199440July 19, 1991Nerpichi Lake           

Winans et al. 1994120 Aug. 23, 1990; Aug. 2, 
1991Kamchatka River               
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Appendix. (continued).

SourceNumber of samplesDate of collectionPopulation
   Western Kamchatka

Winans et al. 1994791991Utka River                  
Winans et al. 1994401991Kikchik River                
Winans et al. 1994159July 29, 1990; 1991Pymta River
Winans et al. 199493July 30, 1990Kol River
Winans et al. 1994154July 3, 1990Hairusova River             

   Sea of Ohkotsk
Winans et al. 199466July 15, 1991Tumani River                      
Winans et al. 1994160Aug. 3, 1990; July 15, 1991Ola River                 　


