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Yearly changes of the main spawning grounds of the sardine,
Sardinops melanostictus (T. et S.) in the waters along the
Pacific coast of -southern Japan

Kazunori KURODA**

Abstract

The present paper aims to describe yearly changes of main sardine spawning grounds
along the Pacific coast of southern Japan during the years of 1971 to 1984 when the sardine
stock was increasing remarkably, and moreover to consider some relationships of the formation

and shifts of spawning grounds with oceanagraphic conditions, especially Kuroshlo paths.

Main results are as follows. The present vears studied are divided into four periods
from the viewpoint of yearly changes of main spawning grounds. Namely, 1971: main spawning

- grounds were in Tosa Bay; 1972-1975: Tosa Bay kept main spawning grounds and the .

spawning grounds around Izu Islands developed gradually; 1976-1980: main spawning grounds
were formed around Izu Islands, and the spawning in Satsunan area was successively streng- .
thened and expanded in area; 1981-1984: spawning occupied mainly in Satsunan area, and N
was found in the main current zone of the Kuroshio.

In conclusion, spawning grounds have some tendencies of enlarging and maintaining in the
period of A-type Kuroshio path, reducing and becoming southwardly in the period of C-type
Kuroshio path, and enlarging, maintaining and becoming southwardly in the period of N “type..
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Fig. 1. Names of lands and seas along the southern Pacific coast of Japan. .
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Fig. 2. Schematic five types of Kuroshio paths
off southern coast of Japan.
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Fig. 3-1. Main sardine spawning grounds during
1971 to 1975. '
Figure patterns of spawning grounds show the
index of spawning strength by egg numbers
perm?.  The mark (xxx) shows Kuroshio axis.
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Fig. 3-2. Main sardine spawning grounds
during 1976 to 1980.
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- -Fig. 3-3. Main sardine spawning grounds
during 1981 to 1984.
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Fig. 4. Average paths of the Kuroshio during
October to March in 1971-1984.

MREEIh (BHE - HH, 1986), 1986~1987 i B 7
» b,

(3) mEE# (10~38) [CHJIEFimuE0REREL
LIREEEE ‘
19714 EIHI 310 5 REIRB R ITEE] Ehio
THREZEEONLE X ) RS E 5 CRE
BB U e, 1972~19754E1Ic 1T % BHlid, 19734E12
~1 A, 3H19754 3 Q@M CRmBE/ML L
Dish, EERFR (NI 36 LA (Fig. 4A), 1975
£9 AL, NEORBREEAETE (AR) &k
L, 19804 & CEHIMER L, DM, 1977~19794
g BEERE ~ BB B 63 0 A LT (AT 2SEf L
% (Fig. 4B), +®#%, 19804 9 Aicid, BEIREIIK
WAL s BEERC T L ic®d, 198LEDEIOR

J[ - Cape Toi (SE)

| b g
ﬁ@+wmww>%*

-

no data

— Cape Shionomisakif

100+

504

*
+* #+%‘*§* %

-o Cape Omaezaki(§)
2004 -« Cape Iro (S)

150 ¢

A1

50

. +{
l**f
FIR e L

Distance of ‘Kuroshio Axis from Each Cape (miles)

o

504

1972 197
Kuroshio © C N N A

Fig. 5. Mean distances. from each cape (black
circles) and standard deviatior (bars) of the
Kuroshio axis along the Pacific coast during
October to March in 1971-1984.

e 903 ==



g H

MBI N CRBL, 8% CHELE, TO% 34
ROBMABRERNAE L, 19824 19834 1CiE BRI &
CEZBRYBEUR, 19844FERCRELY, FEEE
BRI DAL RWEE > NE L (Fig. 4C),

IR O REMME BRI R C X 5 —E0RK
2 HIIRNAS, 1981~19834E D B MBS I I3 I B)
BN o T2 o E Tz, 1976, 19794E B IRBZ B AN Z 23 o
7z (Fig. 5), IR ORI KIEITE (AR Ik
RERAS D, 1978FE B SR L CRMERHD A X
Mo, C - NEHOBMRMOME X KZI WA, N
B DI9T3EIC IR MBI 3K & v - 72,

EFIRE MR CI, ARScCEMON B X EE
T, 1978FICHESHEEL, AT 51 ERUMEBNAS
ot EFIRMHORBHMINECZARBELD S
BEL, RBEZBDNXL, FOMEMREFIREL D i
MCEE Th - o

TR EN O R ARSI OME & B HcEL S
HER L 72D U T, #1978~ 197948 10 12 SR EF ik i
HRDABELLER L, ZOkDIE, = OHERIZA
B TRER L BEBRAE o T, —F, NEZEOR
HRERLCREBED S/ X, BRERZET HEAS
BV, BCl1972, 1944ERFECH - 7z, CREOE
B ABUEAND B B U Te S, MEBENZ X DN Ao
o TEHMEM CIRENE L ZERAK L EE S50,
A - NESICIE IO B O B O 5 BV AT 40 &
VDD, CHEICIRZORTEH- o Tz, ARE
ORI, 1976~19794F L 4R TEL S BEL,
1978~19THEDHBME BN X s 5 T '
| BEBLRRBEEEMORMRERS TR
I U EmERL, AR SBAL, REEHd
NEdoiz, C- NEHORBMONEBEIRKERL, HE
HEWCI1971 - 1973 - 1975 « 19814EIC I MZE B 3o &
&<, RREFFTIZ1971 - 1972 - 1981 - 19834EIC Fidgzr
AP AREN - T,

REUEE, —BCHIR LR TR DRERE 0
BREMCHD, COEMRNEEHCE LW, Tk, AR
o s RO ERREM RS, Allc
BNV, BB f.L QPRI BRI E chEg
T BIHMND B WP DB HEE I3, DL & RN
I RS EBE T 2% 00, MiS~A K
ROEFEH~RREH CREDERETIORARE T
D, ZOEEHRRSKROERBICREDRERZEE
W —75, CRH 0B MATE & AR CIREEER L,
ABBO LN DMAEHTE L BB T 20T, M

- &

CEMNBEORBMEBIAE, - T, CEHRHET
HREER LG T oEME~FRN, ABECIIEHYE .
Brethl &3 2 MEm~ENECR N TE LW EE O
MRMEBSET B e D ICBERBR R AEE TH 5,

4. # = :

KRBT 5<4 7 v DEBIL, EEANKCS
T, BER~EEEROBRRICERIN, ZEIRE
B LG, FEEER, EEERL S CRESRS,
UL, BENCHNE, SEMSREFSCEEL T
BY, RBAETRBHECERO T VBT RBRCLE
BB LWLy (BH, 1986), BMIXHE
L 19854ELI R FERGHE IR & & HICEEEIME L 7 T B,
FEMGAREE-CEREYRTC L R<4 7 v OER
EUDHFERZTRTHDDTESLN, THEPEITBE
LRABBCTRREE TS, ¥k, <17 Y ORABIZE
SRHAC2~3 EEESI AR 3 T & 2% SR B D HE
ENTnW3 (NAKAIL 1962; FHHIZA, 1959) 23, &[H
DENRE MR TIThIL S 4, 5WLEAL BRI
BEHLITOR200E <47 VENEOEREBF2E
Z2%3 2L CRKSHMEL LTRIRTW S,

—MIC, <A UV OIFEEINEII R A D & £ 28 k
<, BWOEHINLIPFAROEEBILED L WICE
RINBLEEZBNE, THORHRETBAEMLL LTI
EYFNCEIHRE DL IR, BENICIESED

CRVHER, FRDDEMEEOBEREEL bR, it

ROWEFMARC L, BRRSBRRAEECS
BT 5, BN, KFEERRICET S Zh 5054t
DRI & OB OBERBI X AHCES L TW5
BHACLOEBOESLERERITT B,
47V DXENYTHELTOKRFERRIC BT 5
7un7 g VEREEDOS b Tl BENEBRROGE
IR DEF D oMl B EE TH D (B
H, 19872), EMMICIR <4 7 & DESRE —54 5,
Tk, REKESERLETE 24 7 OEREIZIAT
HEBRCTREMOS b TRIBAEZEOPD RV TE S
LHEIND, 2D EIX, Ml ME (1983) AuEM
HWAERICKT 54 7 VENBOBRESM4E UTHD
AT U EESIREYE, 37, ESEOENEIESE X
DENZ & ROCEROREKBHICERATONRD Z &
E—HT B, Fic, BHIZA (1986) Itk 5 LRIREH
BT B4 7 v OENIEXRNCER - BES 8T
b, FRERDR 7007 4 VERENFTREIE
Cind NS HEELBFBELIEN,

— 294 —



EFROKRFHERBBRICE T B <4 7 VEERFOEE

FEMGORR & B ITMEREMEERELYNELT
BEMEOED, Tiobd, HEREOTEM & L BiG
LTCWBAHERERD 5, Wz hiE, BEREkork
ICEENKHECLE & MR EILT D &, BREDEEDR
HHELL (BH, 1985), IMFARMIOEZRD &LbomE
WBEORRICHEELEZ BT ENTRINBERNRED
T2 (JEH, 1982; HARA and WATANABE, 1987),
iz, RMREOEBOEERMEE LR, <17 Y0
FEESHE & 7 HRl~ ORI CE R CREFERBEOR
W S H S B oD IR LN B8, FE
BArREH~FEEEER CR BB OTBIES K&
{BERBRALETH B D ENEDORRIIBE LY
ST B L#EINRD,

RMPERIRE 2 RTE, $T/hbbEER (NI
HA & i DUBEHE 0T 310 % KIS T (As B0 i, BEOR
BREEIIE AL, BESRIRIAYL KL CEE NG O B ISl
Ted-eHfEEIND, ThIZ, BHAEREREOES
T, KBOEEET B X5 nBEEGRL N &,
R¥IFRKOBEAZIRIT X 0 EIpC KR EYAEEZ R L
ERILZEDZ &, BHEIRO/NERCIEC L 585
EAMOXRBEENRD B &, WiBOEASERCL D
WEKE & D 2/ KPH MORBEBPEYROH
TRELT DI L - TRHMARORE K HRC
ERIh, BEMECI 2EREYEERBEIZ L
BELTWSEE2bRE,

<4 7 YEROBMAC kT 5 REN T BHFRE 3R
(A-N-C) LEBRBOERK - BITOMG 2 BIE T 5
&, ENBRARGREZILA - 5, CRERER
AR - B, NERBRECRIEA - Bk - BROES
MH DRz, Ak (1986) 1k GEK Eklic#k S BEoO A
IEITH & B U BIENIEORITRE RS S, NI
I H ek & @M TR RA L R BAR T ARER
HWETOHRIABCESRTEREN 1.5, 5L E
, FFEHEEBCNFERALCEARFREE ¥
BRERIZABFOFBANEBCHNT 2~ 3@ &
SEREE L, TOL OB X 3% OHEF I
ERGOREREBTCESBERELTERY, BRE~CH
BB EEIZ DD - 721968~1976EIC 1B L TR
FRBERNBEEETHD, FEEEBRCEENEOS
1975~19807 FICid AT CHRB L 7 & & R A OFE RS
FELTWB LWL LS,

74 U v OEENGE BRI O REN R BEHRIZRO
X3CHHETED LELBND,

1 #Q967~19TD B FEEHEE = Pl & UiciiRic

WTRHRBORETENRE - o, 1970~197140
RERCHEEHCREL, MIRLEEE cRERER T
boicikdi, BMRKOBELXZU D LEELhLE
L7z B~ BEKEC ZERENERI b D L%
Zbh5b,

I #1(1972~1975) DB MR NE X FIcB L, @i
BWCEREHEALZR LD T, REAE CR/NRRE
B O\ENERENDEMHICH - o, Eh, NEFEK
BV VB IR A AR BE 05T < e BRI A3 U (R, 1985),
REMPBOEEHRD KR L L, 19724 ERERFHONE
BRICHET) U 7z (KoNDO, 1980; ¥, 1982), ff- T,
HEHA LS Uk B~ GHIGE TR T e mR
DEPGREHRIN 22—, HMRLEBHR RPN o8
RRX BRI ~FEEEBRCERGNER S, £4
PR U CEMNl~ il e bR L b e EL B
ns,

M #1(1976~1980) DEMIZ A « As BEKITEBL,
EREP~FMNETRE L EH L CGOFREM T’
BRLrord LT, BFEEER~FR i & 1976~
19794ED As B QBN 31T 5 BEEFME ~ M3k O 2 1
TREHANHHAL O IERE LU kD BERKORES
PR FEL D HRTH - & (A KE, 1980),
-»C, FEEEBBROIEINGE h.LICERM~BEED
BEBCIEL ERBABR I, LiaL, 19804k
ARFHERZCRICHITL, LRORHFRBL k-
W BE ISR & 20| L e,

V31 (1981~1984) O BRI, 19814E N &, 1982~19834%
A « BSCHl, 19844 I 12 CECIRBL, MURLIEE
B, FFEEERLHLCAREEH LR, 1981£0
BHRERB DD K TFEHERICE  ERBAEE IR
Tens, 19824ELIKE, LEBLIEOERBEMOME
Mo THAMERERL, REREERSEEINGE - i,
IhiR, BHlOBRRETIENREAHRAELERE
T & LR LRSI B OB - THBEE RN
T 570 & OERBEORLEI Y LIk ied Ik
BAECHRAT AEEERLELEL bR,

BHDIBID, WIXOBRME WX KE
MR R REEREE S+ LR~ BB
B¥RT D, Ble, REPEL WK E, REOERE
AT DR 12 o I 2R — N IS 2 B
FER, HORTFHE, RABFECREHE T2,

X ik

BREE (19700 FEEERCET 2 ALOREREK

== 295 —




) H

DNWT. KEBENRLAMH, 16, 195~202.

BEAR E-RE ¥ (1980) BEIARITHE - EEfTH
BB I AMNERIR RO FEKES W T,
XK PTR, 108, 17-30

nBLTHE - MDETIE (1983)  EMNEHAE DEEIMER
Rl B<A 7 VEREE L CENH ORI,
KEEMFPERNFE AR, 44, 29-43.

HARA, 1. and T. WATANABE (1987)  Distribution
and survival of Japanese sardine and their relation
to the Xuroshio. International North Pacific
Fisheries Commission Bulletin, 47, 265-275.

EARCARE (1985) <4 U v OHEERRE GHEED.
WL &Y, T, 170-182.

AHA— - BIEH - FEHEF (959 <4 7 v
Sardinops melanosticia (T. & S.) @ EIFE £ <
DWT (FH). JEEXAKH®, 20, 139-144.

FEHH (1988) HALMBICRD % AHOEREEIC
Bi4- 5B, KEEVEPEITIEL26A4ERE 2%, 78-87.

Kawal, H. (1969) Statistical estimation of iso-
therms indicative of the Kuroshio axis. Deep-
Sea Res. Supple. to 16, 109-115.

AREEA (1986) I - FEFERICFb 5 BEITROM
BRENCEET 209, ERAEEEAFHERELS
X, pp. 166.

KonDO, K. (1980) The recovery of the Japanese

© sardine—the biological basis of stock-size fluctua-
tions. Rapp. P.-V. Reun. Coms. int.
Mer., 177, 332-354. ]

EHEE— (1987) <A 7 VOARLER. AORE,
116, 1-10.

INEFE (1983) ERERICKT 3 ~4 7 v V8- Ff
DLHFE1976~814E. FITHMEX AR, 15, 103-121.

Explor.

- &

BH—E (1985) ANMEHBRCKTS<s/ur7 v
7+ VEORERB L BHIMRKE. BER-FE 7oy
7 KM A, 78, 92-100.

BEHC - THEzER (1986) 19848 X U'85ELZEDH
AEHERC KT D47V OEN. KEBERT
S, 50, 88-92.

BH—E (1986) wiRrREERECRsT 5857
SV b, Reed g veed oSO - (FRODS
AR, HBXOKETE, 119, 109-122.

BH—E (1987a) HARAO BHERDER s %
yuu7 4 VDA, AR, — b, 22,
9, 19-29. ’

BE—RQ (1987b) HAMHATFERSR © BElERSR
CRTDwA 7 VRAEDOHE. KEBETRLR,
51, 373-376.

EH %« RBHE= - E0fE (1986) 19844 HO
IR BB sT <4 v VENGOEMRERME. K
EEWI PRI IEA R, 50, 298-303.

NAKAI, Z. (1962) Studies of influences of environ-
mental factors upon fertilization and development
of the Japanese sardine eggs—with some reference
to the number of their ova. Bull. Tokai Reg.
Fish. Res. Lab., 9, 109-150.

ZHRES (1969) BEOBEOEEICOWT. KEH
HEMRLIR, 14, 13~17.

A (1982) REEEEZAEON - MFSwE
B¥. REEERE — 1, 19, 149-162.

R (1987) <A 7 VIBERHBEREED -
T. KEHEFRSEH, 51, 34-39.

FHE= (1961) EMENEKEEBRHOEHICOL
T (201). KEER GKEEPAI 0 A E£TE
B), 54-57. :

— 296 —





