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Maturation and spawning of the Japanese anchovy in the Sea of Japan
off the Tottori coast during spring

Tsuyoshi SHIMURA'T, Jun YaMAMOTO?, Haruyuki MORIMOTO?, Seiji OHSHIMO®,
Syunichi SHIMOYAMA® and Yasunori SAKURAI®

The purpose of this study was to clarify the characteristics of maturation and spawning of the Japanese anchovy,
Engraulis japonicus, off Tottori, Sea of Japan during spring. The research was based on histological analysis of ovaries
and gonadsomatic index (GSI) of female anchovies caught by purse seine fisheries off Tottori and landed at the
Sakaiminato fisheries port in 2003 and 2004. In addition, the frequency of anchovy eggs collected during 1995 and
2004 using a NORPAC-net off Tottori by the Tottori Prefectural Fisheries Experimental Station was assessed. Female
GSI was positively correlated with body length from April to May, and yolked stage or more matured stage oocytes
were found in ovaries of females =4.7 in GSI and =11.9cm in body length. Females with migratory nucleus stage
oocytes were 18% of total females in March. More than 90% of total females had nucleus stage or more matured stage
oocytes in April and May. Frequency of matured females increased rapidly when the sea surface temperature increased
to about 12°C in spring. Anchovy eggs were collected where the SST was between 11.8 and 19.4°C from April to June.

Bull. Jpn. Soc. Fish. Oceanogr.

This study found that anchovy can spawn in low temperature area off Tottori in spring.
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AR, BUE~vA 7Y aE L L S ICEFERHINSfE (ABC
ROE) ITHEE S, KOTUEREE, W R EE, R S
JEIZT oM TEB S W5, BEMNZOAiT 5 7 4
O FA T, WNIEERREHCET 24, 2 O &0
WS 2 EEH S T 5 Ty, BEETTT 1995~2004
FAE SN RO (D 5 B AR 5~8cm,
o [A8~13ecm, K Rl 13emPA L) @ ABION-2y st &
% (Fig. 1), 7H %&BHICE R & EYiRid K % <
ZAb$5. 1H256HF TIEARRAE FIRIZKA - Rl
MAE X, 7 BTN X Rk, SA2 S 10
H & Cidp it iz - N g <, 9 H DR
G2 USRI D D, 2o EERIIE, AFORE
WZPE D MR AN OB A FEA - B OE ZRE L To
% . AFHO YLK I 1F 5 B L PESN O LR 2 I &
MITT BT Lid, RRBOBHZETEEOMHR, pEINH
FREIROD 72 OIS 2 & | BIFEEIH 1 2 15 3 4 42
MysLELoNS. AHEOKN, PFEIIOHMEIZIE, A
JAHR0 K 2 & OYIFERBR S & SRR B A& S 2 £ O
EYIRBREE S EBL T3 Z E M EEEBRICL D IR h
T3 (Kawaguchi et al., 1990; @&H, 1992). —Ji, 7 4 —
U R EEIZ 51T 2 ARREO IR IZ IR I & > THRE D,
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Figure 1. Mean monthly catch and fish size composition of E.
Japonicus landed at the Sakaiminato fishing port, 1995-2004.

KTFPEMTIES~26°COHPHIZH O (FBH, 1992), HA
WO E BN TIZAY 15°CLL LTINS 5 Z & 2l &
LT % (Funamoto ef al.,, 2004). L L&A 5, BHMC
Kl § 2 5 &4 7 F A4 T L OAFEIRD BLHKEE R PEYN B

DOBURDIL, PEINDMT DI B BREESRM 5 EDRFIZZ L,

ZZTARMIETIE, £97, BHUMNIBWTERIMES
2 KA AR, IO R & MR FRIC K DR
72, PEYNHIIC 350 2 MM R o A Sl AR S F5 % (GST), B &
UREEHOTHIERARREZ S IS U, 2RI
B4 0FA7VDIMONBEFTNSEZLIZKD, K
R B 2 AR IS K OFEYNBH AR 35 & ORI
W &K & DBREIGI & DBItR & B L 7=,

MEEFE

TIE DB FRIEE & AGAIE

YIBL DA I BLER 121X, 2003 4 % U 2004 40> 3~5 H I
P TCTERMCRMEIZK > TH®EE» 5 W h
(19:00~06:00) \Z¥EfE X 7= H & 27 F 4 7 2B 10411k %
w7z, a0, Y TOREEE (07:00~08:00) 12813 T
T2 BIOKE L, IREICF B - 7=t kD & ki
KEBL (ITHRE  com), AEBWE KUUNHEEE
GW(g) #MllE L7z, UNBAE 77 VIRIKE 7213 10% Mk
A=) yTHEEL, Bkickb s 70 vall, 3o
F =212k 6umDYIFIZL7ZDB, Mayer D~ b F
VY - AT VO EREGEREL, LSS T TINEN
DFGEBBABEE U=, £72, JkZ & 1B RS 185
GSI (=GW/BW X 100) % 3K 7=,

A TE O YP B E O Bk B FS 12, Hunter and Macewicz
(1985) 35 K UEH (1992) 1ZfEvy, JHBEGERELIAT (Unyolked
stage), JNFHEKIH (Yolked stage), WMAuFSE)H (Migratory nu-
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Figure 2. The transect for the hydrographic observation and
egg sampling off Akasaki, Tottori. Photoperiod was calcu-
lated at St. 3.

BEUGSI & OBfREFN/. GSIZFWTKE 2 &I
WM A HEE 32 Z L 2EETH 5 Z &% 5 (Hunter and
Macewicz, 1985), SHGHTHEMIZ & > T 1995~2004 4F-12 3
BENi=h &0 F4 7 VKM (n=1,233) #HWT, 1~8H
IZF 0 B REERO MBI A7z, X612, kD5
RREZ GHMi§ 2 7212, YIHERZE L 721k (g) 2 O TIE
% CF=10X(BW—GW)/BL[g-cm ] Z 3R, FEUIHIDRE
WP THERE A E D K S 122 b 2 27z,
YIBRIRIE & EHINDRE

FH (1992) 1%, HEEEW A 1285 5 12,58 Bl F ¢l
TR EIEEX T2 Z & A2m L, PRI 23 <
WL, KBS R & FEIN DG D5 2 &12 % 5
ZrEFEML TS, 22T, BERSRE RO B o
St. 3 (36°00.0N, 133°40.0E; Fig. 2) &l FEmE L, Z
OWHRO AR (H G & B & T) % B
WIT R — &L= (http://www.kaiho.mlit.go.jp/ 2007 4F-8 H
30H7 72 Z) 25Nz, KADFEARHIE X h i
BTOREAKIBEAARHZ 728, 1995~2004 -0 3~6 A DJiH
HjE U RaNS, BHURAKEEGRERS 23 8 R AR o i
TRMIERR St. 1~6 (35°32.4N-37°00.0N, 133°40.0E; Fig. 2) T
B 77— 2 2 L7, FimKiEiZ 7Y TR UE
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PEHIN D HBLIR DA & PEINBRAAIEN] 2 X 5 72912, i
PEBUHIE SR St. 1~6 (Fig. 2) T®EAL /)L 8y 7 3w b (Nytal
52GG; 0.335mm) Z#FHWTEHREL T 7o vy T
EHWT, 72 2F4 7L OINOBBURN AFH 72, F v
MZAKVE150m A2 5 ¥ FETH £ THIE A L, WEH 150m
DX OLA T ISE L2 SRmE ML 2, 2y M
FHSI, RKET 236 L, WEREIZE Y £ v —falf, 74
Y -5, WG A RS L 2. HEEhZT 52 b
VEEARIGHE B2 T10% hEAR L~ ) Vil AKTEE L
72 BERETT IV N VYT HEF ATV
AR UGB ATV, 3oy b OWAKE L RS L O
4 ¥ — {5 5 A T L 121000m® 2 72 ) DYIEESE & 5K
o7,

#® 2

S DHEEEHEE

YN O Rk I B B F 2 12 F O 72 104 iR D # & 2 54
Ul D kR BL) & GSIO §E B & 72 7 104~
147em (CPARR = BHEFZE =13.0cm=0.81) & 1.1~11.1
(5.8+2.4) Td -7z, YIHRHHINZO KELEFE & GSI & O BHf%
EHD &, INEE LT QI REMINE 2 A 5 5 ik D GS1D
FHIE 1.1~2.0, JIEERIE 1.9~54 T, ICHaR @it
3.5~8.9, BREHIX32~11.1, IRHaRe @I & B2l < PEIN
H%IENL A A KD GSIOFIIZ, ZhZFh63~84,
42~107L %0, GSUIINHTZROMITIZ & & 25 - THIN
3 A AR L7z (Fig. 3). 3 AIIEREB 2 Ol 3Tl
BEAIBE D RSB E 2SI BRI E U (61%), 18% DA
IR RE B A DN &4 L T 7z (Fig. 4). 4 A &5 i3tk
FEBHA LIS O B RE DR A 90% % (56, PRINtE g e %
A 2EARIZ4HIZ40%, SHIZ81% % 50 Tz, At
TN L 72 Z & 2o d PNtk iehas, IRafssh ] &
N S WMBIL 72, PRNikiEla & @ig L7z & 2 A PRINE
#BOEhWEHlgEOMIAR S Y, BT/ > Tn
2EOMFLEAETH 7. Ko T, B PInskiE
faid, aiHOPINIC K> TCTEASDEHMEN S, &
FH (1992) D328 T3 PEUN Rl 2y, U BRI L |
It E LI Cld R 6y (BRI 23°C) 21 KefE L
NIZIHRT 5 Z 2 WS L Tns, KA & PRINLIE
N BAT R 25 < AKIR MG & 24 BRI DL EAFAET B
Z &SN T\ B (Funamoto and Aoki, 2002). & - T,
AR CTIRE SN2 H & o F 4 T DTN KR AV
Motz 8T (B&Z14°C) PRUNZRMERL2 R L Tnie
MolzbZEibhb,

FEIIRAR

AARTED KEB 73 S EEINEHIZA > TWB4HESHD SV
TUTHEAERD A EHNT, KEEL GSIEDRREAD L,
HENKEL BBIZONTGSI T 2EmSED 5h
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Figure 3. Gonad somatic index (GSI) of female E. japonicus in
various spawning states off Tottori, Sea of Japan. Open cir-
cles indicate the females having oocytes without postovula-
tory follicles and the solid circles indicate the females having
oocytes with postovulatory follicles.
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Figure 4. Percentage of the various stages of oocyte maturation
for E. japonicus of Tottori, Sea of Japan. POF indicate the fe-
males having oocytes with postovulatory follicles.

72 (Fig. 5; GSI=BL(cm)Xx0.90—4.71, r’=0.16, p<0.001). Z
DY Y TLDHTHREL XU GSIDERRKAEA 5 90% DA
NEENBHP (BL=11.9cm, GSI=4.7) ##HN7=L 2 5,
ZOHFPHOHIZ, INIEERHOMEARD 71% (7T{EA s {EAE)
FeHafE B LR OEAR D 57% QUIER S 1248K) , IEHafE
B I LI T HEON 2 0 N & 3 5 (il 1A 0 93% (43l A 40
k) MnEFhiz,

FEINHA DMK 2 HEE 35 728, 1995~20044F-0D 1~8
HIZBEBICAKIT XN h 2 2 F4 7Y (n=1,233) DIEE
EGSIAEMNRI=L T A, Rk BL) O#iPHIZ8.1~159cm,
GSID#HIPHIL, 02~12.6TH -7z, TD S B LD
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Figure 5. Relationship between body length and Gonad somatic
index (GSI) in various spawning states from April to May
(N=71). The circles indicate the females having nucleus
stage oocytes or more matured stage oocytes. The solid cir-
cles indicate the females having oocytes with postovulatory
follicles. The crosses indicate the females having yolked
stage oocytes. The dotted lines indicate criteria for matura-
tion for female off Tottori, Sea of Japan (GSI=4.7 and BL
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Figure 6. Percentages of matured individuals (GSI=4.7 and BL
=11.9 cm) and the condition factors for E. japonicus females
landed at the Sakaiminato fishing port. White bars and closed
squares indicate percentages of matured females and the con-
dition factor, respectively.

ROEE L GSIOIEIEE (BL=11.9cm, GSI=4.7) %iii7=¢
R m=431) DK HIZB T 5 HBHEIA %2 F 72 (Fig. 6).
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5287 HIZi329%, 8 HIZiX 1% L3k L 7=,

AFE AR IE U CRA 1 2 T & 5 2 & 23 ER
EhTnws (FH, 1992). 22T, FEINHHOREIZHE S
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Figure 7. Monthly percentages of positive stations of E. japoni-
cus eggs per total stations and the mean densities of E. japon-
icus eggs at positive stations. Open circles and white bars in-
dicate percentage and mean density, respectively. Error bars
indicate the standard error of the mean density.

UM R A & AL A RIEEI T LT b Z & g2y, THU
B oD p LA 1R D HYBLE A & BRI A L Tn ke
(Fig. 6).

FEHIIOHEIRR

BEM IO N BUIRDL A & BN 2 FH X5 72912, 1995~
20044F, BH3~6 H £ TO BB R o BRI 36 1)
5720 F4 7O ARHIREIA & H RIS %
N7z (Fig. 7). Y ARIHIREIAZINO IR U 7= F8 8 s
ERFEREBTRRL TR, ARPEFAEE IO B L 7
AR DO ADM A IV TRD 72, IlEWFhoFE 3 A
R S RE, 2000, 03, 04404 H TIXEN 615 TO AR
g, FHEE X 2,975ind. 1000m > (FEUHER3E 1499)
THo7z, ZHZXLT, SHZETOFETIFE S,
ZOWBHEASITE52% HIZ11.1%) &0, FHEEIZ,
3,5441ind. 1000m™> (JA]982) &ML 72, 6 HO MBLEIS
1338% 129> U, FEREEIL5,475ind. 1000m > (][] 2000)
Lo,

BB LOERIC T 3 YIBHNIstE

St. 3 (Fig. 2) (2% 2 HERIeRE, 3 Hrpa)ic 1216 & 2
D, FANCIZ12.5BRNISEL T, IO RAERD T
T, WK Th > TN B K OEMNZITbh
(@, 1992) , #IKIZ & > THEIOER KGN RLE 5 Z
EARENTW D (BH - &, 1997). 1995445 2004
FD St 1~St. 612 %61 5 ABlOwmHRmEF9KEIZ, 3HT
1311.8°C, 4 HT12.5°C, 5HT14.8°C, 6 HTld184°C L
SHRER AR L, RSB U 2 R S o KR, 4 A
T11.8~14.2°C, 5HT13.7~17.2°C, 6 H Tid16.4~19.4°C
TH-7-.

z =

BEGMCBIT 20 420 F4 7 Ol & ORE TN HY
BURMA &, Aoz 3 A2 5B L 4~6 HIZ K
By DMK DS EIVERINZ A B Z E MBS 2 L e o 7=, PRI
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MED R AARRIZ 11.9em TH D, HHE ¢ 8.5cm (Funamoto
et al., 2004), K FVERFIE 0 7~9cm GIEE, 1969 ; bk,
1990) , KFEVEM A% ¢ 8.4~9.8cm (Funamoto and Aoki,
2002) KO B KRE WV, 2O KD A KREMEKRDEINHIZB S
5 TIE, #HE (Funamoto ef al., 2004), S (Fu-
namoto and Aoki, 2002) & & 5~7H &g Tn5b. Ll
FoZens, KR TIZHARRBEIZE T 5 215 Ok
KD RLPEIIHNCAB L EZ b NS,

BIFAKUED RO AR 36 F 2 BEINBH A ARIRIZH
12°CTH % & Hllr <, HERBOBEME KR ESIE, 3
A6 4 HIZh 3 TOREARD MO R & —F L T
7z, BIHEAHEDIR RO KRR IR O MBS THREE &
N=H B2 FA T2 & O 7ZEHIERC & 5 EEINOEER A
Wi 14~15°C (Kawaguchi et al., 1990; @&, 1992) T& 3.
— 5, FHARMPA IO ATE RN BE 2 K 5~21°C T
(=5, 2000; Funamoto and Aoki, 2002) , &4 E T 5
B A F AT IFKIR T & EEYI VT RE 2 VB A D (Taka-
suka ef al., 2005) E WG XN TW5. 72, KEFEDWA
BOH &2 F AT UIZKEMENE KDY 2D EFEA
KA NIDIE L S pEL Z EBNRE SN TN S
(Imai and Tanaka, 1997). BIFAKUED EOITHFIZ I TEEL
MO KIS 2 2 F 4 T2 OEINKED FRRIZEEDRH
15°C (Funamato ef al., 2004) & 0 & 3°CAK Wy 12°C T & 1]
BTHD, 4A2 55T TORIEIZHE, IR
B2 &ZA005, REEIIEPEIILARIEICTH L
THD, WA IIFEIEEES O FPE IS m AR 2 0 Lo
% (Morimoto et al., 2000). ZD7=8%, ZD X S HEAKED
WA AAROAE AR, HREXD EEHWEEZZ
S, KIS B H 82 F4 7 IHMEAKE F T8
YIMTRE T % L HEgt s h %,

HEGREE 1, ARAIEAR D BN A AT % 4~6 AIZE < & D
(Fig. 6), TERZA L AT L RIRHET LT B Z & &R &
A, 7 H DRI 230k 5 5 & & & IS R o HY 3R
HENRDP LTz, ZTDZEn6, HEIREDE T A3 pE
YIRS B L TWb EE L b6h5b. — T, EIVEEIC
A% 425 ERENEL LT @IS EIEY 7 — 2 5 5
FA SN B (Fig. 1). 742 F4 7 KRB » Az
DlOENAEHDETZ e S (FBH, 1992), AEEE D
fE OMIEHR D KER 53137 H LIRS H A P9 R Lo+ oD i ik
TREYN &Mk L T B afREME A B 5 .

R R DA 2 h 5 721960~ 1970 RO AIHKIZ F6 1) 5 K
MEOEINHE 3~THTH A Z MG Eh TWBEZ &p
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AbN%., KT, MAMTH 22 260 (-
KAUF) OWHER AL 3 A% ¥ — 2124 ALREKA L
TW3 (Fig. 1). AMKIZET 5042 F 49 DM
AT H 208, KFEOINO HBIHOIEA A %38 5 1265 T
dEHABHL T 26 (ARHS, 1999), 142

BUDLHE 7FAT YO EFE

FA T UIEFEHLEEINL ZR5LELTnwbEEZI R
3. BARBHRFSCOM T 7 v o v B3 H AR
TIE2~3H, HARBIGHE TId4~5sHIZAT T -2 L k&
5 (Hirota and Hasegawa, 1999). & 7z, BEINFHAAREIZAL S

2004 U738, R D 720 OFEEIIR 26 LTL &
5 7= DB O NN H AW O M iR % < 53§ 5
ETMENE, ULoZens, FEINCHE YL B
S DL S 7= B CHAMEDO R CRESI LI U, EATL
BRI ELZHEEENT 2 EELLNS. Ko T, ANkl
2B\ B IR USRI T B 2 A EBREL O B pE
U 28EE2 &> T EF 4160, ZORBOEY T 5
Yo b Y EPSAFEOEIN L BRI 5 2 L AURE
Sz, SHIEEINENC I 1) B R FIRRE & AR OBtk B
FUHPRIBREIC DWW TS ST 2 M ED D 5.
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DR D NN 25 % & HED IR U, Ak 53%# L T
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