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Distribution and Migration of Chum Salmon in the Okhotsk Sea,

with Special Reference to Immature Fish*

Seikichi MrsHIMA**

Abstract

Based upon the results obtained by surveys of the R/V Oyashio Maru of the
Japanese Government, the T/S Hokusei Mary of Hokkaido University, and the R/V
No. 5 Kosho Maru of the Japanese Government, from 1959 till 1969, this work
has dealt with the distribution and migration of chum salmon, particularly those
of immature fish.

In this work, the mature fish are regarded as individuals which would have
spawned in the year of their capture, and immature fish as those which have
spent one winter or so at sea. The separation between immature and mature fish
is made after the criterions proposed by Godfrey (1961) and Takagi (1961) in
terms of gonad weight.

The results obtained are summarized as follows;

(1) Both immature and mature chum salmon begin to migrate into the Okhotsk
Sea from May with fish of other salmonid species. In the early season, immature
chum salmon distribute in the southwestern part of Kamchatska, and then dis-
tribute widely along the extent of the Pacific Waters flowing into the Okhotsk
Sea through the Kurile Straits. The older fish prevailingly migrate in the early
summer migratory season and the younger fish in the late season. In September,
immature chum distribute sparsely in the northwestern part of the sea, whereas
they distribute densely on the west coast off Kamchatska. It appears that the
phenomenon reflects the removal of immature fish from the northern part
southwardly as the cooling of surface water occurs.

(2) Immature chum salmon consist of four age groups, from 2 to 5 year-old fish.
Two-year-old fish are almost immature individuals. No immature fish are found
in the 6 year-old group. The female fish outnumber the male in the 4 and 5
year-old groups, whereas the male surpass the female in number in the 2 and
3 year-old ones.

(3) Immature fish are relatively abundant in the water of which salinity is
32.60%, or higher at the 10 m layer, though this is obscure from August through
September.

(4) Four year-old fish are always dominant every year. Immature 3 and 4 year
-old fish increase gradually with the lapse of season from the middle of August.

* AEVEREASEK B LK BRI Ha R SR 39 B
(Contribution No. 39 from the Research Institute of North Pacific Fisheries, Faculty
of Fisheries, Hokkaido University)

o RMEIER K ALK B R S i
(Research Institute of North Pacific Fisheries, Hokkaido University)
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The proportion of 3 and 4 year-old immature fish to the total catch seems to
have decreased relatively since 1959. This was particularly apparent in 1969.
(5) The mean fork length does not differ between immature and mature 2 year-
old fish, while it is different in 3 and 4 year-old fish. The immature 3 and 4
year-old fish are always smaller in length than the mature fish.

(6) The relationship between the abundance of immature chum in “N” year (X)
and that of mature fish in “N4-1” year (Y) is shown as an equation of a regres-
gion line, such as; Y=0.12X4-0.08 (r=0.73).

# B

T h=NFH, ARV IR, BALRIEOLn YA, TRISOHEREZETS AL
DY B v~V ZBICREMNT 5. CRsOAFHRMERICLY, 50 IERRTE -
ThREORH2RicT 308, BATERERL ORI 150°ELEDNHY 57 & & FEHRic
WHRL, kT30, tbEREETIED, HBICERWETZL0, H3VEBHARSVTESE
BEIBZLDOREND B, N2V, BT T MR, ¥ryrEOREERITZEOEEINENT AR
HATH50HL, vu¥yTidzOEERCEME TSRO TREREER, 35k
HEERED RRAVRAL & L CREIN, Th— YIS RTredrORAEMEES
L EMTE B,

WEEAMT 53y - v 2O - KA DVTIE, BH, BEOY, BA® © Godfrey® »2h
FRAREZEEERL, SRERED oA, RRARHEL, FH, Bk HH? 3FEcLHEED
FRERFAEER e iR U, AGRER, ABEREK Y 2 BA, RUAD HEEEIC OV TON,
Nishiyama et al.® (225 DHIERESEI S ET3%, 77 1 — VAR BT 3RBAR DV THSE
LT 3,

UL, Ah—~7 2HRICET BRGEHRERID 0, EHIZ19694E6 Bk b 10 A LAKESFHE
BEEREEE U, 1959 FLEOHTERS X CHIFEEREMOER 2 v, F&— v slgcikEs
g3 e Y r ORBAIVTREEMA, MAZEIZOTHRET 2,

AT D, EHIEEOBREE L SIS % 0 10 oAt ER ESdRie L TIEEORE R
%‘?—60

REBLUHE

1959 ERIE (1961 F25R< ) OB RFKEFTHEMILEIN, 1968 4, 1969 FEDBIFKFER
EWMBREEEILE X ERIALORERBRL R ARIEEES® 2 v, ERIIKRA, RBRARK
SrUTZe BARL - REEAL Godirey® O¥IEEIECHL- 1043, 1969 F3HAD OHEHKER b F i
L 12o Grodfrey 38 X INEARDRBABERL RS Table 1 it77T, AEEEZFHHUIBEOKRY Y
I2EEIC X > TRz o172 (Table 2),

Table 1. Criteria for distinguishing differences of sex, age and season between
immature and mature fish in chum salmon

MAY JUNE JULY
SEX
late early middle late early middle late
Female =10g <15¢g <1sg <20g <25g <25g <25¢g
Male <lg < 2 <3 <3 <3 < 5g < bg

(Takagi, 1961)
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Immature Mature
Sex Age

MI G.wW MI. G.w
3 <1.0 <15g >1.0 >15g
Female 4 <1.0 <20g >1.0 >20g
3 <0.1 < 2g >0.1 > 2
Male 4 <0.1 < 2g >0.1 > 2g
(Godfrey, 1961) M.I... .-Maturity index, G.W.....Gonad weight

Table 2. Mesh sizes of the experimental nets used for sampling

~ .. Mesh sizes
e (mm) 112 115 121

Year ~—

59
/60
762
/63
/64
/65
/66
/67
/68
/69

1 00® |
1 00000000

|

HERELUHR

R DNTRNBHIC, * ki~ 2RI 5003 r DRBED 24 — L 2DV TO~3S° Fig.
1121969 EED % & — v S URITIS T 2B A T REHOERIMRT D 543, 5 FERI, 6 ATaL Y
BRZ DREBHIIEDU 8 B TALRIRD bhizi . 445412, 5L b BOIZEL 2T, 8
A EAUERED 2T, 6 BhaLlERklmes 5 3 Ganke 3, 4EADOBMMERI SN
T, 2HFAVHIALIEYD, 9 ATH, 10 LA, 3 E/AL 2ER/BHITORRS 2 5D 2z
b, R X b EREORTET 5,04 ~ U LA TREARREL, EEALB 2 HET 2 HAaY

Table 3. Age composition (%) of catch of chum salmon in July in recent years

Years Age
ear
2 3 4 5 6

59 6,3 12,2 8.2 3.3 0
760 0 14,5 58 4 27,1 0
162 0 4.2 45,3 98 0.7
764 0 36,2 490 14,8 0
/65 0 5,0 92.3 2.7 0
/66 0 14.9 53,6 31,5 0
/67 0.3 19,4 62,8 16,5 1.0
/68 0 19,2 66,0 147 0,1
769 0 22,6 70,4 7.0 0

* No data were available in 1961 and 1963
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REINTV 3, 50°~55° N, 150° E ADUERIC 1T 3 7 B DERKER 2 R EMicF 7T Table
3DML ThH 5%, 2HEADEEI/Y TEL, 3EULOERBEL Fick Y BTSRRI,

Lhid, BRHAHORY, WHROMM, HHCE 3ABOREERS SR E 2D THEH LEL
b5, FIRHOTIICMED FEFMOHTNIL, 3 FRIIBREOED 3EI8NEL, AEATILE
BARABID 9 A TA%G 2 #MNE. 5 EATIRMED 5D 35E1 60 9% DL ETHEINOERM2RL
Txbh, FEAIYESELBRAEIVEDOED 2HEMHE T LHED bh 3 (Fig. 2).

%)
100+

50 -

JUNE JULY AUG. SEPT.

21 300 ,4-E253, 5 -
Fig. 1. Seasonalichanges of age compositionTof ehumYsalmon #1969 =7+

(%)]
901

701 -
o-=-0" 4

] —— \ .

50—.-“...... ..................::;.<......;'”‘,\......... ere
[/ e

7/
4
301 N 7
N/
A\ ]
104
(o] ="
M L EML EMLEML
JUNE JULY AUG. SEPT.

Fig. 2. Seasonal changes of sex ratio (percentage of female) of chum salmon, 1969

1. F4iEmRE Z0HBR

KA LHEINII o3 DERIR 2 FADL S SEAMIIT 6N, 6 FERIITNTRATD 5,
T 2 FRDFPBALIRRATH 5, Pt 25g, HTI100gU LOLEFHEERZ LD ETRE
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Do, 7 Bitisl) 3 RBADHABEREMICAH B & (Table 4) 2 F£ERDOHBIIBH TH/2<, 3
FEHTIE, 66 T TIX 30% LLERRUTW 3, 67 ELBRIIET RS D b, #iC 69 4£Ti 10
% LT EiEoTWV 3, 4 SFRDEBIE KXV, 69EDHFERIT 1% UT2RLTEH, 3, 44
ALLELERTHS, i, 69 4ED 6 BMEER ZVEBRAARDERBTH 122 2, R
HEEORL DT B RBLIC LRI ZbDEHEEIN S,

Table 4. Yearly changes of occurrence in percent of immature chum salmon
in July in the Okhotsk Sea
\\ Age
Year ‘ \\\
59 100
60

762 -—
764 _—

o =3

/65
/66
767 100
68 —
169 -

=2 02 OO N
SRGP A SO B
o ©

= et BD
X OO Lo ™30

o]
[t

SUBO 00 =X 00 O i O W~
© Ui O MO Y GRS OO
COoOmMROOWMO

>

Mean 100 31, 92 1,22

2. S5 LTEE

Fig. 312 1969 &M 6 Ais X0 7 HiT i3} 5 3E L0 4 ERBAD 100 K4 b OREREZFL
120 6 AD 3 FEADRBBRITIEL 4 ALV, 7 Bitid, 53° N LAED155° E DA ER IS HHE L,

55°N
JUNE
10-30
1 ¢ ) 54°
9 og (1) F53°
0.
6 .g
1 *0 00 % o9 F52°
0 ®*0
e O 53°¢ o
100 o)
20 [«}
. *9 -51°
i ]
J ’ ﬁ
50"
T T B . —r B T T T T T T
153° 155° 157° 153° 155° 157°

Fig. 3. Spatial distribution of immature chum salmon catch per 100 fans of net in
June and July, 1969
above....3 year-old, below....4 year-old
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IRREFYIIBDIV, $726 B izl 3 ERADEEMNSED b 5, Fig. 413, 1959 s X 8
1962 4¢ 7 ADILEAARERZ R LIZE DT H 503, BHLHEDA L b FhiAiC 3 TEL A6
U, 10m Bizisi} 2 Z DD 32.60 % DL EDEAKE & ORISR IN, KFEERKOBEHOHEE
& DEFEEDSBAL,

o e g -
. R ‘Q,}.
(0) By
) i (o8 . D, .
. » 2 - 55
a5 o . 30
Y- ST 50 1o
o(28)  Rg 49
=%, \
.\)' L =
N o\.,
* a3 $280) ~ i
o(9) ) (9)®
C (e %"
1 L %8 . —50°
£ ’I !
14
L 4 i
Kd ’ \ N
~/. ‘ 8
f ]
L [
0 / | v
LN\ A a5°
' ¥ [ ] L] I 1 ¥ L] T I T T T T ' T T T L o
140° 150° 160

Fig. 4. Spatial distribution of immature chum salmon catch per 100 tans of net in July,
1959 and 1962
parenthesized. . . .1959.

8 A (°69) 2P REWAIROEEHI LV, THL, Fh—V I, 7 A~ LORBERTERRADS
TidiA bh Bz b FEE RS B (Fig. 5)o 9 A (69) FAILAETIE, MEREAMSICIIRBRAIRS
S5NT, Ta~l, Tx—V7EBNTH EOHEERTHSA LD ON, Th LA HENE L HER
LT3 (Fig. 6) ZHIZ8BRE~2 2 LT, X8~V SUEROBEAHIIES 3 12 DREANE
WHCBEILI L b EA G555, WEEOEHC L VAR L ZE R 600,

o u Y O & 2 OFFHRC OV T, BOEIRIZES & ORGSR, KEERKEDHE
BRI >THRBAVET S L5 TH 3,
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26 3° '
e 16, -
0.2
. 5 -55°
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o
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Igo
& 9 e44
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7
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Fig. 5. Spatial distribution of immature chum salmon catch per 100 fans of net in
August, 1969
above. ...3 year-old, below....4 year-old

7 B (1963~65) iz 331} 2 RARANE L RE, HAHDORBR% Fig. 7R, EHITHL»ZCTEL,
KR & ORERIZA & B S hizgs, HS TR 32.60% S EDKEICBEDENEANE. LHLE
23588, 98 (-69) Tk 7 BOBEMIZE > TUW 333 30.00% 3% 31.10% B DOKEICIWTS,
DI b ENRENA LR XSy, HA L OBERSTHELE 25 (Fig. 8)s LDRFIXFELT &
~ VTR L OF k~ Y 2IBRBOTALN DY, REMLERE & e l, BEAED
BB% 5 A AEEITIER L bITUIRRADEERFTIDEA BN B,

PEDX 5z ngr READHHEERFRALITHZ L bicT s itk by, 8 B TIAFEHE
RAEOHEE L BECEEEZET 3, REAN BB TRERSHI LV BRERE~BE
T5 é@tﬂﬁéﬂf:o

3. REAHBRRORERAEL
69 D 3 {FfIs L U 4 EADERRAHEAR (%) 2 Fig. 9 57T A ZEAD O, B it Godfrey® @
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—550
-50°
L
S\ 2 45°
l T T LA l T T T T | L T T T I L T T
140° 150° 160°

Fig. 6. Spatial distribution of immature chum salmon catch per 100 fans of net
in September, 1969 ‘
above. ...2 year-old, middle. ...3 year-old, below. .. .4 year old

FKAHEEREC L 2 8 DTH 5, WIh EHOEL ik DR TRFADOEIMER B S PR S
NTW 5, Grodfrey? 12X 5 9 BHAOD 3 M3 X U Godfrey®, HAD ik 3 8 ATHD 4 F£ATH
BREBETLTVL 32, CHIRFADSEXEEEROEEZ AR LIZIIDTH 555, AR
Db DZERINT SAPALIEIEZED CLICHMBYNEE 5, 2448, SEAICOVTIRERLEN
2%, 5 HEADRBAHBERIIEL 1B LT TH 5, T2 2 EATRZORER 9 B TFaAKERLT
BhH, 2097 % IRBRATED LTV 3,

Fg. 1014 3, 4 FAD Y v v r OB L RBADHEEOBERZ =T DT, FERROBE & RK
ROBRERLL I, 3HEATIR 7 AhicRkbBESEL 2h, D&, THERE 25, KEA
DORBERIEOEL T ONTLER LTV 3, 4 FAOHREDL 3 E/ARKET AbParr—~2 L LTHRE
BREXT 545, KIRAODRER 6 A TALBREL ZRL, AEOEMRIZIEHTLTOI AL
h 3, ’ :
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o * 25 16
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. 15 e27
|
o $ des o %24 %
-~ 2l 116 20 "
(&) «0 ° = » 28
* ., o 34
o, | 30 76
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ETT o 1 36 %
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6 1 36 3p 64
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a 140
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Fig. 7. Relation between the catch of immature chum salmon per 100 tuns of net and
temperature and salinity at the 10 m layer in July, 1963-1965

]
134 "8,
agss
121
.30.20 |.2 E
-~ 3
Q 36 b
ot ° a4 ®
Y [ ]
w
S ° gt
104 H
: ;0 3 19 4 ~|3. 32
E' 3108 L * 6 16 ‘o
& |2 . * w3p 023
x 91 ® * 1 x4
= PR | e o2 2
3 10
84 *
25
s &
7 4 ® AUG.
# .SEPT. *
19
6 -T Y Y ¥ v Y T T —r g T - p— v T
3.3 320 325 33.0

SALINITY (%o)
Fig. 8. Relation between the catch of immature chum salmon per 100 tans of net
and temperature and salinity at the 10 m layer in August-September, 1969
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100+

Number of immature ln total (%)

JUNE JULY AUG. SEPT.

Fig. 9. Seasonal changes of occurrence of 3 and 4 year-old immature chum salmon
(%) in 1969
(A)....Takagi’s criteria, (B)....Godfrey’s criteria

Table 5 i Grodfrey® OYEREI b &I ESR T AU IBRBORBADEH G %, FBRER
L ERBREREE R LU TRUNY, BROCELIFEAYRESERIT,

4. £YITES

1) ESLCHRER

2 EEADIE & A EIRERRATD 525 Fig. 11 12 69 4 9 A T ~10 Aciilis nr 2 FRDHEK
EHEOMR BN ER LI, WIEh b B X 3ERIZED Shi, Fig 12 133 F/R0O
Bk, RRAOEBMROBMNELERUIN, BHOEL I ONTAEORENRED SN 5. L
P LURRARBAICHL TZ2OEET ~ FREMIVWHIRES, Thid 66 FO 4 FROHEI L
BH 55T dH 5 (Fig. 13),

2) &RRER

ERERERD hRicd o T L BHOEB 0T 2,

8 B LAnci 3 EAHTIE, 2g 2 & 120~140 g 55T 2 DOEISTIN, 2g 2 RLMEHEML,
100 g DL EDMEGIZ 8 ATAICIRARL, SATARIR 2g= WI AL &3 (Fig. 1),
Bz o T b #E L BRI ASEY Bh B ((Fig. 15),
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18, -
J — 1-cs100 TAN (3) -
R P
14 ==- M+i1=C/10 TAN
] 8-
104
] 3 F.27
J = 61 " M40
6 i
o . F.457
1 W4l X* M.463
21 . .
’ v
c T T 1 L} L] L) L] T T L 2
5—
o} —
4- — 1=C/100 TAN 50 FLem
~—-M+1=C/TAN 81
P Eaaa g ¢ o
31 Pid \ > :\‘ /] ﬁ‘
g 61 ] \ Ne F27
u H | M.40
21 o ' '
wel 1 F.134}
& ! M.1353
H '
4 2- r’
VPR S
b Ty, ; b
Ay
M L EMLEMTLTEHWML F L A — V-
JUNE JuLy AUG. SEPT. 10 15 20 B.W(KG)
Fig. 10. Relation between the C.P.U.E. Fig. 11. Frequency distribution of fork

length and body weight of 2 year-old chum

of immature and maturing chum salmon of
salmon in September, 1969

3 and 4 year-olds, 1969
I=Immature, M+I=Mature and Immature

Table 5. Percentage of immature chum salmon in the Okhotsk
Sea, according to Godfrey’s (1961) criteria

Female Male
G.W MI GwW MI
June 2.5 . 2.5 0.4 0
July 2.5 2.8 1.9 1.5
Aug. 179 18,2 21,0 18,5
Sept. 88 4 89,5 79.8 81 4

* G.W. ....Gonad weight, M.I. ... .Maturity index

— 220 —



1970] =& 4k~ 7HO Y Y SEICRERADSTHEE

20+ ’ﬁ
JUNE /4
s
101 S o
’ LU
- ! o
o f R
o] —-v*c—vél-;\v./—v-—|¢L h \\
Py T
40+
J JuLy "
K X
20+ .!_r -
- ,".‘"" \'\
:' .
o M

FREQUENCY

AUG.

FORK LENGTH (cm)
Fig. 12. Seasonal changes of forl length distribution of 3 year-old chum salmon, 1969

5. RféRAfe oRBIER

Fig. 16 i3 1959 4ELME (196L4E%FR<) DES % T A LI AL KRRAD 7 BICB1 5l e xf
HUi1ze 50°~55° N, 155° E DIEOBRICI 2HREERNCE 53D TH 5, F 0~V S HICKE
ST BERRAL, 7OEOLRBUBEFISIBRCHEAL LU TERT 5 & OMBRIc T, Rk
e BEORAE ORI, ZOBECEOHBEND 3ETH 3, 1962 FLIRDTE DBFRIC OV
T, POEERERNTEDINS EEAREL, Y=012X +0.08 {r =0.73) 25/ (Fig. 17).
K BEORADBEDCRZE LS VRBL TV RO 5N 3, ey 7Y 7Ok, #
M, WRORY, AREEHORE FRRAOHK—E2ERTNITEICHENEE S O LIS
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(%)
20+
1 <e= MATURE <54, 60N6L
= IMMATURE x«57,1(N-200
FEMALE
Polea
IO-< ’ LY
A
4 N \
4 \\
[
: S
l’ “
/"‘ 1
t.\
o L L L N K] CEEC Y

~—= MATURE  s55,70N=70D
- IMMATURE ¥=58,5(N=157)

FORK LENGTH (CM)
Fig. 13. TFrequency distribution of fork length of 4 year-old chum salmon, 1966

nay, ZOFMEOEMD b ZDEOKRFAL HFEORAPEELPHEAT 2 LR3WRHRIZ LS TH
%55,

-] ]

7 5 2 AT Godfrey® 31772 - 123 Tid 3 EHED 8096, 3 4FMED 9096 SRBATHBELT
WBH, TR~V HUTIE Table 4 iR 6N B &L, 1965 LELIATIZ 42~66 %6 % HH Tz,

1966 4ELIEZ OB REBOER 2 U > T 3, 3 FADHEA 115, 121m /m BA4cH~T 112m/m
BETOBRBRRAL VHEE, FEONIVREARZLOIECERL, #ENT3LBALN B,

*68. ’69 FETIIAWMLW P2 RUTH b, FHl, VWHROHMREHZLLTE, 77208tk 3
va$y LT, RRAOERDILENT EWHHNTH %, 2128 A~ 10 ByAicE HRT
3 2EADOHICRALHEIShAERRPEIOLOLED LN, Th~V 28, vutrigt-T
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0] Ne60 l 7 (M
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§ 1 P | Ly ll I 1.
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<l] "l 1
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101 |
.-s--z-o-- T 5‘0 ”"."60" '2w'l'5®

GONAD WEIGHT (g}

Fig. 14. Seasonal changes of gonad weight of the male of 3 year-old chum salmon,
- 1969

RERTHB LV BOAMIIROINTVRENE, REBBEDOFCY 3B 2 HeTEALY
Uiz s s 0 EETH 35,

EIRER, FCRED 2g = MRRAL DHEEREE 3h 5 BOBEBICEY 2REHEBK S (R
BAHROEE2ELAT 5L bEA LN, LORFOERNLIERELSELING,

= #

1) Fh~VrHCREMRT ey, BICRBRADHHREREICDOWT, 1969 EORE %
HEUTREU I, RRADHELMEIL Godfrey® D b D% LS, 1969 LEidFAY OEHEE b At
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201
4 T(M;
10 N=59 ™M)
Tl 4 .llngxn..;
201 8(£)
SN
> ) l L I':’n I I l 14 . 1
2 301
g -
320: N=z149 8 (M)
T 04 l
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111, oy
201
o] I Nea? 8 (L)
4] PTIN  ET I E T s
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i 1 . 1 L 1
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0 | l Nz42
0 —
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GONAD WEIGHT (g)
Fig. 15. Seasonal changes of gonad weight of the female of 3 year-old chum salmon, 1969

M
104 104

— IMMATURE
~-- MATURE

84084

w 606-

89 60 61 b2 63 64 65 66 67 68 B9
Fig. 16. Relation between immature and maturing fish in the catch of chum salmon
per unit effort, 1959-1969
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5

CPUE.(IMMATURE)

i 234 5678 9
C.PUE.(MATURE)

Fig. 17. Relation between the C.P.U.E. (catch/fan) of immature chum salmon in N year
and that of maturing fish in N+41 year from 1962 till July, 1969
Y=0.12X40.08 (r=0.73)

2) A k— v IUHCRET B v ey ZRGCRABIIEEANL L, 8 B RaUBRREEALGLEH
B 5, KEMHDOERKID 4 FRTH 3,

3) TuBrORHIEERTRENSE, FEARENGS .

4) REEAROESHEBIT 2~5 £TH 3, 6 FRKKFARED b, T, 2 FRADELA
EVRBATH D, REALLTOESNFIR 3 /AL 4 FRAOBEEIE,

5) Rl e KET ARBEADHRIAFERKFOHERCHEBNTH Y, 7, 8, 9 BRI
DOFFIIEKRT %, 10 m GOHES; 32.60 % HLEDKBANTHMEEDFE. HiL 8 BLUBIZZD
SR bh T 3,

6) 3,4 AT, 6 APMEE, KFADOHBIIREHOER >N THEMT 5,

2 Ef3 9 ABOHBISEET, LY 2HAREL AT 5,

7) WEEOBHOKET S 9 ARIEEHEORBAOBEIHEL 20, FHRHF OBELHE
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