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Distribution, maturation and spawning of the Japanese anchovy
Engraulis japonicus in the East China Sea in spring

Hiroshige Tanaka'* T, Youichi Tsukamoto!, Takeshi Sakai' and Seiji OnsHIMO'

Distribution and spawning ecology of the Japanese anchovy Engraulis japonicus were studied in the East China Sea
(ECS) in February and March, 2009. Anchovies were collected in areas with sea surface temperature (SST) from 11.7
to 17.7°C. Among them, only large anchovies (>98mm body length) were collected in the southern area with SST
from 15.4 to 17.7°C while both large and small ones were collected in the northern area with SST from 11.7 to 13.7°C.
Gonad somatic index (GSI) of anchovies in the southern area was significantly higher than that in the northern area.
Histological observations on ovaries revealed that the body length of the anchovies which were considered to be ac-
tively spawning (ovaries with yolked stage oocytes with postovulatory follicles, migratory nucleus stage or hydrated
stage oocytes) exceeded 101 mm body length, being distributed in the southern area with SST from 15.4 to 17.7°C. On
the other hand, large specimens distributed in the northern area were not associated with spawning. Estimation of rela-
tive batch fecundity (RBF) of the anchovies suggested that the relations between RBF and GSI, and also RBF and SST
in the ECS, resembled to those reported for offshore Pacific waters.
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MR BRI S BRI L (R KR B 20T 78 B 3 v /K
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TEEN S Do o> Tnd (FERIEA, 1994; Iseki and Kiyo-
moto, 1997). F 72, @RERMAKRLLZ HW7205E2 5, L
VG D —EH OB B\ TRFEO S L2 D
R & e LT A e S /RIB X T\ b (Tanaka et
al, 2010). L7255 C, FDSEDFIH T 5L Filpko &
¥ 7 F A7 ORFEFMLEWNH T MELZITH LTIE, A
ERR RIS BT 2 A% #ED 5 — T, MEHTOH
iR EREIC T AR Z TR, IR A OE R DD
BRYEFWHLNITHIEDEELEIOND.
INET, REO XD IIHY - AR Y FHRICIA < A
T5HIEEbroTWEY, ZOREE %L BUMO5SR
AR L CTRAIR D v, PEOREIC L S &,
1334 HIZIZEE 10-11ecm OFEIC X ) ZORHP O 545 O
Wi T dH B I 20 EIC BT T b, FOHEREICILE
TH %3N 5 (HE K ER 7 WF 58 B 5 i K B BF 78 P,
1990; Tversen et al., 1993). F 7z, TN HIEEICHE R E R
FiEEITERTIHTHLEEZONTWS, 2L h
SDOAFIZ1980FERD D DTH YL, FmINEREIC
B3 %8 7 7 — & ORLIRATZ L\, MiERic B 2 3K
DoA - EINATER IEL BT 2121, KD FEL Wil
PUETHD., L by, KEOFEEIYTH LEFDL
NTHRV2IHICHETMALHEL T L1E, KD REY
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M riss, A,

BIAAIRFIC BT 2 AR RBIW AN L (FEUR T REK IS s IR Bl AL D 45
filnlE) o5 ECTEEERDNS.

F72, AEORH - IR ORI TN AT
LNTHBY, FRICKTFEDOE I & W E IS o MRS Tl
PRI /Ny FREINEATRKE S B b 2 EMEHs T
% (Funamoto and Aoki, 2002; Takasuka et al., 2005). AFE D
PESHAEEO MBI A R %2 L ) A a3 5121, |+l
BV THIHERIIOVTOENRKD NS (TR
[ME] OERIIENENOWLTEL ZH, KWL TIE
WY F il IR o RIS 2 Y F il A L ER). 22
TH AL, BEF Q30) CBFLZHEY FlEMEHTO
AHEORBA - WADOHAB X OFEINEBIZOWTHEHLL
FRaVAR

MEEFE
AFHE, 20094E2-3 HICH Y FH#EICBWTHELRERL (H
KRR S, 499 F ) Tiro 72k b o — v h
Sf72. AE 7 FATVOERE, PEio—L (=FF
7 BINST-99 #, #1130mx30m, 2 v FZ ¥ FHA W
10mm) DKM 305 BOKTFRMIZEDIREL 2. F72,
g b o — VRN B X Mo #5523 T KIR
(SST) DME#FT\, CTDIC X Y KRDOME T 7 7 4
VERELT, boa—LVRER (Ny Fa—7E) oK
% £+ 72 (Fig. 1, Table 1). 73, SSTO I ¥ ¥ — 3@
b — VRSB S DA OMEBII IS B TS T 50
TR L7z, SREMREADT 10 AR T 2 2 Mo~
TN D B BTz F 72, Y TV BICOWTIRERE
H R D SSTAMEWIEA H A-H & L 7=
HErFATYOERE, MECBWT0MEEKE LR
WZ10% A V=) YEED DV IEHHRA LIS R - 7.
ZDHRMIEEIT BV TRES02EMAE IO W TR B E
(body length), 1K (body weight: BW), A:JHRE & (gonad
weight: GW) OWE xR TV, WIRTURI DR EZ 1T - 7-.

W A RT

B R R I ARENEHZ A CImm T, /2, AkEE
AR R E T REEZ W T0.01 gD AL F Tlllg L
72, AR EE % (gonad somatic index: GSI) (ELL T o
X (1) ko TH.

GSI=GW/(BW—GW) X100 (1)
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Figure 1. Sampling area of Engraulis japonicus in the East Chi-
na Sea. Circles represent catch numbers of E. japonicus as a
range of values. Alphabets around each circle (except for
two) indicate sample names (see also Table 1). Solid lines
indicate the contours of the sea surface temperature and dot-
ted lines indicate the bottom depth of 200 m.

Table 1. Sampling data of Engraulis japonicus collected in the East China Sea in 2009.
. Latitude Longitude Sampling Sea surface Temperat.ure Total catch Sample
Date Time (N) (E) depth temperature  at sampling () hame
(m) (°C) depth (°C)
21 Feb. 2206-2236 30°16.1" 125°02.9' 14.2 12.8 12.7 273 C
24 Feb. 0227-0300 29°15.0 124°01.1" 325 154 15.4 116 E
25 Feb. 2019-2049 28°45.5' 123°59.2 58.6 159 15.9 1510 F
25 Feb. 2357-0027 28°46.3' 123°32.8' 17.7 16.0 16.0 3 —
26 Feb. 0232-0307 28°27.1 123°30.2' 52.9 16.4 17.3 184 G
26 Feb. 2012-2042 28°11.7' 123°21.0 13.6 17.7 17.7 4 —
26 Feb. 2132-2207 28°09.8’ 123°20.3’ 313 17.7 17.7 45 H
14 Mar. 1942-2012 30°28.6 124°59.7' 8.9 11.7 11.6 3410 A
14 Mar. 2321-2351 30°00.1 124°59.3’ 2.4 11.9 11.9 22 B
15 Mar. 1949-2019 30°57.0 126°22.5' 3.6 13.7 13.7 977 D
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ZAro 7z MEOAGHER JBHY) XM 10% RV~ Y
L7, BRI OBIREIZNT 74 YWUML, 3710
=2 HWTHSumDOBHEY Y Z/EK L7z UhE
Mayer DANY M ¥ 3 Y= O ZHEREBERL, b
FUAMEEE T CHCRIRAE 2 Bi%% L 72, BPBEAIIE 1 Hunter and
Macewicz (1985) & X O#BH (1992) 1ZHEvy, JLA
(perinucleolus stage: PN), J¥ ¥ Ja it} (yolk vesicle stage: YV),
GHE BRI (yolked stage: YO), #4A2 ] (migratory nucleus
stage: MN), JKFIIN % & 3 % M (hydrated stage: HY)
DO SEBEORBIRBIZHF L2, ENICB VTR D I6E
L 72 9B BEHIAL 0 BB HRE 2 Z O ER D IR O IR & L
7o. F o, INEIKMIDROFEEREIZH B AoV TIE
Funamoto and Aoki (2002) (ZfEvy, HEIREIENL (postovula-
tory follicles: POF) DA MEAZFEFR L7z, YO DKIMIKEIZH
) POF % O ffifk, MNB X O'HY O BHIREIZ D 5 ik
IZDoWTE, TTIENZ o272, HDHVIEIh 579
ke AT eRnTELOTINS % [HEIEMK], —
J7TTPN&EYVORAIREEIZ & 2 AR % [ BCER 4,
YO DEHIRTEIZH % HSPOF & b 72 Wik % [IEpEIRNAR
Rl EIEE. 251, KRN EZAT MWK L% Il
WL (k) ¥ > 7IVFO1ISfEARIZOWTIE, Funamo-
to and Aoki (2002) O FFEIHEV, MY IS V2o
72580 DI FEAMARIZ BT B KFINDOE 2 FHEL L TNy FiE
g (SRHEDH 720 DZPIEL, batch fecundity: BF) &5 L
7z.

#® 2

N TFAT U, AL PE M @ SST 11.7-17.7°C ®
HPAOHTIZBWTIRE SN, TR XM, F TR
HBEx N A o7 (Fig 1, Table 1). SST & $R4EJE o AKX
FEIE—F LT BT ¥ 7 F 4 7 23021k
DH B, 109EEDHE, 1798ESMETH D, K5 144K
WDV TSR 2SR TEE CHERE D K BIARTETH - 72 1R
F#iPllE54-139mmTH 0, HTHNITIKT 2 &, BREH
JE-H Tl R E 98 mm LL O KRAMEAR D A FRE S 7z

A, ADIZBWTIEENKGO/NEAR S FRES N, K
TAVMER VIR T & & D /N O KD D 51 L E23
o7 (Fig.2). 72, 80mm LT O/NEKIZ B VT
RS KIETH Y, MBI OHIB2SHEE 2 D DA% H o
72, GSHEMERE L HITSST15°C UL Lo (E-H) 2B wn»
T, 14°C RO T (A-D) TIZE W ATFED 5
n7z (Fig.3). TNHOKEBWICKDIET—F 22007
W— TN T 20A, GSIZIEMEREE iz 7 v —7
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Figure 2. Relationship between sea surface temperature and
body length of Engraulis japonicus for (a) male with un-

known sex specimens and (b) female. Alphabets in the up-
per panel indicate sample names.

Table 2. Number of the stage of ovarian maturity (indicated by the stage of most advanced oocytes), range of body
length and gonad somatic index (GSI) of Engraulis japonicus. PN: perinucleolus stage, YV: yolk vesicle stage,
YO: yolked stage, MN: migratory nucleus stage, HY: hydrated stage, POF: postovulatory follicles.

Stage of Station

ovarian Body length GSI

maturity A B C D E G H (mm)
PN 6 4 5 2 0 0 0 0 69-123 0.52— 1.81
YV 2 4 9 4 0 0 0 0 85-139 0.92— 2.15
YO (+POF) 0 1 1(0) 13(0) 120100 5(5) 19(16) 14 (4) 93-138 (101-134) 1.31- 9.63 (3.35-7.07)
MN (+POF) 0 0 0 0 114) 30 8() 8 (0) 105-136 (115-126) 4.14-11.0 (5.35-6.33)
HY 0 0 0 0 1 15 0 1 104-131 8.33-17.6
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Figure 3. Relationship between sea surface temperature and go-
nad somatic index (GSI) of Engraulis japonicus for (a)
male with unknown sex specimens and (b) female. Alpha-
bets in the upper panel indicate sample names.

BCHBEANRD SNz (e M E 12 p<0.001).
P, ERIRERAT0.01gI0 72 % h o 72 kD GSIE,
BI7RB & OFRNT 2 5 Brva 7.

P TN LI EOEBIREL IR L2 2 A,
TNVATIEEBLY (PN) BXOIIERY (YV) offifk
DRNFRD STz (Table2). B-DTIZ TN HITHNZ THR
WER (YO) OERHEED S7-h%, JEIIE RN (POF)
BB sN R o72. —F, E,FEHTIRIIHEERY, BEH
B (MN), KR8 %2 A3 2 B (HY) OS50 S
PEORtA IR 2 A3 2 AR R Sz, GTIRINEERIN B
X OEBEIM OMRDFRD S8, KNI %A 5
MoOMEITBD SN h oz, TNHIE, HEIVEMKRITA-
DICIHET, EHIZOAFELTWAZLEZRLTY
L. Fl, REGKRIE L RE - GSIOBRM S, FEIMEAD
/MR R 101 mm, 7 90 AR 0 i /N GST1E3.35 (YO+
POF) LW &7z (Table2). E 51, §XRTCOHF VT
WIZDWTE-HOKREHPATH % 98mm LL Lo LYK
RO MR O TRBAER - FEEIIER - IR O E]
GERRKELZEZ A, KM OPRTH FRMAKE15°C Al
ode R (A-D) Ob OEEAD 5 WIZIEREINE KT
HY, IR S, S OARHB L2 L b o
7z (Fig. 4).
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Figure 4. Percent compositions of the immature, non-spawning
and spawning individuals of Engraulis japonicus for large
specimens with >98 mm body length. Immature: specimens
with perinucleolus or yolk vesicle stage oocytes, Non-
spawning: yolked stage oocytes without postovulatory folli-
cles (POF), Spawning: yolked stage oocytes with POF, mi-
gratory nucleus stage or hydrated stage oocytes.
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Figure 5. Relationship between body somatic weight and batch
fecundity of Engraulis japonicus.

# (body somatic weight: BSW) & 4 & 7% IEOMBEAFED &
N7z (Fig.5). HRREIDTOLEBY TH- 7.

BF=1472.6+341.6XBSW (2)
(r?=0.443, p<0.01, 10.6g<BSW<21.6g)

¥ 72, BF % BSWCTHE o 72HIxt /N v FREII L (relative batch
fecundity, EFHMREBRZEARE 1gH 720 OEEINEL : RBF) %
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Figure 6. Relationship between gonad somatic index (GSI)
and relative batch fecundity of Engraulis japonicus (closed
circles) . Solid line indicates the fitted linear regression. Rel-
ative batch fecundity calculated from the two models of Ta-
kasuka et al. (2005) is also shown (see text).

Kol h, ZOHPHIZ268-T708KTH Y, GSIEHE
BIEOMBEARD SNz (Fig.6). BRI TOLEBY
THo7z.

RBF=51.6+33.4XGSI (3)
(r?=0.632, p<0.001, 8.33<GS<17.60)

zZ =
Iversen etal. (1993) &, 3 HIZBIT LWL FilE A O H
¥ 7 FA T IO WT, SSTHIS-17°C DHPHIZ 57576 L,
HCTH SST 10-13°C DA E R 34l T 5 L i LT
W5, F7z, WO OGAIBOZLN S, b okt
WBFEICHEPOHETLTEHTHLEERLTWVES. K
WREDOFER T, By 7 F 47 T H Y
NAKIRAT I BV TOHRRE SN, SSTA 18 CE MR 5
M CIRES N o7z T, BRI T— 7 130UF L
ol BEAEDN Y 7 F 4T OEENIIZZ
OT = FAFFER R RSN Ihbidh
MR OA Z 7 F 47 TRHFHVRED LN W
A (HP e, RFER), Hilg - W HiEEmET 5 L%
AONBIMERERRL Y FilFEDOI YN - TP NLRET
WEHEFE X LTV 5 (Quiazon et al., 2008; Chou et al., 2011).
DT LD, RWGETRIZHESIUNRORE L ITE R DR
VIR EEE IR HEL TWAHETH 722 L ZRIEL
TWb. Sk, AT LTl a 4 R o EHz -
5 Z e, PRI S CHEZ SN TH T LI
HEKT 20 Ltz .,

HRBRERICB T2 7547210, £& LK
15°C LA E TP % (@ H, 1992; Funamoto et al., 2004).
bold, KPEDMERRPLEHRIRTIL L DIRVAKE OK

MS5-13°C) THEWT L LHPEEIN TS (ZJHE, 2000;
Funamoto and Aoki, 2002). 72, HF O HARMEESIMICH
W 12°C L ETHIUZEINRE L i S hTw b GR
FZA, 2008). T X512, AFEOREIIKEIZOWTIZ,
MRS BT B ZERIK E v, AIFE T, K 15°C L
L OMRERD S OREIMERIRE SN, Lo T, WY
FHEMA BT B B KGRI RO b 0 T
XRERP LW EDIREI N

KHE DM D RPAEE IOV TIE, JUMALTE ATl 9em
(KT, 2009), #EB L KRB TIEFNZFNT4cm B
X 178.53cm (Funamoto et al., 2004), K ¥ 18 Tl
7-9cm (B, 1969; Funakoshi, 1992) & B 3 €42 7-9cm
AREMESINTVE. —F, A (2002) (EARFEMN AR
T10cm, HR T2 (2008) (& H ARSI CT11.9cm &b
RXTW5h. F72, Iversenetal. (1993) XY FilFmEIcH
FAHENBAOKREEZERI0-1lem B LTS, K
WioE % & H AR B O e Tk R 2w Tw 5
A, BRI THEBAEDIZ) 2 12cm B/ S v
ZLHERTDHE, Iversenetal (1993) 4R #iPHILpLHk
HRESI0emBETH L LEZ OLNL. KIIFEOM R,
ZNCEBPT 2D 00HETREVEZEZ LML, EIMA
RASERD & 172 SST 15°C Ph b #2512 B W TR/ EUE AR
PRESN TRV EDND, T OMERIZAEWFN 2R/
BKEAEELIZEVHEL, G LAGMIEIC X 2R E LT
FENDLRPT EORIKETH W RESEZZ5NE. D
T, LR X )R - W F O % b LT b B
ThHURNEAZEZ DL, WY FIIBIFL2AS 7 F4T
VILFEDPOBEFIIBWTKMOEIVNIOM L Y IS
BT L, PESRMEE - KIEHICEL72D 00 SRS L
FEIEIT->TWHEEZOLND.

AFE D BFIZ DWW T, Takasuka etal. (2005) 23 KFif
WOWREHEMEHORKEZIT>Twh. ZTOWT, BF
AREDOWINENE L D 2 05, #EMLRICE Y
TIZRBF &KiE, GSITE DBREHWT WA, ABFZEICH
WTHBFEREDMICHERIEOHEIED b Z &
5 (Fig.5), RBF% COHIR & B L7, RBFIZGSI &
KBDEEZEZT B, Z ORI EEBOR R L i
BRECTHRL L. 2 D720 Takasuka et al. (2005) &, FhZF
NOBED RBFIZDOWTSST & GSI & SIZE R L/ E R
ETNVEERL TS, KBTI ZTo 728> 7 VF
@ SST (15.9°C) & GSI % Takasuka et al. (2005) o ify it ¥
EMEROERIFETIVIZYTIIOT, Y TIVFORRE
CH L7728 A, BT IVEDRBF & GSIOERIE AT
FEMEREDET VI X AR EFML T 7z (Fig. 6).

AL TRHAEDARDRERTIEH B2, ZRETHRD
ZLDolBFIBBN Y 2FA T YORY FilEMNET
DHEIIREOFAE & REGE L, 5340 - BEIFIT OV T SST R E
L OBREET. TROOEZ 4S5 HITHR Y FilEIZ)k <
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Lo TOHBEREINGTH D Z LS, B - RO
PSP ELR>TBY (WKHIZ A, 2004; Sassa et
al., 2006; Sassa et al., 2008; Yukami et al., 2009; Sassa and
Tsukamoto, 2010), W Fi#HED A% &3 ML - TR &
OARBRRFEORREHXZTWDLEEZLNTWA. 5%
RN R E L2 - F gk T v 8 v
T, WY EE e HRIGFOZIRE BB IZOVT
ME L, WM Emo s & 7 F4 7 2 EFENH KRB
BOWEEIRLE G R 5B OWTEYZFHl L Tw
L eMWIFREINS.
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KRG D 7 — %+ FEA % 15 7 AT 13K BE T T 20 48
JEEIRS G IR A A SR o — B & LTz, #
TN H 2o TIBELBELOME S & NICEME OBRRIC
ZREEH I Z TN, T2, JKELSFWIFEH o &R A
WHIZHFEROGHHICET 2 THEZHW, 22
LT EHoZmERLET.
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