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

Hideaki KIDOKORO

Abstract : Japanese common squid (Todarodes 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 (83/89CRS). 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 88/89CRS, 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 83/89CRS, 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: mehtioned above, and this can be used to implement ap-

propriate management strategy ﬁlans. 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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AW A A H Todarodes pacificus (&, 7 H A4 1 F
Ommastrephidae \ZJ& L, FIZILF R FEHEIIDHT T 5,

FIMIETHY, EELORBICEN L THRET
bo ANAAL B OEIMIIEEICHAH, b4
HEEIPITH B, AT NFTHIC X o THAREED
B0, BTN TRETIC HARRC A - mE L,
W NDEOIIH L, L& TR FICRFEE
WA - e L, #EENE (Flg 1, #r4y, 1967 :
Okutani, 1983).

ANWAAL FIZAARB L OBEOEELRBEEHE T
HY, EEOTHEOUWMERIZEMM0T > THAH
(Flg. 2)o HATIXI9984E LA, AR (TAC)
WL BAN AL A OERERAPTLNL TS, AR
B A TACIE, AWHNHFANER (ABC) » &M
ELT, #ar, BENERZNIKL TRES NS,
Fold, TACOFKELL 5 ABC2EET A0
WLELZBEOWEERZ L, ABC HREDERIRE
OFMEAMR OFEE N ERREITRD 5N TV 5,

TACZIEL® LT RFEEHTIE, AR A
BERENC X - CHBROBF R BIEAREISHREL, i
BEZEHVWKETEENCELZEPHEE RS, L
L, ANAALHOEERE, IhECHRRENIIK
&AL TE 7o 1960484813505 + R DKHET
Ho72A%, 1970~19804EACIZ T KM & hic R &
WAL, 1980413207 b EIBoRIEEE 7%
o7 (Flg. o ZO, 198051 DL Bz
B2, 19904EUTIZ 1960448 & FKHEIZHE L 72,

MR TR L 721970~19804ECTid, ANV AL A
OWHEIWD L EERE, BELBEICLZE
FEEOWD LIRS, BiFEOREIZIERIEZ T
ZNEOHIK (40~50 % IZHIE) PREERE SN
7o (e, Nk, 1979 B4, 1985 5 %5, 1988
Murata, 1989), LA L, EE TIZ1980FE/LIFED
BRHENEALA B 1997) 2b»2bsT
1980SR 2 ABRIZ 2V A A H a8 38 hn L,
19904 EMRICIEERIEIZE L Tze ANV X A h OWHERN
EAHEICHIET A &, ANAAL N OBIFEREIZHEEIC L
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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.
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o EINZ L (Climatic regime shift: L, CRS
E95) & EHIT, L LR A2 4 D &3 (Minobe,
1997 ; Beamish ef al., 2000). #Z304FfH Ti&, 1976

R %
WETHEEZOND LI

EL1I7TTHEZ BRI & 72 CRS (LLF, 76/77CRS & g
T5) Lo THHARFFEIESHE R D, 19884 L
19894F & 5512542 % 7= CRS (LT, 88/89CRS & g3 %)
12 & o THBEINCEAT L7z (Minobe, 1997 ; Hare and
Mantua, 2000)s ZH 5 DJEFEIREDOZLE L, A X
£ HDWHEROEAIPITIZAETH o722 0D,

AW A A 7 DEIFEDZEALITIE CRS I & 5 M EREE
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OEALDRET L LaER I N (B 1998
Sakurai et al., 2000 ; KET 5, 2003). EARIYIZ, IRIE
HTEANVAAL AOBEEIZLE>THBETHY, &
BN 525, ESPTRANVAS AOFEREICE
STARBETHY, EREIFBTHERSED D FEH,
1998 : RS, 2003),

AR B IT S CRS I & AHEEREA~DE
BX, W< A T ¥ Sardinops melanostictus TEEZ
RN, 4 7 YORERE, 76/77CRS LIk,
REEERNTHEML, 1980ERBIHEAD< A T LD
PERVHMER40007 b BB R 2o LA L, 88/89CRS
VBT, mMAER2HITHA L (Watanabe et al.,
1995 ; Noto and Yasuda, 1999), 2002%E~20044E D~
A7 OWBERIZER 577 b VEIBIET Lz, <A
7Y OBERE, ESIICEnL, REBRCRS LT
BY, 4TI EANAIA A TEENOELZRLT
Wb, %8B, CRECLBEFELBEZI<ATIDOLD
T/ RRAEIEN Y TR, 7 (Beamish ef al,
2000 451, 2007), ECA4E (Tian ef al, 2006 ; =3,
2007) THHWEHEENT VDB, FDO2d, FHETIZ,
CRSIC& B8IL, A 0HFOBFELE DO
00 THLE, ERREFNOREL LTHEEEINT
W5 (Beaugrand, 2004 : Tian et al., 2006 ; Zhang et
al., 2006 ; Sakurai, 2007) o

CRSIC X B4~ EEE, BEEEM»D TR,
SARENGE, BEINEB L TR R BRI o A A SR T
Wb KA. HARBIBICIL { G $ /R MIETH
LA TRHA Y 7 F AT Y Engraulis japonicus T
WEFRIEDZEL & FIRHS, EREII RIS, B X
DO EEREE IS U & T2 4G IRENRE (K
b L7 CRIH, 1988 : M, 1991 ; Watanabe ef al.,
1996 ; Zenitani et al., 2000 ; ¥ %, B8, 2007) & 512,
CRS I & B ESE 0L, EINGTE O L5
2B CERELEZF SR TERIC o7
EHEINTWDS (Takasuka et al., 2007)e 2D &9
12, CRS 2852 AN OE/LEHLMIT S
Z&iE, CRSICEA2EELHBHELHLMCT S L
TOEBELRBEZED—DIlhoTwh,

— %, BFREHETE, BEGEENECLsT
HIREKIEL ZREMICRITZKEICESL, RS
BKETHENICEL I P HEE 25 (Quinn and
Deriso 1999), LA L, MEEFOEEENL LT,
HECIZEBIZMAT, CROKCEIBHEREOY
BRI SN A &, HSERIR ORI & BT 2R
Tz, WFEREOEELEO-EREEAFKEOBR
HAWE L % o7 (Walters and Parma, 1996 ; Yatsu
et al., 2005 ; 2, 2005 )M, 2007). #0912

&, CRS o R Mt & FHIFHEOMSE, B L UCRS
W& B EFREAKES L OBAEETOEOERN 2T
BrEETH L, LaL, BIED CRS OB I,
FEIWEERH T — 7 DIFEATIZ L - TITHN 5 (Beamish
et al., 2000 ; Mantua, 2004) 7z%, CRSASEEZTHh5H
BEMOT— ¥ ERMVBLETH Y, CRS OHETICIX
BEHENDELU B, F/2, CRSEZEL ST HHEHED
HENTERL, WOREXLZPOFTHBIFE AL HER
W (Mantua, 2004), 2T, BRE|IF— & QAT L
HLEAZHNT, CRSIC & B ARBINEEOZB{LZITIEL,
CRSZHITHIEICLoT, SHBOKERNZ T
WL, BEERFRICEHTLIIEPEREEZ 5,

ANRAA A OBEFEIZE 25 CRS OBEITHT
BWFZEIE, ITNFE T, EIZFEIIAERE LW RIC
HEH L TIThb T &7 (Sakurai et al., 2000 ; Goto,
2002 ; 1A, 2002+ F% 2006), FORE, AW AA
HCHEHERIEDOE L & D ICHEIIEMILR, ML

= ENEL LY (BE, 1987 Goto, 2002 ; £,
2006), CRSIC & & 7% 9 ISR MLl A4 D H 5%
RBOEAD, ANVAAHORBEEHZ5] &R T
FEREZEZOHN TS (BH1998 5 Sakurai et al.,
2000 ; KA1 52003 ; 4520055 #, 2006). LA L,
WPAEF LA OARE, FlE, WHEIMAZO SR
PRI, B & OEAOBEICET 509814
%<, KPR TIRII70FEALIRICEIFERE R & I
AL, FhEEHITEFECHMA AR & (£
L2 e MESNTWSH DO (Nakata, 1993),
HAMR TIEOMBC B EMEOZZITE A LHRES
NTWHRV, LT, w4 T THBEEIN TV
I OEALL, HATEB X CEREOIK & ol
(Watanabe et al., 1996) #SA NV X 4 A TEWH S M T
T\,

KREFGETIE, ANV AL HOEERE, S EE B
FUHAEINBCRSICH L TED X S IEET %0
PHSNZL, CRSICEB AN AL HOEIFELEEF
HEWASHTPICTHIE, BIU, GEETEMZHW
Y R BEME B L OB eI A2 H
e Lz 207-0RMIETIE, FICHARBIZOAAT
BHANAA A EMEE LT, BEHERICEBS
TR ANRARE R VT, 88/89CRS 12 & - THIR
AEAE L 7219804484 H19904EA D A RERO R, B &
CEFRBEOZIER L THRE L7,

B, ANAAHORFEHEEL I E TEH
SEEREEEINTE (E, 1967) 25, &iHEH
HBALE LTCORBMN RS EEIER CH 72, 20
729, RWEFHNE L OBIREHORAM GREE, Stock)
ELTHV A, BARNZRRSTTECHET % HE
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RSN TE (%%, 1988 W, 1994), B,
IRFEEFTHHEAE L T 2 B A Tt FHEIZI%
HRBEDOEZ 25 LIS RERE L AFRARBICKX
5 L CEFERHEAT T 5%, ZORBRSICS
V3 % AR [ & AR O RERR M EMEE S TB S
T, EWIEFMEA L L TOESTIEHRET s T
WA EIZBEVEERY (B 2006), FFICHAARETIE, K
EEPSOBAREDLED, BEOFEHNBERI S/
BELTEY, BRMEIEETHS, £2C, CRS
WL 2 BREHRFREBLOEREBEOELZHL 2
TAHENC, HAEREZHOICANV AL D OGREEEOH
BT o 72,

AL OMRE LT, FTH1BEICBNT, HAR
BN ATT B AN AL A OFERNEHET L L
EDITHERBURAERREL VT, AV AL HOEHR
BEIZODVWTHRE L F2ETIE, CRSIEINT S
ANVAAAOREL LT, BREMEKETH - 721980
EAH B BRI 72 o 721990 B O A IR, B
L ORBREEOE RN, Fz, EIIRIEK L
WL BRT A L #E 2 LIRS DAL S 72,
EIBETIE, BHREEEEENICfiETSZE T, CRS
W2 & BEBUKIES X OFRAERE O BRI R ELE K
Hl7zo FLT, BA4BEOBREERET, UETHEOR
72CRSICE D ) BIRZ UM 2 BT 5 L & D1,
CRSWEZIB LAV A A A DOWTELREERMHALB LU
FEH T EANDRE %175 72

F1E BXBILBUBRIALAHOEEREE

R (1950) &, SO/ BRI
FRERE D I, ANVAAL DIZAARGEEKEET 3
— OO TR INB EWE L. LML, F0O8,
HARRREZ BT A8, HARTGPAICIERR L
D LFERHIR L, ARIKEORITEET LI L
RGN (FHES, 1965; EEB, &K, 1966).
F72, BHABBRICEEN @ LRV O, F~E
BICERBTHHELE TN AT eI (I
1959 ; 1960 ; #E#F, K, 1966)s TD X H I, AN
A A FIEGA - BIED R, 5 EBOBIHEL,
NENFERBENELR L Z 05, FHE (1967) i,
ANAL I DOBHEEZRD I IR LTERL .
Thbb, KFERED L 0SB E i
BELTHREZREETAHELETNEE EICH
RFEOMEN G L CTHRENG L e 224 T
NEE, ERRBICOHLTE~BELCRRAT 2 HE2E
HEENEE Lz, BETRIORENIERICL 55
RADANAA T O—RLHFEECH LTS

e
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(Okutani, 1983 : Murata, 1989). L2L, ##& (1967)
W2 & AEEHNFRAEBOR S, FAR O 2 A
THoZ Ehs, {EOFAEBRMOMESHE TR
< %, B 1972), SHITHIREAICE o TRY
ML R BN OHBEIE R 2 MERbEHEN
7o (FFH, 1994)

GEEl B & OB EEH OB & % 5 R B (Stock)
T, MERLHEEITLE LI, BREYHET S
DENH Y, EEN RS HENLEE RS, LI L
e (1967) X 2FEWRBERORX ML, EEWE
BB ORGHENAHABECH o7z, L22-T, H
RIFTIRIRETHBES Nz ANV AL B & LETIE,
MATHREINI ANV AL A2 KETNEICEER
WK U CRIREMEA % ST & 72 (Okutani 1977 5
Murata, 1989). s & A& TREX ST 5 HiEORM
BEE, E (1988) ko THREENAE LD,
PR ERSE LT, HEYONETRMRICE S
ROHEMRE SNz, L L, FiERC BT,
EONETRE RIS/ R X5 5P EARH R
W, JEEXGOWMER LI S N o7,

19904ERIZ A D, AN A A F OFH A ORI O
EEICHEEY? S 5 2 AR 3 (Nakamura and
Sakurai, 1991), A OmGHAEE (HEK) 2HW
AREEFREAEEICER L. FO&RKE Zh
FTONETE, WPEDSHEE LML & %
Bofamficigwsl AohsZ e, AUKES
T &S 72 AR T B RIS & - THEEMLH
MELLIGELDDHAZENRHEINDIHCEo72
(Nakamura and Sakurai, 1993 ; 321, "/, 2006)
DX, FEAERHCHEBEEEICL-T, &
NF TCOFHRFERORGILEIIBTAYIRTS
o TR O %, BAMICIRAEd 5 2 LAY ER
EHIFE RN TWA (fafE, 1993),

RETIE, FHEAIC L2 HREEFEEZAVWTHK
BAEECTHROR S TIRBELR LR LTRSS
BANAAL S (FRAEFTNE WG, LEFTNE  BR
BIOGEI) OFERHEHE L2, AT, B
RAEOBEMREEZ A TR T A ANV AL
O EFERHEIER B & OBEIRN Rz, DLEo
HRE2 D EICARBIIBIZ AN AL S OEERIEL
B2 ERANTH L DI, TRETOREHITTH
WHNTELRBEXASHE, B L OBERRFLHA
THWHNT WA RBERX G TTEOWGELZ 1T - 720
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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
Area 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 35
N-3 04-Jul-96 23101 14 19 33
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WEETFETHERE L. HEE, FEAEDOMEZ
FlooREF v ROBESER (2TRAER) TAIA KT
S A LWCEE L, A OME % BT KEY 2 Y CHIE
L7zo P ORFBE S F I O Mg % BMEE T
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v X100k 0 %EE (1 v 324 BX-50) T, CCD #
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ARICH LT 4 AT, R/MEE RRE R B 2O
WhEEHEEE LTilo e BIRERELCRELME
hkoH b, BEOEEEEERAMEAEEIE Table 1
DHEY THoloo ULOFHETHERELHILIRER
H& WL E AR L, SREBRIC &L 28V 272,
BEERHICEBERAOBR H#ENETEX
D HEBRESE WIETEHim) %R, FHERcs
TAHREB X OB E HMOBBRERRS L L HIC,
W X A EVWERE L. KER, NEYEZHE
TE-T1IHBHZ) ORERE RO TREL Lz, F
72, B & AR ERRROBRE, BAARTHNS
Ll HICHEE OBV ERE L
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BEEORE SEESCHRELEEAOFYHE
TE HMBEOHEOFHMESL L HBREROF
W% —JCELE O S ECAITIC L o THRE L, I
DENFE TR0 DPEOWIZE o THEEENR DO
7oMAnd, 3R OX KA fest 12X o TITW,
Bonferroni #:2 & o THEKELZHIL L THEL 72

2. A& EERE
1992~20054Em 6 B T4 5 7 B B4, HAHE
A, IR OEIIE R TIT - R ERREHAL (Flg 4)
OFHHERE W7z BRI, HERBEEL
(452 1) IZE o TAN AL B OBREBDE 1o 7207
HTERSN, 1RAELD D 330EM4A 59,6001 &
DAV AL HIPRFE NI (Table 2), HEHkIZ7 » H
— My 7, HEA B8 TRERERCHITEH
2D AT TR L 720

HRoOBEmE, ERIRE T 20 O d,
B, Eidk) &, ANoOBEMMREERLL, B
WREROBEIE, BEHMEOH - 208 2 HERE 1
BD )y FICHT CHERiSr BBNCERT L, 8
DORBBRIT, THARTB & O L AFIRILE
N, BIFFH S X OEHEALE Lo EERET L
72o 2B, BHWMEIEICLERSE2TDY, AR
FTol-HRicEohz#EREer 7~V L TEH L,
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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 A4 28-Jun-97 41 10 133 0 3280
Offshore A-5 29-Jun-97 41 40 134 20 4295
Offshore A-6 10-Jul98 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-3 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
Northemn 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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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 2 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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BREIMEICHAT AT, BERICISHIEOR
PRLNT, WMHNICIRLZLBETH L LHBIENS
bOO, I, BIUEMNNBEISEELTCBY, §
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HEEOHETIER UL LTHD OFZH L HIF s
o

=7, #ALTHE L EEE, BRI MAET
B L2 E 3Ry, 7~8 HidiF & A LM
ERELNTUWERN BRI R o Tl o e FORKD
D, IBREBLICHEORF EREE KL, b
HAEZEOTMB» S BET 5 9 AURICREETS &
%0, 9~10F 3B, 11 LI B A&
WCHENRE h ol SO EIE, BIIZHHTA
BHIINEB L OWE IO T AR LT & A LHA
B, GATENE, M, BIUMAEORMICLE
AL LTIZBIENTE S,

AFFEIC BT 2 HA w1 B & ORERR R Ak
REEDETERTLE, HARERREIMAIZIZI0~
HAKAENBESSA L TWEDS, M L - TR
RHMERRY, LaL, MR, #saEELC
BY, BAEENIIFEUCEEHINEG, —F, &
WA R, AT AL D D FANEAY 1
AV, FRI2ACEENERSHL, 54 - 1
e, W - B X OTEARERYIC D B ST L T
LI ENTEL, %P, Katugin and Mokrin (2001)
aa R AT nB) & BERECOGT 5 2 DAt
DR TEBENZHMEPDP LB o RohsZ %
B LTBY, FEEBICHA T 5B OFEER B X
OHHR OS2 FICHET 208 5 5,

PDED LIz, HRBIIBWTAV AL Hid5E
IR ED B 2 EROBRSALTBY, i
THESNTELFMNEAER XD bl IR
AR MR CR AT 5 Z EBWEETH 5, —h
TN A TR G, 1967) F345F%8
AR (B 2006) EMHENSE 1~3 BICETNEA
WAL BB L, 108 DI, ERiEss X OFE45
e 3% C HAIRICES B G, 1967 5 WA, #&
1998 5 %, o, 2001). ABFFE T - 212AEF N
DANAAH S I~10B A F—y 7B L ORAR
BT—HPEHINTBY, oo RKRFEILD
BARLZRMPER OGNS, LPL, IThE TOEMRK
WAL RTIE, KFEFLOBAEDIZE AL,
BACDIZAREFNHENTET LA2ILE PRI H AR
BALTETLTEY (BN, # 1998 #%& +&
2001), RETH->EOL2AETNEEE 354 -
H#IZKELREH IRV, 2F 0, HREBTIE, 10~
NNAEEhoOR, 12A4xholE, 1~3H1cEEh
BN, ENEN, BEENSEATICANEDLY RS
MTL, BENRICELEBEEINS,

— iz, BB L OEEEHIEeA TR
{, %¥E (Stock) 2 HALE L T4TH NS (Cushing,

P

1981), RELZFEINSG S HBNICREEINLTRBY, &
WEEn (o 2 $8ES) B L2220 LK
AEND T EHEF Ly (Cushing, 1981), LarL,
AWK SN EEENY) TR, B
FES NS GG - EEF R Lo THO LN DG
(Hilborn and Walters 1992) %, &EELATHE RO
B> THlE - MESNLEE53H 5 (Hammer
and Zimmermann, 2005)

BUE, BIRFHMAEIC B 2 R 0RO K5
FETIE, HRBORMNGEBLUMEBETIAET
WS NDB AN AL B 2 FREBEEEREE, 108 DRI
WESNBAN AL A LR, JCiEEIRRE Tl
BENDANAAAE, 9A (9 HZBIERTES
PRI FNFNORBIIRSLTWAE (KFTIER,
2003 ; %, 2006)o AHWIFECHEE L7 HHAEE & Rk
BRI & 2R E VT, LR BER S
R L L, RWIETHSRE L 10~1184Fh
DANVAAL A BLTILZALEENRD ANV XA HIFEHIT
MEFERBICR S5, 0% 0, BEFO AN
A L TWIZ AN A A I AR SRR L L
TR ENS, —7J5, 10H LB bimRE L s Lo
ITHRBICHARECHBE SN D 2V A £ HI134F55E
FlE L LT a CRATE 2, 2003 5 7%, 2006) 7%,
INSHRRBEDRICKEEN SBAT HLAEFTNHT
H5bo

EEMEEMES L, R0 iiEt2 w5
T ld, B & EIRAE DR O R AT A 1
ERHEHATH Y, BRERICLENTH L5 D 5,
L L, &SRB 25T E O T R 3 H A3
MIC AT E BFEBICIHsNTEBY (Hiborn and
Walters, 1993), SRBEX 12 & GRS T 519 2 18
TOHMDLELEL 25, BAE, AN AL F BRI
2REBIEG LTI > TWwas, BITo 2R ICk-
TEEFMEN 2B T 20 THNE, BITOKESR
R L ABIEERBC L BIX0E, AR R
AT EITMA, B BB OKRELRLLIBTR S
ENTEBY, BEFU~OEHETLI2RYVERLZEK
SHEEHR S NG,

72720, MAEDANVAA D TACIE, HEEHD
FERED H AN A A B X S SERE N IC R E
ENTHBY, BEFFIEA LB L TR, 5,
BRI e b - A0 BREIETI NS,
T/, BB I CREEND W E0s, BAED
HAOEFEFHEHAL TENR L SN TV RWD, F~
BIZEENTZ AN XA I RS2 P LICaRH LT
5 (Fr4y, 1967 ; Okutani, 1983)e N5, HAE
HTIZI0~1 A A E NIRRT R %255 8
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THUEO, 3~ 5 ATV HAREZ FOIZ R 5
Exbo

F2E SHEESIUVERBEOEL

AN A A OBFEEHEME LT, WHHEREOE(L
W Lo TANRAA ADEREIEIIK, L, Lk
HFolmRERE B X CAERROIERICHE > TEREME
1635 2 EDMRBAL STV B Bk, 19985 B 5,
2005), FFIZAFOEW Y FHFTIE, CRSICEALZFED
AR TS, » CTHE A FE W RE 2R ASH/ N L & HfEsE
SN, HRE L TRKEEIANOYEDIED K E K
L, KFEHMNCHAT B AN A A LF554RBED
RSB LRSS S T3 (Sakurai ef
al., 2000)o HARMETH CRS 281 & L THRFED 2L 2
A H OHEDGATT B HHROYEK LA/ AERI S T
w5 (Goto, 2002) A%, LAFORY FHLELD, K
2D ORI DK, M E BT 5I13FE-T
Wiy,

AN AL HOEREEIZE 2 %5 CRS OFEITH
T AHMBEE, I F CTEICHEINERER WAL RIS
HEHL T bR, BIRZEMISRIILENTEL
(Sakurai et al., 2000 ; Goto, 2002 ; 1A, 2002 : 7,
2006)c LU, JEIEINAFR D547 IR R & IS &
B LOWEANORBIET 205813 D % v KA
TRI70FALBICEFERESREBAP L, Fhet
I EFAERR R A EIL Lz 2 g sh
Twb (Nakata, 1993) 0D, HARMETIZOAESP
FRAERH O, FEAEWHLD TR,

—7, AARFBHEECOAGT A4 72T, Bl
BOWKE L HITHARIKRE LR LA EPHS
el TWD (FIH, 1988 B, 1991). Z-4iis
DIERITIZ, FEIGOMEE~OEKE EHIZ, e
WAL SN EPEB LTV E EHRESN
Twv 5% (Watanabe ef al., 1996)s 72, TDX9H %
MEWADOGAILARITI Z, CRSIZ & 5RO
AL HEAF L OEFRFEZZL RS, GiFEAB XU
R eiigRITEHE SN TS (Takasuka et
al., 2007)s ZD X912, CRSIZX N DE
L&, DAEEES L ORGSO L% B S8 TR
HTBHI L, CRSWCEBEFREFRMEZ IS HIC
THETOBRELGERII L > T Wb,

AN AL B TH, CRS & & HIZEEIRE A,
MANTHZEBHLPIZ R o TVREN, ANVALHD
A R G FREED CRS I L, ED X 5 BISHE
RIRTODPHELN TRV, Lo T, BREH & FE
CBIRT A & SNBEINGOELE, SflER X O

EFREOEL L OBEIZIFA SN TRV, 20720,
CRSIZ & B4 lEiE s L VR HBHE DLW S 2
2L, RIS X OB oL OBE LB LT,
ANWRAAL N OBEFEGHEBEZHONIIT LI EHFNER
GREERoTwh, MAT, ToX) AN E
DA% CRS VS E2HBBICHWA I T, ANR
A K OEFEMEFIICFRL, BEEHES L OER
FIR BRI T A EFWRIC R DI & EER B,
ARETIE, ANVAALHOGAEEER X G EREED
CRSIZFLTEDLIHSIREL, BT r2r2HL
ML, IS OB EREE X CERTOELE
OFEZHESMITAIEZHNE Lz, FD720,
F9, 2BCKAUARAERY, kK, ofhEE) R
% B EEOSAEB L OB E2588/89CRS # I &
DE BT B0 ET, S5, 88/89CRS
HOEINEFEREROBLERARE I EICE T, BER
W BT 2 KT OREINGOZEAL L DA HED AL L @

- B ERRE L 72,

Eav S aip:

1. B LUCEBFEBEDEIL

REBER HABTE, ANVAAL DOFARES &
BRI %2 0383 5 B TEIC 6 ~ 9 BT BRIZE
W ORAMRB L OKESROFEEMIZL >T, AN
A A S ORBEFENRH AR TITDONTE, 22T,
AN XA S OBREFIREEIZ L ZWEREEZ T, AN
A AT ORI B & 1980~ 19904E4512 BT B 24
ol RaA

19954E IR, HARHRIC B 2 EEIRR #0B T 5
HWT, 6 ATH»5 7 A LI H AR AKEDIEHT
B & OH AR E R o RV 7E R B o A (150~
450 b ) A2 X o TG —FRAIMTbN T2 (KT
5, 2003), TORAKZIZT Y TKIEE G ILEISE ~
A5 B X OB 131 E ~ 141 E odps, (BES
L OHREE RIS A R () AW RICER I Twb, L
7eh8o T, 19954E PARE XIS — A A 2 VTR
Fl7ze COPFETIE, BBITHRERE 1 EMBE
IEEFTRC0OTAER SR E SN TER SN, FHlE
LT, WM 8IeMEL, FRARIIBIT2EREMAE
B, PREEREE, Hw/-8iEa% CPUE 83141
K & 72 ) OREMERE), BLOBEYONETE
M (1 cm Bf) 256N Tn5,

19944E DRI, 6 BB L U9 H IS —F AN E
SN TE 7 (Kasahara, 1978) 4%, 19954 DI
B— iR & OB X WSO R
CRETS, 2003)e 22T, 1994FEDHENICOWTIE, 6
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Ao —Fikzd Lo L6 H1 H~7H31H
(BT IR B D IR AR B K UK SR D3R E S

TEBINIEERRETERICH W, 2721,
L72WhH 0 ROEGEL 4 AL, BRSERREA 3 KR
PEORAEREOSERGE Lo F7, 199448 LIAT
DERIZOWTE, AEOHMNIC L > TEHENED
BEPZ WAL H o7 (B S NIH SAE TRk bt
LTHRETIEE NS -72) Jenh, WEBETO
PR (CPUE B L UMNEBTRHIK) % EERE 1
EECHERTL, FOVMEE L& E 05 R OFEHE
fEIZ 72,

HEEEBEROBE AV A4 HOEEHREIZE N
DR L, BRICHWRAENEZ 2 r HEEL, A
EAH (X) LEHNETE (V) OBICEFERELHM
BB (#%=0.303, p<0.001) #H -7 (Flg 18),

Y =0.0719X + 7.81 (D)

H1ITIZIHHZD0.7 mm ONEFEOWMINITDH
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RIZHCTHEA B L > THIIEZ 1T 72,
NEFROMIEE, 6 H0HzREAE LT, Hifk6
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- 2 cm OHIEZRIT > 720

ABBEOEE BARFEORBBRECHEONIEE
¥R 1 Mmoo CPUE o #EjHMEL, &I BIT S X
WAL T OFHBEEOREE LTHW . £, 4E
LWRMEDS, DT 5HAN AL I ONESERKZ,
B2BECRG L EHORERMIIET 5 PN EYR
EDEWE L EIZFEIC2 cm MBET, AETERL7 cm
i, 17 em A E19 em 2R, 19 cm BLE21 cm i,
21 cm PLE23 cm SRiM, 23 cm P LEOE 5 A EE R
FICXaT 58 & b1, ENEFERHEMO CPUE %z,
(A D CPUE x ENEFRFEHILE) & LTRD,
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Too BHELE L721979~20074E DAV EF BHIE B O R
i CPUE ®474i 1% Appendix 10 ) TH 5 (1979~
1994/T VAR 1 EEOSEEME, 19954 DA £ AL

sUZ BV AV EE RHEPR o CPUE T/RL7Z),.

WAZ, 88/89CRS LLui (1979~19884F @ LT, &
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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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SAEDL, IREMTIR 6 FE U LD T — & 2R S 7
B) OA o7z (Table 4),

EHIZ, 88/80CRS #Ei & LiziAmikiiozElbe L
T, W &G0 CPUE @# (REE# @ CPUE
- WO CPUE) %#EERE 1 ERICS/NET R
FIZOWTEME L, #eiidy olmBEIcE L 720
PHREEOEAE Tz,

BEREREBOZ{L £#EHo CPUE OFHEE,
HaEOBEREHEKE LTEHE L, BEEOHIN 2
EPALERD Iz, 72720, 19954 DIREIE, B ICEE
sNh7-&ii4 o CPUE ¥ EE v 7245, 1994
ELIENE, MERE 1 EHROLMEL 1 AR LT
FEOFHEEREL L, BREREEEN L, 35
12, BHETRERINC (RFREBE < NET RHiF
=) & U AETREREICEREREZ I L,
NEBF RN O EHRERBOBEL D A 4
EEEHMEIL, 2 cm MET, AEFEL7 cm 3k
i, 17 em BL 119 em 5K, 19 cm Bl 121 cm S5,
21 cm Dl E23 cm i, 23 cm MLEOF S A ETEH
PR B IX 55 L 7o

F7:, BIRERBOBERLITINZ, 88/89CRS 12
L EFEKREOEILE LT, 5 (1979~19884F)
EIREER (1989~20074F) 2B A /N ELTEMBO
HRBERBROFHEOES ttest I0& o THEL TH
720

BRI E LT, S/ EFTRHAO TR
oAb 5 BHERPEMRICBIT 28 &2k, £4
EWRRHHFEHNE O 5 A& ORFEEL TRz, F
7o, FEHH MBI B A EERBETCEATITL
7oRERRIE 1 cm OFHNEFTEHRZ L L, &5l
EREMIC B 2B E T, S 51T, 88/89CRS
WL ANEFENOELEOREL LT, REHEE
HHOBBEIBBE CEARAT L 2ENETERBOR
= (REMOBFEEHEE - BeHoBERER, B &
CHEmE (R oBIRERY - 5o BIHRER
B/ =eMogBaER 2EEL, AEETRRN
WX BHMEB X OHME BN &R,

2. OEEROZEI

BEARAZT HARBHABICBITEANAL A
OEEREKE O CRSICE BAELZ WL I T B7290,
88/89CRS R AT O N R B2 VT
Weat L7z BEHRHTIE, 19844%E 8 X UF1987~19914E 12 H
AR AR G390 UL, dbid43 DM o) <
MBI (REEFESERIIBA9N ) Lo
TEME S N ERRAT OB R F v iR
WAk L Ui $id, Table 58 X U Flg 1908 ) T

H b FPA M TIX200~3, 300484, £4EFT4,058 (1984
) ~12 4581k (19874E) D AN A A F &I L7z
(Table 6)o HERRBURIA L, 19844 B L U19874F 1%
7TRATA»S 8 A RAICEES L7zh3, 1988~19914:
8 ATHWA»S 9 H LAICERL 7.

EEBRE, BB A AR TRE L2 EAT B
Wz BRI T v A—By FE R, RERERD
WA VERICELD AT TR L7z S RIAE M TR
LAV AL ADPHNETR, BT Table 6
DEY Thb, NEFEOZEDOFHMHEIL, 1984451
235 mm BB TH o720, FOMOEITBE X 7240
~250 mm ¥ 72132240~260 mm Td » 72 MDA
21350 % L LA ENZE {, RBAEROE &2 E
ol MEDREEIRIIS0 B AIEOMELD Ao
25, £ OFEE T2 % LT THo 72

BHEBROLUE LY Honl-HiimsEs &
WAE 2T 1 EZ L ICaiNcERT LA, 72720
10R VR —FE LT D fhofee AN A A S OHARE
e, IR (KIH, 1967 ; Kasahara, 1978), B &
UEEINGIER, (Sakurai et al., 2000) 137KEES50 m DK
RO EELEBRLTWLZ EPMEIN TS, £
2T, FHAE A KES) m OKIEGA R E EbET
FOR L Tl & RO BRI~ FEARBITK
%50 m DR 5 ~10C O E o T
BY, 5CUTDUEHEAEAKIR, 10T L Loidng
AIKIZK 485 (Kasahara, 1978) 0 ZKiR4-A6 K2
13 H AT XOK ERTFERT 23 U 72 B AU 50 D0 )
vz, ZoORKBSAMARIE, HHEMOKESHAE L
LT, BIATU»S %A TORMEMC X 5HR
BRED IR I TV S, BERT— 7 X—21k
BN, Ay —Fy bR L TERDAFIRET
% % (http//jsnfrifra.affrc.gojp/shigen/suion/Page.
htm)o FRHME & KRR A OBRIL, THTFE~4
F o) O Bl R & 4 B KR B & i &2 THE
ML, BRE#H~7z, &b, ANOMERHRE & KES
HEOBEBIEGCISY 7 by x7 (R 27 A70R
—% — I ESL %L, http//www.eslcojp/) & T
Ty

AARMBIZOATEANAAL N (FKERLEREE)
B, —RICEFDE, EIROLOICE T2 dmN
FHBE T2, £2C, BHMEOFHHEEDCE
L2 ANAA HOEPEBEDOEE L LTH 2, i
WALE DO FHRHEL, FEOHNEBIIEIHL, FHEL
B L7z AN A 4 A DENG~OBEIRI 2 72,
F7-, 88/89CRSIZ L B IIREIIRK DL <%
HEYT, 1984~19884E A Il D PR AR 14 > P ¥y i
&, 1989~19914F o -3 48l 14 0 “PI HE & D 72 % W 8
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Table 4. Number of experimental jigging surveys conducted in 1979-1988 (before 83/89CRS) and

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

Before 88/89CRS (1979-1988)
I30°E _I31°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_I34°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 c¢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 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 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. 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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(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 (%) ~3]  1~10 11~20 21~31 1~10 11~20 20~30 1~10 11~20 2i~ 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 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 4 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

1989 total 416 3.89%

20-Aug-90 11 0.92% 3 1 3 2 11

21-Aug-90 22 1.11% 6 8 2 4 1 22

24-Aug-90 50 2.84% 3 17 13 4 4 5 3 1 50

28-Aug-90 12 2.40% 2 5 1 1 2 12

1990 total 95 1.75%

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 56

03-Sep-91 21 1.91% 2 15 2 2 21

04-Sep-91 17 0.85% 1 4 4 4 2 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 % 1° latitude grids.
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Fig. 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 % 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 % 1° latitude grids.
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5E L 721979~ 20004F DT 04 72 ik RE(Z5) n &,

T

REMEE LCE 2 -BRIBTHRE (M=0.6) 2215
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(Z%) #ME LTz 72770, BILLDEFEKREOE
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F£H BB HRAEMD CPUE OfE (u,,) %, &E
7 CPUE OF391H (u,,, ,) THl o 72 CPUE DFH 1 ()
PRV,
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CPUE DME (u,) &7 BZTIEMEMLA=25, 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.

06 -

Relative catchability

03 r

O i L 1 f
0 5 10 15 20 25
Average mantle length (cm)

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.

100 r

80

(=23
o
T

(10,000t))
3

N
o
T

Spawning stock biomass

J

O 1 1
1975 1980 1985

1990 1995 2000 2005 2010

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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KoOFHmEEENEONSL LHtE 3Nz (Flg 40). T, 19904EA%IZ10804E4 & ol LU TN 2 B0
PlEo X 51z, 19804EMK & 1990ERDFEREERD HREERCHho LRI N,
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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)

Temperature Average stock Average Parameters of spawner-
coxfdition M abungdance exploitatioi rate recruit relatioiship MSY Bmsy 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 20.4 312 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 38.5 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 0.90 303.5 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 0.07 434 47.0 0.63
0.60 101.5 0.25 7.66 0.10 40.1 377 0.72
0.45 76.2 0.33 8.65 0.17 37.7 29.3 0.85
0.30 61.1 041 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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L, BEEEED CRSICE - C2REE(LT A
EERHEEL



150 ARFT LR

RETHE, DEORPFIEETHELNEREE D LIS,
CRSICEBANAA D OBHEEEFEZBD 5, &
512, CRSIZ X A RWFHEOEILE B/ &IRE
TPz BT A FEREMETAL BT, BHIERR
WAL HEFEOFHB I OEREHETE~DREFHE
Db,

CRSICHTHRNERMEELERE 1980ERPS
L9904 T T D, HAWIIBIT B AV X A A D5
R, BLONAEFTREMIOBFEEREOZL
BRI AER, CRSICHT A2 ERHEE LT, i
DI2B AT L HEE S N5 BN HEE JE D I
BOTELIEMLLY, BIEOIO~1IAICEENS
EHESNDMEHAT HEOBEINIIIHE CThh o
720 AT, BAREOMETIE CRSIIZ & » THIER
BEARELERTHIE, BLUBEIRD L 721980
AN, BIEDBEM L 219904548 & b R THEEAT 1
rAIEERL, FEREHOZILL RIEI N,
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ENb, £F, CRSICK o TN EAILT 5
L, EINENERRBEASEAT A L & DICEREINSE
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12AICELS &Y, ZOEIRE b33 BT TRl
Bk A FOICERR XN T 5, £LC, INH0
FAE IR O & B ERI ORI D EiFf
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BBAEAN O D AR RITF2EOEEB L UIAE
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ZADE I, REBRERRKELEFELEE D
OEEEEE, BENEISKE WEAIH S (ODor and
Lipinski, 1998), 72, 7VE¥YF 4 Ly 7 AT,
RIS OKIREREDS, BEOMABLERT LI LD
s NTws (Waluda ef al., 1999 5 2001), AV A
4 AThH, EEEREE (EES, 2007) REINGORSEE
P4V (Sakurai ef al., 20000 12 X HEEIGRENTHBD,
EAWCERLERTEREENEHTLLEILN
5, LWL, fHEIZHEETHLI LD, BT 5
ALy 2 ARTVEVF VA Ly 2 ZA0HE (Waluda
et al., 1999 ; 2001 ;: Dawe et al., 2000) &, FI2L 5
BB KERHET) OBENS 2 AMABNDE
BIZEEPLETOENTVSLO®, CRS & ORI
EREh TV,
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WOWE), BRBOER, BLUEINETOKER
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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).

sassaoo.id Buisealou|

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

VA

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 S50years

cycles

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

stock size of Japanese common squid.
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L72%% CRSICEAEBEEHE, ANRAL HPZTT
B, AU 7L s L/ EREETII LD,
KREBEHAEIrOERAKE T T, ABRXR—ZATE
13 % (Beaugrand, 2004 : Tian et al., 2006 ; Zhang
et al., 2006 ; Sakurai, 2007). L7=2%- T, #HhFh
MOBRED CRSIZE BINEN, ANAL HOREE
FENCEEZRITTIEHFHING, I, HAEH
MR TIE< A 708 L CRBEAEMICHENT S 2
EMD, FOREBNREZLND,

TR (RARKEEE HEETEE, 2006) % b L1,
HAEEED< A7 OfERE AN A 4 ) OifEED
AL % Flg 4212R Lze A4 TV OHBEREIT AN A
A FHBA L 721970FFE L DI L 2z L,
AN A A I LD 519908 X L B LT
BY, PRIAMNICEFNENEOEEZRL TV 5,
7272, A TYOBEEEHNINT b YT OKED
A (195049 5197645 5 L UT19944E D% Tid, ~
ATV EANV AL OEEROMIZIZFE R
DOENT, ATV EANAL HOBRITBSLHTE
v (Flg 43)o —H, ®A TV RBEEL, BEEN
10005 & ¥ BLEICHEIM U 7219764 7 5194 T, ~
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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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ATV OEBEENLZ VT E AN AL T OREERDRD
THEOMBE MR ED SN (Flg 43, p<0.01),
ZOZEiF, AT YORFKEMECEDRIZE, A
WAL AERATVOHBEZLAEZT RV, <
ATV OEFRENEKT B EANVRAL HOEFEICA
DEELL 25 ERRBEESNS, 2F ), CRSIZ
LHEEE LT, B—ABWLIEEIINL, MeEo
CRSIMTAHWEOREL LTHNLBELEHHOX
BHRMICZITAIEZRLT WA,

CHET, RERERE (AT V, A8 FAT Y,
THN) RHLMIAERAR OSSR R RE SRR ENT
WBHDD, AN AL % ED ARG
ERhTwiv (B3, 2007a). LaL, iEEOEL
THHLDPR LI, ANAAL D OGEES + FTEF
AHEOMFELERIICEDTHRETHZ L2, CRSICH
TRINEEERRNHE TR A1, EETHLL
EZ Do £z, CRSIZL B AN A A D OEFEHH
BB L OFHENCE, AR TRLZANA A A DOHERE
R OB bz, w4732 Lo e 3 aM0E
BHEOEREMB L CAEBNSFEOZLD &b T
Br3aZ&T LML HIEDSTTRRICRD EER D,

EREEAEADRE 1998FELR, HATI
TACW I A2 BFEEFIANAA AIEAZ NI,
FTTILT H A HED TACIZ X 5EHIL, 1970448
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BWARB K X o TI974F I E A vz (Lange and
Sissenwine, 1983 ; O'Dor and Dawe, 1998), L4 L,
HFFA Ly 7 A0EERE, 1979FEIC17TH6F M
W& L7-RIca#IcEd L, TAC HHEABIIHE
TEIEHREL 7 (Lange and Sissenwine, 1983).
BB L, WHEEHUERM 15 b VRO LviZ
EHAATERL, #F ¥4 Ly 7 AO TACIEISA b
VICERESIN-ETFTHY, EBENREHIZfTDNT
Wi,

B FA Ly s AOEEDEEE L 7219804 K LR
X, TWVEYF A Ly 7 A Illex argentinus Ok
BB L TVEYF XA Ly 7 AT,
HFFAVy 2 ALEERY, TACIKLH2EHTIE
nl, BHBoEHEMMICLZ2EESET VLY F
UBIURET7 -7 5 v FBFERTERINLTY
% (Haimovici et al., 1998 ; {# 3, 2002), 7 V€~
FUAL Ly 7 AOEBRFETIE, BEE (Leslie and
Davis, 1939 ; DeLury, 1947) % & & iICih O &R
BEOLPALHTEIRO CPUEIZE o TEZF Y T E R,
WO LUEEED, BEXLWEECEEINLED
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F AR ¥ L7z (Beddington et al., 1990), X 512,

FRESD Ve EOREREL LT, LEROEHE
Iz, ABEEOREME (47 FY) dBRESNT
V% (Basson et al., 1996 ; B3, 2002).

TVEYF ALy 7 ABASNLEHY AT 4
X, TACIEZEBHARL YA AFEEHEOFH
BEF LwEEZON (Caddy 1983), %, &HE
N4 AHEOEHRY AT AL LTEME N (Plerce
and Guerra 1994), # LT, TOFHY AT A5 HW
T, TVEVF VA Ly 7 AOEBERITI9904EK1H
1FC005 b DL okEDGHERE R, EEIRI L
POEICRZT. LeL, 2000EDEOTLVE Y F
VALY 2 ZAOKERE, KEMAL, 20044EDE
BRI RAKIEICE B IAAF (B, 2006). 20004
PBEIZT VB Y F A4 Ly 7 ZA0EERB L VERE
ARELSEFGLAERE LT, BHIEHEME (40 %SPR)
 LE B EES SRS (BH, 2002), BFEIE
WEPNBEBEAITObN - ERL DD LHIICEDNSE, L
PLEERELTIE, TLUECF AL Ly 2 20N
AmlE, EIREESOmERESERLTCNEI LS
(Waluda et al., 2001), BRSO EREOZLD
ErZbNL,

FTVEYF ALy P AQEFTLHLL R LD
I, MEREIC L 2BREERFELTHTCT A4 7
HOBREYREWIROZI L3PV EETH Y,
S & OHFHERBEOEICL o TMAR R UEER TR
ELEET B, T2, WTFFA VLY TARANAAL T
AEFEERBECHESINEY, HBEREOTERL
BAIC L 5T, BEMSFRMN 2D FEE L 72K A
B ZEDTFHEND, Lo T, #YLREHEI
IABFESHNERSINEETD, CRSICE B
HEBRBOBICL>TANVAL D OBRERZ, F40
MAZEOZELITIMA, SRR A 7 — )V TREDK
ELEATHIENFHREND, RIEOHER T,
AN A A HIKEFERBED MSY X CRSIZE T 2
BREELT A LR SN, BEREOTHED RIEH
EEGH TR 2HEERET s e TFEENE, &
5T, ANVAAL IOKFEZHEFHET 5121E, KB
TR L7 ERERNELLE BN CERER IR L &
LD, BHEREILGTAEEEYFIET KB
ZhLTWL ZEPREEER B,

B R EFREEB L OCRHEFRE BT 5121,
EEPEDILIICHHENTE 2 IRBTLHLE
BH B 1970~19804FE 1k, KFEMOLTHER
FOBHERBEICLABBHERIZEL T, HEAEBHA
WAL AOFEREE o7 BHE, &ia, 1977
%, 1987). E0#%, 1990FERLBIILFTHERHKD
EEEEE EDICKEFANOBBDEE L, £2
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Fig. 44. Trends in the annual landings of Japanese common squid by the Japanese
fisheries (@ in the Sea of Japan 4 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 ¢m mantle length class, (d) CPUE for 19 cm-21 c¢m mantle length class, (e)
CPUE for 21 cm-23 cm mantle length class, (f) CPUE for above 23 cm mantle length class.



162 A Sl

45° N—

40°

b
e 2 0

135° E 140° E

35°

45° N4

40°

35°

Wg /
I OO R O N S N

135° E 140° E

45 b CPUE
1 50
s
TR A

I COLIORS
1 @@ o

OCEIOKXJOK

45° N

40° N+ 40°
@O (Mo @ ®
| o®e @eep:
_} ‘@0 ®O®0
1 ® - o
35° N~ (e) 35°

ga'|‘|#||||||;|

130° E 135° E 140° E

Appendix 1. (continued)



AWVAAL HORBEREE)

45° N—

40°

35°

45° N—

40°

@@@@@@@@-‘

&
1 R @@@. © o0
i ®°.P' o
36° N— ,
gl T # T
130° E
45° N+
40° N+

35° N

©OCKND©©©:

1 . @@@.@.
} 07"

$

T
130° E

Appendix 1. (continued)

163



164

45° N—

40°

35°

45° N—

40°

35°

45° N—

40°

35°

ARBT ERR

1982

Appendix 1. (continued)



ANAAL T ORERLE

1983

45° N—

40°

35°

CPUE

50
& o
L7 AT

: O o0 .
O0o00Qo000 -

e Qo OO o -
oo

oooooOog-

e 0 0o O C o

45° N—

40°

35°

45° N—

40°

35°

N CPUE
50
— 20
1'% e
AT .
h D@e@e®O0 -
. e O OO0 o -
] o @®o IOONO)
@@@@OOOE-
}OO@JOOO
N ,c L
d T SF LT T I!'l
130° E 135° E 140° E
i CPUE
50
— 20
1 "es o
Sl ©o® -
B @ee@e@® -
" e ® 0 @® o -
i [ NOX) ® ®®
@@@cwo@og-
}°O©©@Q
o (e)
T

T T
130° E 135° E

Appendix 1. (continued)

45° N+

40°

35°

45° N—

40°

35°

45° N—

40°

35°

N CPUE
50
b m€§5 ®
] RPN :
) @leX-Jol-Xele Rl
- e O e OO o -
oo o0Q®
. @OOOOOoﬁo.
E 0 0 O O o©
o (b)
£ T T 1 i!'L |
130° E 135° E 140° E
N CPUE
50
] m6§5 ®
] AT IR e e ® ;
] @e®e@®ec®® -
o T D e ®@® o -
CHONC) ®e0®
@@@@cﬂ]@g-
] e 0 @ & ® ©
- (d)
I &\
130° E e g |1 gk
" CPUE
50
7 mﬁ§5 O
LTI 5 0 e .
h DO ® -
- @O0 @® e .
e @ © @@@
| @@CH)©@©§-
- ()

165



166 AFr JERE

45° N—

40°

35°

45° N—

O@WoOeo®e -
@O - e@®e
®®e o H@® -
oo@@-@@?-

40° N—

35°

45° NA

SACCEIR

0JOJORROXC! -
(OJOREENOR
40° 40° N—
O®e - OO -
}GGU
35° 35° N .
§ O
| T A U
130° E 135° E 140° E

Appendix 1. (continued)



AN AL H OBEELTE) 167

130° E

Appendix 1. (continued)



168 KA 3ERR

45°

40°

35°

45°

40°

35°

45°

40°

35°

U
130° E

Appendix 1. (continued)



ANA A T DOEEELE) 169

Appendix 1. (continued)



170 AP FEHR

1988

- O

O 0

q

® O O -
o NONG NI
OO0 000 ®

CPUE
50
G
T &

O@q

® OO0 -

o 0o
OCO0GO® ® -
°o®

40°

@@;
®® e
°c @ @® @ ©
LI NONONe
*®

&

.0

35°

Appendix 1. (continued)



AN AL A OEREEE) 171

45°

40°

35°

45°

40°

35°

45° N—

40°

35°

4

S N Ay s s ey Sy RS A S ) W T By
130° E 135° E 140° E 130° E 135° E 140° E

Appendix 1. (continued)



172 AEr AR

45°

40°

35°

45°

40°

35°

45°

40°

35°

Appendix 1. {(continued)



ANRA A T OERELEE) 178

45° N—

40°

35°

45° N~

40°

35°

45° N—

40°

35°

Appendix 1. (continued)



174

ARET M
45° N CPUE 45° N CPUE
50 50
1 2@ oo J| 1 "B &pe
7 P o 7 o i
_ o O Oo0o oo — o (O ®oo
o 1 o 00 oo o °cO@O oo
Oo000o Oooelo
i o000 0o | 0000 - 0o
| . N @le Q .
| | @ .99@@
35° N 35° N (b)
glo X T gsot L — | !',
130° € 135° E 140° E 130° E 135° E
45" N 5N CRUE
50
| 20@5 ® e -
7 ’._r’ R o ®
I o ® Goe e
40° 40° N c 0O oo
OO RO
| OJOICICENCK
_} - O @e
35° 35° N (d)
ﬂ"| T T zglyl )
130° E 135° E
45° N CPUE 45° N CPUE
50 50
7 2@ oo - 7 Qs 6o
7] Rt ° o ] _"r i ® o .
| o ® ®O® e o o — e ® @Weoe .
40° N~ c 00O oo 40° N °®00 oo
ORRIOK) (ONONCROR:
| ee@®:-®o0 | ©@@0:-0o
_} . _} . @@ @ .
35° N ﬁ‘; ( 35° N—g (f)
ilﬁ T A R B T - |!' T
130° £ 135° E 140° E 130° € 135° E 140° E

Appendix 1. (continued)




AN AL HDOEEELEE)

1993

45 N— GPUE

20 50
@ ;

40°

35°

45° N+ CPUE
| o
i
©
B €]
40° N—
| SIeL Jololo:
Q0o

35°

45° N—

40°

35°

1T
135° E

[T
130° E

Appendix 1. (continued)

45° N—

40°

35°

45° N—

20 50
@

e

OJONCIENCNOX
©©O@®®g

40°

35°

20 50
@

e

GPUE

06

S OJOXC

175



176 AP g

45° N—

40°

35°

45°

40°

35°

45° N—

40° N—

35°

Appendix 1. (continued)



ANV AL S OEIRELES) 177

45° N—

40°

35°

45° N

40°

35°

45° N—

40°

35°

Appendix 1. (continued)



178

45° N—

40°

35°

P

45° N—

40°

35°

135° E 140° E

45° N—

40°

35° N—

¢

| |:W|£T;n -

(e)

35°

(f)

®
i !’@lwl T ]

130° E 135° E

Appendix 1. (continued)

140° E

135° E 140° E



ANV AL B OERELE)

45° N—

40°

35°

40° N—

35° N

T
130° E 135° E

S S B S R Ny

& - CPUE

5 0

—
140° E 130° E

i o CPUE

40° N—

35° N o

RSP ’n’

ST T

135° E

140° E

130° E 135° E

T T T T

140° E 130° E

45° N

40°

35° N ©

.:'3‘ .
= T T T 1T .1 1

135° E

140° E

40° N

} Jo
f .‘ !W l‘glp I(?')l I ) N—g I

T
130° E 135° E

Appendix 1. (continued)

s CPUE

£

T
140° F 130° E

T

135° E

140° E

179



180 ARFF

i
=
o3

45° N—

40°

35°

45° NH

40°

35°

45° N—

40°

35°

N I D
130° E 135° E

Appendix 1. (continued)



ANRAA 3 OFIFEEE) 181

45° N—

40°

35°

45° N—

40°

35°

45° N—

40°

35°

Appendix 1. (continued)



182 AR EHR

45° N 45° W

40° 40°

35° 35°

45° N— 45° ‘N

40° 40°

35° 35°

;l 'I' it IQTT VI!'L |

130° E 135° E 140° E

45° N—

40°

35°

Appendix 1. (continued)



AN AL D OBIEEIED) 183

e sl CPUE

40° 40° N

35°

—~
- O
~—"

] li#"’ii;lgl B

135° E 140° E

45° N—

40°

35°

45° N—

40°

135° E 140° E

35°

Appendix 1. (continued)



184

45° N—

40°

35° N

(b)

L

T T T
135° E 140° E

gl '1" 1“‘#@!%1 |!'|° T

130° E 135° E

s o CPUE

i oY Y S

T T T
135° E 140°

40° N—
35° N‘—>
I
130° E
s o CPUE
I 50
@
40° N—
_} T o
35° N

F

—f"l I,.lﬂ#‘?@?’&

XY~
130° E 135°

Appendix 1. (continued)

S O A T R o
135° E 140° E




AN AL G DEIREEE)

45°

40° N+

35° N

45°

40°

35°

g

R R I B S
135° E 140° E

45°

40°

35°

35° N

Appendix 1. (continued)

l ngﬁa T

135° E 140° E

185



186

40° N—

36° N—>

45 N~ CPUE C)OQ
1% @ 20 C>o

I ey &

45° N—

40°

35°

'I.
T T T 1T T T T T
130° E 135°

E

140° E

45° N-|

40°

35°

(d)

T

45° N—

40°

36° N

]

(€)

35°

I
140° E

(f)

Appendix 1. (continued)

,l iﬂqﬁfﬂglfq?! P

T
130° £ 135° E

140° E

' IWI%I R

140° E




ANX AL T DEBEEEE) 187

45° N—

40°

35°

45° N—

40°

35°

45° N—

40°

36°

Appendix 1. (continued)



188 A JEhg

45° N—

} g 25 } g

T T
130° E 135° E 140° E 130° E 135° E 140° E

. CPUE % .
45° N— LrYE 45° N~
- 20 5 . °©©
@5 @?9.
~ B ®0

Y

40° N+ 40°

35° N~ 35°

N S Dt RS B My

I
130° E 135° E 140° E

ot
45° N GPUE o 45° N—

40° N— 40°

% N"} 35° N—E , (f)
T T T LT T T T
130° E 135° E 140° E 130° E 135" E 140° E

Appendix 1. (continued)



ANAAL FDOBRELEH 189

45° N—

40°

35°

45° N—

40°

35°

45° N+

40°

35°

Appendix 1. (continued)



SEZEICHT R RINACHOBRBTOLHEEE
BEETHICETAHE
ARETHERE (B AR AKEWFERT)

ABFRTIX, HARBEZNRELT CRSICL-T
AN A A HOEFEEE (EICRERRER), 540
ERE, BIUBEERNFEDI I ICET IEH
LRIZL, BREEHEBLRET AL L DI, BFEH
MOTFEB L CEFEERFTRORTICETHZ L% H
Bre L7z H712, 19884F L 19894FE o BEi2#2 & 7= CRS
(88/89CRS) 2 & » THEWEAEIE L 7219804E K 4> &
1990 R D447 [BliE, FEIIREE S & ORIREDOE(LIC
EBLTHRE Lz B, ANVAL T OEREEEIRSE
HIR S AEBEITEEINTW DY, BREHEEMNE LT
DEFMRRpEEIEETH B, £2T, CRSIC
I BEFEEHFEL L UEREEOELEHL 2T
BLENZ, HABZHOIZANVAL D OBEHBEOFE
HHITo72,

19934 ~19964FED 6 A TA» 5 7 F EAIIZ, Wé,
PEBLUELTRELLZANV AL F2RFHTHY,
TEACLAHBEEFELTHWTAEBOB B &
URAERRAZHZE L. BRHCAVWBRONETE
i, METIREII200 mm ~250 mm (F35222.5 mm)
Tholz HETRMEL D IAEL, EIZ180 mm
~220 mm (F$¥197.8 mm) Tho’, BILTIES S
A& L, Ei2160 mm ~190 mm (F3174.2 mm)

THhotz. WEEBRRETIE, 5{b#210~260H, 11H
f % ¥— 27108 TA2 5128 LaicE T h B4
Mol BILTIE, »LH&IS0H~220H, 128 %
HEE—27ZITATE» 5128 FTEICE T kD
%’775‘0 770

SMEBOBBENESTREIrORRBLIHE TS L,
HEIZFH0.86 (mm/d), EILIZFEH0.85 (mm/d)
Th), BELGZERZ R o7 LA L, EI3FH0.96
(mm/d) THY, BHREELLIEELRENFEDL
N7z BHECTRERICEMNMELLERE LT, 04
W BT A KEBEES X CHAYOSHBEOEN
AHE SN, KB E OBIBRTIZ, HETIZAL#210
H##z5E TSIH05 % W2 5EENE 2D
240 DABETIX2.0 % 282, BT AEMKD H o720
M, 3EAEDOREED GSIAMEL, SMEBEOBE
FOBBRIIRESEETH o7 2ELIBRTIE, &
1L #2280 H BAREIZ GSIA%9 % 123E L, B L 72ME&ED
ﬁ)o 770

19924E~2005%ED 6 A TH~ 7 B LWICER L8
BERAEEHCCHARBOMNE, B dEltogiE
BT A2 BHOBE B L URHIRR 2 /<72 R
BLXUOWETHELEAMVAL AIE, FI27TA~8A
ICHEM N, BIEERME TR S - EErS

{, BBHMOERIZIZEA L ED o7 10FITIZEDR
BTh A ILEN O ERERMETEE SN, BT
B U2 A, 7 A~ 8 RIXBEHEIS D o /2ds,
9 BICEBITHERENS 20, 108 BICEINSEIC
BT L7,

THEAIIC L 5 HWEEHR B L OERRmREE
REDLIZT AL, HARETIEIRIZ X o CTRAR
PHREPRLLBROBENPSMALTCEY, ThITtH
EENTELFERNRER LD D RAERY O
FACCEBBERZRAST A ENTE, BEDE
FRHMEICBWT, BARBORBEERLETINE, Hal
BRETNEL L TRERG SN2 o708 &
DORGFFEITEL TR SNz,

HARBICBWT, SABCRAERHFRER D AV A
A H BB CRSICHTARELZWHSMTTH0DIC,
88/89CRS #3Z & L= IRk (NELFREEEN DS
AR OELZ AT L 2R RERE R B
TRz TORE, 12BIcEInLiEESh B

TEL cm RGO ANV X A Hi%, BIESE RO
ML, AEFEOecm U2l cm M TO AV A 4
A%, BTG S X LEB40E LIE O BIREE T
BinlL7. W0R~11AItE T LiEE SN BNEY
£21 cm SLED AV A A Fik, BRI IR0,
HARRIME ORI TS { 44 LTz



RENALHE, DBFEERE (BN ELTREHR
WEH) 2EHL, BEREOREE(LEALLED
12, CRSIZX 2 EEEEDELEH0 HARIEIZ
BITBANAL AOEEER, 1980FERTHIZRAE
MICH D, 1980FERBLLIBICHMLA. LaL, 4

ERHMHICL o TEBERRBOZMEMIIRLPRPREL
5TV, NEYEH2L cm BT T3 199048 DR I3
ML7Z22%, AEEEHS2L cm ML TIR19874E DRI
MmU7%e HEFEERE2] cm BT TiE, 88/89CRS iz
BRERROFHHEIEEEN RO NN, NED
BRE#HA2] cm DL ECRRAEZEIZ D SNY, HER
BIREKEOBINIIRE SN d ol

ENEFERBHEEOBEAI2EICEDZEHAD
CRSIZ& o TZIL L 720 88/89CRS LiFiiz, NETE
A%19 cm RO MIEDEI G 1L, 4220 BT TH - 720
LA L, 1990%ELAREIE, #EA30~40 % 138h0 L 7
NEEE2 cm DL EOEAIE, 88/89CRS LLRT 11980
FERIE, W50 BEITE TH o 7245, 88/89CRS LAKkIZ
WAL, B30 % ~40 % & 7 72, 88/89CRS LARY
DIBVERIINELEE2] cm DL ELoXBo@EED 5o
BEEHEo 20T L, 1990ERLLERIT AT O FE
HTOEDZEEMET L, NEFERIL cm i/
OBAED 5 2 BB L 720

19844 ~19914E D 7 A T~ 9 B L@ic B REN&
TEM L 2SR EEEHAVT, CRSI2L 3
AN A A F OEIREERBEOELE T2, 8 AT,
EOEIRBORELBEHIIROW ol A
i, 88/89CRS Bl D19844FE ~19884FE 1%, HAMWIPAIC
iz, EERZHLELZILBRRETHZCERESN
720 LA L, CRS LAKED19894E ~19914E i3 H A #5 i
ATEHLERE N2 00, LIRIRRETEE#HESLE
ole WA IXERBREEIKE LB LA-25, 1984
FE~19884E I IR OB KR TCOBHROEEIE
B tzo—7, 19894 ~19914E Tk, BA AT Z,
0B IR ERTO B SN/, LA L, 19844F
~19884E L Br ), REERIGECHEHMEESEH L
Poi,

TR AR O BB OGN OFHEE L Fwv
T, CRSIZ X 21E0 5 OB TR OELE T/,
8 A THIZ88/89% ™ CRS #35& LR ok h
o7zs LHL, 9HEA ($<0.05) B9 AHaH
510H EA (p<0.01) TREMMEOFIG/EIZED
Boohiz, LAL, 0HFEB LU THTIE, 1989
FUBROTHEEDLRTL, BUAEENRDOLNE
{ oz BIED X H1Z, 88/80CRS %3512, 9H~
0B HICBITZANAL TOBHBRENER-TH
D, MEPLENE~ETTARHANELRL I LAVR

=y (A
HARMBD AN XA OEPFHOHEME L, BIEK
HIZX o TR, DL EDPEBEIN TS, E
PREBOE(bIE, HARBIZBT B AN XA B OEERS
OELEFALTBY, ANRASL B OESBOEALIC
1, KIEOEBHZEEIZ, Y T, EIRMBERE
DELEL BBRLTWB EER SN,
HRBIZBWTIOA~12R AT N8 (BERE
RiE) Bt e LTIMELROEREZHE L,
F/2, CRSICE o THAEBRRIELTZZ L2
FELTRAHEREERE (MSY) O#E, BIUCRS
WX BEMERE Lz, BERIE, 1980FERITEIIC20
A (5007 b ) Rtk 1990ER D EIRME A
1238 .8 MEA (108.75 b ), 20004ERT #1212 1260
~T70f& B (15005 ~2000 b v) LiEES N,
Beverton-Holt Bl B AEBRICH CTIEDOTHET
5L, EHBoORRAERE BEEIICTUER
ORI AME 16855 +¥), RBH TIREFEES
40.11EROBFICRKRME Q7745 F¥) kb EHE
Ehiz, 2% 0, FHREERIZ CRSICX o TELL,
BB O MSY IZESE O MSY L lkE LT 2/5L
HEENT,
ARBIZBIIDZANVA L HOCRSIZHT BREE
LT, ROLI B EePPESINL, $F, CRSIZ
X o CHERENRBILT S &, EINEEREIZL
THELDICELREIRE & A DORAERDIZI0A ~
L2RICELS %D, Z0EMSGINEREET THRL
B R O ICERRIEEM S %, i, CRSIC&
o THERENEGILT 5 &, ENEEREIET
B L EBITELREINRND X Ok 0RAERIX, 10
BEdhOiciuEsnEsicih L, & d oo &R
BB T 50
KEFERMOABRERBOFDO TAN A 4 HEFE
RO CRS IZH T BIHEIZOWTE, DToL)ic#
AbMNizo CREIC L o THERENESLT S &,
KPFEICBIT BEAFERERBEVBEL, AIFEOL0HIC
HEF N7 BRBCAAT B AN XA HHHLE 5D,
¥z, CRSIC X o THBHREFER LTS E, HE
BB D ERERHII0H~12HEEL Y, EHR
BOMEERE CILRL, S5 FEBICHERE
PRBENE, ZORKE, KFEHNOLERERED
BFREDRECHMULL, 2F 0, £E5HICB VT,
BARBICOMAT Ak (10~118) 24 Fh-Bddl
ELEEBETH LY, BBHCBNTIE, BARE
ERFEHIHMTHH» DL (10B~3A) 2ETh
TeBER L L-BEHEICET 5,
HFFAVLYZABLIETVEYF ALYy 7 AD



BEREROBH»S, BREEHICI->TT I HED
EREZRMICREL TR LIIEEETH Y, £4
OMABIC I - TEEEB L HERBIIAXLLHT
bo L7z oT, HERKBIBANVAL AD TACE
HTH, BREERORA LD o0 LOFBMLTBLL
BN b, iz, ANVAL HIFELDOMARICNZ,
CRSIZX o CFHWLFHRAEEEDN 2 BRELLT
LHIENFEEND, Lo T, BYLAEHEETHE
PEBEINZIHETS, CRSICE BEBHRREDOLTAL
KXo TANVAL HDWERIZ, F4DMAEDEL
Wz, FEHNZZ 75—V TOREHE 2 ERELE
IbTB2 &5,

ANAAL B TIRENBARLBEOMAENOEHIZIZ
IEOHHBBRAR 6N, BRRIBEIC L > TENEA
EANEIEKREDTIETT5E, CRSICL o TR
REFHELZBETD, BESERRLPICEHEL 2V
B EEATHYS, LMo T, SHBDANVAL
DEDNLZFEB LOCERFRERETLIBROESL L
T, FIRPEAOLERERBISBIET 5 L FHS
NBEGHIIBNWT, HERBDOAIV AL AT 5
BET) % BIEREOHENICHZ THAL TV LE
V5o

No.27, 95-189 (2009)



