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Ocean distribution and migration of Japanese chum salmon

Shigehiko URAWA *

Abstract: The migration route of Japanese chum salmon (Oncorhynchus keta) has been esti-
mated using recent information on fish abundance, otolith marks and genetic stock identifica-
tion (GSI) of mixtures sampled on the high seas. Japanese chum salmon globally shift their
marine distribution depending on the life stage and season. Juvenile chum salmon leave from
the coastal areas in the spring and early summer, and inhabit in the Okhotsk Sea during the
summer and fall. With the decrease of surface seawater temperature (SST) in November, juve-
niles move to the western North Pacific Ocean, where they are distributed in a narrow area
of SST 4-6°C during the first winter. After the first wintering, young chum salmon (ocean
age 1) migrate to the Bering Sea by the next summer for feeding. In the late fall, immature
chum salmon move southeast to the Gulf of Alaska for their second wintering. They migrate
between the summer feeding ground in the Bering Sea and the winter habitat in the Gulf of
Alaska until they return to natal rivers in Japan through the Bering Sea for spawning. Inten-
sive research on the survival mechanism of juvenile chum salmon migrating to the Okhotsk
Sea and the long-term monitoring of salmon stocks in the major feeding waters in the Okhotsk
Sea and Bering Sea are indispensable for the sustainable salmon fishery management in Ja-
pan.

Key words: Japanese chum salmon, ocean migration, genetic stock identification, otolith mark
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Fig. 1. Thermal otolith marks in the otolith of chum
salmon. During the eyed egg stage, 4 thick rings were
created by decreasing 4°C at 24 h intervals. After a
48 h interval, 4 thin rings were created by decreasing
4°C at 12 h intervals (cited from Urawa, 2001).
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Fig. 2. Annual otolith mark releases of juvenile chum, pink, masu and
sockeye salmon from Japanese hatcheries in 2001-2013.
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e s/ (Fig. 3, Urawa et al., 2001). HA
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Sea of Okhotsk
October 1993
n=441

Japan Sakhalin Premorye  Amur  N. Russia

North Pacific
November 1993
n=148

Amur N. Russia

Sakhalin  Premorye

Japan

Fig. 3. CPUE distribution of juvenile chum salmon in the Okhotsk Sea during October and November
1993 (Ogura, 1995), and stock composition of juvenile chum salmon estimated by allozyme analysis
(Urawa et al., 2001). CPUE = number of catches per 1-h trawl.
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Urawa et al., 2004). ¥ 512, 20124E10A 251159
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Fig. 4. Otolith-marked juvenile chum salmon found in
the Okhotsk Sea during September and October 2002.
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LR CT& - 72 (Chistyakova and Bugaev, 2013) o
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M), F A=Y 7RI BT 5 EAERA OIS
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DKRELRL L (Fig. 5o U, 74 BERBE
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B &Nz i3 E R L 7 201 dH - 72 (Fig. 5) o
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Fig. 5. Region-specific recovery rate and mean fork length of otolith marked
juvenile chum salmon (brood year 2011) caught in the Okhotsk Sea in the fall of
2012. Recovery rate = (number of catches of region-specific otolith marked fish in
the Okhotsk Sea/number of otolith marked fish releases in a region)*10°. Catch data
in the Okhotsk Sea was cited from Chistyakov and Bugaev (2013). Data of otolith
marked fish releases was cited from Okamoto et al. (2012) and Akinicheva et al. (2012).
EP, East Pacific; WP, West Pacific: SJ, Sea of Japan. Bars indicate SD.
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Fig. 6. CPUE distribution of young (ocean age 1, gray circles) and older (ocean age 2-4, black
circles) chum salmon in the North Pacific Ocean during the winter of 1996 and 1998, and their
stock composition estimated by allozyme analysis (Urawa et al., 2001). CPUE = number of
catches per 1-h trawl. BC, British Columbia; WA, Washington.
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Fig. 7. CPUE distribution of immature Japanese chum salmon in the Bering Sea and North
Pacific Ocean during August and September 2003, estimated by allozyme analysis. CPUE
= number of catches per 1-h trawls (Urawa et al., 2009).
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Fig. 8. Distribution of otolith-marked immature chum salmon in the Bering Sea, North
Pacific Ocean and Gulf of Alaska in August and September 2003 (Urawa et al., 2009).
Japanese hatcheries: I, Ichani; S, Shizunai; T,Tokushibetsu; Russian hatcheries: A,
Armansky; K, Ketkinsky; P, Paratunsky; S, Sokolovsky; Alaskan hatcheries: H, Hidden
Falls; M, Macaulay/Gastineau; W, Wally Noerenberg; Canadian hatchery: N, Nitinat.
Numerals indicate sample number listed in Appendix 1 of Urawa et al., 2009.

Fig. 9. Estimated migration pattern of Japanese chum salmon in the Bering Sea
and North Pacific Ocean with thel0O-year average of sea surface temperatures (C;
(http://www.emc.ncep.noaa.gov/research/cmb/sst_analysis/). Orange and white
circles indicate the estimated major ocean distributions of Japanese chum salmon
during winter and summer/fall, respectively (Urawa et al., 2009).
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Fig. 10. Seasonal migration model of Japanese chum salmon in the North Pacific Ocean and adjacent

waters (Urawa, 2000, 2004).
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Table 1. Research topics in the ocean for sustainable management of chum salmon

populations in Japan.

1. Juvenile chum salmon in coastal waters

= Stock-specific migration timing and route to the Okhotsk Sea

= Stock-specific growth and survival mechanism

* Effects of climate change on early fish mortality

2. Juvenile chum salmon in the Okhotsk Sea

= Stock-specific feeding and growth

= Stock-specific biomass for estimate of early mortality

- Inter-specific interaction with other salmon

* Effects of climate change on salmon production

3. Chum salmon in winter

* Winter distribution, production and health status

= Trophic linkages, growth and mortality at different stages

* Stock-specific biomass for estimate of winter mortality

- Effects of climate change on winter salmon distribution and survivals

4. Chum salmon in the Bering Sea

* Stock-specific biomass for long-term estimate of adult returns

- Linkage between salmon production and climate change

= Effects of intra- or inter-specific interaction on feeding, growth and maturation

5. Migration of chum salmon for reproduction

= Effects of climate change on migration and survival of maturing salmon

*Forecast models for estimating stock-specific returns

*Biological status of key salmon populations
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