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Horizontal Distribution of Clupeoid Eggs in Relation to
the Distribution of Water Masses in the Vicinity of
Noto Peninsula in the Japan Sea, May 1989-1993

Tsuneo Goro'’ and Mitsuyuki Hirar'’

Abstract

Horizontal egg distributions of three clupeoids, the sardine Sardinops melanostictus, anchovy
Engraulis japonicus and round herring Etrumeus teres were investigated using vertical tows
of a small ring net (dia 45 cm) at 45 stations in the vicinity of Noto Peninsula in the Japan Sea,
May 1989-1993. The distributions of water masses were also characterized by the water
temperature and salinity at 50 m depth measured at each station. Sardine eggs mainly occurred
in the coastal stations. Egg density and distributional area, represented by the percentage of
positive stations, increased year by year. Anchovy eggs distributed offshore depending on the
year, of which the density and area in the western region from the Peninsula decreased since 1990.
Density and area of round herring eggs was high in 1990 and 1993, corresponding to years when
the Tsushima Warm Current characterized by high water temperatures and salinities was
dominant in the survey area. We therefore suggest that egg distributions of the clupeoid
species except for round herring were minimally related to the distribution of the water
masses. In addition to the distribution of water masses, the stock level, the interspecies
relationship and the wintering area should be taken into consideration as the factors governing
egg distributions.
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oI BE i O A B HERAKOEA, § b EKBEEDOELEG L Tn5E I LR
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HARMIC BT B~ 172 Sardinops melanostictus O FREINS Tdh HHEEEHTIE, 5 A1
2AT DM Y 7 F 4T Engraulis japonicus & 7V A A T L Etrumeus teres DYRH
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ZEMIZB T 2INOREE, 0845 emTHA0.35 mmD v + & HWT, —\$TODEHE
WMETHTo7z, LAY ME, 1989~19924ECTld / VoS 7 4 v b, 19934E CTldeg B AL/
WSy 7y FTHhHo7(liF v b OREREIZDOWTIE i 1998b% M), 72 B EEEIZ10kg % T
v, Ry P OFBINCEARGT R ) )72, BEHRTTIAYEZI0 miE) HLz0E, B#10 m
TEMmMTTEE LY, FKENI0 mUEOELTIE, MEEE3 ~5mEHEISHED BT
TAXYEREL. RESNTERIMETESIZS ~10% KAL) Y TREEL, RIFL
7o, TR, EBRETREW,OSMINEREGL, AENFETHLATL, W IFATY
FLTONAATYOEIERLE L, G x1T- 7. SREEORERE, WAELHEY L
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Fig. 1. Map of the vicinity of the Noto Peninsula showing the location of the 45 stations. Three areas (1,
2, 3) are also shown in the map, which were divided for the examination of the relations among
the annual fluctuations of the density and/or percentage of positive stations for clupeoid eggs.
Thin line shows the 200 m isobath.

=] %

1 KEEEBAPDKESH

1989~19934F 5 A W) DERRIE 7> & Ve Bl 2 BT 550 mig DK - H5 DAKF545 % Fig.
2 1R, BIMFIE S kIR, 9 ~16C, HE51333.6~34.6 psuTd o7z, HEEIIHD &,
19904F & 19934E Tl i - B /KA ER L, 19914F & 19924F TR - D oMM Z2 R L
TWiz, BHEED SR EHES OB TSR - BiEsE, ZEREhFmes &
DR B0 O 1 BAL A T IR - BRI E 2> THBH, Zhd 220K
DENCHBESTER S Tz, ZOEBEOHLIKIER - BT EICL > TRAR Y, 19894 £ 1991
£ TIX13TC - 344 psu, 19904F & 19924E TiF13T - 34.3 psu, 19934ETI1212°C - 34.4 psu 7 -
Tz, DLEo#ERIE, BRRETEERA O FEIRG W ICALERICIL 255 A B BRI R K D KIR & 35 A%
Lo TENTAHLELEDIL, ZORED FFBICRBL> TV EEZRLTVES,

Z 2 CTHEBEOKBEEOHEEZHO T 572012, B L-FEE0EE LY &R - BiEs
% X ERERIR S L, FO5MRMIS DOV THRET L7z, 19894E TlE, xf B BRI 2 HEE T 55
A5 BEMIRE I A MICIL S > TREE LB E Tofi L, BEELERE» SIEEBIET
IR - RIS RS L 2 o Tz, 19904E127 5 &, AT BB & & ISRV ICILER
USRS ) BEEEBILERIE L Tz, —75, 199148, 19924F Tld, RIS C, Bl
BWCIIBATAE TR E Y, —EE B AR - Tz, F 72, BB 4
B HEC D IKR - RIS L VO TH B, 19934 1% 5 &, MEBRBIZEOLL,



___é;4 J—

5
137° 138° 139° 135°E 136° 137° 138° 139°

12 13 200m

1993
35° L 2L L ey .J’——
135°E 136° 137° 138° 139°

Fig. 2a.

Horizontal distribution of water temperature (‘C) at 50 m depth.
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Fig. 8a. Horizontal egg distribution (inds. / m’) of sardine Sardinops melanostictus.
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Fig. 4a. Annual fluctuations in the three areas shown in Fig. 1, of density (left) and percentage of positive
stations (right) for the eggs of sardine Sardinops melanostictus. The geometric mean of egg
densities in the positive stations is shown in each graph.
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Fig. 4b. Annual fluctuations in the three areas shown in Fig. 1, of density (left) and percentage of positive
stations (right) for the eggs of anchovy Engraulis japonicus. The geometric mean of egg densities
in the positive stations is shown in each graph.
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Fig. 5.
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Temperature-salinity diagrams for the 45 stations for each year showing the egg positive stations
(solid marks) of the three clupeoids, sardine Sardinops melanostictus, anchovy Engraulis japonicus
and round herring Etrumeus teres. Stations were divided into the three areas as shown in Fig. 1.
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Fig. 6. A:interannual fluctuations of the percentage of stations affected by the Tsushima Warm Current
Region (TWCR). The TWCR front for each year was defined by the values of water temperature
and salinity as follows, 13°C/ 34.4 psu in 1989 and 1991, 13°C/ 34.3 psu in 1990 and 1992 and 12°C/
34.4 psu in 1993, as judged from Fig. 2 . B-D: interannual fluctuations of the percentage of stations
where clupeoid eggs were collected to the all stations in TWCR (POS) and non- TWCR (NEG).
B: sardine Sardinops melanostictus, C: anchovy Engraulis japonicus, D: round herring Etrumeus
teres.
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BN ORE L, TS OERTIPALAL e a5 o 544 (NEG) % HiE5
WEEDLDTHLB: w47, C.h¥ o2 FA4TY, DIV ALTY),

o BRI & FRIE I KR EL B OFRAEZ ML % /R L72Fig. 6 WAIC & B &, x BERifiiEI3 19904E
E1993ETEB L TV /2l L %b 05 (FNFN56%, 656%). —HEAFOIOHBENDLL
i3, WEBRETIE, v A7 2988~64% T, 1992 ICMAT 200D, TOEZER L
4 2 T8 U7 (Fig. 6 OB). H % 7 F A4 7 VHIERIBEDI6~83% D5 s THRE S N72HS, 1990
HEE— 7 IZH L 72 (Fig. 6 OC). 7V A4 T VOB ESDEROFHEHIZ I MFED ) &
T O, 13~68% Th o7z, ZOMBEDHED Y — 7 (L19904F & 19934 1258 & I 7= (Fig.
6 OD). F7AHBERHE DS OWIETIE, <4 7 2 AT19894ED 3 % 0 519934 D40% F TH 4
Wi L7 (Fig. 6 OB). #1457 F 47 1313~59%DHEFHTH o 7225, 199241 — 7 &R L7z
bODBAELZGHR L 72 (Fig. 6 DC). TV AL T LIIBWTIE 8 ~28% DHPFHT, *f BIEFHT
DIEE T 5 SR L ARV TRE L T 72 (Fig. 6 OD).

CDEIN, AT ERT 7T AT OO E G ORELAL & KBEE DOZEL & D
21E, BB IBERARED SN Lo TRED TV AL T VIIDBE L, W EETEA
L TWAED, FOHRANOHBESEH»Y -7 2R L, —HERBEDSLOEETIE, HE
HEDBELEEFIRO SN Lo 72, (EoT, 7V AL T TIND5Ai 1 Ixt BRI & *hii L
TWbH LD EHEZEIND (Fig. 6 DALD). L2 LEEOBRIE, BRNOHRE SO LEN
FICE I W £ 5 (Fig. 6 D), BBERBNTHEEZ TOREOIIGATHE V) T
TR, DEDARERPSIE, EBRESERT L EFOMERATI IV X LT VIO
ML NECROENEZEPHS P ER T2,

Db, SR MR E KBLALE & ORRIZOWTHRET LR, 7V x4 7 VIO, &5
BRI O A & B L B L TWzds, A VIEA 7 7 F 4T VIITIIAHETH -
7z, DFE DKBERES, EOIIWD LEOIOSAEZHET S I LT E TS .

£ £

Wb LEOFIO L& KBEALE & OBMRICOWTHRE L7282 % b 212, IO KEG54 O
e, ToahiEHETIERIIOVWTENEFNER]L 72,

F9, Wh LEOINOAK S OEEBIZOWTESE L2, HOAKPSMITEIILLIEEDE
FROOLNDEHOD, w47 TlIEL L TREHRICER SN/ (Fig.3a). DX %54
DEEIE, 19504812 BT B [ UREE B O MR 19844E 0 4 HIZ BT 5 BB O
WHR TSN E — 3T 5 (B 1961 5 KHS 1986). —H A Z 7 FA T ETM AL
DT, FILEoT, vATYEDG, XA E TINIAD B MEEDERD 5 17z (Figs.
3b, 3c). WhHLETHIZL > TIHOAKEGA DT ELR D & VI ML, AEREDRGERC
KPR OB ESEIC BT 2 KREM LT LD STV 5 (B - A4 1983 5 I 51985 ; i
- R 1998). INH I AL, BEPEREMEBRICBWVT, Wh LEOKENLRIND
FitERAIIFEIC L B HAN L BN HEHDEEZLNS,

Kz, HhlEsnzwb LEOINOGAMRHEEEZHE T 2 ZERICOWT, KIRALE L
BELBRMEEERE N TRE A7 <1 7 2 OHEEIZ19904E LI, BRI X - T
HlEd B b O DI £ WEHMEN &R L (Fig. 4 a), 12X B KBAEOME Fig.6)icidd T h
BN ol BEOWYEE BIZI990EURE, <A 7 2 O FEING S FEPE AL ki
SN2 &En s (Al 1998a), A 7 T IIOIIMEAANILERIRER KM L-b DL EZ 5
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NLH., —Fhy s FA7>ORBEIE, 1990405, <4 72 Lt BAIZHER 1 & 2 TEd
EmERLZ (Fig.4b). LALMEX 213, ~4 7 S EEORBUIIIEE S N5 LEINE 247
B Il (1961 5 g 1998a), ZODWEXTH Y 7 F 147 YINOHBEORDESHEL
Morzmilt, MEOBE L VEFEICRMINHERTH L EEZ 5 NEREN, —FIEC X
D, RS - ARESEICE IS L TV R 3BV TH Y 7 F 4 7 VIO EWIRE B RS
57z (Figs. 2, 3b, 4b). TN b3, REDEIIBEAMD TILETH B 2 & (i1l 1965 ; 5D
1975 ; L¥F 1985) Z# KM L72b D& EZ2 SN A. [, ZoiX 3 THINDMBIE NSO L%
DT AT DS DL IFHITHELERL TV 5 (Figs. 4a, 4b) 2T &H 5, Ths 2 M
MO ARG EINS, 28 EET VAL T 084G, IORHEEDEL WE EXTE
REFI O B & DOXFILATRIE E 17z (Figs. 2,4¢,6). TV AL TUIZBVTIE, 47D LH
RINDGA EBFEREE ORI I ZHL A TR AW ED, KESAEE, 12 M, K
TUFEDIBIICIE S 4S5 (6 - HF 1986) 2 L # BT 5 &, 4MES N/t BERIE» %
DEZEFEREEDNS,

EZATINF L 3 MAfEL b MBIEIIEL, KAMEE MO 4EREIRE LTV
(Figs. 2, 4). 3BMETXTOMBAEIRVERIEAHTHZ25, v 1720w Twzid, |
RiEIZ B CEREINEEAT, 19874E & 19884 1213 H ARG U BRI Td - 72 b DA%, T D4
BR D JUM LSS C R S 7z 2 & (1878 1998a) P EINTH B LTSN B, o F 19894 (2
iE, BIREZ0b O KHEERIIBW T o720 E2 615, & 5219934 T,
WX 1 & 2BV T3HEOSAENL LS 2EA D 05, EAMABIEEVIZOEEL T
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AT 2 AT E(Fig. 5). 19904 K BIRR AR THO S N/HX 1 - 2 Th O HinHE
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DAEHS, 19VELE~ A4 7 DIRD 5475, ReB PR ERIC BT 254 & K& (-7
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CENTED.
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AN A2 S HIED TV T EDPEETH 5.
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MO GRS, EEER, €L CHENBAROBLEENES L, BINHA DS MmIREE
LTS bDEEbhs, £ L COKBMEL, Co—E0BREETUIBERLTVSLE



— 96— e R S

Z B, YA I EEIN S OB O I 1L, SR SWILY, EMNERZHA/IC
TURL, MBAT3 52 P EBETH L. REICAKRNETHEE LA TIE, HEIOKED L&
& & BN ALIZIR S A (4 - R 1986). ZDIRASh & & S IZA—RKRDS, BaEA T
EINT 200, 126 HITIRE ACEINEHEZ D0, &) 2 ik (EH 1988), MY
B ORI D BT & THIEEE D SO BB OB KELHEET LIS ER LI L TH L. it
ST, SRR ELOBEL S EOTHOLNIIT2LENH L.

BB AEHE - WIAG AT (1983) MBI RO R EVNERIZ BT < A 7 VNS E X UEINAOSIEEYE, KiEilE
TP A, 44, 29-43.

BiEH R (1998a) 1979~ 19MEFERDOARBIZBT A7 17 LHIOBE L 454, HKIFRE, (48), 51-60.

R I (1998b) /WXy 7 4y M ERF ) VoS 7 4oy b ClakEL %iﬁntﬁﬁllﬁmmﬁ I AR+,
(48), 61-69

A % - HEME - e - PR - R - BHEE - TRBAT - BEELD - =855 - FJEM
Q%ﬁwmﬂ#%w%ﬂifmmHﬁkqﬁﬁﬁ BN TRED S3AT . TV X KR SERT, &1, 206pp.

gt (1961) HARIIZBIT 2~ A4 7 L O EAYFIRITE. HoRFFHRE, (9), 1-227.

DFEMIJT (1966) REXZRULHED 5 HIZHBIT 5 A 7 L HEZOMMmN - T oihBiE @ﬁﬂ AL, i ER RN SR,
(5), 54-64.

ITEFEA - SRS (1998) HAMBFE MBI A~ A TV RUH Y 7 F4 7 V0 - (TR0 LB, 1L
YLk R, (27), 11-25.

HLH - E(w% AR D NFEG IS BIT 574 7 2 BRI OEE, KEBETTESER, 52, 289-296.

BH-- ﬂ%D747&@@%&@%%$L&&5#i?ﬂﬁ_m¢éﬁn.m%mm& e, (3), 25-278

=i ? REE= - AR (1986) 19844F 4 A DINBINEEIC BT 5~ A 7 VIS O HEFEL. KE#et
fF7e 4, 50, 298-303.

RS - ANIETE - TR (1985) 1 7 UATHESR DA & IRtE— LT i—. AKPEmENT /S A8, 47 - 48,

66-69.
PR AR - MR HE (1957) #AHRIZ BT A il 0 AREE ~ /Y OEBERIZ DWW, HAREREE, (7), 103-107.
A W - M 50 (1986) HRAEEFE(T). EEHEAM, #HA(, 1140pp.

s (1965) gk 2 i 2 400 - BE(FICBI§ 2 F M. HokifER, (15), 13-37.

FUFIETE (1985) ZARETSNESIC BT D H ¥ 7 F 4 7 LIMFRO 54 &3R5S, KEREVT %S, 47 - 48, 69
-72.

FEERZEEH (1975) IRATS I EEE S O FAERE & BRES. ppl29-145. CPEFEATH R B RIRIE R
15, WITRFENRE, #HEL.

VEEAR (1982) MR AAHOIN - HEAT 045 & T, IRt 2 — b, 19, 149-162.

VEE R (1996) BIREEIED <1 7 BN O &L, EE, 28, 92-97.

R4 A - A0 E - NTETHE - TR - SRR - KK EGR) (1995) HAEAKISIIBITE YA T U,
HETFATL, YN, I RAAL T, BEURT IOIUTRE LA A A O ARG 1991
1 H~19934128 . KETHIEAT &R EEM7EHMEA, 1, 368pp.

| B KM B (1997) KEERBOH Y 7T AT S OERMBICED 2 ~ 3 AEINEOHMM. HAKEL, 63
665-671.



