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Recent distribution and annual change of adult walleye pollock Gadus chalcogrammus in the pre-spawning season
near the Pacific coast of southwestern Hokkaido

Takasat MUTOH* and Osamu SHIDA'
' Hakodate Fisheries Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040—0051, Japan

We examined the distribution of adult walleye pollock Gadus chalcogrammus, on the Pacific coast of southwestern
Hokkaido using acoustic surveys with a quantitative echo sounder in the pre-spawning season of November from 2008 to
2017. The surveys revealed changes in the abundance and distribution area of adult fish. A high-density area was located
around the spawning ground, and it expanded and reduced depending on changes in fish abundance. In particular, the decrease

in fish abundance in the Oshima area was considerable, and water temperature and a feature of the sea bottom topography

likely affected these changes in the pollock distribution.
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Fig.1 Interannual changes in walleye pollock catches by the
commercial fisheries in the Pacific coast of
southwestern Hokkaido from 1985 to 2017.
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Fig.2 Interannual changes in the percentage of walleye
pollock catches by gill net fisheries in the Oshima,
Iburi, and Hidaka areas from 1985 to 2017.

121330% % Fll5 720 ZAUZH L CHEBEMIE, 20114
FEF TLXITIZS% LUT THERE L T 7eahs, L3
R &> THY, 20144EFI121210% %, 20174E =121
20% % kal- 72 (Fig.2)o

A b F T, 19TAEED S GIHFH IO W TH
SESNDEWENHA R (ABC) % b & IZifJENRE
& (TAC) DED LN TW 5D, fil LHEHZETIX, 2009
20104E B D Fp I = ASTACHEE 0\ 20 L, $33E
Wi 2 BN ) B 7 GERIHFE RGNS ) . S 512
200945 & U20104F LI HRSERMG H O ) TIF R A
BoRIBR, HIH I EER DSTACO & 1% 5 & Tl
ENHGEORBBHIE G2 ORBEIGE 2 &, BEELR

ITEAAME D EEE IR E TN 2B T I L o
720 Yo T, ZOWHROEHERZRFRNICHD L 720
120, AR HAEEDIN O HidE e SRR D ZE kI D v
THRT L L LD, ZNHIEEL 5 2 5 BRIZON
THRERDDL Z EDLETH D,
WRIACERRE TlE, 19984E0 5 27 b7 &5 I
AR E LT, BREOSMIRRR RitER 7 &2 BB 5
C L& HWICETR AT (DIRE, St ik L ng5)
XD EHGFREPERE N TS, 20084EF F TO
ARG RS, R AR A O SRt R L 2 2
b2 L, BEEODHICLELEHNH), bl
WBHERENPRKERFELZHEZTCWL I, ZOHERICE
F2AT N8 T RO MRS EIROEI AR
DIFIEIZ 7 5 2 EDHE SN T 5 (B, 2011 ; Shida
etal, 2014), ZZ T, AW TIL, 20084 LLEIC SEHE
ENHFEEFRAE RS, EINERONFICBY
B A0 by T EINROSAIRI R ST L, T DR L
WS &L OBIRICOWTHET L, 2o H8 sy ic
5.2 DI oOnTERE 72,

ARKR VA E
STEAREEAVWALETEERRE wERIHAL &

AR MRS B L 7o A e (Fig.3) 128\ C, 2008
EFED H20174E 5 F C, B8 A A W oA s K

43N

< Iburi

v

1

I .
: Tomakomai
I

42N \

Oshima \S

i g

~

Hidaka

Cape Erimo

.'. L= hd
00m 200m b

Hakodate

141E

142°E 143°E

Fig.3 Survey area, acoustic survey transect lines, and the CTD stations.
The capital letters indicate acoustic survey lines, and the lower-case letters indicate observation points. Bold dotted lines show the

borders of the Oshima, Iburi and Hidaka areas.
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Table 1 Summary of acoustic surveys in this study.
Year Survey date Transect lines Vessel
2008 Nov. 17-26 A-T Kinsei-maru
2009 Nov. 30-Dec. 3 A-T Kinsei-maru
2010 Nov. 24-27 A-T Kinsei-maru
2011 Nov. 25-30 A-T Kinsei-maru
2012 Nov. 26-Dec. 2 A-T Kinsei-maru
2013 Nov. 20-24 B-T Kinsei-maru
2014 Nov. 18-23 A-T Kinsei-maru
2015 Nov. 17-22 A-T Kinsei-maru, Hokushin-maru
2016 Nov. 18-22 A-T Kinsei-maru, Hokushin-maru
2017 Nov. 14-21 A-T Kinsei-maru, Hokushin-maru
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Table 2 Specifications of the quantitative echosounder used
in this study.

Echosounder EK60
Frequency (kHz) 38
Threshold level (dB) -70
Depth range (m) 3-500
Pulse duration (ms) 1.0
Ping rate (s) 1.4
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Depth (m)

SV : volume backscattering strength

Fig.4 Typical echograms of adult walleye pollock observed along the line I (off the Iburi) area in November from 2008 to 2017.
Black arrows indicate echoes from adult walleye pollock. Red arrows indicate echoes from other sources. White arrows
indicate the sea bottom.
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Table 3 Percentage and weight by species of catches from bottom and mid-water trawl hauls in November from 2008 to 2017.

Date 2008/11/26 2009/12/2 2011/11/29 2012/12/1 2015/11/20  2017/11/17 2017/11/19
Survey area Off Noboribetu Off Noboribetu Off Noboribetu Off Muroran ~ Off Tomakomai Off Noboribetu  Off Noboribetu
Fishing gear Bottom trawl ~ Bottom trawl  Bottom trawl ~ Bottom trawl  Bottom trawl Bottom trawl ~ Mid-water trawl
Bottom depth(m) 310 290 210 310 300 430 430
Towing depth (m) 310 290 210 310 300 430 280~310
Total catch(kg) 433.9 150.3 251.3 101.4 122.0 1665.0 143.0
Species _composition (W %)

Walleye pollock (adult) 81.7 46.2 57.4 70.6 69.1 95.2 100.0
Walleye pollock (young) 0.8 1.1 15.3 3.4 1.4 2.4 0.0
Pacific cod 3.2 1.8 13.7 5.1 15.2 0.1 0.0
Flatfish 1.5 4.9 5.8 3.2 0.0 0.2 0.0
Channel rockfish 0.6 23 0.0 0.8 0.0 0.7 0.0
Motted/Long shanny 1.9 0.3 1.6 0.6 1.4 0.0 0.0
Gray's cutthroat eel 4.4 233 0.2 7.0 4.5 1.3 0.0
Eelpouts 1.7 18.0 0.0 1.2 0.0 0.0 0.0
Sculpins 1.2 1.0 0.9 0.5 5.2 0.0 0.0
Skates 22 0.0 0.0 0.0 0.0 0.0 0.0
Octpus 0.7 0.0 2.7 55 2.7 0.0 0.0
Others 0.0 1.1 24 2.2 0.5 0.0 0.0
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Fig.5 Interannual changes in the adult walleye pollock abundance (a) and percentage of abundance (b) in the survey area in

November from 2002 to 2017 (shown separately in oshima, iburi, and Hidaka areas. No data was obtained for the Hidaka

area in 2004).

2 b F T AR SN -AFEIE, <~ 4% T Gadus
macrocephalus, 71V A #, 4 Z 37 F 3T Synaphobranchus
FUTSEREORAEMEMBEE o T
(Table 3), F7z,
AN YT REN G LT AR LR S 3L
Wic, INHDOTERNL, WK S HE < RO KB IE
FTNO AT b7 5T B CRERR S AL FEINIE DS T4k & )
Wri7zo PH—LVREDORIEMENS AT 5T
Bof & R R ONASCE TN FNEH L2 25
(GEH, 2011), 20114F 2 Br & (70%), LA HISRONASC
0% UL % HOTW2Z L, MO Cl, =
NOORIBETE AT by I e LTRHE L7z 72
751, 2008, 2010, 2014, 2016, 20174FEFEE|C@BIgR s /e
100 mPLEOBIRO FUSIZ oW T (Fig 49RKHD),
DATREDE L, Bk LB 27+ Y ¥ T IR
e XN D AKIES TLLE, HE433.7~3420 FERIE it K
(Rosa et al, 2007) DSHEO TV &b, AT bI 55

kaupii |

ZD &) RIS B O 72,

FEIRHEO RIS & 1 d A% &5, UBROMBITIZIZEO %05
720

Ry A SEREOHHEL AT VY ¥TEINED
A (NASCHE) (&, 20024F A2 5 20064F 12 AT C
04 x 1045 14X 10°F TRERLAIZHIN L 7245, 20074F 5
12132.9 X 10° & 20064F %> & #9248 & 72 - 72 (Fig. 5-a) - 2008
FEREIZ12 X 1002384 L7225, 20094F B |2 X 7 A 1 % 5
UCidEV48Xx10°E 2 1), Z DIR20144E F CT2.0x%
10°RT % THERE L 720 20154F & DURR 1212 X 10° 220063 &
UN20084F i & AR O REF THRA L 72,

A b & T EEIREED K5 A OHERE & Fig 612787,
20084F L1, MRdRIEN (K~L#) (ZRE DA AH N7
A%, 20094F 1, RiEm OB VES B L OHE (B
~CHiB L OBE~T) 122 CodpE & H s (N
DIEEFAIZERD 57220104 I X BIEICT | X e X )8
= (D~F#) BXU, JHIE2 S HE N (H~N&) 12
T T CHEFRIZRE A DA DAY, 20094F & &



16 WEEsE EH OB

T T T
141 E 147 E 143 E

5000 7500 10000
NASC (m2/nmi?)

Fig.6 Horizontal distribution of adult walleye pollock observed in November from 2008 to 2017. White arrows indicate the high
distribution density area (over 10,000 NASC per square nautical mile) of adult walleye pollock.
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Fig.7 Distribution of adult walleye pollock (solid line) and the accumulation percentage (dotted line) along transect line D in
the Oshima area (left panels) and transect line I in the Iburi area (right panels). The distance is indicated from the sea

bottom isolines at a depth of 200 m. Arrows indicate the distance at 50%.
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Fig.8a Vertical profiles of water temperature and salinity in November from stations a to e (from the Oshima to the Iburi area:
left panels) and from stations e to j (from the Iburi to the Hidka area: right panels) from 2008 to 2012.
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Fig.8b Vertical profiles of water temperature and salinity in November from stations a to e (from the Oshima to the Iburi area
left panels) and from stations e to j (from the Iburi to the Hidka area: right panels) from 2013 to 2017.
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Fig.9 Interannual changes in the spawning stock biomass
(SSB) of the Japanese Pacific stock of walleye pollock
estimated from the virtual population analysis (Sakai
et al., 2019) and the abundance of adult walleye
pollock in November in the Pacific coast of
southwestern Hokkaido observed from 2008 to 2017
by the acoustic surveys (this study).



22 REEsE, EH B

12DV T H20094EFFRI R ICHE Z o 72 & ) ik E
B E) R MRS A IR L L TR A 2 &%)
RECH Do —7, VPAILL 2 BARNMEMEIEVKIET
AR BTN L 722010~20134EFE L2 DT, IR
WKHEIZH D E VD HTIE—R LTV 2bon, F0%
BEMIE—K Loz TORKIZOWTIE, VPAIS
L MEEMICB L CIL, BTSNz T, i
RO % EINEMA L AR TEIEFEISERT 2 3 0,
HRE R WMAR L E—E L 5 2 EITERT 2
D, SERHE R R R R O BRI B L OO Fikg
FIFIAE R EOHEEREICERNT A 500 E L 515
(EH, 2011), —F, FrEAEEORLERIL, 20
PREMHEICB A Ay 7Ty ay THY, KEFZED
AR AT b G 2 O AR AR E 1N — L
Tz ehps, FHAERILIRNCEIN 4% T L CRE
PNl L7z B R, SR DRI 2 o isd o skl L
THEINCBM L 72EEPE TNV &4 EIZRRT 5
Hesganas e EMER S Cw s (GEH, 2011, S b
ZrlaBEx T, ZoRfoshseEkr hN-TE5
£ 91T, FEEEHR T H B b AU AR b H o7
IR A 20154EEEA S HIA L T b0 4RI EIN
DIANZBI 57— § T % e 5 & 312, 11 0586
FEORER LB T, 3L I L 72 RN E AR O fRE
EIZDOWTHRF %2 #D 5 LENDH 5,

AW THO 2 & o7z X ) IR OEEIZ L 5
FEINIE DR R 5 Hi OZALA SR BB L T2 5 £ 9
27 % &, BEINGORIEEIRHIN, &2 WIEEIIS O
TSI e M IZ QBN E LD eI N D,
UG O S N D GHT I ZER 32 &, EAL S
TR R HES DB RS & 72 o TV A IEKEM (Nakatani
etal, 1981) ~Oufik & ZOBIEHT L BT RELE
L322 e HENEINL ZEhs, FAEEMRRICOERKR
REE RIS H S (A1 v F ¥ 71K : Shida
etal,2007), SHIZEININZ BT 5 040 R ERIEIZOWT
LEF L, VAT E TR KIRERIE D RIS
Bl & D XD R RIT L T B DENT & D B W5
Wb

W

ARWFIEDFRAEERNZ B 72> TUE, dLHEE AT
TR OB SR B X LR LD M BFEIRIC
SR THIE TIRER W W, I 2ICELRH O
BERT D, T2, BEEAKERBRY IR ARG, g
IKEE RS S, ST — 7 O, EIEY
DEAFEICE L T2 E, ELMEILEL LTS,

Aee L0 I2H72Y), MEHL L OETH TR
B TRIG LTz 72 &, FFEFICHERLT P A
AZTHE L 720 RAEHOBEERKT 5o

B, RO —ERILKETEREE [ A E RIS
BRFMSFHEEFE] ICX o TIRONT -y 2 L7z

51 AR
ZEbsE, S, IR e A7 N YT oEERR

A BT 2 MR AR O B LE). BHA
IKFEEEAEHE 1999 5 65 1 252-259.

JE —8p 1L EEEEEOS HESR [TACEH T
BT EEHED - 2 oL E] ERAEAEM,
LT, 2000 ; 9-18.

AH ¥ FEZFENLICILZ A7 by 55 (Theragra
chalcogramma) ISV O 35 W £ OO A AR 2 R i
B (H5m0). KEREHIEL >y —wieHus
2004 ; 12 : 25-126.

= R [0 B S - - || 1 i N T E 2T
AR CAZREKBIRES 2 A7 Y 5T
FEIRTE D34 & MR ER S, HAKIEFARE 1995
61 : 27-34.

ATHERE, SiEs8sE, L¥x— BAERLIESRIC B
B AT N 5T RO AR RN HAOKESS
FE 1981 5 47 : 741-746.

Maeda T. Life cycle and behavior of adult pollock (Theragra
chalcogramma) (PALLAS) in water adjacent to Funka
Bay,Hokkaido Island. Int.North Pac. Comm. Bull. 1986;
45 : 39-65.

Nakatani T, Maeda T. Transport process of Alaska pollack
eggs in Funka Bay and the adjacent waters, Hokkaido.
Bull.Jpn.Soc.Sci.Fish. 1981 ; 47 © 115-118.

Nishimura A, Hamatu T, Yabuki K, Shida O. Recruitment
fluctuations and biological response of walleye pollock
in the Pacific coast of Hokkaido. Fish. Sci. 2002 ;
68 (Suppl.1) : 206-2009.

Rosa A L, Isoda Y, Uehara K, Aiki T. Seasonal variations of
water system distribution and flow pattern in the south-
ern sea area of Hokkaido, Japan. J. Oceanogr. 2007 : 63
1 573-588.

BB IFAWL, HPEE, REL, THEZ, L
THRAE. CPRBOEEER o b ¥ T IR FEO B R
APAl. PR3 04F BE 3K A% E]E 24 /K S8 00 14 5 1 5 R
SO, SRRC, JKRE ST HE REHEE R, [ SR ZE R SE
NIKFEERRTE - AR, 30 2019 ; 419-470.

EH B AeEERE PR IC B A AT Y 8T



O AE fn il AT K ER. A i 8 37K R SR BF e
2002 ; 63 : 9-19.

TH
AT AR & 5 &F= 0 dbliEE HET R PE e
2B D A7 N7 ¥ F Theragra chalcogramma il i
D5, HAIKES 43R 2008 5 74(2) 1 152-160,

BH B AT b STRFEREORRLEHICE LT
RS OB O BB 5 BT, At K
AR I ZE 2011 5 79 ¢ 1-75.

Shida O, Mihara Y, Mutoh T, Miyashita K. Interannual
changes in timing of walleye Pollock spawning migra-
tion and their impacts on the gillnet fishery in the
southwestern Pacific coast of Hokkaido, Donan area,
Japan. Fish. Sci. 2014 © 80 - 173-179.

Shida O, Hamatsu T, Nishimura A, Suzaki A, Yamamoto J,

Miyashita K, Sakurai Y. Interannual fluctuations in re-

=k, SHAK, AHEKRER, BT

A b ¥ G EREEO AT 23

cruitment of walleye pollock in the Oyashio region re-
lated to environmental changes. Deep-Sea Res. I1. 2007 ;
2822-2831

Simmonds E J, Williamson N J, Gerlotto F, Aglen A. Acoustic
survey design and analysis procedure: A comprehensive
review of current practice. ICES cooperative research
report No.187. International Council for Exploration of
the Sea, Copenhagen, 1992 ; 131p.

Tsuji S. Alaska pollock Population, Theragra chalcogramma,
of Japan and its adjacent waters, I : Japanese fisheries
and population studies. Mar. Behav. Physiol. 1989 ; 15 :
147-205.

Wakabayashi K, Watanabe K, Watanabe Y. Assessments of
walleye pollock abundance of the southeast Pacific coast
of Hokkaido, based on catch statistics and survey data.

Int. North Pac. Fish. Comm. Bull. 1990 ; 50 : 101-120.



