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Distribution, migration and spawning grounds of adult
walleye pollock Theragra chalcogramma in the coastal
waters of Hiyama Subprefecture, Hokkaido

Tatsuaki MaEDa*, Toyomi TaAkaHASHI*
and Toshikuni NakaTant*

Abstract

The coastal waters from Kudo to Otobe, Hiyama Subprefecture, is one of the spawning
grounds of walleye pollock Theragra chalcogramma in the northeast Japan Sea. In order to
elucidate their spawning behavior, the distribution of adults and eggs of walleye pollock and
the hydrographic condition were investigated during the spawning seasons of 1983 and 1984.
On the whole, both of temperature and salinity in this area in 1984 were low compared with
those of 1983. Such an annual change in the hydrographic condition reflects the behavior of
Tsushima Warm Current originated from Kuroshio. In both years, the temperature from the
surface to the middle water in the northern area (off Kudo) fluctuated widely in contrast to
that of the southern area from Otobe to Ainuma, where a large number of walleye pollock
were caught. The fish images from an echo-sounder and the depth profile of the temperature
showed that walleye pollock were distributed in the middle layer (160~260 m depth) from
the continental shelf to offshore ranging from 2° to 3.5°C. Judging from the distribution of
adults and eggs in early life stages, it is obvious that the spawning grounds of walleye pollock
in both years were formed on the continental shelf from Otobe to Ainuma (120~200 m
depth), though the annual change in the hydrographic condition was observed. It has been
believed that the spawners of walleye pollock migrate along the west coast of Hokkaido from
Musashi Bank in the northern Japan Sea. But the results in this paper suggest that the
adults of this species migrate from off the southern area of Okushiri Island to the continental
shelf (off Otobe~ Ainuma).
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Fig. 1. Annual change in catch of walleye pollock in Shiribeshi and Hiyama Subprefectures of
Hokkaido, east coast of Korea Peninsula, and east coast of South Korea.

PO =2 RRUTERILBREOBEZ L s TIAL AL A Ommastrephes sloanet pacificus 35
L U'H 7 7 + = R Oncorhynchus gorbuscha & I BEE R BMEBRFICL - T\ 5,

ZOBBOBRIIEBEDCENBLUILE RS+ — v 7 BER Y OKEREE L & OGEICHE
NTHICHEERRLGEN, BED, MO -EASY kL OB NEH 23T - e lEwT X 5 &
TG &, ') ORMBECBTAMEN LR LN B I T E R, ZDD, AR SHEIERE
¥, ENSRIOBEBESKE SV TREAHDOE T i~ TV 5,

EELIIBEARARBERRAS IV Ay v v 5 ENBRORERRAE ESF T
W, 1983k L1984 FOEM I AT TARS Y5 2 bt

ARILZOBIBORAE, EHD, A7 o F5L, BECIBAY 985 0RBEE
BLOBHOPBEMIL » TREIRI-A Y + v ¥ FEROEHFHAEER SRS T,
LR RiET 5 BB S MENE S X CEIPBE O TR L,

AHREETORY- T, RECERCHB I EGAXRETAERERRES 0P AHERS
Rxihd, ABEOHARLOCEEE Ry v v el BERHFEIMREOF 2L TEL
HALRL DT 2, i, BERABCY > TIRHLLE L VCASOh # KRR EC BN 2 E -
RH AN EEARLOE B EZTAOFHBAL ML, BLULVBBLETIRE T,

WHE LUSE

EENL1983 41 A 24 B AR EHREATTBEE 21 AN 4097 + v, 1984 £ 1 A6 HK L
VRF2 A 18 BRIFAREBRAATBE 3 EFH49.99 b v EFAL TR 2 IRLAT
Bohi,

REERGEINC 332 ARFHEECRIER & LTABABRI ARV Z 05, KEE

— 217 —



I K K E % #® 39(4), 1988

T AN -T-
C.Hogoshi T
!
!
4.
N\ V4
~N 4
QZ Q’/b 10"
C. Pon moshiri Q
A3 3\ Kumaishi
Al
345 /
! 6
A : ]
4 a2 /9°A5
N a3

42'N—
A8
°s OOto be
Japan Sea
40 50 CEsashi

Fig. 2. Location for hydrographic condition and sampling location for walleye pollock col-
lected by midwater long-line in the coastal waters of Hiyama Subprefecture, Hokkaido.
Hydrographic stations

A : January 24, 1983 @: January 6, 1984 ©: February 18, 1984
Walleye pollock (a):
No. 1-No. 5: January 24, 1983, No.6: February 18, 1984.
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Fig. 4. Relationship between vertical profile

of temperature (——°C) and salinity
(- - -%o) from the surface to 300m
depth and echogram of walleye pollock.

(A): off Kudo on January 24, 1983

(B): from Otobe to Kumaishi on Jan-
uary 24, 1983

(C): from Ainuma to Kudo on Janu-
ary 6, 1984

(D) : from Otobe to Kudo on Febru-
ary 18, 1984

(E): from Otobe to Kumaishi on Feb-

ruary 18, 1984.
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Table 1. Abundance (n/10 m®) of walleye pollock eggs obtained by horizontal tows with a
Norpac net at the surface in the coastal waters of Hiyama Subprefecture, Hokkaido

Stage
Date St. Total
I 11 I v v Others
1 09( 60) 7.9(523) 6.1(404) 02(L3) 0 15.1
2 | 06(222) 03(1L1) 12(445) 0.4( 148) 02(74)| 271
3 o 0 0 0.2(100 ) 0 0 0.2
«21211- 4] o 0 0 0 0 0 0
1983 | B | 75(180) 123(295) 7.3( 17.5) 13.3( 319) 09(21) 0.4( 10)| 417
6 | 50(10.1) 27.2(550) 100( 202) 6.7( 135) 0.2(0.4) 0.4( 08)| 495
7| 10(435) L1(478) 02( 87) 0 0 0 2.3
38| o 0 0.2(100) 0 0 0 0.2
1| 09(1l) 325(387) 478( 57.0) 27( 32) 0 0 83.9
2 | o 0 7(100) 0 0 07
Jan. | 3| o 03( 42.9) 03(429) 0 0 01(142)| 07
(15984 4 | 1417(549) 87.8( 340) 253( 98) 10( 04) 0 23(0.9)| 2581
5| 23(34.3) 04( 60) 03( 45 0 0 37(55.2)| 6.7
6 | 02067 o0 3(250) 0 0 07(583)| 12
1 9(57) 68.1(566) 395( 32.8) 28( 2.3) 15(L3) L5( 13)| 1203
2 8(30) 344(575) 20.3( 340) 14( 2.3) 1.4(23) 05(08)| 598
3 1(2 ) 579( 57.9) 36.1( 36.1) 15( 15) 18(L8) 0.6( 0.6)| 100.0
4 5(5 T(TL1) 175( 205) 04( 05) 11(13) 11(13)| 853
5 19.4( 7.8) 1806( 72.3) 468( 187) 20( 0.8) 05(0.2) 0.5( 0.2)| 249.8
Feb, | 6 | 02(200) 05(500) 03(300) 0 0 0 1.0
18 7] o 1(100) 0 0 0 0 1.1
1984 1 5 |1764(94.6) 53( 28) 29( 15) 05 (0.3) 0.7(04) 0.7( 0.4)| 1865
9 | 468(888) 41( 78) 12( 22) 03( 06 03(06) 0 59.7
10 | 765(959) L7( 21) 10( 13) 04( 05 0  02(02)| 798
11 |1251(854) 84( 57) 43( 29) 07( 05) 05(04) 75(51)| 1465
12 | 40.2(70.3) 132( 23.1) 30( 52) 0 04(0.7) 04(07)| 572
13 | 65.4(31.2) 97.6( 46.6) 43.7( 209) 15( 0.7) 13(0.6) 0 209.5

StageI : Fertilization ~blastula stage

Stage II : First gastrula stage~blastopore just before closing

Stage III : Completely closed blastopore~embryo reaching threefourths of the yolk cir-
cumference ’

Stage IV : Embryo reaching over three-fourths of the yolk clrcumference~embryo rea.chmg
full circle of the yolk circumference ‘

Stage V. : Embryo reaching over full circle of the yolk- clrcumference

Others  : Unfertilized and critical eggs. :
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 Ponmoshiri Fig. 5. Distribution of walleye pollock eggs
umaishi (n/10 m®) obtained by horizontal tows
with a Norpac net at the surface.

(A): January 24, 1983

(B): January 6, 1984

(C): February 18, 1984.

(B)
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2 YWY 2 b KBRS I - T B,

DL INOREEEREC L2 5MF0L0 EERE 1983 F 1 AR I U184 1 ADHEDL
F#FETH5 (F 1)

RRICL 2RBEE

BEOMBICL LR ARRK 4 IRT L 51, 19834 1 Bro i A& A Tk 150~180 m /&
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ZHBRMA TR 150~230 m BiFA <, LbBERE LCBLIhEL (K4B),
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Fig. 6. Distribution of walleye pollock eggs (n/10 m?) of 4 developmental stages obtained by
horizontal tows with a Norpac net at the surface on February 18, 1984.
(A): Stage I (B): Stage II (C): Stage III (D): Stage IV and V.

1984 £ 1 B3 ARG (St. 1~3) TIRZEA ERIGETEDS, By ) IPhg (St 4) (5
HOHBHRECB IO TRECBHCRD, To45HBE210~2600m BC 198341 Aickt
NTRLR (R4-C), 1984F2 12 19834FE1 A LB ERUHMEB Y L-THE L & (K4-D,
E) Thicks &, AFBEBHETE2~FCHELALLRS 100~130m BreEWREHNEELTW3
T Eigw, i, HBSLVCRBAESOMA TREFRRGHALA, FO5MBRREEL A
LD RRE200~230m B LT T, T, LA LEEMES CIENCELT 513 AR
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Fig. 7. Composition of body length and gonad maturation of walleye pollock in the coastal
waters of Hiyama Subprefecture, Hokkaido.
Gonad maturation stage
Male
Stage 10: Immature fish testes thread-like
Stage 20: Adult fish, but testes small
Stage 30 : Testes large, milk-white and opaque
Stage 40 : Ripe, testes large
Stage 50 : Spent fish, testes withered
Female
Stage 10 : Immature fish, ovaries still small
Stage 20 : Adult fish, but ovaries still small
Stage 30: Ovary large and opaque
Stage 40 : Ripe, eggs transparent, partly or all
. Stage 50 : Spent fish
G.I.: Gonadosomatic index, gonad weight x 100/body weight
L.I: Liver index, liver weight x 100/body weight.

— 224 —



BES: R IERI ARt o435

11 100~200 m B BRI AHL, BEMPEBI IS0 200~230m B O B <t T B,

DL 5, BESMERIKEDBNELSKAEVCILAIO A EGE THES, KENKEL
TS ZHLOHBCELEMUTHR Y, ¥, REAHTEIAMNOWE R EREIEL, BES
H OEFIRIE{TE TBETH - 1o,

Az

PRI hic Ay b v & 5 EATEEEN S L CRIERER B b oh B EERG
Lo T@HBIARLOT, BAREHSITI83ELFobS (K3-A) L1814E2H01
Ha (K 3-C) oit6tsEThB,

FRODOAEERIFT OB T, AEHAKIL29~52cm OEEICH BN, F—ETH ML
LoTHEVERRDLND, Thbhb, T FIiZ19834E1 it 36~0cm ik bh b0 L
T, 1984 F 2 A0Xhii40~42emThHH, KEAOHERIE ., ThboEEITT TR
T, HEHERWThOMETLHAERL, 725~944% % DT W5,

ARROBEBRIERMOERTH 510, il L b IZTEETD Stage 30 & EHRAED
Stage 40 DHBEAE, 1983 1 AITIZA Y + v & FIBELE <, 2 OEINEHE D Stage I I
BECZEMiGE L HBIHE CTHRE IR EARD Sample No. 5 36 X 08 No. 4 TR A T BB EE
Stage 40 DHBENEHM L T B, ZHIEX LT, Stage LIS A0 F.LIR» HE#R B IZoh T,
BN HEE A B 1coh T Sample No.3,No.2 kX 0¥ No. liehbhs L 5 (X 3,4), 5
1D Stage 30 DEIEAEML T B EHN D TR, EINBRE LR 27 Stage 50 D IR S o
HAZ AR TEL,

AEHEERRY (G £EHEER X100/4E) TEMERERARYREL THTRINORE
Stage 1 D 5 AFH S b fo SV Sample No. 4 8 L UNo. b DEACIXAEEE RN
(G.L) O FHEH 13 L L & fio S lb<TE,

I E RS (LL: FFEER X100/4E) 3O FEHE 2.36~345 THE0IER L, o+
X 350~421 THEL DEV, UL, ZhLDERRFEHOBEE DIk 3 EN o BES
KBELTWwaledh, FRUENESFESIW-EABRUGHECETsRA—BHO L0, #T
4.2~5.0, HED 4.9~5.51817 1z b~ TIHICEL,

—7%, BEABYWIGHE, A+7 (8838, 128, $av )=V ELHCHEELL, B
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HURERRAY  ToONHLEBEIZOVWCTRTET, SBROBEERTREETH 5,
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YR T 5 ENRRBE, GREAR, FRHAK, REOHWEINER X UVEBESEO N
BRREN D, E2EEARYENE»LERTERR X OHLRBEMNCE 2 E iy o, b3
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BRI EESOFETIX 13 EITIL Y +F 7 ~ 1 Sebastodes steindachners %2~ 7 # Sebas-
tes owston? {XH\ 25, Ry b v £S5 ORIGIIHE L, LHICBEE L 1960 F 1~2 BoBBANIE
HENTED THETH -, Lichi- T, REH#IZ 11 ALRBCIEEfR 0%  OEISI
KT HREXREZRANBIEHCRIHEE LRV EEL RS, ¥, ENELEMALERRD
BB CICET T2 EHETS AR RECHETL Z ERFEIRS, LaL, YK
TREFLEMOAEHRE L VENOZE»SEBESEEICE < B L, 1982 £k
(19824 11 A ~1983 4 3 A) kX 0 1983 FE MM O BRE XA BN I~ TZE B X OAE B
ﬁf?ﬁ’o 7':.0

BRBEZICL 3L (M), YHEROBRSHAER2~3C KEOLHB L IBIF—FHL, F0E<
VEBEFBAE 2 HREMA R BN 7o KR 1,000 m - BT AP DK 160~260m Db I LT
VB, ZOZERENECRMSMED LR B-RBELIhikBAABORTS 5 (B
), %2 7, REMABSOEIRS, RHL U TER 528K SEIERO ERED
2, FRIZEM EOERBIAMT5Z L LB SR Y RLT W5, Zhidfbodscit
ERBCERBEEHL CREXY LTV 20H L, YEEAHBEMRLHERE S5 28
B EDERM L r 5Ty B2,

i, BEOKFWSMER S EMERERRY, Bl OEASOERG ESRETD
Stage 30 35 X O'EIPH D Stage 50 DHLRAE <, BB V-OZEWH HEBHESOFEBENEY S -1
Stage 40 235 \VEA L IIHBHTH 5,

LEDRR2 S 1982 I (1982411 A ~19834E 3 A) 35 L 001983 £ i (1983 4F
11 A~1984 £ 3 ) MR - TH % &, Bigisod BB 2 HEEMID ISk 5 THEM A T
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<, TLLTREEHEM S LM~ HEBOEMREICH - THTTV 5 2~35C K%l - T
E0OENEL, ERMEORBWCH - TEEMIMLS X OB EOEB TEINL, ENSEEN
Bo#Tsbot#EEIRS,

HABILE Ay + v &5 BHOSHEECETIMAEL 2% &, @ AERBRE? N
1931 £E 2 1> 1936 4F ¥ T EIEE R CTHEME L A KBIERER KM & % &, 223 BEH IR EM 2
CEIEFLRTER I LTS, LL, o 13 Bt E RIS (9B) KL UHEE 4 B)
THREIRTV2, ¥, RI8WRT X i, RO 4~6 A Um0 mEHHRMAET
~RAEMCAT P XS HBEIRTGS I LD, GIREELSETBREMNESD 4~6 Froit
BREFIBEARVBVD, RYBOLHBEICEABLSA/L VB2 L%, 6K, 7T~8 HIKIZA
KEPRFO0m BLURBICEES DAY P 9 A ITHREB LT WA &0 ERHEEIR TV,

DEomAESEIELALERYBIETS L, BRER, RENSIVCEADROZEINET
ERER2cABRO—#E, ZLLThBERZCELN, o TABISEEN\o &
POER T 7V vHSEGS ARBOBEFKRCEE TS EAEZLRL, LichsT,
BRI B REERE DR EIELEFE L ARNBEEL TV A AESNME, EHBEOR
BIC o THRFVOENBCEHETHLO LTINS, e, RIS OERFIIDABEE
FHKErOEETDHZ LNHEIRLZ 0D, B—RHOFTHOENBICENTHgERE

Fig. 8. Horizontal distribution of walleye pollock in Japan Sea. Cold water front was
observed by NOAA-7 AVHRR infrared image on October 27, 1982.
(A): from Ishigaki (1960)
(B) : from Ogata (1979)
(C): from Tanaka (1983).
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