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Spatial Variation in Growth of Japanese Common Squid,
Todarodes pacificus STEENSTRUP
in the Sea of Japan

Hideaki KIbOKOROY and Yoshiaki HIyYAMAY

Abstract

Relationship between body size and age of Japanese common squid, 7odarodes
pacificus STEENSTRUP which were caught by squid jigging in the Sea of Japan from late
June to early July 1994 was examined. From the difference in water temperature observed
at stations, the investigated area was divided into the Tsushima current area (warm
water area) and cold water area. For males in the maturing stage which were caught
abundantly, dorsal mantle length (M.L.), body weight (B.W.), gonad weight and stomach
contents were obtained, and their age were determined from daily statolith growth
increments. Although there was no significant difference in the mean age (about 240
days) and maturity indices of the specimens, mean M.L. and B.W. of the specimens
caught in the cold water area (about 230mm, and 265g) were significantly larger than
those of in the Tsushima current area (about 210mm, and 190g).

Key words : squid, Ommastrephidae, growth, statolith, Sea of Japan
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HAUD X 2 A 5 O HEE BEOKE SOBRIEONT, WMEICSMT HHIRFEIIC
GAIT AR HARBENKE T LN, HABFEBEBOMRUFL v mbhTwb (FHH
1965). %7z, AAT (1995) 131989~19934FE D 7 H i AR H A TRE S hic A v £ A 7 s
—FREABEOERELYDL LI, AURBEROBED 2L £ 4 H TLREIERE, BIOoFrodbi®ET
i, RETRINDRABOREINELLELRDZLEZHEL, L0FERLLT, Thbol
WG AT DAL A4 BB TRRE, FRRFEEINERLLDEHEEL TS, ZoLAL
A A HOREKOKE JLE TR, B X OR URBEE oKk T h, M+ A 1HIC L -
TRELLZ EREHEI ATV 5B,

HABIC AT DAL A4 DX hE COREORERE, EIWREH, R, 54 - BBLo
FEohb, BEATIE, KEThEE LLEThBEO3 2O0FHREFZTIOREEIR T
% (FHA 1967 ; Hia « A 1972 FH 1972). L CZhbLoFEMFEAFOM CIIHENRE

il

199647 1 A11HSE  HAUXKKETEITEHEAES035
VT951 HETWAER—T H5939-22 HARUGRKEFIERT
(Japan Sea National Fisheries Research Institute, Suido-cho, Niigata 951, Japan)
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ek E XN, HEERCOVCTHERBAER S L CBL <CBREhTER ER-FHEK 1966 .
Frer 1967 5 Fare e 1972 110 1987 5 88 1988). Ll A A A ORKRICET 535
3, BB EAETRE - VOB bRARIAYHETE L, ThcliBE e & oBRainz
R ZR TR TE i, RERRKOMBLCSDVCTHELMI IR DD, RisDHEH
BEUETIERFAHEOERFICOWVTRHEEORWHENIRETH . ToO®, | UKRSY
CRELIEAAN AL IDOREDERICOWTIEINETEREALEASHTC IR T I d ot
JT4E, NAKAMURA and SAKURAI (1991) 1L » TA A £ 1 H OFaokssiwmc s HE
HERBDHZ EITREN, ANALIORERCEL CORBEOTENI AL a7, £ LT
COFERIEC, FAERPLHEEREOE L ARERCREEOE I REINS L5
7z (NAKAMURA and SAKURAI 1993). A#FFE T AR (1995) 2#&E L T35, ik %
BAROKEZOFEVCOEREWEL TS X AL, EFCHARTSE TREL LD
BT o BRI B B Ao T, Hig L ko k& S oBIRA IR iR L.
AR H, FEAD HBEEHEIC OV TEE L CIEC o H AR KK EE TR R T
FEOEEE KK, MBI OV COE ZIE 7 ERERN 72T o LR e g, ¥
PRI BT 2 B M L O F S o 7o HAEKOKEF LT AR BRI 20 5 & o0 P R IE 1
&+, WAL DO BT EIT e, & L CIHW 7o H AR K EHERT O s A o
FA B BB LEFS, T, BEEREOH DI » T, TR RINSEKE S
FROPBEBRBEEXICDETHEEBILORHEDOS 2, SHAMREOHKCIeoTc AL 2 A
» BEFAEOEGE D iR I hiz, ©HARBRKEWRITEEERMREROLIFBE KT
DX T 5.

MK HE

ABHTIE19944F 6 A FaIAS 7 H Bfji, HAEMEG Cobhiic A 2 1 5 OFFEERAEIC
BT, FERBRTHREINCEAD S, HCHAREHIEKO 6 AESATEL R AL 2
A A& H ik (Table 1, Fig. 1). &#FfESck8\T, STD (7v v 2% TH, AST-1000)
X D ARBRI0m £ CTOKIE, WOBIRAEIT, SERBIIKROBMESME S &, 1 58k
DEREREE (R ARKE) % Stn. A, B, C ©60m, Stn. D, E, F Ti34om i E L Tfr- 7. 3R
K& Lic A v 2 A 7 3RS W TERED» S EEA 60 BRI, f L oBEIREL,
SR, merckE L eHAERE, &, SEEEER, BASHICoWTHIE L. #HE
OWPEE, NHEFEE Imm, FHEdlg, SAMERER, SIOFNBHERI0.1g DREET
fTote. BNBWARE, #EEOHNEYY, RS <BEIhCHABEPCL->T, A8 B
B, M8, 030K S L, ABRMMEE SR h - 1 AEZEE & L.

AT TEE CHRBERPED 2 v £ 4 HITB T, BEOKE IAGMH TR 5 E RIS
WA T 20 B E Lici®, KT (1995 O#HE & RFICHE O REAETH O B h 2 =
WAA D BEEIHITEAE LTHBL, VAL % ABECET - . BEOBRBERIZ oW T
i, MHES (19D DmE & b L ICATIRERRERE D, KRB, TSI<0.5, G  TSI>
0.52>2> AGSI=<1.0, B#R AGSI>1.01cX4r L. Z 2T, TSI ; testis somatic index =¥5
BE R {AE X100, AGSI; accessory gonad somatic index= (FrfE0 5 HE +HETER +
KD 5 R MEE X 1005779

Fraw L 2 AREEARES (1991) OSEXEEBIL, 254877 2 L TFEAOKY
M b d X oic=RF o RoEERCBEL, BEEFOELELE, BAVA 9 ~0.3um
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DK Y 2V & HCHEGOHKE, B LAETchd TR > X 5 ICHEL T
fiote. FEAOWHE R WELBERX S CHEEME CHE LMD RO FRE
LB b ETHio . HERIE L PEAOBREmI 2 HMEEcEEZE L-CCD»
AFXh, FrEE=Z -V v XERI0EOBEBREZM L TEHE L. FEEAE LT3
EBIfTV, 2D 5 bEOD T2 BIOFEEOFEHE B & L.

R AR R T AMAA BRI P » 75 4, =427 =Y 7+ Stat 123/Win (13-
£EH 19949 #H.

Table 1. Date, location, catch, and c. p. u. e. of squid jigging experiment at each station.

Station Stn. A Stn. B Stn. C Stn. D Stn. E Stn. F
Date Jun. 30 Jun. 29 Jun. 28 Jul. 06 Jul. 03 Jul. 07
Location N° 38.35 39.18 39.30 40.45 40.42 41.30
E° 138.05 136.02 137.30 134.46 133.18 135.26

Number of
Catches 2780 1815 712 859 2886 1479
c.p.ue* 18.17 11.86 5.14 5.61 19.43 10.20

*c. p. u. e.=Number of individuals caught per hour per squid jigging machine

[
Stn.F

Stn.E stn.D
40°
)
® stin.C
Stn.B
Stn.A 4%
.Sea of Japan
35° h
g =4 .
130° 135° 140° E

Fig. 1. Location of stations where we caught 7. pacificus by squid
jigging, and observed water temperature with STD.
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1, B¥BELRD

WHEBBI DR R SRATERIC ST 54 BoKE L HET 5 (Fig. 2). KE0m, X '10m
CERTHKEOHBEIZFNFNI6~20C, 15~19C T, AMBRESE BT %4 4 St
A, B, CoOFH»BEWME v 0FHE L Stn. D, E, F it lb~KBEABWEICH 5 DD, FHEA
BliekE hENED ORI -7, LHLStn. D, E, F & Stn. A, B, C TRKEERBOHFLAET
BKENRRL > THEY, Stn. A, B, C TRAE3ImM 35 X 050m D KR, HI16C s X 0914C° T
BHOEXL, Stn.D,E, F TREREFRFSC, 3CE10CLLEENH 5Tz, 2D &5 Stn.
A B, C& Stn. D, E F CllipHBENE L Ric-> Tk Y, KRB (1995) 237 - 7= KER50m,
3 X 0B80m DAKREI0C DERB I X BXE, B L OKENS~10C DR A& aiE® &7 5%
BRAITDDRSEFHITT S &, FERIT - lBERIZEKED Stn. A, B, C &, Sk (%
KR o Stn. D, E, Fo2fRickEL 50 bhntk.
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Fig. 2. Water temperature at each station. There were signi-
ficant differences in the depth of the thermocline between
Stn. A, B, Cand Stn. D, E, F. Stn. A, B, C were classified
as part of the Tsushima current area (warm water area),
and Stn. D, E, F in the cold water area.
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Table 2. Mean sizes, maturity indices, and age of male Todarodes pacificus in the maturing stage
caught at each station. Stn. A, B, C are situated in the Tsushima Current area, and Stn.
D, E, F are situated in the cold water area.

Station Dorsal Body Testis Ac%enssgry Age

(number of samples) mantle length weight weight \;gveight* TSI**  AGSI***

(mm) (@ (& (€] (days)
Stn. A (n=11) 203.7 182.5 2.97 0.69 1.61 0.38 238.0
Stn. B (n=10) 213.9 205.1 3.19 0.76 1.60 0.39 235.2
Stn. C (n=12) 215.5 181.8 2.93 0.68 1.62 0.38 239.1
Stn. D (n=13) 227.1 260.5 4.17 1.12 1.64 0.44 236.9
Stn. E (n=12) 228.7 277.8 5.04 1.45 1.84 0.53 243.1
Stn. F (n=12) 226.8 262.1 4.53 1.16 1.70 0.43 242.0

* Sperm duct, Spermatophoric organ and Spermatophoric sac weight.
** Testis somatic index; Testis weight/Body weight X 100.
*** Accessory gonad somatic index; Accessory gonad weight/Body weight X 100.

Table 3. Frequency of dietary items and mean weight of stomach contents of male Todarodes
pacificus in the maturing stage at each station.

Station Fish Sc(])uid Crustacean Empty Total Mean weight
(number of samples) (%) % (%) (%) (%) (&)
Stn. A (n=1D 100 100 10.14
Stn. B (n=10) 10 50 40 100 1.11
Stn. C (n=12) 8 33 8 50 100 0.62
Stn. D (n=13) 85 8 100 3.60
Stn. E (n=12) 8 85 100 4.44
Stn. F (n=12) 25 17 25 33 100 3.58
Total (n=70) 24 11 44 21 100 3.90

2. BREFEAERR

NEYR, KB, FEHERERR I OC4HBERREOAAELCK T 5 FHfE% Table 2
EaRd. AERETRIIEZCXS LeBKIBIMET S Stn. A, B, C TRFEHEL LA EZ L
203.7, 213.9, 205.5mm, &KBRIZAIET 5 Stn. D, E, F OB T EHENRE R F 1228.7,
227.1, 226.8mm & BEAKIROEEICHENK X o te. FEZOWT SRR, BRI ET
% Stn. A, B, C T FEHENFhFhN182.5, 205.1, 181.8g, “4KikicfrE3 5 Stn. D, E, F
TIREHENFNFN277.8, 260.5, 262.1g &BKBOBEAICHNKE hote. The, LFEE
FEIBUIBEKIE O Stn. A, B, C T TSI 2391.6, AGSI %90.4, %47/Ki%» Stn. D, E, F ¢
1. TSI %31.6~1.8, AGSI 230.4~0.5&, AEEFERIOBRETRORLEBOE TV,
BKIBIZ AT BEEDO T B KEETH - 1.
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BHNEYOML & EE% Table 3 1R, BAKEBICE T, Stn. A TlRE TOEGIREY
HAEL TV, Stn. C TEA 2 EEHAL TV EENN33.3% &, ARSI L > TRK- T
Wi 7, BAKBUCAIET S Stn. D X O Stn. E TldA F 7 3 HHOuBIEES o PEEN
UL EEED TR, CoOERTIBY TS v 7+ VHAEERERE Tt T, ke L
THHEREYHAEL T BEO 5 5EE544.3% TR b % b - 1.

SR O B AR X O HETE L B O FRE ISR T 5 FHfE% Table 2 Ic& b8 TURL L.
HESOFH I EDOTRERTHH240H T, FAERCIDERZLEAEADREI T, IHIT
HEEEHRELABLT o HbSLEEZRD, MIRIEIOH DEKS A TR L. BehcH
WA A A FFI0A DI AT TSL LTz s HEE I R B RGN EAE & I Tz (Fig.
3.

PlED X 5 KR ORE S0 IR G L ICBEKIR & BKIRIZ BT, ThZhoER ciRE
LB ONEEECHRBEICIENLONSD, BBCIAEREIR SRR, * I TR
X AEHBIEEDEERRNT B0, REBHRICKT 3K EHOFEHEOELBEE L. kK
FEWE, AEAOFHNETEROGESEKIR ESKIBTIERERE (0<0.05) »"HdHZ L
nh, v=AFDtBEEXHNTITS K.

BEDOFER, AEER (»<0.05), FE (p<0.0D) OV TRIEBRECTHERERENED bR
foDiest L, AFEBEEREK, BIOHBIC O WTIEEERENRD bhich - (Table 4).
BERENRDLNIAEYE, hECOWT, BRI L 2 FHEDEIZFREHH20mm,
80g T, ZOEIHWMDOZE (3 H) KENRTHIEKEL, BEETALIIAEETR, IO
HEOENCIHREDE L AHDTH S EEHRTTOIS.

T, BAREAKBRTREINIAL A A D ONENE, X OKEL HibOBIR & EHAm
MCfEdk S &iond. Mg e b BT 2085 R, AEOBIRIMEKENIKRE VDD,
H #403220~ 260 B o R B2 K EL Tl AEL £ 180 ~220mm, 4E150g ~250g, &K TIRIAEL
£220~250mm, #E200g~350g &, WERETHREN R K-> TWBD2bn% (Fig. 4).

30

[5]
=]

—_
(—]

Frequency (%)

Sep.15 Oct.15 Nov.15 Dec.15
(Hatch Date)

Fig. 3. Estimated hatch date distribution determined from statolith analysis of
male 7. pacificus sampled in the maturing stage. As most of specimens
were determined to have hatched between October and November, the
specimens were classified as the Autumn spawning group.
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Table 4. Mean values of mantle length, body weight, testis somatic index (TSI), accessory gonad
somatic index (AGSI), and age.

Dorsal Body weight Age
mantle length TSI AGSI
(mm)* (g)** (Days)

Tsushima current area 211.0%3.7 189.8+7.7 1.61+0.01 0.38+0.00 237.4%1.16
Cold water area 227.5%0.6 266.8+5.5 1.73+0.06 0.47%0.03 240.7+1.91

Welch’s t-test *p<0.05, **p»<0.01

400
@) O
240 | O@Q i
OOO
[¢]
[ ] —~
Enol CE| %
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S 5 200 o 5.
— 120 = )
() > ‘Qo
P 3 o o
= [==)
= 100 |
60 |
0 1 Il | 1 0 L L 1 L 1 L
0 100 200 300 0 100 200 300
Age (day) Age (day)
| eStn.ABC oStn.D,EF ]

Fig. 4. Relationships between age and dorsal mantle length, and between age and
body weight for male 7. pacificus in the maturing stage.
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ChET, HABCOMTHAL AL DL, BAETIE, KETNEE LEThFo3 o0
EMRAEFCHSTIORD EEh, BECOWTHEEMBERH S LICRFT I TEL. Ll
M U RAERSADEGEFIC ST 5 HEOERICOVTIL, BRHOREINLIHETRLALR
HI T hadote. TORLKEED S L FEADO BBETFE XA CICABROME, AL
MBI E L BETOBKRCHAT 5 AN 2 4 5 EEKBICHATT DAL A A I TIRE
DRI DZEIRIN, HHTHEIRC L > THREDOKEX IR D Z ERPE LM - T,
TDT LWL, ANALHORERLCREOKRE I YR T2 ICIRERIIC X 2RI T
, BATHEBC L DERCOVTHERTHLERDEZ LHRLTED, BEKESE
DEVCI EHECRBEOKE SOERLHFN TS ELTEETHS.

AR THLNIEEOERICOWT, WIEECKT2HMARECKELY S LicLz0BERIC
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DWTRET 5. BRSWHERE, BABRTRIECRERA » 8L, SRk CREE
ERCHAL TR, il (1965) O#d s RFEOEMAR b, REE FRE ER &
LTAAL AL HORECS 2 5B MBI OWTOHEILE L I T\d, HIRTLE ef al.
(1981) MA N A 1 HOFFEETH D [llex illecebrosus T » =3T3, BEYEHE L)
DHEBEREE LS L 0 JEERSARREGVEHALNR SRS b 0n, BRI ORE
KIZAFTH B EHELTDH. Lo TRHEEFICI VEEENKE A LEVED, 5
DERIIGE I X ZEEANDFE I D LHE I LS.

HE L L TRLEL ALY 75 v 27 + v, BRBIET 58S ELEESEAE
o (1985) 1F, &7KIRE Im®247- b 100mg A%, BBl ¢i350mg Btk & RED - T
$h, ChLOEBRM TR 2MEOENRD S E LTS, T, ZHMNLELOMEE R
EBFELT, 45 A mE I RA, 1AM RL, MEEXOFHITHS. 20l
B & BKIBRTREY T 7 v 7 b v OSHENARL-TRD, ZOEVGCHBEERCSHT
ANAA NDRBEEY G 2 H5BERO D EHEIh 5.

KICKEIRBEICY 2 8Bz oW1, AV AL I TERERPECUHELARS T F L
T ad, O'DOR and WELLS (1987) 1. 1. illecebrosus DEIE EERIC X AR R Y HICBE L
Tuw%. ODOR and WELLs (1987) (IR, &L OCEEEROL T KR & AEOKE L
DHEEL, XL EROBE Y 1kcal/g EEEL, HE X H FHE I h 3HEE % Growth Poten-
tial & LTk, FREC L CERCE#BLKRBEZOWTHEFN LTS, Thicl b &, FHEX
DFHEENRZEEFRIAE]. 1g OEAETIRAKELHI25C TR D 5, HRE200~300g OfFE
FETEAKBHIOCTRALEE-TEY, ThU EOKEBETREBCETL, HERECAFRE
Lies. L oillecebrosus (XEAED K & X2 MREE, [, £ E, A A4 H EELERS
{ (HATANAKA et al. 1985), %7z SAKURAI et al. (1993) i Xk 2MBEEBROKRE, MR
HEROMFICLERERNOEL AL AA I ERKETHD EINRT B, T T L illecebrosus
DEER BRI, AL THGICAZZIDAAL AL HDOKEERECBRIEOWTHERT 5 &,
KBOEGEKE CKEOm, BX050moKENZhZhFI8T, 15T) kENEG-EK
B OKEOm, X050mokENZTHRERKITC, 5C) KERBEREAFILBE THS LH#
FEXND, LoTEHE BIEBICIL=F3AF¥—DMENAE L RS ihi, R
KRB EOD I GBI AT BEED I 5 BAREDOHRLIRBVEHERIN D,

—Jj, FORSYTHE (1993) HEOHREEHOHE KR X 2HEFIHOKE & HEROBEGRY b
i, BRECOWTHIHY = 1 vV — a3 v\, BEFoKEIZL 2RE0ZE - EKEE
ERENRV) BN OBEOBRICKE {EELRIETTREE XL TWS., A4 1D
WTIH I E COREDORE, KEDHARBICE T BHAFOHHAEITIEEBELS, FMILHE
BEORCEEICHI b0 EE3hTw5 (K 199D, £ L T o5, KEOHFD
HEBER S BRO S KENCIEIE P EHRNICE R % EHEIhTw5 (B« IR
1991D). T DREIZ AL A A I DREAF T D RIS AL TR D, TOGMBIIFEIC X - T
EETH5ZENTFHENRTCS. Ok, #FHCEWTHMT 2RO KESE, RBROE
WIZ L > THRENRLD EH 25, FORSYTHE (1993) ofxHic+54L, ZOREDER
DERAEMOBEOAE I ECEEYRIZT I LA —HTRTEINS. T, 1 280
DR E D URNCE T EBE D AL A 4 DSHE, L OERECOWVTE, Shi ol
HIOEE G 1967 KTH 1983) L2 hTkbHd, MEX LD, SREANCAE R S0
Z\. ZOIDHFEANDEBIIIC KT 5 570, B OREOERBZTOROBE, LW
BBEOKEIG22HEENONCTHZ ENGHROBEL L TERIAT V5.
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eI SR T OEBRE S HEOBRICOWTIE, FEAHAENS L BINE
FTHYH, KMFEOKR TR I N DRI X 5 HREDOBERSHE T 51345, R
BXOEBICHTCORAEEZ T T, BT H0END 5.
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