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Sexual maturation, spawning period and batch fecundity of
Japanese sardine Sardinops melanostictus in the coastal waters off
western Japan in 2008-2010

Michio YonepA'# T Hiroshige Tanaka?®, Satoshi Honpa'!, Hiroshi NisHipa ', Kazuya NasHDA! 3,
Yuichi HiroTa"* 3, Minoru Isuipa™, Seiji OusuiMo?, Shin MivaBe*, Haruka Ito' and Akio SHimizu!

We examined the sexual maturation, spawning period and batch fecundity of Japanese sardine Sardinops melanostictus
collected from coastal waters off Kochi Prefecture (KP), northwestern Kyushu (NWK), and the San-in district (SD)
during the 2008-2010 period of low stock abundance to understand the reproductive characteristics of the current stock
biomass. All male specimens were mature in all age classes examined in the three locations. Similarly, most females in
these locations were mature although inter-annual variation in the percentage of mature 1-year-old females was found
in SD in association with differences in the body length and relative condition factor of individuals. Monthly changes
in ovarian condition showed differences in the peak spawning period among sampling locations. The relative condition
factor of females in the three locations decreased and reached a minimum at the peak spawning period, thereafter it in-
creased from the late spawning period. Spatial variation in the relative condition factor of mature females was evident
as females in SD had a better condition than those in KP and NWK. There were no significant differences in the rela-
tive batch fecundity between specimens at age 1 and 2+ years and among the three locations. These findings indicated
that the majority of 1-year-old specimens off western Japan matured and spawned in contrast to the evidence found
during the past time of higher and lower stock abundance.

Key words: age at maturation, batch fecundity, condition factor, Japanese sardine, spawning season, stock fluctuation
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FC&IC

~ A 7 ¥ Sardinops melanostictus |3 T W TEHE IR
ELEHTHIEMONTEY, &AfE - EREO R
EHBZDOFZHEIhoTnAhHEEZBNTWA (Finney
etal., 2002; Chavez et al., 2003). H AR DO~ 4 7 ¥
AR &t IR R I TR ST 525, wih
DRI BVTDH, 1980 MBI MEROY — 7 20
AT BAFITIRA L, 1990 4F i IREACRK Lt T %
(FHZ A, 2012; HHE A, 2012). 1980440 12500
LN A T VEFEOWMANE, A BBIEOEALIZEE D it
B MADLRMMPERTH S LRI N TS (Watanabe
et al., 1995; Noto and Yasuda, 1999; Ohshimo et al., 2009). —
H, AR HARRE LSO R - WSO RITAS) &~ 4
7Y OMA R TFA R L OBRARGEES T TWw 5
A, WHFILTLL-HLTBLY, v A7V EHREHHE
HEOMIHIZIE, SO E 77— OER? KD S
NTws CRHEIZ2, 2012; 1)11Z 2, 2012; HET - [,
2012).

<A T VITEFEBE S T, R, KR E0vK
ELBLT A EFMOENTV S (EHEIZA, 1976; Hiyama
etal., 1995; #F&7R, 2010). <~ A 7 ¥ EIFEKUEL T3 KM
BEREDFEAET 52 LICX Y, HARBDIEHROIZITAEICH
WCHEESIS AT S s & & B I, RO EDHLR T
PAEROEEL R ED D LN TWE. —TF, EIFEKEE
Bk, /NHBLIENE S 2 B0 ISR AR EE D720 S, B
EREOMMIIAE ) EINBAEOLHRILlHE ST Tw 3
CDE) %A T OGHEEFN ) HEREM R EDE
B, MAMICBT2HOBAEIZE > THELLZEERR
WL TWwW5b &% 2 51 TWw5b (Hiyamaetal,, 1995;
Ohshimo et al., 2009; &A%, 2010). —7J5, HADE#E L
W (RDSRFEIREE) 133Ny F IR I DR E S 7 &1
WEERIZTTZ ENMSNLTWS (Morimoto, 1996; AR,
2010). D72, BIFKIEIIS U7 BATE O AR K R
NG EE DZE RS, BB BT - HEfLORER LR
WCHREZRIFL TV L WREEIRE SN TS (A
2010). TMHDZ EEFETH L, HAELIEHDO <A
7 Y OGRS T IS O FE R, BAEO G IR
OITRITD & XY, BHRO~ 1 7 ¥ OAWEEEO
EHONZLTBLZEPARNRTHEEEZOLNS.
2000 AR LARE, BHOMEDS VT E 214 7 ¥ KF
PERBED X O BB R B VT, 20082010 4F 12 W
BEOERBEORAIHTR SN, WRFEORFEINT I
b H S (FHHIZA, 2012; HAIE2, 2012). &
D &9 BGERFEOGIFKIEN TIIRD LN Lo 72
LOTHY, ZORNOMH L 5HOBFRBNOFHE
HBehoTwad (HP - KF, 2012). &I TAWETIE,
XA T YRR L BERGRIE D 20082010 4F 12 B 1)
DR - EINF AR T AL FHME LT, WHA

(RN, JUMAEPE, 10BE) &R TRE S AR
DAEEI AE &, FEIRIIR, Ny TR & & 7z

MEEFE

FEAIZ132008-20104F 1-5 H B L OV 12 HIZE AR, Juiide
FiB X CLBEOZRREBTHRESNI AT Y2V
(Table 1, Fig. 1). EHIBEOEEARIZOWT, 20084121316 E
AT KRG S Nz TEm oMY %2, 2009, 2010
EIKEREIEL v & — O 7200 I & 5 L1k
BToHY -HHE (HEW33X55mm, H8 K 60 mx # &
10m) HEOWREYZ ENENFM L. &b, TMkET
DOFIHIFANL 1821 B I2AT b, KD SIERERI 30 m DY
IR & R L7z JUNPE R AR, RIFATS X
OV R VAR T £ T 35 (K355 F S 72 iR o i % F
L7z, IIBEoEARIZIE, BIURSEATY B L ORI

Table 1. Summary of the number of female specimens used in
this study. Specimens were collected from coastal waters off
Kochi Prefecture (KP), northwestern Kyushu (NWK), and
the San-in district (SD). A total number of specimens used
in different analyses is shown.

Sampling location

Source KP NWK SD
Sampling year
2008 120 383 64
2009 350 73 272
2010 134 62 109
Total 604 518 445
Analysis
Age determination 548 340 366
Maturational staging 604 518 445
Batch fecundity 100 103 93

Pacific Ocean
31" Sea

Y

30 L L L L L L L L
127 128 129 130 131 132 133 134 135 136°E

Figure 1. Sampling locations. KP: Kochi Prefecture, NWK:
northwestern Kyushu, SD: San-in district.
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T AT KB S - efafn ol % 2 h 2 h A i
L7z, &MIGIT~< A 7 2 2 K5 L 22 efaini L 22 &
HENIPT CTEDORIBHETHE L Twiz, B, 47
VARGEOBEERIZE ) PEFET L OZKAEAR (12-5H)
IR T & o 72720, 2008-20104ED 7 — % %A
AL THRB X K o Wi - RN % 7.

LR O B % 1K £ (body length: BL inmm), A (body
weight: BWing), EJHMRE R (gonad weight: GWing), 1%
B & TRz, MRRBIEE S L UON Y FREI R E D 7
DR D — 2 77 Y RilB XL 10% A V<) ¥ TH
GE AR L7, 72, BEROFEEAET 5720, Mgk
TR 2 & PREL S M7 2 B2 ARAE L 72, BR D SRFEIRTE
OF{EEEL LT B (condition factor: CF) % Az B i B 2%
R (somatic weight: SWing) 12D TKRL (1) 12X
NIRRTz

Sw
CF=— 5% 10°, SW =BW=GW (1)

CFEBLOMBREMNEZAHAELZHBEIRAD SR
(n=1567, p<0.001), HEARDBLIZX > TCFAET % LH]
Wiz, S0k, EARDOBLIHE) RAEZIY B 72
o, HREEE (Kn) 2%k 2) 12X hRD7

w
S (2)
expected SW

R A SR B AR (expected SW) 13k (3) 12X DK
HHNTz.

Kn=

Expected SW=2.83x1075XBL*% (3)
(n=1567, R>=0.94, p<0.001)

AR, A5 BR P H8 8 (gonadosomatic weight: GSI) %
SWIZEEDWTKRK (4) 12X YRD7z.

_ G X100
sw

GSI (4)
GSIE BLOBARZTRIZEZ A, WFNORPIEBEREIZH
WTHEREZIEOHBENED b (n=1567, p<0.001), FE
KOBLIZE o TGSIVEALT B LW SN, ZD2D,
BEARDBLIZHE ) EZ Y B 720, GSix kA (5) 12
X DkRDI.

GW X100

GSI =——————— (5)

expected SW
<A 7 VR OEREE 21T ) 720, B LRI Morimoto
(2003) (M ARMBIEZ A TiT o 72, % 288K Tk
L7214, 5, 6MDEZE 2D AT A4 K75 XA THRRAR,
Nakai (1962) O 4F e 2k ey, FERBAMEE 12 TH A
ROEREFH L. 2B, BCX2FERECETE, &

HRIEARIC 1T 2 AL 8 OB/ NEHIi O W REE 235 < D MBI
BOWTIHEMENTWwWS (Beamish and McFarlane, 1987). &K
e T, BIEDO~ A 7 Y BMARO TR TH 5 FHinf Dk
B EINREOEE EHNE L TWAZ LD, X
BAEMAERRITIED VT, FREL 1R, 25K, 3+RAE
WX L7z, BEE2AVBEOERZAND 2 2hzh
v, e A AT — B L 75t 1802k (i - 548, M -
1254) % fFEHTICH 72 (Table 1).

AFEIR OB EREE 2 AT 9 720, B L 72 AR A
EHNCT8um D37 7 4 VY EERL, PAS- AT M F
) T, ML, <A T OO 5 E
BEREIIE (1991) B & UMMatsuyama et al. (1991a) (ZHE-
7. PP H 0 KB B 1X Matsuyama et al. (1991a) 126 - T
ROSHNZX I3 U7z R - 205 X OR e
WOIP BB D A TREBL S L5 5 F8Z W - JRHEAN TR D 3
ZE L 72N R DSIR R LT\ % 5 leddl] - b SE L
7O FEARE AN AL R By ) & 7ok i (Wok) WHZEL T
% 5 BESH ¢ GERENICHEIN A NEN & IR EE T RN SRR H
A PSEI BRI NI IZ T RTRBEITL T 4. HHHE
D BB IE (1991) B & U Matsuyama et al. (1991b)
WCHEDWTRH L7225, T XTOEARNHEREN (/h3EN
B X OHHEENICKEDRETFIROLNS) Thol,
A T 0 B HCGIRTE & H) L 22 BR A R 201 M AR Ol
548, M 1 1567) Td -7z (Table 1). O FHH
HEEWRE720, 15 HITRESINERT vz K
A, HETIIPERS I OREE 2 FEo MR, MECTIFEE,
B, BEIRE ORI & RO R & Blw L7z, PS5
FafoMmMmiz, INETRE F TR o 58 #E A5 Ik
L, YE%pEIR I BEYE % 17 b 2 WEMK (skip spawner) &
OXPNHEETH S Z &5 (Rideout et al., 2005), A
S ERn 7z,

Ny FEIREL (batch fecundity: BF) (XUR TR, #
R, A (WoK) WIoOFRRERIG & ROk &2 v CE
#1: (Morimoto, 1998) ICX D H#EE L7z, A& B, HHAMO
PHHAC BT, JNEEENICHIIN S 7290 A530 & 72 FEAR
SN S ERAL L7z, BEIZIRE DL O, HE LN
PIRHAEAR (0.07-0.35g) \ZEH MDD FEIE L 2P0 B
fao A EREY ) OBBUCINEEREEZRT LI LICLD
KOOIz B, JEIBBERNIIEE DNy F IR E
2725 TiL, JFEIBEATHIA S 72 2 E2 90 IR L D
DS X BT & B ERD A E A7z, Ny F I
O 1L EF296 1 K & B v 72 (Table 1), AHK N v F
FEYPHL (relative batch fecundity: RBF) Xk (6) X b K
7z,

BF

= (6)
expected SW

RBF

Kn, GSIB X U'RBFOIREH, i, WAEKRICBIT24



KHIE, HRFRss, ARIEOB, I 28 FH-—t,
B H 121X Mann-Whitney U-test (U-test) ¥ 7213 Kruskal—
Wallis test (KW-test) & 5 & & H 12, KW-test IZBWT
AR CHEZENRD LN A121E, & 512 Dunn's
multiple comparison test (DMC-test) % 175 72, JPH K #1728
W R EAR (GEEM, MM, BEINH) OKnlZoWnT,
NS MBS & B WIZIRE A & oBfRE RS 72
®, 7 — % ®IEH % % D' Agostino—Pearson normality test {Z
XD HERR L 7212, 2 CELE AT (two-way ANOVA) T
Mg L7z, BRRIC, RBFIZRAT 4G (15K, 2+i%) B &
ORI B 5 528 % two-way ANOVA IZ & D Fi~<7. M
OB EREAN AT TR A ZRREIRBO LB L TRD
72, B TRESN RMAORAOLE CRE#D 5
VIR EA) & BLEB X O Kn O BIFR B — AL AL E 7OV
(GLM ; 46, logit V) ¥ 7 B % B v CTHGE L 72
72, FERO BFIZ [T BLOE#E GLM (7 ¥ <%
fi, log V) ¥ 7 B%) 1CX DRz, GLM OHEPAEEIRE
(?) 2 (7) 12X hkd7z (Swartzman et al., 1995).

L R

P AR @

i R

FRBIRASE

M CIEmEA, JuMder, IHBEOWwWThIZBW T T
DAEFEEDSE L T W7z (Table 2). HEREA i/ N3k BL
EEH T 133 mm, SUMHALTE T 153 mm, IHET128 mm T
Hotz. —J, BWAETEEMB X OAMILHEDIZIZT T
DREARDEIA L T72285, IHBETIE 1RAD 74% 05 L
ThBY, 2iEMIREOERHRETIZRIT% AL Tz,

Table 2. Percentages of mature males and females collected
from the coastal waters off Kochi Prefecture (KP), north-
western Kyushu (NWK), and the San-in district (SD) at
different age classes. Minimum scaled body length (BL,
mm) at maturation is also shown. 7, number of fish exam-

EHH—, £

ined.
KP NWK SD
Age class n % n % n %
Males
Age 1 81 100 90 100 145 100
Age 2 37 100 34 100 31 100
Age 3+ 26 100 77 100 27 100
Min BL (mm) 133 153 128
Females
Age 1 3200 96 240 100 258 74
Age 2 144 99 55 100 74 97
Age 3+ 84 99 45 100 34 97
Min BL (mm) 135 150 127

¥, KT, =L M, PHEEE, WHAKES
%8B, WEDISEEROBARIIFICIL>TERLRY, &
KO3 BL (£ fEHEFE 1 SE) VN & H 5 722009 4 Tl
KD o 72 (2008 4F : 100%, 171+2.3 mm BL, n=24; 2009
4 1 68%, 154+0.1 mm BL, n=187; 2010 4F : 98%, 180+
1.7 mm BL, n=47). WEEEAR DR/ NEHA BL IR AT 135 mm,
JUMAEPE T 150 mm, HFETI127 mm Th - 72,
WEEOME L FMAIZDOWT, BHAEE M) EBLB LD
Kn D325 2 Akl (8) 12k hmRahs.

M= ! (8)
1+ e*i —21.81+(0.12 X BL)+(4.47%Kn)}

(n=256, *=0.32, BL: p<0.001, Kn: p<0.05)

Kn2%09, 1.0, L1DK, FEWHABLIE Z £ 148,
144, 141 mmTdH 5 LH:E N7z (Fig. 2).
Kn ETREDRFIRMRICH (T 5 BRIZE(E
EAMOKnE1, 2RI o 72BmL, 471K
K& o7z (p<0.05, DMC-test, Fig. 3). JLIHALPE D Kn 133
HIZHRANE oo 72285, ENUANOREN TIA B LI
RBOL N o7z (p<0.05). MEDKnIZ2, 3 IR
EhozB¥mL, sHICERKER->7 (p<0.05).
BT 12-3 HICRE SN ZIT TR TOREADIEE
W, mEgy, EIMIOIEESG LTz, 4 H TIPS
W 5 WIZREADIIE O RHHBL L7 (Fig. 4). Jude
TECE 12 HIZRE S N7 TR TOMEEARIL BL>150 mm DL
ETHo72ns, wIENRD KRB OIIHEZH L Tz, —
Ji, 1-5 A CIRFsEM, Wy, IR o IR & R fE ik
RO SN, 4026 HSINEZ oA MBI L 72, 1
BEcld, 1-5 HICHsEN, maEdyl, EInil oI & R M

1.0 7

e

n =256

0.5 oo

Proportion mature

I WD

----Kn=0.9
—Kn=1.0

N

o
P

120 140 160 180 200
Scaled body length (mm)

Figure 2. Relationship between the proportion of maturity and
scaled body length of females at age 1 year collected from
the San-in district at different relative condition factors
(Kn). BL at 50% mature=148 mm (Kn=0.9), 144 mm
(Kn=1.0), 141 mm (Kn=1.1) as indicated by the respective
arrows. n: number of fish examined.
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1.1 1

0.8

Month

Figure 3. Monthly change in relative condition factor (K,
mean=standard error) of females in each sampling location.
Results of multiple comparison tests after analysis of vari-
ance are shown; values with different superscript numbers in
each location differ significantly from each other (p<0.05,
KP and SD: b<a<c, NWK: b<a). KP: Kochi Prefecture,
NWK: northwestern Kyushu, SD: San-in district.

(a) KP

n= 10 46 95 402 51
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Figure 4. Monthly changes in frequency of occurrence of matu-
rational stages of ovaries in different sampling locations. IM:
immature stage, D: developing stage, M: mature stage, SPA:
spawning stage, R: regressing stage. KP: Kochi Prefecture,
NWK: northwestern Kyushu, SD: San-in district.

RAMELL, 4, SHICIZHSEB O %2 FEo k<
Hh (<4%) ROSLNz. MRERIIBWT, BB Lo
I OMED LD D HEDV50% U ETHo7201F, &
mc122H QABKL), WMl T1-5H GHKRL),
T35S HTHo 7.

SRR D GSI EKnDEAL

GSHIINHE D B REIC & o THEEDTD S, I
B TwdEHWEEZIR L7 (p<0.001, DMC-test; Table 3).
—J5, FEURII X S O GSIIC 3 A B AR IR bRk
otz (p>0.05). KRS, KnlZB W T HIPE O KB R
W&o TEEDRD O, FEEM & I O I TR/,
IS OIN B IC BV TIRK E o 72 (p<0.05).

BB AANE T A (GEEM, e, PRSP 1TB
VJ % Kn 3R X o TRZ D (ABLRE p>0.05, HEi p<
0.001, two-way ANOVA), L&D Kn & AR JUNALTE X D
bEho7 (Fig.s5). —7, WEOZNS 3OO HER
D Kn \ZATFREWIIC X o THIEDRD S (B AE R p>
0.05, 1 p<0.001), 1 3ADZENSHKnlz4, SAXYD K
o7z,

Ny FREEIREL
BF & BL D BAFRIZ TR T ORI B\ TH E 72 BRAEED

b7z (p<0.001, Table 4). % & 17z BFIE BL=175 mm
T3 13,630-14,186 %z, BL=200 mm T i 20,131-23,389 ks C
& o7z, —7, FIIRBF (£SE) 13 & 1 T3 230=5.1 kr
(n=100), JUMHALPETIZ222+5.6 % (n=103), LEETIZ239+
798 (n1=93) THo7z. 1K L 2+RMDRBFIZD VT,
SR X ONHEMIC BT A E R L EBETRO O N o7
(AE W5, B3 : p>0.05, two-way ANOVA, Fig. 6). T 7z 1l1[&
oW, EINH A E 13 H) @ RBF (252+8.9 Fi,

Table 3. Gonadosomatic index (GSI) and relative condition
factor (Kn) of females at different stages of ovarian matura-
tion. Results of multiple comparison tests after analysis of
variance are shown; values with different superscript num-
bers differ significantly from each other (»p<0.05). IM: im-
mature stage, D: developing stage, M: mature stage, SPA:
spawning stage, R: regressing stage. n: number of fish exam-
ined.

GSI Kn

Stage n

Mean+SE Range Mean=SE Range

IM 120 1.39%+0.14" 0.02-7.93  0.99+0.01* 0.77-1.23
D 567 5.26+0.08° 0.78-21.49 0.97+0.01° 0.69-1.27
M 332 8.85+0.25° 2.42-30.17 0.99%0.01" 0.80-1.21
SPA 467 4.17+0.07¢ 1.31-13.14 0.97+0.01° 0.76-1.20
R 81 3.71£0.29¢ 0.27-9.02  1.04=0.01° 0.84-1.25

SE: standard error.
GSI: a<d<b<c, Kn: b<a<c.
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Figure 5. Relative condition factors (Kn, mean=standard error)
at different ovarian stages in each sampling location. KP:
Kochi Prefecture, NWK: northwestern Kyushu, SD: San-in
district. n: number of fish examined.

Table 4. Regression model parameter estimates for batch fecun-
dity (BF) —scaled body length (BL, mm) relationship and
predicted BF of fish with 175 or 200 mm BL in different
sampling locations in 2008-2010. A generalized linear model
was used. BF was expressed as BF=e ™ 3! KP: Kochi
Prefecture, NWK: northwestern Kyushu, SD: San-in district.
n: number of fish examined.

Location n a b BL range BI- BE-
(mm) 175 mm 200 mm
KP 100 6.37 0.018 147-207 0.544 13,630 21,375
NWK 103 7.11 0.014 150-225 0.663 14,186 20,131
SD 93 6.06 0.020 136-225 0.594 14,186 23,389

n=48) X% (4, 5H, 226x13.1k1, n=45) XD I AHE
IZZ W EATRENTZ (p<0.05, U-test).

Z =

<A T Y OB KR - FEITEEKEIC L 5> TERTY
5T ENRMBENT VS, 19804414 1 0 & TR i /K e 1 12
X, AT T OWEEEABLIZKI 180 mm, Z DEHIZ2-4
WTdh o 72h, BIFAKENIZIEBLAY 150 mm, 1iEf 0
KB DIAL T 5B 2 E PR ETHRIN TV S
(A, 1959; LR T A, 1976; TR AR, 2010). AAff 78
IZBWTD, 20082010 4F 121 TEREE S 72 173 Mk kA
AKDOIFIZTTRTHABEMLTWDE I EPFER SN (Table
2). —7, BHEAKEO 195012 BT 2 MR (B
U R BARME RS (LR o~ A4 72T, KPP
BREIGERLY), |RAORAHEVENTH-72Z L 28
WMEINRTWS (GHEIEA, 1959). 20X HRBSIEA
DR REF—H LW EEZZONE. ML T
ROMEERDOTRTHPEML TWEIEPFHLN L L
D, BRI & AT, SRESNTERDBLAKRE 2o

280 7
O Age1
@ Age 2+
260 A
% 27
o 240 1
48% %52 53% 40
220 A 34
200 T T .

KP NWK SD
Sampling location

Figure 6. Relative batch fecundity (RBF, mean=standard er-
ror) of females at age 1 and 2+ years in different sampling
locations. Numerals indicate the number of fish examined.
KP: Kochi Prefecture, NWK: northwestern Kyushu, SD:
San-in district.

72 (>150mm) ZEDFO—HWTHAHLEEZHNS (Table
2). WMBREDO< A 72 Tld, GFKECERR L, L
BIETBLHISOMmIZET B 2 L HESN TS
(Ohshimo etal., 1997). D 72&%, JUMNILTED < A4 7 212
B TEEORAE G & OMEEZ KT A XDENZT T
HErZ 3L weEzoNns, —F, ILETIE, 1%
WEREAR D34 BL 25/ & 2 722009 4R 12 B W TR EAE A3
68% 288 F 5 7275, 2008, 20104E DMEEEARDITIF§T,
ZFLTCHERDTXTH R THRAL Tz, ARG
<A 7%, JUNPERICERT, FEIRASE <, Kid
MR EORBTHESEVEEZLNTWS (KT -
KA, 1998). LaL, AWIZETHRE S N ILEO 17
fiClE, EARDKT0% D BL>150mm TH o722 &5,
BRI 1R F CTO BRI 2 R AT B MM o B v B 512
ERLTWzoid Lk,

XA T AN R TR B2, SRR oM IRk
I H-FKO B LA & AFH R A B AR T D JIE 3 JEE % i
THbHIEPRBEINTVE GE#EED, 1976). 2D
O, RO~ A T Y TIE, Ak TERIZ BL=150 mm 2
ELTWTH, 0ok ClctaaREgEmrcan
Mo 2BERIEEA L 2V EEZ LN TWS, T2, KR
FTEBNS, <A T ORI S G O I
BT AMBRELEETHLIEIRENTED, 0mh
B 1R 72 2 MRS B W TR v o A BR B2 0 FEA I IR
HINDOBITICO RN A Z MBS TWws (FH,
1987). 7%eB, TO X HRBMBPIZB I 25O
BE, BICTonREEEs L0l mIcEZBo ohk
V. OARBFZETIE, IO DRI B W T, REE A
BLY KnDWHIHEEZZ T TCWAIENHLNERD,

64—
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TR D Kn 25w T X, PR BLY/NE K 72 B T EAIR
Eh7z (Fig.2). T%bb, MEMORIEEAD LG & kit
WCEHB—ELRNVOZ AN F—FE L EOMFFHPLET
HHZENHZ A, —F, HACTIEME, WAEE, A
RIHb HFTTRCO EMERDPEA L Tw ZoZ
S, MEfTIE, BUABHAR IS E e TR L — E R AN
ALY LDV LIZEELTVWEONE Lk,
KRR ARMBIN RO~ A 7 ¥ OFEIREN (T PRy 2
AR BN, MR OMEZAL L ) b RN RN A
B, RTT5ZEMOENTWSE CAEIEH, 1959; K
, 1998). AHIZEICBWTDH, IWHEOWBIRMA S, #E
PUREIAASE 1, JUMAETE, [LBEDNEISE < 72 > T  fE[A)
DR BTz (Fig.4). 2O X9 ZEINo IR 1L
FEINSZ BT 2 KIRDFHEALIHEEEZZ T T b EER
bNTWwWa., AT VoEIR#EKEZ 25 7F47
¥ Engraulis japonicus \Z X TZO#PANRR SN TED
(Takasuka et al., 2008), ZKim2SPFEI#E /KL% Bz 5 & I
OBRITAHR 5 Z EDVFFEBRICL VBRI THE (18
B, 1991). —J7, A T OREMIIEEFRAKEIZL - T
DEMAT LI EMOENTBY, EIEAKEEL O P I R
BEAKEHID 1 HEERLS L2 MO TW
A, UWNWREO~ A 7 > ORI, SARMENIZIZ4 A
RO SN DA, RHEINCIZIHICAR S Z LB sh
TWwa (KT &%, 1998). F/z, HAREEIE (LFERE
AIEE) O~ A 72T, BIREAKED O 1980 4FA H
W25 A2 LICIIBED E— 2 25380 5z )s, B
WP L 72 1990 AEARAT 21X 3, 4 IS WINE A5 &
7z (R, 1998). AL T, IO H HIRBIRIE A 5
FESREIAE LNALPE ClX 15 H, IR TIE3-SHTH A L&
%z bhiz (Fig.4). %dB, RUZEORAEMMIZ12-5A
WIRZELTWZ EREADRE LR EIZEY, BmopE
FAAAIRE IR FUN AL PG & 1L BE o BE IR T eI % 7o 4 I fig ©
ETCwRWVwboo, H%BE 2RO EINETITEEORKE
BNZHERTRE, B LOEMIELS. <4 TV 0OR
DRI L, IR AR O FIL & BE SR I o KL 23Bi
BINTVDL I L2b R, 1998), 44 b KRz B
2 BADAFEROEPIRN I EEDE=F ) v T &
T A EALETHS ).

<A T ONEEE IR Y — 2 & 2 725, RO
e L LIRS AN H D 0D, E-HoOXES
RPBEOREINCEETHLEEZONTWS (LI
A, 1976; BEH, 1987). D X5 ZiEtaid, PEIIMIRIHIC
B L 2B O T 3OV F— 2 HR ISP EENT L S & 5 7
Yo FATTEEERL (#BH, 1992). AW THW
MEREAR D Kn iZ, WFR O BT b TN AH Y
THI3HICmEBBENHEZRLA (Fig.3). mHTIE4H
WCKn SR E e o 7208, TSRO KT H S
PIREZAEL TV, 2O ERS, BHO~A 7 V13434

MW BT, EHROEI R L ) RO REIREL H
RPCEESE TV ZOTR VN EEZONSL. —TF
IBETH 45 HICKn DEBITHEIM L 724%, Bme iz
D, TNOHERORIRIIHA L -IRE G - i yni)
EHLTW, A7 G R CHIERICHEE LT
WL ENRERSIN TS EE DI UAHIZA, 2004),
HARHEE T (BR-ILE) T35 cEwrs 2 b
HEOY—27 %0252 ENMSNTW5S (Hirota and
Hasegawa, 1999). Z D7:%, IWETREDLN45HD
Kn OB, fEERBEZ20 TR <, BN OKE LA DK
PR DOBAIEIN B Z RIZTL TV 200 Lz,

I B O B AT 56 72 MEAE AR D Kn 1213 M BR A 28 S 235000
SM, D Kn 3B UL E ISR TR A, - 72 (Fig.
5). TOX 9 RBMBC B D M O PR R 5
DOEFEAEMNCTHEDOON TS (FHEIZ2, 1959).
E IR HE ] C UL R IR 5 R Il B2 6 PH O A /N ATRAD LT v
7z, R R MR B o> PR I 28 SR AR L o0 R B B
WKL RTE 2 EEZLONRTWS (AR,
2010). —h, AFFZIZBW RSN, JuNdeYs,
B D RBFIZIZ MBI BT B0 S 2o 72 (Fig. 6)
72, BRI B TREGIIIHT P IS ER4E S 72 Kn DR ER
ABEDRBFIE, Kn D0 - 72 EIMB-ORBF X ) b A
BIZEh ol ThH0Z i, R AICBIT Mk
DKn & RBFICIEEHELZHEMRP LV EZRRBL TS,
THCH L, EIRIREHICRRIE e~ A4 T T DR R
AP OREEARIE, WAKINOINEARPFE AR L
FEOMEARDH B Z DO 5N TS (Morimoto, 1996).
<A T AL EEIR IR H AR R O BEPE A D GRS 2 & A8l
ENTWDE T ERG, IR T MR o ML E R a2 IR
BOZALDIVEIC LD X ) g% RITT O 9% S %M
LWENHH .

FAL JuMErE, IHBE® RBFIZEB VT, 15 L 2+ M
AR AEIZRD SN h otz —T, 1990 5EAL i
OB PFAAKE T, 1% & 24+ RIS B W THX Ny F
FEIREL R WK IR D IR B AR IS ZEATED SN THE Y, 1%
BOZNLEIFEIZ 2+ AL D b FH o Tz en
HWEINTWD (FTRAE, 2010). KREFFETIX, ZHIHOH
A AR FDORBEEHEL EOWEEIIT > TR WA, 4k
CEDRBFIZBWTIE, WTNOMEIZE W TDEMIC
X BEENR LW EAURENT: (Fig. 6).

AWFFETIE 20082010 4F IZFRE S N7V H AR IO~
AT UNTOWT, AR A, EIHIE, Ny TR
Be Eadl7z. ZofE, Sme ALl i LA o
FIETRT, IWBETH UEAO KIS, EIRLTw»
BIEDVWISNE R ol ZORERIIEE DG EKHEL
b & XD, 1950 AR D FIFARAKEERZ 31T 2 T T4
RLHARMHEERORERERLE DR LIBRTHLEEZD
N5, F/z, NG R IR ORI, G RAKHER



KHGED, T8, AW 0, WH R, RE—W, BEEf—, Al %, KT=, =2l M OUREE, KRS

AT - REMbofm2s8iz, X512, RBFICIXE
BERMEIRIC L A 2B ITRO LN Loz, Lk L72k 9
2, AT VKRPERBB L O EREREEE DI,
20082010 4F- 12 17\ 8 5 D AE AR AE D FELE SRR S 7228,
ZOHEKIT I bhroTwnRv, BAEME2S, <47
DR - FEINFTEDSH BRI R K VB R 25 2 &
FHEW RSO0, ZOBEOFEME LAFHER O -
AFRDBRIZ O W TR R A% . REEONIA =
ZEHERE 2 I3 51203, HARRELEHES O W - B
RYA T OAEYREEOE=5) ¥ OB Z, W)
FIATB IS BT T BRSO BB B B 5 il B R E
ABLEOZENSEMEICHES VWY I 2L —Ya vtk
HeFE  (Wright and Trippel, 2009) 7 & & 5% D AN TWw»
LT ENPUETHA).

E i

KT DREARIRIENZ Y 72 5 TIIAKERETIZE L~ ¥ — A
WS 72 O 2 & NS H ORI T TE 72
F72, EAOBZEIZBWTIE, HUKERISERT ST A B
X OVETEIX K EERFZET OB E O F % 2 v 727250 72,
CCWRLTEHOEEZERT L. AU CIEIKRETERE,
PN LI O I 3 F AT FE T S i B o — 5B
PHW.
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