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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 Gulif 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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AR, ()RR, BVE AR, (OEEFHS T, (5)
W RBERNDH B, CNFETIE, FITHEITBT
BREREBORIC & 0 AARZRY 7 OG5 ERs SR LN TE
720 LU, B ENLADIEKERGHZ DIEITHEIND
7D FNNYGE T 2 TH Y, AR HKEH D5
DOVTIXIFEA ISR TV, T2, EHRBT%E
179 RS g S, I3 IEEDY D 579
REMEEHEET LI LI TERh o572, ThEHD
FHikE LTSI N z005, #EIRE & O A
JERERTH Do

WEAREED SRR TERNEE, sk
PSEENTENG S 2 7201200 )1 2 5 W v sl A AR 4 L i
RTFHEEA R B 2 & 2R L CRATEORARTEHLK
ZHEET HHETH Y, KIRAL S M S 51T
S E TGN BWTHHTE %2, W
FiZowTiE, FEMEZOMIICE Y 7T T7h560
K F TR ISR ARTEE % 5 2N —3 589300007 )1 4E 4R
BT O A ALR208IRTHEOIERET — & H3E
sz (Kondzela et al., 2002). B TE 5 H
WARARTE T O AR, 07 R 4R, KRR 7M
KEECTDH Y, AR ARTE ) FIKS B 13282-96% T d 5o
I ba Y P 7TDNAGHEIBIROERYE NTa sy 4
7) RBHIIRINTE R34 707 L= Sz
»% (Moriya et al., 2005), ksl T & % HIg AR X H
A, oy7, RO 3 HWBEEREICHE S, 51T,
T om)iMEFEREE RN T 2, 709754 b
DNAIZ & 2 REERBIEDBHIE S T % 2% (Beacham
et al., 2008a, 2008b, 2009a), HHEARLRLZ L\, &
DX RRROHFT, flifEH T WD DHSNP (—
WILM) BT, HRESNPOR 7 ) —= > 7 & il
F— & OIAEDHEIT LTV D (Seeb et al., 2011; Sato
et al., 2014) .

BEREERHE HahEsikd, KianzZfbses
CEIZ X ) BRI R RSy — v RS STk
THbo Kilnz FIFIUIH W) ¥ 728, #ckiiz =
AEZEIEHZ W) Y IHRHEHICEERE NS (Fig 1;
i, 2001) . 2HEHEISEHB O A 7V CTHEKZ
WHIT 2 I L TKILE ACHIBRE L3 ®5Z LI
EY, "—a—-FROSFELE Ly -2 HAIKE
3BT ENTES,

SMECTEHE SN DA, BT A IR
GE 2 SAT-FIN F MR 2 & CTHEIMICHT ST
5DT, KREICHER®RZIT) OIZAVT WS, HAE
TlE, HAmERE S 2 7 HEf S 19994E 4121 U
D TRGE S L, BB 0 Z o B RIEC B L 72
(Fig. 2)o 20134EFITIE K D 51355 54 2 53000

Time scale (24 h)  ===p

| SN ST PR RN SO 'S I A /RN A VAT PR NN RN RN M IR

i

Temperature

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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ROV FHEADPEAEREKBL TRIRENL TS
(Tomida et al., 2013), KE , #FF2u T 7D5L
W Ch BAESANE A S, 20134F 123 db KP4k
TH26MERE (F09) by 7i213ER) OB aE#RaD
Bt & d7ze 20134E 12 BT 5 7 B AIEH ORI EUE
F50fE (B 7 idfslER) #oT, AMLErooll
WA D52% (4 1342%) (CEHAEBSTT S hiTw
Bl b, HABEFONNY — VST — 7 &8
&, ALRTFEW A EZES (NPAFC) OoH—%F
YRR V=TT TB Y (ilif, 2001), &
DS R S - AR A Oy — v %
W% 4 % —%v b (http//npafc.taglab.org/)
T - HETE %,

BRL MEOS R

SHED S HIZF THADSMES & D iR s iz
T e, IR AR L -B0E £ Tl
9% (Mayama and Ishida, 2003) L&*L, FD#
DB DOEERBICOVWTIEEVHH#TH > 72 —
i, R 2R E A BB AT T RO
DB LHGAATHIENUH L D MSN TV, &
FERKEMZRPNZINICER L, HEARZRY 74M b +
A=Y ZHCEET 5 & OIGEH A T TH A A% B
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WBL7ze FORE, FHR—227#IZIZ8 AL S11H1C
DT TH T P KEIZHA L, KEIME T 511H
HFAUE X ) KEEMABE 2 BGT 5 2 &b h o7
(Ueno, 1998) .

NSO MOBBNRBERNEIT o728 2 5,
19934F10A S A —Y 7 R EEC b — VI X 1 i
W N7 (CFHER 233 mm) 1279%%8 H A
REeHEESNL (Fig 3, Urawa et al., 2001), H#A
R T i OFEETILA P S — 7 R T
SN g CPHMEE 221 mm) T56%I2 4
L7225, 1110 TS T EH R O RT3 < i &
N7V rgif CFYARE 226 mm) TIR79%TH - 720

DEDREREDS, Fh— Z7ICIEHARY 725K
BIZOAMT DI EDbhotze BEbSHIZHT T
BB B T BH BT TORFEM T Lo sy
A2 D FrbI7z28, 11H LTS3 4 S
XN Ty (Ueno, 1998), db#EEDF F— 27
VR R AR RO 0 AR 7 st R —
T WACRET A Z LRI AES IR I N DY, K
SRR b A — 7 ENEET 50755
I B ZOREMIL, TOBROE AN X0 FH
SNzo KPFERREO MUY (BN ST F 3330
X0 Bk & 7 B R kAR % A e b v i B A R Rk A
A20024E KIS A A — v 7 i CHAREH S h 72 (Fig 4

Sea of Okhotsk
October 1993
n=441

Japan Sakhalin  Premorye  Amur N. Russia

North Pacific
November 1993
n=148

Sakhalin Amur N. Russia

Japan

Premorye

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)o & 512, 20124E10H 251184
WIZPTFTa Y 7T OMEZENA R —Y 7 lETITo 7%
AR A TIE, HAER I N T 7 211 258k
£E3h, 209 b1692E (79%) 1ZbiEE &AM 5

60N

1. Chitose Hatchery
2. Shizunai Hatchery
3. Ichani Hatchery

| 4. Sokolovsky Hatchery

5. Bereznykovsky Hatchery
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North Pacific Ocean
|
150E

= 1

140E

40N

160E

Fig. 4. Otolith-marked juvenile chum salmon found in
the Okhotsk Sea during September and October 2002.
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Okhotsk region
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LWEIR TdH - 72 (Chistyakova and Bugaev, 2013),
MR R O Bl EE, db#EE O+ &~ — 7 EREE
44k, WEMEERE262, 20 b LIHEEEELIR, 20
b LIVHEATRESCIE, HAMEARELI6R, A oK T
AR 8 B, HARWEEAER21Z2THY, LAERDTR
TOMIBMEEFEAT R — 2 7 E~BET 5 & & 2SR
SNz (HUIBARAEEEIC oW TIERE - Al (2015) %
ZH) . AR —Y 7B A EAERAOFRHEE
(R B E B ARk ) &, HusiEARREIC X
DRESELZ (Fig 5o ik, Ml Z & HERE
DR L7 FR M s G, ST HA
WERA DMK £ X, Y VB X OANK R
H2hE, +F—V 7LD bEVIBOSMEE LY
BUR S N7 i3 &R E 7 IS H - 72 (Fig. 5)o
C AU S HIAE AR\ 30T B BRI & R o5&
WE B2 &I, F R — Y ZHICHET 5120,
w7 & B B T &R CHEIR I AN 5 25 F)
LBz h b Lk,

FAR—Y 7L, WA IR Thy, £
ENRELSCHERZRBEHW TS v 7 b BT
T, BEML DR, YAOEBLETE L TGELTY
BEEZLND, MRPKIRREDEELZFTE
R—=Y T2 E D BT hho I r G, EERR

Hokkaido EP region
Hokkaido WP region

Hokkaido SJ region

Honshu SJ region

1.5 1.0 0.5 0.0
Recovery rate

\
Honshu Pacific region I——

210 230 250 270 290 310
Mean fork length (mm)

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: S], Sea of Japan. Bars indicate SD.
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WD T b LS NG, B, TVT7RYTT
P, FR—y 7HEUINIR=) VIO AT v
VA P EHGREANERICAEL T A 2 EPALN TN S
A%, T OHHETHARY 7 A HHRE S /-5ekd %
Vo

o HEAPEREL THOA R =Y ZWHIZELETTO
¥or ARG, #EAEmrz B L CORCEIRDBL, £
DEEHRHITE L KEVWERDbhS, 5%, 47
MR EN S F R =Y ZHEICE S T TO M ERE
5, W & ARRAA: A HUSBNIC IR D LB D b F
72, FER— BB LA %E o — LTk
THE=Y) VIR RAT, BN B R
W AH U O AR IR R R e L, HEEE
W O AT E R E L CREFEE) & OMREH S 2
2T B0END 5,

BE T DBEIGRT

T BAFHEE I TEORIILAEBRTTOES S
P MEHOB L WEREICH IR TEZ 255 DIZR
WThoto LAL, KETORKMIMAM B
AS19914F 7 A28 T L TReA W o fitifE i A 25T i & 22
D, KR L E LR T19934E12 1, 19964F 1
H, 19984E 2 HB X V20065 2 — 3 HD 4 [\iZh 7D
b — VI & B8 T B A G A A T b,

ZFORER, LN EN— ¥ ZHEC BT,
AERFEFEDBR S N KB AT 5 Z D - 720 K
FEEOVEIRIERIC 3 A (R 1 4) A4biid2
—45° DN BT T B OISR L, i
MO T T AN BIPT TILEEER 2 LD Lo RBMA
SR L Tz (Fig. 6)o

AR R O AL, AL O VEER RIS T4
T Ay A CEFYRIE230mm) D34-47%7¢
HAR EHE E N7z (Fig. 6; Urawa and Ueno, 1997,
1999; Urawa et al., 1997, 1998), T 3 7 RV St D
HE1343-59% E BV AS, ZTHEA R — Y 7B
KA 2 F vy HEERBENEICHA L Tnzay 7
RV TWaPE T L Tlboz/zdtE2 b b, —
75, AR E (179°W —180°) (2443 544 Rk
W (GEPRAERS 2 — 34E) 1T KERS (89%) a7
RGO L, 7T AHERE (144 148°W) 1245
g B0 R QREER 2 — 44) ORI
HAR19%, O 7%10%, 75 A H%35% HF 5%
19%, 7> ¥ MY RITREHESN, 7T AHETIE
T VT ALK DR A T M ARARTE R T B A
RBELTHRALTWSZ b o7 (Urawa et al.,
1997)0 %d, 77 AABERITIE, LKRT 7 AL
Vi, TYVTRYTHBMHICE Lo AiT AN H - 72
(Beacham et al., 2009b) .

ZWoH rgaEd T 0 IHEICEME T, R

Juvenile fish
February 1998 | 80
n=111

70N

Juvenile fish
60N January 1996
Ll Bering +
N Sea +
3
« +

Immature fish 60 a
J Immature fish
February 1998
n=127| January 1996

n=1 60"'?

aska BC WA

50N laska BC w:\f R I =

o : e

P ¢ °  [Da

+ o + +*

N + & (O 100 |
40 + * North Pacific Ocean o 10

| ! l i | 0

140E 160E 180 160W

140W

Fig. 6. CPUE distribution of young (ocean age 1, gray circles) and older (ocean age 24, 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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Eokiar (4 - 8T) W/AAi$T A &Iz & &4
HMLTWBEHEEEIN TS, FiZ, JLRFEEERD
W BT BRI R AKIRAT 4 -5 CTH
D, MOMEFELR L ILOBATHIRALIRIZ X 1 5
DHAFIEDFEIGI D ST VB, FRIIHL, T35
A A B TIEBATHE L7 KR AR A Y, Bk 4 72 sk
P HADPET o THRIFOBELLRT & 72 o> TW 2 LR
ENb, LHL, 11IHEFTAH A=Y Z7#TEE LY
TFHIRIZE 5T, T 7 AN BEOBEIZREHIG AT
HECTH Bo WA L7V Ao P IEE &3k
FERRFE S FTIRTLTB Y, HARAEFRTICEH,
NTwa B ENsb (Nomura et al., 2000) o

SHOMBEEL LT, LAWIBT2HARY Y i
Fiiihdh) OFIZFEM 2 AT IR R IR 2 R,
Z W D TR & BIRET) & OBRE R LD
Bo E72, IMBALIC X DB OBAEFIALED L HIZ
V7 b5 AETMT BT & D HREY,

FHORBRAERADT

BB 207 05Ai%E (CPUE) 2L
PEER & P TR, N—Y VB TIRBD TE V. 7
T AAETEY T OGAEEN LRI E DS, #EH
BRI B ETHICT I AHERE (145°W) T
b REIFEO 7 255k L T T HARIZ LT,
6 HIZ7 7 A A EVEHHR (165°W) ([CHARDHE T
HAONBZFTHS (Urawa et al., 2000), JLKFEE
DOVEES (165°E) & Wbk (180°) THE Wi =
Ny ridkEasia v 7RIET, AERRY 705D

|

Bering Sea

60N F

55N

LEEF 3 -18% LML, FDHMEED K,

SHREYIZ, X—=0) Y FETIRHARRY 7 D5 %HE
MO L ) BIEBHICE T o T B T EDEIEN
SRR L VR &N (Fig 7; Urawa et al., 2005,
2009) o HARDH ALY 7 & KREHSHBR=1) ¥ 7
MTHMENTVEDIIH L, JLRREAERMAIE
WRFEERE (77 AAE) 2% (Fig. 8; Urawa
et al., 2009). & 5I220064E A 5 20134E 2T THE
WCR=1) Y 7l TCHAROHFEMDPAT o 72E=5 ) ¥
AT, HARRHE AT 7 29360 AR E S Lz
A, SIS IFALRESSEE DLIC IR % < A L, Mk
EARTE BN BHRE 2 AT 2203 A SN h o 7z (AbiEE X
KEWFEFF M ERAE T — 2, KREEXF—%) —H,
IADLIOR T TT B EMNE (42-50°N, 145-
160°E) z RGO OM T35 Ka<cit, H
KEDT8% EHEEENT WS (Winans ef al., 1998) .

Doz ehs, BICRD EHARYF 0%
AR & RIBAAIITR—) ¥ FiECIb BT B LS
Nbo, TLT, FEIIEMIES 72l fid 7 HE L D IE
KENIANEF TRENZ G L, KB TE Rh oK
fUIKIEAS 5 — 6 CITIKF 3 21IHEHE TR—1Y ~
TR LTl &t 2 BT 21T, Z0BILKIEE
WERDT T AH B ~NBELADL- O T EHEEEIND
(Fig. 9; Urawa et al., 2009) o

H AR 1Z 19904 A F i D B KA AE » T lal i
B o/NE & i LA & 7228, ML B &
MRS 2 S H DR IO R L KT L2k 0%
{BgEsNTwAb (Kaeriyama, 1998). HAZRY 712
& o T, MWEEAEN 2 EHDBOBREMER—-) ¥ 7

oo N .
50N [ ]
North Pacific Ocean x 0
| | |
170E 175E 180 175W  170W  165W  160W  155W  150W  145W  140W

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: 1, 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 thelO-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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WS FELBAMRIC 25 EXOND, 0T, &
) &R - EiE U2 I 9 51213\ —1) ¥ 7
BT BMAVLHATH D, TOMHRIBVT, ¥
rIRBE OGS, FE, SRR, B, KRR
RN, SAEYRERRER EICHT A RMNE=S
V7 EERL, BARY S SMEOY FEAEHE O
HEBBRRPERNE N ZWHNICL T, BRLH T
R J#1E 7% i OHEE N IL T HLEDDH B,

BARY 7 OEEZR

o O BT B A B L B AR REERR B AR
B X OMEEAKROFHE(L R LIRS E, BARY 7
DO EEE FIVHHRE &Nz (Fig 10; A, 2000), =
DOEEETFTVICED E, HRRTFTZFIIHFEPLWEI
PFTIHEZBEL T, AF—Y2#ICAY, £ZT
Mok F THET 5o KROETIZEVILAICIZILRT
EABEHZHGBL, MR CTRNOBREEZIT) . B
AW RS (i) (iR L oRBIC LY D
LY ORAABHL, ZOBE T TIIN=Y ¥ 7~
tEd 5, KiREAZEET DL, ZOBBRIG
N=1) Y 7HOKERS LA TS 6 -7 HEHEES N
% (Fig. 9). Awf (BFEEE 1E) (IN—1) ¥ 7l
THRBEMLHMA L BT 5o KEFAMIETT 511
HiZhbE, WEER 1 FAZEORBEMIEIHTLT
EKFEREDOT 7 AABETHELT 5o RFMTN—
VU THEET S ANEOMETHIC X B % M
DL, REALZHAIET AEI YRR ¥ 7%
HEBLL, 9 —12H IS HAW RO BN EIR D 72 8 [l )i
T 5,

20004 AR & L CTHENE X /- Z o [l £ 7V I,

60N

Okhotsk

50N

40N

ZFOHOMETLE L R SN T ERO RN REE
HANRPEH AR LI Lo THFEN TS, H
AR ASREHERR S KIE L CRINCEIGE S 2 £ TO
WK F 0 A — P VIC R, 2D X ) ITHE
Ve KIS A WA IR TH 525, TOHEAD
—DEHr ORBERBELIAT T AABIRE SN
TWa7Hnd Lk, R bR E5HORBELT)
WX, AT E & AARRY 7 O L H
PR ED X ) BB EZ T D PBEIN5,

SROTHRE

HASRY 7 D€ 7 IOVICHE, FHEEA s
F 55 HOMFEREE Table 11CF L Oz, WTID
WA TG T O AR T X 53858, KRB X
HERREOEALE Y r DERROKTIARESH
5o

B, HARY 7 oG HIEHISENSEE T Gk
5, 2015), ZOJEKEIEFIEKRDEN & B LHEE
ENbo FDLYD, FHBONFERNE L OF A —
Y 7 WHRE) T B SRR O W AR BT 5
WRNEETH D, SMEB LD ARA G TR L 72
HAREE Y fE A ORI BT BRI, F
A=Y 7iE THE L -HAERAOREZ LR S
DHBIRNTH bo ARFTHALEY, FH—Y
J W CHRESINL-HAERADOT— 5 2o T, Hif
TEARBER R BB O W AR E 2 2 T & 5,

A DOBAINTD RE L WFEIRE B LHESINT
WAD, LK FETOMEMCLZE=SY) VT
I RBEOBBRCTHEEZ MO 5, BREAHDIET 1T/
BMIIEET S L DORFAIRIBEEN TS (Beamish

140E 160E 180

160W 140W 120W

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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