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Impact of climatic changes on the distribution, migration pattern and
stock abundance of the Japanese common squid, 7odarodes pacificus
in the Sea of Japan

Hideaki KIDOKORO

Abstract : Japanese common squid (7odarodes pacificus) is one of the most important fish-
eries resources in Japan and South Korea. In recent years, the total annual landing of Japan
and South Korea has been about 500,000 tons. Since 1998, the stock of Japanese common
squid has been managed in Japan by Total Allowable Catch (TAC) quota system.

The annual landings of Japanese common squid have varied with oceanographic condi-
tions in decadal or inter decadal cycles, therefore, it was pointed out that the stock size of
Japanese common squid may be influenced by climatic regime shifts (CRS) which are the
abrupt changes in oceanographic conditions with decadal or inter-decadal cycles. The latest
CRS was considered to have happened between 1988 and 1989 (88/89CRS). Sea surface tem-
perature in the northwestern Pacific was basically lower tendency before 88/89CRS (colder
regime), but it turned to warmer tendency after 88/89CRS (warmer regime).

Considering the influence of oceanographic conditions on the variability of the stock size of
Japanese common squid, it needs not only regulation by the fishing mortality for the proper
management of this stock but also the understanding of the influence of CRS on the trend of
this stock size.

In this study, for a better understanding of the influence of CRS on the trend of this stock
size, the following subjects were examined, 1) Clarification of the stock structure in the Sea
of Japan, 2) Changes in the distribution and migration pattern that coincided with CRS, 3)
Variability in the stock size and sustainable production with CRS, and a hypothesis on the
processes regulating the stock fluctuation with CRS is discussed.

1) Stock structure of Japanese common squid in the Sea of Japan

In order to clarify the stock structure of Japanese common squid in the Sea of Japan,
specimens were caught in three areas: offshore area (offshore cohort), inshore area (inshore
cohort) and off northern Hokkaido (northern cohort) were examined using statolith micro-
structure analysis. Furthermore, the spawning migration patterns of these three cohorts
were examined based on tagging experiments conducted in June and July 1994-2006.

The average mantle length of offshore cohort was 222.5 mm, inshore cohort was
197.8 mm, and northern Hokkaido cohort was 174.2 mm. No significant differences between
estimated average ages of offshore and inshore cohorts (about 210-260 days) were found,
and they were estimated to hatch during mainly October and November. However, the
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daily growth rate (mm/day) of the offshore cohort was significantly higher than that of the
inshore cohort. The estimated age of the northern cohort was about 180-220 days and esti-
mated to hatch mainly in December which was approximately one month later than those of
the offshore and the inshore cohorts.

Most recapture records reported during July and September were obtained in the same
areas where they were released. In October, while recapture records of the offshore cohort
and the inshore cohort were obtained in the spawning area (northern part of the East China
Sea and southwestern part of the Sea of Japan), recaptures of the northern cohort were ob-
tained in the offshore area.

Based on the differences in hatch date distribution and migration pattern, the autumn
spawning stock could be divided into the three sub-stocks.

2) Changes in the distribution and migration pattern in relation to CRS

Changes in the distribution pattern of Japanese common squid with CRS were examined
by comparing the distribution maps of CPUE of the results of experimental jigging surveys
conducted in June and July 1979-2007. Changes in the migration pattern between before
88/89CRS and after 88/89CRS were examined based on the tagging experiments conducted
in the offshore area of the Sea of Japan in 1984 and 1987-1991.

Since the 83/89CRS, a clear increase of CPUE has been detected off northern Hokkaido.
This means that the northern cohort increased drastically after 88/89CRS. Significant dif-
ferences were detected between before 88/89CRS and after 88/89CRS in the stock index of
mantle length less than 21 cm composed mainly of the inshore and northern cohorts. How-
ever, no significant difference was obtained between before 88/89CRS and after 88/89CRS in
the stock index of mantle length larger than 21 cm composed mainly of the offshore cohort.

The direction of spawning migration in the offshore area was southward before 88/89CRS:
that is, from the central part of the Sea of Japan to the inshore area of middle and western
Honshu, however it changed into southwest-ward after 88/89CRS: that is, from the central
part of the Sea of Japan to the east off the Korean Peninsula. Although the spawning migra-
tion started in mid-September before 88/89CRS, it was delayed to October after 88/89CRS.
These changes in spawning migration pattern were consistent with the shift of spawning
ground which was observed by a shift in the larval distribution.

3) Variability in the stock size and sustainable production with CRS

The stock size of the Japanese common squid was estimated by a stock index which is
the average CPUE of experimental jigging survey by research vessels in June ? July and
assumed catchability parameter. Stock size was quantified by supposing that the stock in-
dex is proportional to the stock size. Variation in the maximum sustainable production with
the CRS was examined by comparing the spawner-recruit relationships estimated before
88/89CRS (colder regime) and after 88/89CRS (warmer regime).

The number of stock individuals was estimated to be about 2 billion individuals (500 thou-
sand tons) in the colder regime. It increased in the warmer regime, and reached about 7
billion individuals (2000 thousand tons) in the beginning of the 2000s. Exploitation rate was
30 %-40 % in the 1980s, it decreased to 20 %-30 % in the 1990s and was less than 20 % in
the beginning of the 2000s. The maximum sustainable production estimated in each regime
by spawner-recruit relationship was 170 thousand tons in the colder regime and 380 thou-
sand tons in the warmer regime.

4) Conclusions

Stock size of Japanese common squid has increased after 88/89CRS, in particular, the

northern Hokkaido cohort. Moreover, not only the stock size but also the hatch date compo-
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sition, migration route and spawning grounds of Japanese common squid have also changed

with CRS. These changes in ecological properties are considered to play important roles in

the changing stock size of Japanese common squid.

We can predict the trend in stock size of Japanese common squid by observing these

changes in ecological properties mentioned above, and this can be used to implement ap-

propriate management strategy plans. However, we should be aware that the average yield

may doubled or be reduced to half depending on CRS events even if appropriate fishing

mortality management strategies are adopted for this stock.

Key Words : Ommastrephid, Regime Shift, Stock management, Todarodes pacificus
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AWV A A H Todarodes pacificus \&, 7 H A 5 %}
Ommastrephidae \2J& L, TR FEISHATT 5o

FHIA LAETH D, AGLORBICHEIIL TICT
%o ANV AA N OEIINIHEICD S5, b4
MEEITH 5o EFTNAFEHICX - THAMEED
B, BTN BHZ I H ARG - [ L,
HWEINLOICH L, LT RAIZEICRER
oA -l L, RN D (Flg 1, #i4 1967
Okutani, 1983),
ANAAADIHAB L OBEOREE 2 HERR T
HY, EAEOWEOEMEREIZEMPS00 > THAH
(Flg. 2)o HARTIZ19984ELIFE, fFrifaE= (TAC)
WCEBANAA S OGERERIP TONT VWS, HAIZ
BIF S TAC X, AWFMErRERS (ABC) % L
LT, #Han, RENERZIKRL TREET5,
ZFD720, TACOIBEL %225 ABCR2HEET S0
W EZBEOMHEERRE L, ABC HRIEOEF R
DT B OREEE T LR ZITRD SN TV 5,
TACZ I LD LT 2EHFEHEITIE, HEAMIZ,
FERINC X > THHOE R L BIEKEICHERL,
2 BV IRIE TR A T EFHEL 25, L
ML, ANAAL G oiERE, ZhE chEMCK
&ML T & 7o 19604-4135005 T+ Y HijfR D KHEET
H o 72H%, 1970~19804EACNT T A 2 ol i K &
WAL, 19804EM-E12132005 b Y Hith ke & 7
o7z (Flg. 1)o Z D%, 1980448 2 DL 2 8 n i
B 0, 19904E A1 1X19604E A% & [l K HE L2 [l 45 L 72,
WHER DS L 721970~19804EMTid, AV A A A
OWEREIWAD Lz ERIE, AR R0ECLDE
IR DA & fFHT S, R R O RIS KR 7
IR OFHIK (40~50 % ICHIK) SLE LRSI SIh
7o (B3, IR, 1979 ; B4, 1985 405E, 1988 ;
Murata, 1989). L2*L, #ETIZ19804FECLLME S it
MRS L7z (B, 1997) bbb,
19804 AR B 2L DL IC AV X £ A O iR B L
19904EARAT IR IEIE LTze AV A A DR 7)S
EKMEICHIET S &, AN AL D OGFRITHEIC X
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Fig. 1. Schematic diagram of the distribution range and migration route of the autumn and
winter spawning stocks of Japanese common squid, Todarodes pacificus.
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Fig. 2. Annual landings of Japanese common squid by Japanese and South

Korean fisheries.

LHRELD DO LAMERRORE, FICHRENNZ
MR OZAEPRECEETLLEEZOND X H IS
ol (BFH:, 1998),

MREEERSE L, HWERHIECilg & % 204F ~504F i M 0 5
frod B Z1E (Climatic regime shift: LL'F, CRS
L3 5) L e BT, EE LR A Y Z 9 (Minobe,
1997 ; Beamish et al., 2000). #7304 Ti, 1976

FE197TAEE I & 72 CRS (LLF, 76/77CRS & &
T5) ICXo TR RIS E 2D, 19884 &
19894E % Bi Tk & 72 CRS (LLF, 88/89CRS & Wsd %)
12 & o THBEMICRAT L7z (Minobe, 1997 ; Hare and
Mantua, 2000), 215 DMEFEREOELL, AL X
4 7 DFEREDLEALDITIZFREETH 5722 L5,

AN A AT OEPFEOEICIE CRS I & 5 BB
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DEALDSET 5 2 L osfgims iz (BRI, 1998
Sakurai et al, 2000 ; KT 5, 2003). FEARMIZ, MBE
WTIEANVAL AOFAEICE > THHETH Y, &
SRS 225, FEHEMTIEANV AL A OFAFEIC L
STABETH Y, BEREFWATHEIA2H 5 (BRI,
1998 ; ARFrs, 2003).

HARJE B B 5 CRS 12 & 5 EEFE~D
B, B2~ A T Sardinops melanostictus T2
CHOND, 4 7 YORFERIE, 76/77CRS LI,
RFEAEIZEEML, 1980FERITHAD <A 7 ¥ Difi
R AE40077 b Y ERB X 7. LA L, 88/89CRS
DI, MAES»Z2EITIHA L (Watanabe et al.,
1995 ; Noto and Yasuda, 1999), 20024 ~20044E D~
A7 OEMEIZER ST M VREIRIIKT Lz, A4
7Y OB, EEHICEmL, mEHCEAS LT
BY, AT ERNVAL A TIEIROELZRLT
Wbo %8B, CRSICEZ2EFEELBHIEI~AT7IDLH
T/ NRRAEIEA ) TR, Y78 (Beamish et al.,
2000 ; J&1l1, 2007), JEfHE (Tian ef al., 2006 ; —F,
2007) THWME SN TWDE, ZD0, IETIE,
CRSIZ X 2 281%, Mx OfiiDGIREE)~D%E
20 Th L, BBREFRANOEL L THEASINT
W5 (Beaugrand, 2004 : Tian et al., 2006 : Zhang et
al., 2006 ; Sakurai, 2007) o

CRSIZ X 24 ~DEEL, BFREIIH,D TR,
A, EEIRYE B X O R IR RS o R RE N SR
WZH RSe HAFMIBUZIE S 54§ A /MNRMETH
HIATIRAY U F AT Y Engraulis japonicus T
WEEFAREDOLZAL L MK, FEINIRENY, B &
O A P 2 13 U & 3 B GRS RE CE
b L7 CFIH, 1988 ; HLH, 1991 ; Watanabe et al.,
1996 ; Zenitani et al., 2000 ; JE %, EA, 2007) . S 512,
CRS IZ X B M BRBE O ZALDS, FEINS IS 0 AT
Mtz B U CERRELES 25 SR ITERICZ - 72
EHERINTWD (Takasuka ef al., 2007) o 2D X9
12, CRS2%5-2 5 AR REMFEOZALZH S I T 5
ki, CRSICK2EWEHEMEZHO 2T 2 L
TOBRERBERD DIk >TWh,

— Iz, BIREH T, molE R X - T
IR R K2 W BRI e K#EICR D, R %
EKETEENIIEL I A HEE % (Quinn and
Deriso 1999). L2, ZEEIWMOEBLPN & LT,
WX BEBIIMA T, CRSICX 2{HHEREDOR
BOSRR S N D &, USEEIR O IYME 2 & BRI XA HER
BTz, EREOZE S Z O - EIRE RO
FPUEL %572 (Walters and Parma, 1996 : Yatsu
et al., 2005 ; £+, 2005 : JII, 2007), F D712

13, CRS O RWI3R & TR FLEORMIE, B L UCRS
12 & BB EAKER X AR OO ERN 10
BOEETH L, LoL, BIED CRS ol HiEE,
FAHRH T — 7 DRI X - TIrbN 5 (Beamish
et al., 2000 ; Mantua, 2004) 7%, CRS 25 & T2 H
BHEBOT— 7 ERMPLETDH Y, CRS DHWIZIX
RN L A, F72, CRSZA LS8
HOEPTHRL, WOREZ2OTFHEIBIZEALHRE
W (Mantua, 2004) . =T, BERHIF— % OFEHLL
A& EBNC, CRSIC K 2 AR EOZ L2 R L,
CRSZHIW$+5ZLICLoT, SBOEHEBINZF
WL, BEEHEARIIISHITHIEWEHEEZ 5,

AN AL B OBFEBIH 2 % CRS DB
AWF9eix, TN FE T, FICHEINARE LW A GG s
HH L THibh T& 7 (Sakurai et al., 2000 : Goto,
2002 ; 1A, 2002 : £, 2006), FOFER, AR A
HCTHEFKREDOLELE & DITFEIEALAR, ML
T2 ENHLRERD (B, 1987 Goto, 2002 ; 7%,
2006), CRSIZ& b 7% ) EINIGIE R R WAL D) 4 0 A 5%
BOBALD, ANVAAL D OGHEBEH 2T E R T
FHEREEZEZOLNTWD (BIH1998 ; Sakurai et al.,
2000 ; ARHT 52003 ; #H- 52005 £, 2006), L2L,
PIATG SR DA O A RE, Bl 2L, I AR O 5 A IR
R B, B X OEESNORBICHET 5058134
%<, KPFEMTIZI970F LIRS IR = AR & < Ik
DL, Ehk L bITEIERER A E R & < EAL
L7zZePMEEINTWE L DD (Nakata, 1993),
H A TGS IS O ZLIXIT & A B S
T, Lad->T, A7V THEEIRTw5
FEINSE DAL L, A X O IRE O K & o B
(Watanabe et al., 1996) 3 AV X 4 H TIZHL T
R\,

AWRTIE, ANV AL H OB, SA0E B
LOWEENPCRSIZH LTED LI ITIRET 5 H
ZHOL2ITL, CRSIZE 2 ANV XA 5 OGEREE)IF
PEHLPCTHLIE, BXO, BHEESHETEZ W
oW R ERMEB L OERTREMH T2 L2 H
e Lo ZO720RMIETIE, K HARMBEIZHH T
BANVAA A ZXRE LT, #MERSFEMICHEES 1
72 AR AR B2 W T, 88/89CRS 12 & » TH IR
HYAE L 7219804480 5 19904EA D L RER A, B &
G RGO ZCER LTRET L 72,

B, ANVAALHOFHEHEL Th I TFEHK
SRR SN TE ey, 1967) #%, &IREA
Hfre LCORMKW X G EEIEKRTH 72, £0
72, BIREHEDB X CRIRER O (R#E, Stock)
ELTHw A, BARNRIXGHEICET 2 HED
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RIS N T &7 (263, 1988 WilH, 1994), HAE,
IREEIT 5HEHE L T 2 BIREFG A <, FHEiB%
HEBEDE 2 % b LTRSS AR L AT AR ICIX
S LUTEETMAIT b TV BED, TOREEXICH
F %50 An Il & A R O BRI I RGE S N TB 5
T, B E L CORYEE IR S hT
WhEIFFVEEY (B 2006), I HARETIE, K
DS OBAMD EO, BIEOFHN LRI
HELTEY, BEMESEMETH L, I T, CRS
& 2 EHEI S KRB X BRSO ZLZI S 21
THENC, HAZ IS AV A A H 0P O
BHEIT R 572,

AL OME L LT, FTH1IEIIBNT, HAMW
BHHNZDATT B AN A4 S OFERERZHEET 5 &
& B ITHERBUR AR R EZ VT, ANV AL D OF
REEIZDOWTHE L7z, 28 TIE, CRSIZHT 3
ANAAL S OIREE LT, BEIMEKETD - 721980
D S EIRHEIZ 7 5 72199045 LB 0 7345 IR, B
LK ORBREOEALZ MRz, T/, EIRGEK L
WY 5 L E 2 2 IR O 2L D Tz,
FIWETIE, BEEEEREMNICHETSZ LT, CRS
2 & 2 EWARHED X ORRGEER O RN L% R
Al ZLTC, HBAEOBRGERT, UETHLK
72CRSICE D % ) BIREBIFEZ BT 25 & & B,
CRSIZIE U7z AV X £ A OWHEREHEMH B L G
IR B RN OPEE 24T - 720

B1E BEFBCBTIZANAMHOEERE

WH(1950) &, FEOFEZE LR R
FRERAE D LI, ANV AL AIEHARGR 2 KNS 5
—ODOR TR IND EME Lz, LIL, 0%,
HAWY R % M3 282 A2, HARWEMA I &
D HFERIIE L, ARPIKIMOBENTFET L &
MG S (FES, 1965 5 HEEE, 1K, 1966)
F72, HAREDRIEERNIZEP 2w 00, F~E
TR AL EIND Z WG S (i,
1959 5 1960 ; ##B, &K, 1966). D LI, AV
AL HNNEG A - MEDS R 5 EHOBNFAEL, €
NENFERAS R 2 e, HE (1967) 11,
ANWAA I OWMERLEZ RO X H 1T LTERL,
Thbb, KFEERREB L O S L i 2 i
W LCTivR 2 K 282 &L NEE, EiICH
KUFOMEITN A LT R & 2 2R FEF
N, FIHFEICOA L TE~EIIRAT LIHZH
EENBEE L72e BUETIR Z OFHEGIFERC X B8
XGHAN XA I O—fFE L FEHEEICHYO N TWS

(Okutani, 1983 ; Murata, 1989), L#*L, ##+ (1967)
2 X B FEIBISAERE DX 5, F8 A4 R o 3 78 AR B
THol=Z b, ZHOZAERLOHP 2T %
<GB, Ak 1972), S HICHIEHE I L » TR
L 4 RO R R 2 ME S b IEH s
72 (WP, 1994),

GG B & VGRS B O HAT & 7 R EE (Stock)
T, MERTEFTLEE BT, BHEERIEET S
VEBD ), BN X HEsbEE b, LL,
o (1967) (2 X 2FHIBIEEROX 3, RN
HEROX S HEIAHRTH 72 LT, H
Kl TR CTHIE SN2 AV A A ) B 4&A T B
METHBESNIZ AN AL B & AT NERICE TN
2K L CEWEFHMM 27 E T & 7 (Okutani 1977 ;
Murata, 1989). it & ME TREEX 5T 5 HikoR
FEME, 255% (1988) 12k oTHRiEh B & &b,
F7CRBEX & L, R oNETRMIICE S
XA TEIRESIN, LA L, FHERTIZB VT,
EONET R R IEHEIIER/IEE X5 2 0 EAH %72
9, REEX 5O W 7 L HEIIRE . SN b o 7o

19904ERICA D, AW X A 1 D47 Ok % D
eI HEMDS 5 2 & H3 R S (Nakamura and
Sakurai, 1991), Ffii A OmMiREE (HER) 2 Hw
HEBECSTEPARICER L, ZORE h
FTONETE, WHEH S L7z B b & 2
BosgEREciEEwA /s, RUKET
MUBE &I S 7R T b i & o THEE L H
PRLLZGEELDLIENEMBENDL LI hoT
(Nakamura and Sakurai, 1993 ; 3171, HH, 2006).
ZDXHI, PlAEHCZHBETSECIST, 2
NE CTOFHMNFEEREDOXGIEEIZB W TAHETDH
o 7FEARE OFIPH %2, BARMIZRAE S 5 2 & 25T g
LHIFEEhTwa (fafk 1993).

ARETIE, AL S HEETFEEZHCTHAR
SR RO S TIIR LR E LTRO S
BANAA S (RRAEFNEE PG, LA FNE BE
BLOwEd) oFERM 2R Lz, 2T, Bk
A O FEHiAE R E W TS O M H A A A
B OEFE L BB L BRI 2~z Dbo
FiRZE S LITHARMEIIBIT 5 ANV AL OFEELIL
B2 a5 L L b, T TORERITTH
WHNTERBEX G, B X OBHER IR
THWHN TV REEX 5 EORGEE 1T - 720
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1. REBHHLIURE

BREFE 1993~19964E D 6 H T2 56 7 H LAY
12, MG, BREBLIUEILTRELLZAV AL I 2K
B W7 (Flg. 3, Table 1) 25, M E
WA (452t1) OHBA WS TERE L 21, HER
T ARRPIFHIRAE L7z BURHI B AR T 1212 ke
LTRAE L, HEETE (mm), KRE (g, MHEOK

AgEiRE R (0.1g) ZME L2k BHEZWHL,
A MLz WMy ML Plfad, 7va—
VTR L 72k, TR TIRAE L 7o

W52 U 7R & A Bl o 2 o C AR B i s 2
ZEEL, RARROFEEIH 72 AgHE R
&, HECIO R E R R (TSD = RRER MAE
(%), WETIEAERIRE R (GSD = (JRILTE R +
PR ER) RE (%) ZRREMEE LTHW
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Fig. 3. Location of stations where specimens were
collected for the statolith microstructure analysis.
W-1 to W-3 are stations in the inshore area, C-1 to
C-4 are station in the offshore area and N-1 to N-3
are stations in the northern Hokkaido area.

Table 1. Dates and locations of stations where the specimens were collected for the

statolith microstructure analysis

Number of Number of specimens
Arca Station Date Catch Male Female Total
Offshore C-1 03-Jul-94 2886 11 9 20
C-2 07-Jul-94 1479 6 9 15
C-3 09-Jul-95 6181 11 11 22
C+4 09-Jul-96 1784 17 16 33
Inshore W-1 28-Jun-94 712 15 11 26
W-2 30-Jun-94 2780 15 17 32
W-3 21-Jun-96 1848 10 14 24
Northern N-1 04-Jul-93 5808 8 16 24
Hokkaido N-2 04-Jul-95 6058 14 21

N-3 04-Jul-96
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W) W

23101 14 19
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WA E P TR L7, HiA e ld, iAo a
Rz AR F VROBEH (2WEAR) TAIA VT
FARICEEL, A OME Z W KKY Z) CTHHE
L7z A OB 2T O MM 2 SRR THBlgE
L&A, groEiihmo sk BgtEs
¥ TITo 7z BEMSEBIZIE, BIRL >~ 1065, WL
v X008 0%E (1Y) 8 2% BX-50) T, CCD #
A5 X D154 Y FDOF L YRS — (T L THT
o720 72721, P A OfLE O H R, AFELSH
HETHY, HREWDAEEHTD D HEATRE R A
Lotz TD, FFAFHEO HE R IZTiET O R
WO 2 7ML TR L 720 SRR ETRLE A ) V8
HBEFTF Iz A—=%— (VM-30) ZHv, 1M
ARIZH LT 4 mfT v, de/MiE & iR % B 72 o F
BEREEEE UTifio 7z SIRERAE N CTIRE L 72
DB, HEOI LR % KA 72 EAEE Table 1
DY) THolzo U EOFTPHTHE L7z HimE REH
HXDIBLH ZHE L, BREWTEIC X 58V E2~7z,
BREESLUCHBERROBE HEBLNETEX
D HEEESR WETEHiE) %KD, £HRIcE
FAEREB LWL HERORMREARS L LI,
I X aEV GG L7z, R, NETELY O
TE->TIH®H2) OWMERZROTIHEL L7z, £
7z, HEs & AR ERREOBGREZ, #AKTHXS
P N3 5 R ARE Y I A By AR

46

BIEEOLE Kl CTRE L MR s E
BFE SHMBEOHKROVHES L OH B R ERDF
W% —JCHLE DG HTIC L - TRREL, i
DFENE Rz GEHTIC L > THEEDED BN
A, 3R OX % ftest 12 & o THT W,
Bonferroni {12 & - THEKHEZHIE L THRE L 720

2. iy & AR

1992~20054E0 6 A F425 7 H EAJIZ, HAR#E
&, R R AR R TT - AR R AT (Flg. 4)
DOFHR R Z AV 720 BERBUTHAE, TR R AL
(452t) 12X o TANRAAL I OREBDE Do 7204
MTEBSN, 1AL D 72 339 A 59,6004 4
DAN XA I DGR E N7z (Table 2) Bz 7T >~
=My 7r v, HEIA #7810 TRER MR 2 T
2 B0 A TS L 72,
PRGN, BRI % 17 - 72 (A,
AR, Edk) i, ANOEHEREEEL. F
A ROBEMIE, FHME 0D - A0 E 2 R 1
ED T ) v NI CHiEi%E ABNCERT L, s
OBEIRK, LIRS X O X 2 F)HIRE % R
N, Bl X OB E U TOMMEEBRE L
oo BB, ERMEEREICLLIXG2TDY, #ihE
T 72BN SN iR %2 77—V L TP L 72,

44}
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Fig. 4. Location of stations where the tagged squids
were released. In this figure, symbols are represent
the stations in ( @ ) inshore area, (M) offshore
area and (4) northern Hokkaido area.
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Table 2. Number of squid released, dates and locations of stations where the tagging

experiments were conducted

Number of
Area Station Date Latitude N°  Longitude E° release

Offshore A-1 09-Jul-92 43 6 136 41 1000
Offshore A-2 14-Jul-92 41 30 133 46 1000
Offshore A-3 10-Jul-93 41 30 133 46 1300
Offshore A-4 28-Jun-97 41 10 133 0 3280
Offshore A-5 29-Jun-97 41 40 134 20 4295
Offshore A-6 10-Jul-98 42 0 138 0 1361
Offshore A-7 25-Jun-05 40 59 133 0 9600

Offshore total 0 0 0 0 21836
Inshore B-1 02-Jul-92 39 30 137 30 495
Inshore B-2 29-Jun-94 39 18 136 2 399
Inshore B-3 23-Jun-95 38 40 138 25 942
Inshore B-4 24-Jun-95 40 0 137 0 339
Inshore B-5 24-Jun-97 38 42 138 25 1039
Inshore B-6 13-Jul-97 38 10 138 0 4180
Inshore B-7 23-Jun-99 40 2 137 0 2000
Inshore B-8 23-Jun-01 39 60 137 0 3000
Inshore B-9 08-Jul-03 40 1 139 20 3000

Inshore total 15394
Northern C-1 04-Jul-96 45 20 140 20 8340
Northern C-2 06-Jul-99 45 22 140 20 3000
Northern C-3 03-Jul-00 44 40 141 4 1500
Northern C4 04-Jul-00 45 21 140 17 4300
Northern C-5 07-Jul-01 45 20 140 21 3000
Northern C-6 02-Jul-02 45 40 140 40 9000
Northern C-7 04-Jul-04 44 40 140 59 2700

Northern Hokkaido total 0 0 0 0 31840
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Fig. 5. Vertical profiles of water temperature at stations where specimens for the
statolith microstructure analysis were collected. (a) offshore area, (b) inshore area,

(c¢) northern Hokkaido area
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Fig. 6. Mantle length distributions of the specimens
for the statolith microstructure analysis that were
collected in (a) offshore area, (b) inshore area, and
(¢) northern Hokkaido area.

Fig. 8. Age (days) composition of specimens
collected in (a) offshore area, (b) inshore area, and
(c) northern Hokkaido area estimated from the
statolith microstructure analysis (see Table 1).
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Table 3. Monthly changes in the number of recaptured squids. N.D. means no data of recaptured date

Number of recaptures recapture
Area Station ~ Release date Jul. Aug. Sep. Oct. Nov. Dec. N.D. Total rate

Offshore A-1 09-Jul-92 2 5 4 11 1.1%
Offshore A-2 14-Jul-92 7 3 10 1.0%
Offshore A-3 10-Jul-93 15 6 4 25 1.9%
Offshore A-4  28-Jun-97 3 6 1 10 0.3%
Offshore A-5  29-Jun-97 16 3 2 23 0.5%
Offshore A-6 10-Jul-98 9 4 13 1.0%
Offshore A-7  25-Jun-05 30 2 39 0.4%

Offshore total 52 56 20 3 0 0 131 0.6%
Inshore B-1 02-Jul-92 4 4 4 1 13 2.6%
Inshore B-2  29-Jun-94 5 2 1 8 2.0%
Inshore B-3  23-Jun-95 30 6 1 37 3.9%
Inshore B-4  24-Jun-95 8 2 10 2.9%
Inshore B-5  24-Jun-97 10 4 2 16 1.5%
Inshore B-6 13-Jul-97 19 13 11 3 46 1.1%
Inshore B-7  23-Jun-99 11 5 1 17 0.9%
Inshore B-8  23-Jun-01 15 1 3 19 0.6%
Inshore B-9 08-Jul-03 13 6 1 19 0.6%

Inshore total 115 43 24 3 0 0 185 1.2%
Northern C-1 04-Jul-96 1 7 8 1 2 1 20 0.2%
Northern C-2 06-Jul-99 1 2 4 1 8 0.3%
Northern C-3 03-Jul-00 1 1 2 2 1 7 0.5%
Northern C-4 04-Jul-00 6 3 1 2 12 0.3%
Northern C-5 07-Jul-01 1 9 6 16 0.5%
Northern C-6 02-Jul-02 1 5 3 2 1 1 13 0.1%
Northern C-7 04-Jul-04 3 6 2 2 13 0.5%

Northern Hokkaido total 3 8 39 25 4 7 89 0.3%
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Fig. 15. Monthly changes in the recapture sites of tagged squids that were released in
the offshore area. The areas of gray circles represent the number of recaptures by 1°
longitude x 1° latitude grids and black circles indicate the release sites.
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Fig. 17. Monthly changes in the recapture sites of tagged squids that were released in
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FEXNEB L OME oA T AR L 1T L A LD
e, AT, Y, B L OEA RO S R
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Fig. 18. Relationship between the date of jigging experiment
and average mantle length caught. In this figure, the black line
represents the linear regression line.
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Table 4. Number of experimental jigging surveys conducted in 1979-1988 (before 88/89CRS) and

in 1989-2007 (after 88/89CRS) by 1° longitude X 1° latitude grids

Before 88/89CRS (1979-1988)
130°E 131°E 132°E 133°E 134°E 135°E 136°E 137°E 138°E 139°E 140°E 141°E

45°N

44°N 1 3 5
43°N 1 2 3 5 7 7 1
42°N 1 4 4 4 10 7 6

41°N 5 6 6 6 10 8 9 8

40°N 3 7 9 10 10 9 7

39°N 9 9 9 8 10 10 10

38°N 9 10 10 8 9 10 10 10 1

37°N 4 10 9 4 4 7 3 2

36°N 5 10 7 8 10 1

35°N 1 3 1 1

34°N 1

After 88/89CRS (1989-2000)
130°E_131°E_132°E_133°E 134°E_135°E_136°E_137°E 138°E_139°E 140°E_141°E

45°N 6 6 13

44°N 5 6 13 9 6
43°N 1 4 7 15 15 12 1
42°N 9 9 6 10 17 18 3

41°N 2 1 8 8 3 17 19 19 18

40°N 1 6 11 18 12 18 17 17

39°N 1 15 18 19 19 19 13 18

38°N 5 9 16 16 18 19 14 19 8

37°N 6 18 14 14 15 15 6 3

36°N 7 16 16 9 19 5

35°N 1 9 1

34°N 1 3
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Table 5. Dates and the locations of stations where the tagged
squid were released in 1984 and 1987-1991

Site of station Number of

Date Latitude N° Longitude E°  releases
29-Jul-84 40°48 134°07 1698
30-Jul-84 41°59 132°00 1495
31-Jul-84 42°00 135°00 865
1984 total 4058
25-Jul-87 40°49 134°08 1000
26-Jul-87 41°27 134°01 200
27-Jul-87 41°28 136°14 1000
29-Jul-87 42°30 139°01 400
30-Jul-87 42°30 136°45 3300
31-Jul-87 42°28 134°29 2500
1987 total 12458
19-Aug-88 39°35 136°17 298
20-Aug-88 40°36 133°47 1979
21-Aug-88 41°41 133°22 700
24-Aug-88 42°30 136°45 2000
1988 total 4977
21-Aug-89 40°20 133°30 2780
22-Aug-89 41°30 132°00 2470
23-Aug-89 41°30 134°40 2480
24-Aug-89 41°30 137°10 990
26-Aug-89 42°29 139°08 990
27-Aug-89 42°30 136°50 995
1989 total 10705
20-Aug-90 40°19 133°31 1190
21-Aug-90 41°30 131°59 1990
24-Aug-90 41°30 134°39 1760
28-Aug-90 42°30 133°59 500
1990 total 5440
29-Aug-91 42°30 139°10 1697
02-Sep-91 41°30 137°10 1995
03-Sep-91 42°30 136°50 1100
04-Sep-91 42°30 134°00 1992
05-Sep-91 41°30 134°40 1991

1991 total 8775
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Fig. 19. Locations of stations where tagged squids were released in 1984, and from 1987 to 1991. In these
figures, the area of circles represents the number of tagged squids released.
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Fig. 20. Distribution map of the average CPUE obtained by the experimental
jigging survey conducted in June and July 1979-1988 (before 88/89CRS). CPUE
(number of individuals caught by a jigging machine in an hour) were averaged
by 1° longitude X 1° latitude grids. In these figures, open circles represent
CPUE for the total mantle length class, and closed circles represent CPUE of
each mantle length class. (a) CPUE for all mantle length classes, (b) CPUE for
<17 cm mantle length class, (¢) CPUE for 17 cm-19 cm mantle length class, (d)
CPUE for 19 cm-21 ¢cm mantle length class, (e) CPUE for 21 cm-23 cm mantle
length class, (f) CPUE for above 23 cm mantle length class.
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Fig. 21. Distribution map of the average CPUE obtained by the experimental
jigging survey conducted in June and July 1989-2007 (after 83/89CRS). CPUE
(number of individuals caught by a jigging machine in an hour) were averaged
by 1° longitude X 1° latitude grids. In these figures, open circles represent
CPUE for total mantle length classes, and closed circles represent CPUE of
each mantle length class. (a) CPUE for all mantle length classes, (b) CPUE for
<17 cm mantle length class, (¢) CPUE for 17 cm-19 cm mantle length class, (d)
CPUE for 19 cm-21 ¢cm mantle length class, (e) CPUE for 21 cm-23 cm mantle
length class, (f) CPUE for above 23 cm mantle length class.
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Fig. 22. Distribution map of the differences between 1979-1988 (before 88/89CRS) and
1989-2007 (after 88/89CRS) in CPUE averaged by 1° longitude X 1° latitude grids.
Differences in CPUE are shown as increments that were obtained by subtracting the
average CPUE in 1979-1988 from that in 1989-2007. Open circles represent CPUE for
the total mantle length class, and closed circles represent CPUE of each mantle length
class. (a) CPUE in all mantle length classes, (b) CPUE in <17 cm mantle length class,
(¢c) CPUE in 17 cm-19 cm mantle length class, (d) CPUE in 19 cm-21 ¢cm mantle length
class, (e) CPUE in 21 cm-23 cm mantle length class, (f) CPUE in above 23 cm mantle
length class. CPUE is number of individuals caught by a jigging machine in an hour. Red
circles mean negative values.
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Fig. 23. Trend in the stock index of 1979-2007. Horizontal lines represent the
average stock indices of 1979-1988 and 1989-2007.
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Fig. 24. Trends in stock indices of 1979-2007 for mantle length class: (a)
<17 cm mantle length class, (b) 17 cm-19 cm mantle length class, (c¢)
19 cm-21 cm mantle length class, (d) 21 cm-23 cm mantle length class,
(e) above 23 cm mantle length class. Horizontal lines represent the
average stock indices of 1979-1988 and 1989-2007.
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Fig. 26. Average stock indices in 1979-1988 (before 88/89CRS) and in 1989-2007
(after 88/89CRS) by lem mantle length class. In this figure, represents 1979-1988,
O represents 1989-2007, and a heavy line represents an increment of stock index,
which is obtained by subtracting average CPUE in 1979-1988 from average CPUE
in 1989-2007.
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Table 7. Changes in the number of recaptured squid in 1984 and 1987-1991

Number of  Recapture Jul.  Aug. Aug. Aug. Sep. Sep. Sep. Oct. Oct. Oct.

Date recaptures rate (%) ~31  1~10 11~20 21~31 1~10 11~20 20~30 1~10 11~20 21~ N.D. Total
29-Jul-84 151 8.89% 10 51 15 25 17 19 8 3 2 1 151
30-Jul-84 130 8.70% 81 20 10 4 6 4 1 3 1 130
31-Jul-84 65 7.51% 20 6 12 9 9 8 1 65

1984 total 346 8.53%
25-Jul-87 98 9.80% 23 36 12 13 3 5 1 4 98
26-Jul-87 36 18.00% 7 16 5 6 1 1 36
27-Jul-87 98 9.80% 13 38 16 11 8 8 98
29-Jul-87 33 8.25% 4 3 9 7 2 5 1 2 33
30-Jul-87 370 11.21% 25 131 83 42 31 30 15 3 9 1 370
31-Jul-87 231 9.24% 32 70 85 12 15 8 4 3 2 231

1987 total 866 6.95%

19-Aug-88 14 4.70% 5 2 3 4 14

20-Aug-88 124 6.27% 10 20 22 34 28 8 2 124

21-Aug-88 32 4.57% 6 5 4 7 9 1 32

24-Aug-88 128 6.40% 4 38 22 18 30 12 4 128

1988 total 298 5.99%

21-Aug-89 103 3.71% 18 42 11 17 8 3 4 103

22-Aug-89 174 7.04% 85 49 10 10 13 2 4 1 174

23-Aug-89 71 2.86% 17 10 8 16 15 1 3 1 71

24-Aug-89 12 1.21% 1 1 1 4 1 4 12

26-Aug-89 16 1.62% 6 3 3 2 1 1 16

27-Aug-89 40 4.02% 1 16 9 8 1 2 3 40
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29-Aug-91 54 3.18% 28 15 1 7 2 1 54
02-Sep-91 56 2.81% 31 8 2 6 3 3 3 56
03-Sep-91 21 1.91% 2 15 2 2 21
04-Sep-91 17 0.85% 1 4 4 4 17
05-Sep-91 20 1.00% 1 9 3 5 1 1 20

1991 total 168 1.91%
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Fig. 27. Shifts in recapture sites and the number of recaptures in 1984. Distribution of water temperature at
50 m deep is shown by thin lines. @ represent the location of the stations where tagged squid were released

(see Table 5 for release details). The area of O represents the number of recaptures by 1° longitude x 1°
latitude grids.
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Fig. 28. Shifts in recapture sites and the number of recaptures in 1987. Distribution of water temperature at
50 m deep is shown by thin lines. @ represent the location of the stations where tagged squid were released
(Table 5). The area of O represents the number of recaptures by 1° longitude x 1° latitude grids.
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29. Shifts in recapture sites sand the number of recaptures in 1988. Distribution of water temperature at
50 m deep is shown by thin lines. @ represent the location of the stations where tagged squid were released
(Table 5). The area of O represents the number of recaptures by 1° longitude x 1° latitude grids.
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Fig. 30. Shifts in recapture sites and the number of recaptures in 1989. Distribution of water temperature at
50 m deep is shown by thin lines. @ represent the location of the stations where tagged squid were released
(Table 5). The area of O represents the number of recaptures by 1° longitude X 1° latitude grids.
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Fig. 31. Shifts in recapture sites and the number of recaptures in 1990. Distribution of water temperature at
50 m deep is shown by thin lines. @ represent the location of the stations where tagged squid were released
(Table 5). The area of O represents the number of recaptures by 1° longitude x 1° latitude grids.
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Fig. 32. Shifts in recapture sites and the number of recaptures in 1991. Distribution of water temperature at
50 m deep is shown by thin lines. @ represent the location of the stations where tagged squid were released
(Table 5). The area of O represents the number of recaptures by 1° longitude x 1° latitude grids.
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Fig. 33. Changes in the average latitude of recapture sites in 1984-1991.
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HHREHEE IS IBER (@) & X3tk o
TRHAE S R (F) O (1979~20004F)
AI1979~20004F DI 72 47 % (F*) LR LI
Ml (X4) LTHEIL, X21CX ) EHE2H
E L7

(t =1979~2000, n=22)

B, FHNREERE (FY) &, RETOFETHE
5E L 721979~ 20004E D310 2 il R B (Z ) 90 5,

BUEMEE LTh 2 72 BB TR (M=0.6) %% L5]
WCEMHE L 72,

SRV BRBOMESE 1979~ 20004F O FH AR A
RE (6 H1 H~11H30H) %MwT, @4 CPUE
DIAAREA £ 1979~20004E O F-35 1 7 22 8 A% 5L
(Z*) %R Lize 72721, X 2 BIHAMEDEN
RO B 720, WARBOREEICE, X5 TRTE
FEHHICBT 2FEMO CPUE O (u,,) %, %4
® CPUE V391 (u,,, ,) Tl - 72 CPUE DA (u,)
A
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u
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CPUE DA (u,) 127 HETREIMLAAY, 8

Table 8. Annual landings (ton) of the Japanese
common squid autumn spawning stock by
Japanese and South Korean fisheries

Japan

South Korea Total

1979 172,093
1980 177,468
1981 137,370
1982 130,154
1983 135,995
1984 113,995
1985 104,906
1986 53,881
1987 137,339
1988 113,237
1989 145,139
1990 134,417
1991 128,444
1992 157,680
1993 150,624
1994 134,160
1995 126,606
1996 178,127
1997 138,812
1998 106,549
1999 138,947
2000 109,611
2001 122,491
2002 142,097
2003 121,056

2004 89,695
2005 102,394
2006 90,527

17.725 189.818
37,469 214,936
29,962 167,332
38,360 168,514
25,908 161,902
25,017 139,012
30,548 135,454
23,265 77,145
43,580 180,919
31,915 145,151
41,767 186,906
45,462 179,879
66,914 195,357
72,712 230,392
131,471 282,095
128,597 262,757
125,558 252,164
139,259 317,385
138,714 277,525
102,992 209,541
170,980 309,926
152,677 262,287
146,033 268,524
150,286 292,383
161,075 282,131
131,476 221,171
123,152 225,546
128,124 218,651
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Fig. 34. Daily change in the average relative CPUE obtained by
experimental jigging surveys in the Sea of Japan in 1979-2000. The
relative CPUE was calculated as CPUE divided by the average
CPUE of the year. In this figure, daily change in average mantle

length is also shown.
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Fig. 35. Relationship between relative catchability and
average mean mantle length. Relative catchability is
shown as the proportion from that of 23 cm (=1.0)
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Fig. 36. Estimated stock biomass and exploitation rate of Japanese common squid in
the Sea of Japan (autumn spawning stock) in 1979-2007.
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Fig. 37. Estimated spawning stock biomass of Japanese common squid in the
Sea of Japan (autumn spawning stock) in 1979-2007.
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KofFklEE»Eons LHfiE Sz (Flg 40).
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Fig. 38. Spawner-recruit relationships for Japanese common squid in
the Sea of Japan (autumn spawning stock). Spawner-recruit curves
were fitted to the Beverton-Holt model. (O) represent relationships
in 1979-1989 and (@) represent those in 1990-2007.
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Fig. 39. Relationships between sustainable production and numbers
of stock individuals for the Japanese common squid autumn
spawning stock. Sustainable production was considered to have
been changed by climatic regime shift, and examined those in a
warmer regime and a colder regime respectively.
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Fig. 40. Relationships between sustainable production and
fishing mortality coefficient values and between equilibrium
stock numbers and fishing mortality coefficient values for the
Japanese common squid autumn spawning stock. Sustainable
production was considered to have been changed by climatic
regime shift, and examined for a warmer regime and a colder

regime respectively.
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Table 9. Changes in the estimated stock abundance, exploitation rate and parameters of the
spawner-recruitment curve (Beverton and Holt model) with the change in supposed natural mortality

coefficient (M)

Tempérgture v Average stock Ayergge Parame?ers of .spawper- MSY Bmsy
condition abundance exploitation rate recruit relationship Fmsy
(10,000 ton) (%) a b (10,000 ton) (10,000 ton)
Cold regime 0.90 154.3 0.10 5.47 0.05 23.2 39.5 0.40
(1979-1988) 0.85 115.4 0.13 5.67 0.06 20.4 31.2 0.44
0.80 92.2 0.16 5.88 0.09 18.9 26.2 0.49
0.75 76.8 0.20 6.11 0.11 18.0 22.7 0.53
0.70 65.8 0.23 6.36 0.14 17.4 20.2 0.57
0.60 51.2 0.30 6.90 0.20 16.9 16.7 0.67
0.45 385 0.39 7.89 0.32 16.7 13.5 0.81
0.30 30.9 0.49 9.14 0.49 16.9 11.4 0.96
0.15 25.8 0.59 10.77 0.73 17.3 9.9 1.11
Warm regime 0.90 305.5 0.08 6.19 0.02 65.9 99.9 0.46
(1989-2007) 0.85 228.5 0.11 6.40 0.03 55.7 77.0 0.50
0.80 182.6 0.14 6.62 0.04 49.8 63.1 0.55
0.75 152.1 0.16 6.86 0.06 46.0 53.8 0.59
0.70 130.4 0.19 7.11 0.07 43.4 47.0 0.63
0.60 101.5 0.25 7.66 0.10 40.1 37.7 0.72
0.45 76.2 0.33 8.65 0.17 37.7 29.3 0.85
0.30 61.1 0.41 9.93 0.26 36.6 24.1 1.00
0.15 51.0 0.49 11.77 0.40 36.4 20.4 1.16
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Colder Regime

Conditions in East China Sea are unfavorable for spawning in winter,
and stock status of winter spawning stock is low.

Main spawning ground is southwestern part of the Sea of Japan, and
main spawning season is during October and November

Main stock is autumn spawning stock (in the Sea of Japan)

>

Climatic Regime Shift

only in autumn).

sassaoo0.d Buisealou|

Main spawning ground expands to the Tsushima Strait
(shrinks to southwestern part of the Sea of Japan),
and main spawning season extend to winter (occurs

Conditions in East China Sea turned to favorable
(unfavorable) for spawning in winter

Larvae hatched in the East China Sea are (not)
transported to the Pacific side by the Kuroshio

(Decreasing processes)

\/

Warmer Regime

February

Stock status of winter spawning stock is recovered

Main spawning ground is southwestern part of the Sea of Japan and
East China Sea, and main spawning season is during October to

Main stock is the autumn spawning stock (in the Sea of Japan) and
winter spawning stock (in the Pacific side)

Climatic regime shift will occur in 20years or 50years

cycles

Fig. 41. Schematic diagram of the hypothesis on the process of changing

stock size of Japanese common squid.
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Fig. 42. Annual landing of Pacific sardine and Japanese common squid by Japanese fisheries.
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Fig. 43. Relationships between the annual landing of Pacific sardine and annual landing of Japanese common
squid by Japanese fisheries. No significant relationships were seen in (a) 1951-1975 and (b) 1995-2004 in which
the annual landing of Pacific sardine was less than 1 million tons, however a significant relationship was seen in (c)
1976-1994 in which the annual landing of Pacific sardine was above 1 million tons.
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Fig. 44. Trends in the annual landings of Japanese common squid by the Japanese
fisheries (@ in the Sea of Japan A in the Pacific side) and South Korean Fisheries
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Appendix 1. Distribution map of the CPUE obtained by the experimental jigging survey conducted in June and
July in 1979-2007. In these figures, open circles represent CPUE for total mantle length classes, and closed circles
represent CPUE of each mantle length class. (a) CPUE for all mantle length class, (b) CPUE for <17 cm mantle
length class, (¢) CPUE for 17 cm-19 cm mantle length class, (d) CPUE for 19 cm-21 cm mantle length class, (e)
CPUE for 21 cm-23 cm mantle length class, (f) CPUE for above 23 cm mantle length class.
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