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To explore the possibility of detecting walleye pollock Gadus chalcogrammus strong year classes distributed in the Sea of

Japan in Hokkaido, we examined the results of egg distribution surveys conducted yearly in February from 2006 to 2017 in

Ishikari Bay. The density of eggs was extremely high in the years that strong year classes occurred. There were many

differences in the occurrence of the dominant developmental stage among these years. However, there was no significant

relationship between water temperature and the density of eggs. These results strongly indicate that the occurrence of strong

year classes can be predicted using the densities of eggs in Ishikari Bay. Additionally, abundant stage 1 eggs have appeared in

Ishikari Bay since 2014, suggesting that egg production has possibly increased. This study confirmed the importance of

monitoring the egg distribution in Ishikari Bay.
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Fig.1 Recruitment (abundance at age-2 estimated by virtual

population analysis) from 2006 to 2017 and estimated
numbers of walleye pollock larvae and juveniles by
acoustic surveys in April from 2006 to 2017
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DR & WEHEER) 132 L TR whs, I
WES L ORI IS #E RS 2 2 & T, 19804 AL LLHTIC
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Fig.2 Map of the survey area. Symbols indicate net sampling and the Ocean observation stations.
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Table 1 Summary table of the egg surveys using NORPAC and 80R nets in Ishikari Bay and Iwanai Bay

Sampling date Station number Net type Research vessel
20,21 Feb.2006 St. 1,2,3,5,6,7,8,9, 10, 11, 12, 13, 14 80R Oyashio Maru
6, 20,21 Feb.2007 St. 1,2,4,6,10, 11 80R Oyashio Maru
19 Feb.2008 St. 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14 80R Oyashio Maru
24 Feb.2009 St. 1,2,3,4,5,6,7,8,9, 10, 11 80R Oyashio Maru
12, 13 Feb.2010  St. 2,3,5,6,10, 12,13, 14 NORPAC Hokuyo Maru
17 Feb.2011 St. 2,3,5,6,10, 12,13, 14 NORPAC Hokuyo Maru
23 Feb.2012 St. 2,3,5,6,10, 12,13, 14 NORPAC Hokuyo Maru
25 Feb.2013 St. 2,3,5,6,10,12,13, 14 NORPAC Hokuyo Maru
23 Feb.2014 St. 2,3,5,6,10,12,13, 14 NORPAC Hokuyo Maru
20 Feb.2015 St. 2,3,5,6,10, 12,13, 14 NORPAC Hokuyo Maru
22 Feb.2016 St. 2,3,5,6,10, 12, 13, 14 NORPAC Hokuyo Maru
25 Feb.2017 St. 2,6, 10, 12, 14 NORPAC Hokuyo Maru

20104E LK) & RV CHEME L 720 A RIE, AME LS
WEBIZBWCEIIFEZ S & L72IEIMTHh LTV 51
W e zoRMIIRE L (Fig.2), &HAMRIZHBT80Y)

7 4w b (I1£%80 cm, HA033 mm, 2006~20094F),

F 72IZNORPACH v (114845 cm, HA033 mm, 2010
~20184F) 12X Z4RE R EBREL FENE L 72 (Table 1),
AT N 7T OYNIGEEREINT, O TIEFEICE
JEH 5150 mfg F CHAMMT A EnD (B, 1979),
BHIX150 mE S RMEME TL L, MWIEOBREE D150 m
LD ENEEILEEE LS & L,

PR L 2B AIIAR B2 B W TRIS%D MR AR V<) v
THRIER, FEEREBETTAr vy I0%FEZEL, JI
@ F§ 1 Stage % Nakatani and Maeda (19813 X U°1989) (2
LT, ROEBYX5G L7,

Stage 1: 457 & B FpEHA

Stage 2: 2B 2> & 5 TR SH 1E AT

Stage 3: JFUIFA$E D & IMAIRE 4533 £ C

Stage 4: MEARIIE 455 D37 & IMEINE LK £ T

Stage 1OPNIEZHE L T HITIZIHLDNEHES NS
2% (e, 1954), AKRWFZETlL, Stagel 434518 % FE
Ui & B L7z,

RESNLIVEERES Y O AKED SHRESED
DA E AR Lz AKEIIAE T LICHE L 724
HERER L D HEI L7100 mdb 72 ) O IR HKRD 72 A
KEHEEES 720 AKREIZ, v FRLEICEE LA
KETOREHEF U ROz, 2B, IHEF) OMAN
WCIREDSERWVEDN D L7280 (Table 2), EEO@EWEE
& LINA AR B % 100 m* OFREAR A I0E L € lhiitiad
L7z AR DAE BN, ARE O T H O
SAREE O E 7z, 72721, BWNEBIZOWTIE
FERIMAE <, BAE 2 W TIREEIMED 7 72O R
HTIRERNGHE 2 Th R 1ro72,

AR BTN 2 IR BUI AR A (b ok 3B Y &5

Table 2 Location of the sampling stations in Ishikari Bay
and Iwanai Bay

St Latitude(N) Longitude(E) Depth(m)

1 43°15.10' 141°14.80' 24

2 43°20.10' 141°09.80' 40

3 43°20.14' 140°59.80' 51
*2006-2009: 43°20.10'N 140°59.80'E

4 43°25.10' 141°04.80' 63

5 43°20.14' 140°49.98' 80
*2006-2009: 43°20.10'N 140°49.80'E

6 43°30.10' 140°59.80' 94

7 43°25.10' 140°49.80' 348

8 43°30.10' 140°49.80' 468

9 43°25.10' 140°39.80' 485

10 43°30.10' 140°39.80' 693

LI 43000 140°2980 700

12 43°30.11' 140°29.81' 468

13 43°30.12' 140°29.82' 763

14 43°30.13' 140°29.83' 1,286

B WPEIREE 7OV — 7, WEVESER  http://www.hro.
orjp/list/fisheries/research/central /section/kankyou/
sokuhou/index html, 20194F4H19HHE) O—I L LT
Filti L7z BHE RO ) BOFFE S L O AEEE & €
DR BIZFEE S N vz,

CTDIZ & 1) & KK ZES00 m (500 mof i i3 i S i 1)
DOFHIN &, FKEKR 2 FEPRKIZ & 0 BRI EEEHCRHI
L7z

AFFE OIKIRERE ST OBENAZMEREE ORI < i
ORI ORFEZLZILRTE 5 &9 I2KERFT00 m
EFROGIEIHOSL 10 (Table 2) OELHIEZ M7z,

TRIRIRTE 37 UL 2 S i BEH) 7 — % 7> & Ocean Data
View CfEX L 7z (Schlitzer, R., Ocean Data View, https://
odv.awide, 2019.)
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able nnual catch of eggs (numbers, m’) of each stage
Table 3 A 1 h of bers/100 m’) of each

Year St Stagel  Stage2  Stage3  Stage4  Total Year St Stagel  Stage2 Stage3 Stage4  Total
1 0 0 0 0 0 2 0 0 0 0 0
2 0 0 6 0 6 3 0 0 8 8 17
3 4 0 15 312 332 2010 5 0 0 0 0 0
4 0 0 0 57 57 6 0 11 17 17 44
2006 6 2 8 123 12 145 10 6 3 0 0 9
7 0 20 691 113 824 Mean density ( 2-10) 1 3 5 5 14
8 3 26 3 32 64 Mean density (12-14) 22 22 12 3 59
9 0 16 21 0 37 2 58 0 0 0 58
10 0 112 39 1 152 3 0 0 0 0 0
11 0 22 15 1 39 2011 5 0 0 0 15 15
Mean density ( 1-11) 1 20 91 53 166 6 100 35 41 6 183
Mean density (12-14) 0 0 3 7 10 10 0 0 0 0 0
1 0 0 14 0 14 Mean density ( 2-10) 32 7 8 4 51
2 0 0 0 0 0 Mean density (12-14) 0 0 0 0 0
2007 3 0 0 0 0 0 2 0 43 86 245 374
5 0 0 0 0 0 3 0 10 376 109 495
6 1 1 0 1 4 2012 5 0 150 7 0 157
10 0 12 4 1 17 6 0 200 194 11 405
Mean density ( 1-11) 0 4 4 1 6 10 0 170 30 0 200
Mean density (12-14) No data Mean density ( 2-10) 0 115 139 73 326
1 0 31 69 76 176 Mean density (12-14) 0 63 76 52 191
2 35 70 45 5 155 2 0 0 0 0 0
3 4 17 13 9 43 3 0 0 0 0 0
4 0 3 6 0 9 2013 5 0 0 0 0 0
5 0 0 0 0 0 6 0 0 0 0 0
2008 6 0 0 8 6 14 10 0 4 4 0 8
7 0 1 0 0 1 Mean density ( 2-10) 0 1 1 0 2
8 0 0 0 0 0 Mean density (12-14) 0 2 3 5 10
9 0 0 0 0 0 2 0 0 0 0 0
10 0 0 0 0 0 3 12 0 60 0 72
11 0 0 0 0 0 2014 5 0 0 0 0 0
Mean density ( 1-11) 4 11 13 9 36 6 0 0 0 0 0
Mean density (12-14) 2 0 1 0 3 10 0 0 0 0 0
1 0 36 24 0 59 Mean density ( 2-10) 2 0 12 0 14
2 0 6 108 57 171 Mean density (12-14) 1 1 6 2 10
3 0 0 0 0 0 2 82 0 27 0 110
4 0 5 9 0 14 3 0 0 35 12 47
5 0 0 0 0 0 2015 5 8 23 132 8 171
2009 6 0 0 0 0 0 6 21 42 21 0 84
7 0 0 0 0 0 10 0 0 0 0 0
8 27 1 0 0 28 Mean density ( 2-10) 22 13 43 4 82
9 0 0 0 0 0 Mean density (12-14) 215 65 426 4 710
10 9 0 0 0 9 2 0 33 0 149 182
11 0 0 0 0 0 3 0 0 0 58 58
Mean density ( 1-11) 3 4 13 5 26 2016 5 0 0 0 7 7
Mean density (12-14) No data 6 0 10 0 68 78
10 756 428 63 13 1,260
Mean density ( 2-10) 151 94 13 59 317
Mean density (12-14) 0 0 0 1 1
2 91 41 50 8 190
2017 6 11 4 0 4 18
10 0 0 0 0 0
Mean density ( 2-10) 34 15 17 4 69
Mean density (12-14) 0 0 0 0 0
& R ERD o HNE T H2012, 20154E 0PI 54 1 1375
S5 72h%, 2006, 20164E(134KA > 72 (Table 3),

PIRFEAE 2006~20174E2 1 b:iaca‘émﬁ%@z’f b
7 7S INOFI AR EEE (100 m*d 72 ) OFREINE) |
20124 D326MEA T D % <, K\ T20164ED3171H, 2006
ED166MH, 20154ED2E DN E 72 1), 20064F DL 2
A L7240 DIIARO L WEMEE (DUT, AR &
%) OINGA L HEE 2o 72 (Table 3, Fig.3

55 Stage B O A EEE B D &,
SEI o 7220064E B X UR0124E 12
1O ZF N ZR1E B L U0 & <, Stage 21z F N2
1154, Stage 31%Z L2 11921f,
(Table 3), Z#4L&Ib#ESL T, 20164F1%Stage 1DYIAT
<, Stage 2753941, Stage 453591 TH -

L ED

12018,

ISUE & 5

5 Stage & &
BT 5 Stage

139l & B2 o
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é“é 200 - g stage1 Stage 17332 & &K D62%% 5 & Tvy7z (Fig.3 F M),
g_“.é 20144F PLF% (3 Stage 100 E] A ASHIHN L, 20154F 1327 %,

= Z 100 20164E B X U20174E 13 Z N2 48%, 49% CTH - 720
0 i ﬁé Q AEEBNC LS &, I A B A5\ 12006, 2012,
R RS 2015, 20164E1%13 & A EOFA ML TIIDTHRE S 7208,
R R KRR 2{{% RRRRRR 20064 13St. 3, 7CE <, W THMFEOMEA DSt 6, 10

ear

100% -—.—. Lo THBY, AMBEEOSL 1~2TIZED > 72, 2016
80% il FALMEF D DS 10TRM LT <, 20124 £ 20154

5 cox | 21|l 1% AT O ) 12200645 520164 & LT/ S 7
g 7 7 5720 TS LUHDIAREAS { 2 WAEREETIZ, 2008
g 40% 1 Mz;*‘ i 2009, 20174E13IGEEE D DSt 1~2TI00fE %, 201145 T

20% - Z 4 HH - FAE D DSt 6 TI00fEE & &4 > 7245, 2007, 2010,
o BABEANZZ0E0E 206 0uszecomsscrrsopfio.
5838829335835 fliTd - 72 (Fig.4, Table 3),
OO O O O O O O O o o o o
DR % Stage ] T HL 2 &, BB A 4E T ld Stage 10013
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Fig.3 Mean density (numbers /100 m®) and proportion of
walleye pollock eggs in Ishikari Bay from 2006 to
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56, 100EBEFNLLMEFYII2ITTEL» 72,
Stage 335 X UFStage 40 fili 1Z20164F Tt AEE ) DSt 2T
20154EClESt. 5TE - 7228, 20064 TidsSt. 3, 6, 7C
20124F ISt 2, 3, 6T D A HIMEE D IZhITT
o lee LEo# Y BB A AR ClE S A Stageh] O
HBLRMA R o T ize TNLALO4ETldStage 1D
BEEIX2008, 2011, 20174FEDALCIEK <, F1ZStage 224
DA LTz, Stage 200 > PRIE2008, 20009,
2014, 20174F TIZFISt 1~3DiFEZ D 12, 20074F 1
RSN EMEFD OMAIZ, 2010, 20114 (LSt 6,
20134F 1ESt. 10& W& 9 D 12404 L T w7z (Fig.4,
Table 3).

EHNBIXBEEROFIETRS &, PG EEHE
W20124F T ldStage 1D I IIEREE S 717 Stage 2~47V 57
5 7278, 20154F ($Stage 1& Stage 3755 <, Stage 413 1K
o7z (Table 3)o M4E & S AFFEORLEDHER L L
Tho7z,

KB CAFFEOSL 101281 52 H OKImEE 534 & W 5
&, HLBLZE AR AR TUE20064E 13 KR AS3C T, KiE
150 mT4.9C, /K200 mTi343T TH o 72, 20124E 1
50 mPLiE TIX20064F & 1) %2 %25 < 50 mPLZE TId20064F
WA TH > 72, 20154E TIXFREKIRIZ6.7C, FETH ~20
mTIR7TCHITE & & <, ZNLIETIZ2006, 20124 &
TR % 7R L7z 20164F (X R HKIRAT6IT L& <, 150
mTI365C, 200 mT45C T, ZOREOTTRD H»
- 72 (Fig.5)s 2 1L LA @ 4 ¢ 122007, 2010, 2011,
20174F1320164F A4, FKHKIRA35.7~68TC L& <, 100
mT6.1~65C, 200 mTH58~68C & o7z, 2008,
2013, 20144F 13 R KIEA42~45C, 100 m T332~
48T, 200 mTiX1.5~32TC L &» -7 (Fig.5). LiEoD

D, AREICB TN BN W FE BSR4 | 23,
L 7= R0 72 IR SRTE /A DB ERD SN2 Do 720
FEINY & & 2 STV B8RS, SEB L A
BOFMKIRD % FRISEETHR S & 20064 (2411
W B XL O EWENSTC, AMEIZ4~5C LT
WKL E 7 o T 7z (Fig.6) o 20124F 333 & 45T &
e, FUEEENITE AR o 7, 20158 X 12016
FAI IS8 ~9C, AREPTCH, AFEDIS~
6T & £4F2006, 20124 X ) & o7z, o, LAt
DAFETIE2007, 2009, 2010, 2011, 2013, 20174F 1Lk 1L
W AT~9C, BWNEN6~TC, AMNEHIS~6TC LKk
135 <, 20084F, 20144 13k LSS5 ~6C, SPEDS
4~6T, AFEH3I~5C LKEIZED - 720

YUSEHE O RKIRE P AT0~TC TH B (hE S, 1993)
ZENL, TCOFERMBOTMMET KD &, 2006,
20124F 1348 1L gk LUAB 12 7C L E oK IRIZ RS S g,
20154 3 X U20164F IR F B ORI 545 L T\ 72,
Z N LIALOAETIZ2009, 20104E 1343 5875 127C B DK,
2007, 2011, 20134513 PIE LB 2 7°C DL E oK
B S, 20174R 3R 1L 7C DL o KiR AT EL 42
Sz, 2008, 201445 1A 1 L LR 12 7°C Ll oo KR
BRI N h -7z (Fig.6),

AFFEOREAKIEE & N AHEEOBRE RS &, Ji5)
A B BE DS 7> © 7220064E 220 124E D K i K il 134 ~5T &
B o 7225, 20154E126TCH, 20164E135~6T L 1CTHEE
B olze =77, 20083 X UN20144F 1220064F [F) B 12 F
KIRAMEA o 7273, WA HE IR o7z, BB, Hlk
ZEIEAED2006, 2012, 2015, 20164E & N DAL OEDH
FEMERORKEKIR (Fig.5) OFIPMHEICIEHEEDE
DOENLh o7 (HE, P=223),
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Fig.5 Vertical distributions of water temperature at station 10 in Ishikari Bay in February in a) 2006-2011 and b) 2012-2017
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Fig.6 Surface water temperature distributions in February from 2006 to 2017 around the western coast of Hokkaido

z B

AFETIE, 20064E~20174E2 3 O B B & O NE
BB AT NI Y FIGMEEOE=Y ) ¥ TR %
Wy Loz, 2ofR, AFEICHEET LA M5
T IO GATHIED & FBAEFE O FHAE F R T X 21 HE
EDSENZ EDSD Do 700 RETFILHHIZTEE T 5 5
AR AR 2 EARICERAMER S N D A S 1), TACE
R R B O T RN AR A G IR O & EEHEE S LBET
B Do IOV TITAFGBEERE SUCILAFAERI & 1%
AR E L-arE AR IC X 2 BUF R e % H
WTWA)S Q0184 EHAHME), ML 2 H—
FHHOESHETH 5720, KB O T 5AAiEzn L7
0, SRR L T2 ) T AT REMED &
B2, I BT B EEHIRIZ D 2 A8 D A AE O IR
EFEE, MAROFERFUMEMHLE T 27-00F %15
e, MBI ARG R OBROFEIIZ O %D S,

—75, 20154 ZAER I I A B IS B I8 545 %
FEDSES <, HNTE T A T b W\ I A
RELER L 720 LA L, HNE Tl SEsE R O S E
SIS AT B HZE B - 72T Tld e ve 55
BB & BPIE CIMRET AT FEMT 5 2 LI12 L) Hil
ERFEORIAICIROFEE X L3S L Bbbhs, Jiosg
i3 HEHE, A PE SIS C, AT
ERVIENL WV, S, AEMMORS N7z EM H K
OHRTITH L, AFBOHRHAEL L) EENIED D 2
LRI EE Z B A,

FRETIINE L < % B L7 FERE s sin A 3
AIEA DD B L9 T EL, AIFENET A RIS

b, HAHCEEFLEELUESEENSETH o TOH
B E TOINOMREBE TERENTB L E2D, ik
< & H20064EMRFELIREIC BT 2 HBER O—H L 72> T
WHLZENERTE D, —H, REHOATr b ¥ T30
IMAEZ2H OALE H A, 55 e o 2 m
KiFEBNAEOMELD L LR ESNTW LS
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