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Spawning season and temperature conditions of the Arabesque greenling Pleurogrammus azonus in the Sea of Japan

near Suttsu, Hokkaido

KEeNt SAKAGUCHTI*, Takaaro TAKASHIMA' and Yutaro SUZUKT?

' Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046—8555,
? Fisheries Research Department, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

The maturity state of the Arabesque greenling Pleurogrammus azonus and the temperature conditions of the spawning

ground in the Sea of Japan near Suttsu, Hokkaido, from October to December 2013-2017, were examined as indicators that

could determine the period of resource management measures. The spawning dates of the fish were from November 8th to

December 3rd. The bottom water temperature at the spawning date ranged between 12.0 and 13.8°C.

¥ —1J) — K : Pleurogrammus azonus, FEINH, KRk

JuiEdE (R, AR, &, w=E, Ak—-v o
FRIHEN) OHREEL L O R— 2256 5
A v - Pleurogrammus azonus %, JKEMEZ: & DR FiA3E
BIOMERDEMBAIEIC L > TSNS EERIKE
TR Td Do REF2BYNFERNRS 2720, B
IRETFEATBIZ B R IEE OIRBEZ 57 L 8K L T\ b
(I RRIIAR A 5, 2020. http://www.fishexp.hro.orjp/exp/
central/kanri/SigenHyoka/Kokai/, LI FURLAWE), A&
IROWMER L, 1993-20084F DT & A EDETION F v %
R TW72h%, 20094E % 5384 L, 2015-20174E 12134
L6H b AZEBRAT (Fig.1)o Z OISR D S 7%
VORI, BEEOWIICHLEEZLNTVD (&
W, 2012 : A5, 2020),

RERZ R E S D TR, BTG IE i (B
#5, 2020) (2FED ALHEEKEMRB T OHREDOTIZ,
20124F 7 b = R WESS )= 2 B ERICHMI L, #ETN
BamE (UT, #AELT5) 2HRT &S E
RFEIT LI (RIS, 2017), B2V ET S
EWPTENR, EINEEZLZHRT LI LN TED, £
Nno LML, MET % TOFHER O A TR LA R

. b,

R, HARE

Catch (kton)
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000
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Fig.1 Pleurogrammus azonus catches in the Sea of Japan
and Sea of Okhotsk near northern Hokkaido from
1985 to 2019.

FEC Lo THRZ 2, L LFWIcE, L0 ECHRL
TEAEE, KDZVIMARICORAY, X5k
DFAEDOWENNOLH L EDPHHFETE L, DG
EHIEEIL hWO0BBEORNELIZE > THROE
FEPERONEY HIFT b0 TH 5,
COBFEHEEOMEL LT, 2019FEDEFEH

HRCEFA600 (20214E10H29 H 5-3H)

*Tel: 0135-23-7451. Fax: 0135-23-3141. E-mail: sakaguchi-kenji@hro.or jp
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MEIEFLEHELOOH ) (RE S, 2020), HEHMGIHIC
Dhhb b EREIIR3 b XLz (Fig. De L
AL, GHEAKEIEKELHFESNTEY RES,
2020), 72 CHIEEHN10TT b 2B A THRF SN Tz
CrEEZTH, BEREZFSICEEL TW RV, B
BIREEZ + I &8 57201213, ZhE TORHE
M EAE L PSS 2 LE0H 5,

WARD XM EORIFE S (RS, 2009;
WA, mm)ViofﬁAﬁﬁT%U%éht+77
OBANL, FEIVAAED  LIRREOEINS \KibE T 5 (5
H &, 1953 ; fi3H - d138, 1957 ; Takashima et.al, 2016),
FEINIG I HeitE L 72 BUADSEIN C & 2 050, I
TOWRIENTR BT 5, dLFEOBERESIRILEE N
BME (LUF, BREEHET2) oRFilEs:, AEoE
ERERGO—D L LTHILEN TS (CFIF, 1947 5 &
[1,1983)c Z ORI CIIEININC EE R RIEED—D
THDHEEMI L > TRENESNS (F1, 1983 ;
EE S, 2009 A5, 2020), L7205 T, ZOHHEHD
BEINNC BT 2 KEROBREMRE X, Ao M=
LR AR T 5 ) Z CHRICEZETH 5,

FEINM DRI X 5 & v 7 OBFEBEEEOH & L
T, BEIIRKIRR EaRiEe LTI AR E L, ek
FEEL OIS A L 7z Ot 7 & ORI %179
EAETE B, 207203 EIH R KRR &12
M3 2MANLEE 2D,

RIEDOFEIIINIIL T TR, MAICR5I1ZEES RS
ZEPHMOLNTWS (CFBF, 194735, 1957), &
OB EES O Iz oW TIE, 108 T2 511A
AU (FE, 1947), 11H FA2 5128 A GRH S,
1953), 10 TAIPH11A M (F, 1983) 7% SO
Wb FZEIMOKEREICOWTIE, BB L
REACI3 CHite G, 1957), &g T12-14TC (&
1, 1983) % ENHDH. LAL, Ihbidwnind it
EMOFMRTHY, WEHERLT— 7 ICHT LR AR
HECH 5720, FizlCEREMIEE LIRS 3 2R s
LCEATHTH A,

Z ZCARWIE T, BEMIBICAES 2 HFANTRED
JEREHELC X B ok v A i o A W SR R & R KR 2
ERPRD LI o T, RHEOEIN & 7 KRR
YOI, BIREREEOWM Z b 5 720 O
DRI W TS 2,

ARRUAE

2013-20174ED10-12 H |2, FHFMTIE D KZE30-50 mo>
SR SN EEEIC L o TS Lk y 7 2

ARIZHV 72 (Table 1, Fig.2), BEARIRELITAFH20E T,
20134F £ 20144E 13 7-19H O HFE % H 1T T4, Z Do
EIFIE R O L ERREPREETH > 72720

Table 1 Sampling dates and number of specimens of
Pleurogrammus azonus collected by bottom set nets
in the Sea of Japan near Suttsu, Hokkaido, from

October to December 2013 to 2017.

Number of specimens (%)

Sampling date
Female Male total
Oct. 30 2013 15 203 (93) 218 (100)
Nov. 14 149 (87) 22 (13) 171 (100)
Dec. 3 127 (98) 2 (2 129 (100)
Dec. 18 119 (58) 87 (42 206 (100)
Nov.6 2014 109 (84) 21 (16) 130 (100)
Nov. 17 105 (95) 5 (5 110 (100)
Nov. 24 122 (94) 8 (6 130 (100)
Dec. 9 105 (66) 55 (34 160  (100)
Nov. 12 2015 107 (97) 3 @3) 110 (100)
Nov. 23 105 (88) 15 (13) 120 (100)
Nov. 11 2016 86 (86) 14 (14 100 (100)
Nov.8 2017 89 (86) 15 (14 104 (100
\“ Sea of
Sea of Okhotsk 1
Japan
44°N - / .
42°N !
Pacific
Ocean
40°N -
140°E | 142°E  144°E
1oom”/\ \ZQOWI
\\¥—’r00m
N
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140°E 141°E

Fig.2 Location of the sampling point of Pleurogrammus
azonus caught by bottom set nets in the Sea of Japan
near Suttsu, Hokkaido.



20154 A1 H IR -C20al, 20164F £ 201 74E 25 &1 [ETd -
726

FAEARIREE H G O ) 70 © SR 2\ 23 L 72
40 kgl LD R v 7 #1ODORERE LTk 720 &ED
MR R D 720, KR, NERAER, A
MREEAFHNL, AfERo BRBIEC L ) xRz L
720 B2, EHEEET D OICAKOELT S SEA
CPEA) &R L7z, HAEZHIRCaEm L 725, L
TH R L, EAEBEMEE T CHEAER ICBZE SN
W EsH T 5 2T FimarE L (EIES, 2013a),
WMEER D REA & FEIN ORI 2 TR B 720, AGHIRE R
¥ (GSL: IR ER (g) /NIKEZER (g x100) %
R L 72 SRR D & v o OB M AEIL100-21848 kT
o 72 (Table 1),

RV TIIEROSEMECEIN T 5720 GRIHS, 1953),
K45 mAT I HER & N R O MR A B OTREFI3S5
m, HEED S OFREER 10 mO AL E (2 FeskaUKIRET (Onset
M 74 FE v bV2) 2RO ATz, KRT— 5 Ot
FRITRR LI & L 7o SO N7KiT — %13, (ER O
Bz b7 LEZ N8I L E xR L
729 2T, HBNZFH L7z (DUF, REREEEKRE 3
%)o T OEEMEEKRIL, FHIZ20144E D RIEET DY

18 20 22 24 26 28 30 32 34

Ry ORESH & KRS 3

AT EADSBN 2720 7 — & ORI AEE L 720 2
NEHD 72012, KESO mELE D MRS A A DY B HEREN
(Fig.2) 2BV, HEHE A5 DOFEER20 mTH S 72K
M7 —% b7z (LT, HAEKRET5)e ZOT—
F AR KK BN I fa 8 i s NS & T o s
HHS, BN S NGRS U Y A T Otk
KIEFTZIY T CTIEL 72 DTH S,

FEINHI IR OB 2 BB T 5 720, R fH72)E
B ITA T 5 EEEOH DR v 7 OfER % 3
FEIRLA DI Z AR D & R 7z o HFT 132013-20174F
D10-12H & L7z,

S

DR FEREER I IET 2 R I B LRI 2 55 A
THMED KR Y r ORREEFHOEAEBFT 720, K
B CHE S N o RFERAMIZ R L7z (Fig.3).
20134F10H30H Tld, RE#HPHA27-30 cm, E— F2%28
emlZ B, UFf L 2mMm TR SN Twiz, 11140
BLU12AD3H L18H Tld, AREHBA24-34 cmlZJi
T olzhs, F— Fid28 cm, A &2 MDS AR T
oL Nro7,

18 20 22 24 26 28 30 32 34

Body length (cm)
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Fig.3

Standard length and age distribution of Pleurogrammus azonus females collected using bottom set nets in the Sea

of Japan near Suttsu, Hokkaido, from October to December 2013 to 2017.
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20144F1%, FI12fAFE26-28 cmdD 1/ £ & 1K F28-30 cm
D2FADIEMRT, I OHETTI2HE ) ZILIZIAR T o
720 2B, 11H24H L 12H9H O FE19-21 emZ05 0 b
RO BT, OFFAIIFEIN L 2V EEZ N TWL 720
(BT - 4%, 1957 ; Takashima et.al, 2016), #k DGSIOD
REGSSE VA AAAR

20154F1%, 11 12H 23KE26-28 cm, 1123 H AR
25-27 emD I UFAARIR G % FD 7202016411 11 H
BEEM O E — FA%26-27 cmD 1A TR TH - 72,
20174R 11 ASH IR 1A A 70 < 1RR29-31 em D255 78
FARTH L HTHOFE L R > Tniz,
WEDGSIDHER & FEIER  —i%1Z, FEIRHIEIE I EIN
V253§ 5 MEAR D GSIO KIE AR T 1, EEINORER L
Wb, KR TIE, BEARMDZL 20134 L20144FED
WD & v r OGSHLK OHERIZ BT, FAEHH O &
PHEN, BRICKEG % ORI (0B 3%
i) (b LA E [EIRE] LRl L7: (Fig.4). A
IR R 5 E R O 1 EE I I L M A2 IR T T d 5 728D
(Takashima et.al, 2016), GSIZS3LL DI & 5 KD
FEONHT 22 D7, BEREINOE R DD, GSIOAD 5
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AT 2L idWETHL, 22T
F 7T FEN T ] MR &L 72,
X512, HERZHE L 7ZZH D RIS 2% HW %
7o, BEARIZGSIAS3 A O FETH % Ok & 3LL_E o REIN
Bl F 72 Z IR OB 2SIRTE L T A HE [EIH &
W L7z GSIABLL L OB AR o 5 HIL, P
T OMEEDE ENDITREEATE 2 25, & 2 TIHMEAMIZ,
K% FEINHT O MED L o 5 & B2 UCT e paiaTT
& L7z0 GSIDS3Am D IRt DR AR % Hd> 5 H
V& TREINIIAE T 2] LML 720
20134ED10H30H B X 1L H 14H 1%, MEDOGSHHEA3
24D HIPAT, EEIIE &HIRT S A 03D R FRIL RS 1L
Lo fz7z0, EINHIBLETT & B S 7z (Fig.4), 12
A3H OGS, E— FA0-3I2ET L, 3L Lods
DNEL B VEIE— FA9-2ICHE SN0 SO EDS
1I2A3HIEEIN E 2 5z, 123181 1E, 98% DGSI
H0-3TH o770, IZIFTEINR TR EZZ BN,
20144E D11 6H 5 X U17TH X, GSIAB 2 5240 #i [
T, 3RGE RSN h o 72720, FEINIBIIART & HIHr &
N7zo 1MH24H OGSIHLLIZ, ZNFEF TR ON Lo 72

NS % [EIH]
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Fig.4 Gonad somatic index (GSI) distribution of Pleurogrammus azonus females collected using bottom set nets in the Sea of
Japan near Suttsu, Hokkaido, from October to December 2013 to 2017.



v OEIM L KiREEE 5

FEURItE & 2 5N AHO0-3DREMIZE— FAEI, 12-1812 DD B oz, EIEEZ 5Nn,
FIE— RABR OGN, ZO7-DIH24HIZEIN & # 2 PLE»s, I &£ 2 572 H1320134E12H3H,
S7e 12H9H I, 82% DGSIA0-3ThL% 7272 20144E11H24H, 201511 H23H, 20174E11 8 H C, #i

O, ZITEINVHE TR EEZ BN, PHIZIIHSH 2 H12H3H TH o 720 20164 1L FEIIH] & %
201511 H12H £23H OMEDOGSTHIE L, & b IZE— ZoNEHOERIIESNL o572,

FAM82UZ R S N7A, 12HIZ 05 720-3DREA23  EIFEIDKE EEHEEREKLOWER %2, HFEEKET
HICHI L7z L7235 T, 2015F 11 HI3H G B 2 #ise L TR A &, 2013-20174F O KiRIE10 1
FHAET, 11H23HIXEIIH] & fr S 7z, MODK0THHLRAKDOHIOCNEKT LTz

20164E11H11H X, GSHHLEOFFAA6LL L Th - 7272 (Fig.5)o 7277 L, 20134E L 20174ED10H A 511 H AT
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Fig.5 Changes in the temperature and Pleurogrammus azonus catches caught by bottom set nets in the
Sea of Japan near Suttsu, Hokkaido, from October to December 2013 to 2017.
Solid lines (Temp1) and dotted lines (Temp2) indicate the temperature at approximately 10 m from the bottom
at sampling point and at approximately 20 m from the sea-surface in Suttsu Bay (see Fig. 2). Solid triangles
along the horizontal axis indicate the sampling date of Pleurogrammus azonus using bottom set nets.
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Table 2 Spawning date of Pleurogrammus azonus, and
bottom temperature at the spawning date and peak
catch date using bottom set nets in the Sea of Japan
near Suttsu, Hokkaido, from October to December
2013 to 2017.

Year Spawning date Bottom temp'erature Peak catch
on the spawning date date
2013 Dec. 3 13.8°C Nov. 14
2014 Nov. 24 12.7°C Nov. 17
2015 Nov. 23 12.0°C Nov. 9
2016 - - Nov. 11
2017 Nov. 8 123°C Nov. 3

20174E DI H A2 H 12 H THlKIRT — & M5 617z H
DFEFL3 T E » Tz,

WD R v r OGS 2 & IR ] & fI T S A7z H DK
TR R KIRIZ, 20134F12 3 H 25138 C, 2014411 24
H#512.7C, 20154E11 H23HA%12.0 C, 20174E11 8 H #S
123 T, #ipi£120-138 CTH -7 (Fig.5, Table 2),
20164F (X ENHA & FIMF S L% HOERIZES L h o
7278, NG T & IR S 211 A 1TH O R BRI RE
KiZ108 T TH o720 ZOLEIL, KiLHE TGN & 7%
LNFAIZBWT, EIMORMTHLIZE20boT, 5
TIMBOEDEIN &£ 2 50 XY b KIEDEA -
726
DT B CES Nk y FOMEILOER &
RL7z (Table 1), MEDHIGOHERE RS &L, 20134ED
FEIRIABAAGTET & L7210 H30H 137% & 1%  HEDSKER > %
HO72h, 1H14H1E87% & A iz L, I & %
ZONZZ12H3AICIE8%IC S HIC FER L ITE A LT
TaMED D720 (FIFTHEINFE T & L7212 1I8H 21X
MEDEIE1Z58%MET L, HOFEIEHE -7,

20144E DD FI G, EESRIIBHIATT & L7211 H6 H 2384
% &3 TICE L, HWHITHIZIZS% T AL, #one
EEZONZIIH240 $94% & B WGIREETH o 720 13T
FEONHIAE T 2 & HIr S M2 12 HOH 12 13 ME D& 41366 %
WIRT L, HoEerEE -7,

20154 DD EI AL, EEINHIBHAART & L2 1LH 12H 28
97% & IEFEINIE , I EE 2 S5 N/-11H23H $88%
LEWVIREE T o 77, 20164FE D IEIHIBAERT & L7-11H
1THOMEDOEIE1386% & Eh o 720 201T4ED REEIII & %
ZHN1NHASHOMEDEIE H86% TH - 726
EZMOBREEEOHE 2013-2017F O EEM I X
LRy 7 O BEIFI0-12H IZEHEICRD b7
(Fig.5)o 72721, 20174R MR DAE & TR 2 72
<, WD ED o720 FEOHNBEREO Y — 7 1X11H
FapsmaIcRS N, 20134EA1H14H, 20142511 H

17H, 20154E2511 H9H, 20164FEA%11 11H, 2017484311
H3H T& - 72 (Fig.5, Table 2), T 5D 7 $2013-2015
FEBLO207EOHBEREO Y — 27 O HIZ, #idoOE
PR &I S 2B XD bR o720 20165E 0 H I iE
mOY =27 %, IV & RS AIH &)
SE o/l EIN LD A Er o7z EEZ BN,

£ 5

REFFETIE, & v 7 OEINIC BT 2 EHE L ED

WM %2 D 2 720 DIRIEEZBET T 5720, EEN OAY
SZHGEE, ER B X OKEIRSIOMER 2 3, I
EZORMBRIEEZH S ML 72,
EESRER  FFASNTIR R OIS IC BV TRy r oI &
FIME Sz HIZ, 2013-20154E 3 X UR0174E 2B W T, 11
H8H A 5H12H3H OFFIZFED 4172 (Table 2), T
B SN Z OO TH H100 T
o128 A CEEF, 19477k S, 195381, 1983)
DHFPFHTH - 720

MEDGSIDHERE 2 & FEIIIH % 72 3 2 RIFZE D FH#14,
iV B R R O & v A E RIS A (TS, 1986) 6
7272l MR L B Y, ARHEILINE R ISER o 1 E I
WA EEPPAY (Takashima et.al, 2016) D728, pEIVHARH
IaHT & 72RO, IR OGRS & Tz ]
FEMEIZETE v, LA L, o ofERIC, MBIk
I SN AGSIOERWEKIZEEN T e h o770
(Fig.4), K5 EIHOBEA L ITZEZ BN BV, LS
o TC, REIFEOEINNOHEE LB L OCHEERRIEIBE
BhZMEEZLND,

REFFEIZ B CHEINIL Z 2 Sh/-H 2 FERTHN5
&L 20174ED I A8 H IO ED 1L A FaA 5121 FA &
D HIHCE o720 TORKIZHS 22T \AY, 20174F
VXEEIRHA O [ > 10 B R A L2 B g A T AT — IRE R 12
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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.
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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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IR AT )8 O BRI AARAL IR AL (255 ») 2R L
THHE L7 (Table 1),

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
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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).
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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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Effects of ear-hanging time on survival and growth of Yesso scallops (Mizuhopecten yessoensis) in Funka Bay,
Hokkaido, Japan
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For Yesso scallop aquaculture in Funka Bay, Hokkaido, Japan, ear-hanging is a process that changes the intermediate to the
final suspended culture. This process requires considerable effort and causes stress to the scallops. Thus, effective and efficient
methods for ear-hanging are required. This study aimed to reveal a suitable duration for the ear-hanging process. Ear-hanging
was performed in three months (April, May, and June), and survival and growth were followed until the scallop harvest time
(the following February). This examination was conducted on three year classes of scallops (born in 2016, 2017, and 2018,
and suspended in 2017, 2018, and 2019, respectively). The survival ratios of the scallops suspended in 2018 were remarkably
lower than those in 2017 and 2019, regardless of ear-hanging time; however, their survival ratios and weights suspended in
June were lower than those in April and May in all year classes. Thus, the ear-hanging process should be completed by May at

the latest in order to reduce mortality of the scallops in Funka Bay.
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FEEDER L, 19904E 2 A A SEAE10 b R A KIS
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2016), L L, AETIE T — 1O v 78 T Ky DfFE R
WIEDEGIL 7% & OREDE U (Kanamori et al, 2017; 45
X, 2019), FIETFLEOL R R AE L 2SBEOEE 72 5
TWhHBY I, K7 774 E%BEIRE O (Anterior
ear) # FYNVCTHEILL CCELRIGBLET 7 ART T
VIR EHO 75 AF v 78 vca— 712

EL TS L TERT 5T TH S (Kosaka,
2016) o MAEICBWT, Hinh 0 LRIZFICEE~FIZ
Fefts S A, VRO Bt 2 2L L TRE @Ko
LN ENL, wOFIOr»A2THEEEZ A (EH
5,1996), £Z T, HmWIEEOEMALL Pk - KH,
1997), #YIZBFH ) e (BH S, 1999; Hamada et
al., 2000; Hamada et al., 2001; 111F &, 2000) 7 &, EiHY
TAEZ R > ORI RINAT 9 720 D F DR ST
&l LAL, By AMICh>TIFbN 2 HR Y 1R
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FEL 72BN 7 v KBTS  OHIX T, HfifIc &
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FHRVEHRVEEZITR Ve M, AEEHIZITESD
PUHOEE - BEEO THRE T ) 250 CHTT 2
72, Bm)EIEL 2558055, R THA %
GUA Y HARZAHORERETIE, BTS2 bI1TE
BEREEDSELT L EPMESNTVD 0 (Flz
(¥Duggan, 1973; F & - ¥, 1986), HipY HEN S Z &
& o, BN BEOZOIZERCTHBER S N7-H
HOBEIHE D M 2 88512 X 2 R AEFROELD
BaSNbd, 2612, B DIEERIIZ RS 771 0k
FHESHI & B2 V) MBI B B ERESFHIICR
ST AT L H A 720 (IBH S, 2000), HiZxf
LT—EDA M LVADPELLH M) IEED, oMo
R HNIREE O L L B L TR EZEBLs ¢
TWAIREEDN S 5, RIFFETIE, BB ICBIT 558Y)
LEBOEEBRZHS 2T E2HMIC, BRHD
VESERE AR & 7 A DERB LR RICRITTEES
TARD 720 DOFRFEASRZ FhE L 720

MR O AE

REARIE M) FiEaER (RN X 2B A2 7
I, KB N OEFEHETIC B\ T0174E 5 520194 F
TOFEFEA~H AR OEE TRy T H A 2 BB
L, @EORME & FERICEM L7z (Table 1) 215
BRI WA Y T4 A1, BB T0164E 72 52018
EICERE, PHBER SRR 2V, B D IEERT
Lo THEMBREL SR VWEHIZ, TR D

HENERZ R L2 EBRICHWAHERIEZ, Zheho
RS LA CH DRI TR S, HHE
B BT B EB RN E 72 & OVESEDMERREE Z & 12[F]
U4ethe e b X9 BB S N2 RWIZETIE, 20174F
WH N DI 7220164E 7 8 0 H 220174E 5 i 1) #F
20184F I H I D IS HV 72201 T4E 7D H %2 20184E H IR 1)
BE, 2019412 H T D 12\ 7220184E# BED H %2 20194E
MOBEE T4, B ISR LHEEO—E%2HH D
ACEREL (n = 50~60), 7%, @@EE, HAHER
AGERE R, AERIEY (AEEEESRAMERICS
DLEE) REHIL7, BMITu—71R (1) 7205
250fEMOMRAERD L, FHILIZ4ETOIET L7z,
COUETOEARFERHED, 11, 12, 225 & LT,
HBYRICEHB L H M EE e & Rz &k
RS & 5 (B i ) ARSI 5 D 5 AR EA
DEE) FRDOHEE DI, EFRFEEO—I (n =60, 7=
72 L1 72 ) D ATRARREAN60 & ) D g a i d A
k) oRELaBEeTIEL, Bk L TGS GREF
22D FFV LTI, WIE S B % 55 CTnacre discolor-
ation& L72) OFME TR, 22T, MIE LA
258 % NS (255280 S 7RI O B4 % PN 75
e L7z,

BEtERAT BB EE (4,5, 6H) BXUHEHEH (9, 11,
12,2H) O AELE T EANHIB L7z—Xf OfEA & HL 7
L, AEEBIOAMARFEICERDE Q07TFEEMD
HEL20184F, 2019 1 1) ) 12 X 7% 4E Z & |2 Wilcoxon
DFFF BAIARE THR7z0 2 2T, Bonferroni?®) Jj i TH
BAHEEFIE L7z F72, AR CRIC L723R AR L
R L, AEEBLOAMARRIZEEOHE M) YT

Table 1 Averages of shell length, weight, and gonad index (GI) of juvenile scallops used for the ear-
hanging process at different times during April to June, 2017, 2018, and 2019. The scallops
used in 2017, 2018, and 2019 were born in 2016, 2017, and 2018, respectively. S.D. indicates

standard deviation.

Date Shell length (mm=*  Weight (g+ Gl (+standard
standard deviation) standard deviation) deviation)
2017 25  April  68.9+29 35.3£4.3 0.13£0.035
25  May 72.2+3.1 40.4+x4.4 0.054+0.015
12 June 73.3%5.6 45.3+8.8 0.041+0.010
2018 18 April  69.5+4.2 36.1£6.0 0.15%=0.036
25  May 77.3%3.6 48.0t6.4 0.050%+0.014
19  June 79.4=*47 51.5£7.8 0.041+0.010
2019 22 April  72.2£3.6 39.4£53 0.17£0.036
10 May 72.4£3.6 43.0x6.6 0.14£0.035
3June T77.2%x4.9 48.3+£8.9 0.053%+0.015
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Fig.1

Temporal changes of survival ratios (upper column) and nacre discoloration ratios (lower column) of the cultured scallops

with different ear-hanging times from April to June in 2017, 2018, and 2019. The survival ratio is defined as the ratio of
the number of individuals hanged to the number that survived. The nacre discoloration ratio is defined as the ratio of the

number of individuals with nacre discoloration to the number of individuals that survived. The juvenile scallops used for
ear-hanging process in 2017, 2018, and 2019 were born in 2016, 2017, and 2018, respectively.
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Fig.2 Shell length (mm =+ standard deviation) and weight (g + standard deviation) of the cultured scallops in
February with different ear-hanging times. Letters (a and b) indicate significant differences between the
hanged times (Steel-Dwass test, p < 0.05). N.S. = Not significant.
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Fig.3 Annual production of cultured scallops in Funka Bay
from 2010 to 2020. The scallops were mainly
harvested at two years of age.
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Declining body size of the Shishamo smelt Spirinchus lanceolatus on the Pacific coast of southern Hokkaido (Note)
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