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Age, growth, and reproductive characteristics of a clupeoid fish
llisha elongata in the Seto Inland Sea

Toshimitsu Masut'* T, Takeshi Tomryama? and Hiroaki HasHIMOTO?

WO BT 2003-2005 412 & T Hlisha elongata Z 4R L, MESCHIAZ ATz, BRIE S 72 389 AR DI HEAR R i PR
&, S TiE52-85 mm, R AR - AR T UE 250556 mm T, 430 mm L F I 97% A ME T H o 7o AR R HEATH
300 mm, MEATI 360 mm TdH - 72, GSIDZEAL & BEH OO HBURIE A S, FEIIIZ6-8 H Lt Xz, BHaABLETD
Fry 7= 3EC1N, 410 HICHBIL, HAERPEEEL LTAHRNTH S Z LRI N, B i i &
BDICIOETH 7225, 8Ll RIZ85% D METH o 7. k&R 4 ADOBIFRIE, von Bertalanffy D ERIC L Y, HE: SL,
=422.6 (1—¢ 059 (0166)) - ft g, =497.1 (1—e 0414 0229) L gex 7z (SL I b O ARE mm). MO R ERIZIE
HEEDVED LN (p<0.01), MOHPHELD S RELT LI EFHASIE LT

Age, growth, and maturation of elongate ilisha //isha elongata were examined in the Seto Inland Sea, Japan, from 2003
to 2005. Standard length (SL) ranged from 250 to 556 mm for adult and immature fish (#n=356) and from 52 to
85 mm for juvenile fish (n=33). Almost all of the large-sized fish > 430 mm SL (97%) were identified as female. The
initial maturation sizes of male and female were estimated to be approximately 300 mm and 360 mm, respectively.
Seasonal variation in gonadosomatic index and the occurrence of eggs of this species in the same area based on past
studies suggest that the spawning period extends from June to August. Clear check marks on sectioned otoliths were
formed at the marginal edge once a year between April and October, confirming their annual formation in otoliths. The
maximum ages were estimated to be 10 years old in both male and female, but 85% of individuals>8 years old consist-
ed of females. The von Bertalanffy growth equations based on age—length relationships were estimated, as follows: SL,
=422.6 (1—e 0% (’+0'1(’6>) for males and SL,=497.1 (1—e70414 (’+°'225>) for females, where SL, is the SL (mm) at ¢
(year). These two equations were significantly different (p<0.01), indicating that females become larger than males.

Key words: clupeoid fish, otolith, von Bertalanffy, sexual difference, spawning period, maturation size
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Y J llisha elongata 3 = VH=Y Y F e JEOHFETH
D, WHKRIBEPSHE T V7, 4 ¥ FETTELGAL,
HATHEINS =Y HABOHR TR REILET S
ffECch s (Y, 2013). RFIZEO MR 2 &1
L DREYE L TREINTYSY, MK EEI N
TV Wi s IR HTH S, RN L W L

M 5% O TS MEAME A TH B4, MILRT
B OB ESH, BHHATHESRZL S D% A
WEICHAF ST b (FBH, 2004). 72, dL4EE LM
DN FHROMT [HWHS =K | LI BHTRMS
NTBY, KELORLRLTHERONFGME LCTH mHEN
MWL TS, 4, eI EEORERRRYFITZ1T9
7o, KOG AW IR 0BT 2 LE D 5.
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Figure 1. Sampling locations of Ilisha elongata in the Seto Inland Sea, Japan. Closed circles indicate landing places around where adult
and immature fish were caught. An open circle indicates sampling location of juvenile fish.

LI ORFEABIIOVTE, FEIRE (g, Chenetal.,
1988) MY F i (ILEIZA, 2007), <L — 7 (Blaber
etal, 1998) IZBWVTHERHHA, EUFICHTINVD
PO D 55, ENTIEIAEWIEICBT 58ERERE
(Zhang and Takita, 2007) 3 X O° B #4 (Zhang et al., 2009)
BT AR HLDORTH S, —J5, WHHHEIZENT
AL S L/ N EERM G ETEHEEN TR SIZD
hb 6T, BRAMFMLIEETH S, AT,
WA NIEIC BT 5 & T AW AR E O LML e L
T, 4EH, WEBIORBEVS L.

MRBLVFHE

2003 4F-5 H A 5 2005 4F 9 H A H#iT PI g 085 il ~F K8 1
MFTOWHRIIBNT, LI LMY, KOS, 2l
TSN 7356 R EEARL Lz, TNHOMET
WS N2 WK 215 5 728, 2004459 AR IR
EBER RSB T T CiE S 72K &K 100 mm LT
O33R ERE L7 (Fig. 1, Table 1). %8B, #Ez
o723 T RTUIBWT, AL LT 2 EDHRIES
NTWLWREDOHMIZLY, 78 HITEREZHRSL Z &H°
T&Eh ol WENEIZBI DL SO0 hEIC B
BAIEZ L3, P NS HF IR O K EERTZERE B 3 & OF
WEMBREPSOMEWYICE 2 L, WEIZTISHTNE
O YLERTHIE S, R 54T H T TRIGE ALK E
STHESINL, ZOZ DS, AREIEBEEOY T S
UM, 1989) <+ A Y 4+ (LARIFA, 2006) &R,
F S BT THEYI O 72 30 W N 00 YR LS Skl L
KEDILT & & b IZHREAE I & v ) ZREiIY 22 [\ % 17 9

boLFEz, KWFZETIE, WIHTNEOSHTHES N
Z % [l — OfEfRE L L CTilo 72,

WFFes I CHUR A 2 ol L ¢, BifkE (SL, 1 mm
KAL) BXORE (BW,0.1gHf) #ille L7 kick
BEBR A S L, Z OB O MERER KB L 221, IR %
IR A -0 A Gl E R (GW, 0.01 gHifr) #HlEL, £
it E 5 2 (gonadosomatic index: GSI=GW/BWX100) %
Rz, 51T, EWMBEE LTEAOEAD (R¥EA) #
L, WA L7, $RH, BROKEZBIE L2205,
TR TH > 72720, BEARDOHD SRS 4 X8R
EANFTARALRLE D &9 14808 (HE42R, ME9LE,
HHAHOLG M 15)2) 2B L, Ko X5 ICHREO R %
e L7z, W S8 -Ha%2 o RF VR (2= khAs
M, RV FEXRy M) QO L2, BB (#220~
2400) W CTHA ORI (FiE-#E$T ) (T
WCEDHBENT A2 FTHIEL, —RF IRV FEHWTRS
A FHT AT L2, E512, &) Kz FREEICE S
02mmil7% % FTHE L. HAoMEoR ofgidh
RS GEMYE, WL v 41065, EIRL » X 106%)
TTHr o7z BRSO & 2 EEHEE (Foyr~v—7)
MEIg s N0 (Fig. 2), WBUBRENZ2 <25 72012
HOmAWIcB I 52F 2y 7<— 2 OMBURN 2706 L
ik GEMN OB 2L 7.

A & R OBIFRIZ DWW T, von Bertalanffy O K £ % H
WCHERERNCIRNT 2 4T - 72, BRI AART (2001) 12HE
W MS-Excel DV V83— % v CIERE IR/ i X ) ok
iz, B, WHRARYTH - 725k o 7 — 7 121k
W5 ORDETIZDITIH Iz R (2004) 1HEV, M
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Table 1. List of /lisha elongata samples examined in the present study.

Range of Number of

Year Month Sampling area Sex Number of standard otolith

fish collected .
length (mm) examined

2003 May Hiuchi Nada Male 0 0
Female 6 380411 5
June Hiuchi Nada Male 12 295-429 10
Female 35 297-456 35
Oct. Hiuchi Nada Male 0 0
Female 3 374-486 3
Nowv. Hiuchi Nada Male 2 396-416 2
Female 0 0
Dec. Hiuchi Nada Male 3 396-404 2
Female 4 404-452 1
2004 Jan. Hiuchi Nada Male 0 0
Female 12 253-304 2
Apr. Hiuchi Nada Male 18 261414 2
Female 27 250-503 8
May Hiuchi Nada Male 18 307-419 3
Female 38 279-487 3
June Hiuchi Nada Male 12 345-422 0
Female 19 275-489 1
Sep. Kojima Bay Unidentified 33 52-85 15
Oct. Osaka Bay Male 9 380432 1
Female 21 392-501 4
Hiuchi Nada Male 1 388 1
Female 2 403-406 2
Nov. Osaka Bay Male 9 393445 3
Female 20 369-519 5
2005 Jan. Kii Channel Male 1 431 1
Female 1 448 3
Feb. Kii Channel Male 4 285-372 4
Female 21 304-538 7
Mar. Kii Channel Male 5 347-494 5
Female 24 422-556 5
Sep. Harima Nada Male 2 394-419 2
Female 7 410-445 3
Hiuchi Nada Male 6 350403 6
Female 5 352-455 4
Oct. Harima Nada Male 6 346400 0
Female 3 414-438 0
Male 108 261-494 42
Total Female 248 250-556 91
Unidentified 33 52-85 15

AR THERE U720 3 & MERERN I 2 L 72 R R o ik 2 F #w R

FHRZEL, MEMOREZOGELY FREIC X e HRMER

L7z, RERIH VL ERL, Bl 2 I & iz & R SN ERICOWT, MR X ORI o 2 AR
N7TRZREAL L, SHEOmRBEERED 2 Ak ROREAR & i 7285 R, D3 60-70 mm ICE— F %
2R, ENER/NEELT OB & A SRR L/ FrORERECTHER X LTz (Fig. 3). 200 mm BL_E o fifk
B Z1E, 1 HICRE SN 5 RADERITsSSme L), T, MEREE DICLIERZIR L, ML 390400 mm, M X
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Figure 2. Sectioned otolith of Ilisha elongata (450 mm SL, fe-
male, collected on November 23, 2004) . Triangles indicate
check marks.
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Figure 3. Standard length (SL) frequency of Ilisha elongata
collected in the Seto Inland Sea from 2003 to 2005.

430440 mm 2 E— F2SRA 5N, 450 mm DL L& 1ER % B
ETRCMETH - 7z

BRAGR EEREREEHEBOZHEIL

I A B0 S 2RI D W T, HELE 300 mm A T, ML
360 mm £ 2> & GSI DI AT & 17z (Fig. 4).

EHE B D GSI DZFHHZEALIZ B W TIE, GSLHIZMEHEE B 1
5-6 HIZH T L& L7 (Fig.5). 5 H @3 GSLIZ HEAs
2.3, MEAS2.1, 6 AZHEAY6.0, MEDS31TH -7z 7-8H I
T =R, 9ANS4H F TGSHILWETH - 72,
B AU P B £
HhzBg L2148 ko 5 B, Pf1sificizF =y 7
= PBEEI NG o7 WAERVZ 133 KON
T, BABBMF vy r~—2 %87 5MHk1311-3 H
WIEHBET, 4 HUBRICIIIL 72 (Fig.6). TOEEIL,
IHICHKREMZ R L7z, 10 HIZE2EMImd L.

By = EhER
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Figure 4. Relationship between gonadosomatic index (GSI)
and standard length (SL) of male and female Ilisha elongata
collected in the Seto Inland Sea from 2003 to 2005.

ThHotzhs, SN LOMED KRR (1318 11 1k)
PHETH -7z ZHEOFERREBRREDOT— 5006, MEHER
{Z von Bertalanffy D LR IR DM TdH E1T- 72 (Fig. 7).
ERITRATESI N,

He 2 SL=422.6 (1—e 052 (70160) © p=57 12=0.99 (1)
M SL=497.1 (1—e 0414 @0229) =106, =097 (2)

ZZT, SLAZrEIEOKE (mm) TH B, MEHEOR KN
HEFRBICE > THIRL-E A, AELEENZD LN
(F=40.14, p<0.01). MM L IS HEBREOREZHEE TS
&, 1R TIEHEAY 198 mm, WEAS199 mm, 4% T & M 23
378 mm, M 2411 mm, 7% T 1L HE 29414 mm, M 23
472 mm, R BRAK X HEAT423 mm, MEAT497Tmm & 72 0,
IR TIEMEHEDRRIZEDBALN R N7 DD, 450
LOERRIEIMOFNKE o7 X345, MEiZ4-5m%
DB IR EORIMED /NS K 20, R L 72

Z =B
AL TIE, GSIOE WiliZe HIZER L THEI N,
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Figure 5. Seasonal changes in gonadosomatic index (GSI) of
male and female /lisha elongata collected in the Seto Inland
Sea from 2003 to 2005.
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Figure 6. Seasonal change in the proportion (%) of check
marks (shaded bars) at the marginal edges of sectioned oto-
liths of Ilisha elongata. Sample size is shown above each bar.

F 72, WANEPISTOMEBIETICBWT, 68T
DI OHBHPFEZ I N TS (FILE, 1964; 5T 2,
2013). NSRS, W NHEICBIT L AR EE
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Figure 7. The von Bertalanffy growth curves fitted to relation-
ships of age in year and standard length (SL) for male and
female llisha elongata. Age was determined using sectioned
otoliths, assuming that the birth date was July 1.

Ik 6-8 A L S A, Zhangetal. (2009) 1E, GSIX
AR OMBRBIZIC LY, HHEOARMEOEINIIL5-7H
ThHEHRELTWAS. X512, PEIBEOBEOFHAR
RAEL, A~ AR B TR o s I Ak
WCEZHLDRENIALNZVERBRRTVS, FFED
FEIVEIITH % 6 H OMED T GSIAHKI 10 TdH % DITxf L
(Zhang et al., 2009), AHBF5ED 6 H OMEDFEHGS1IZ3.1 &
v, g, WA NOEIIEIASD LEBECTTREME D 5
B, EIEHOBEAPAREL TSI EDREKNTH L L%
Abhb KREEGSIOHEMBREMRIZE A, M
300 mm fF 3L, WX 360 mmAFEA S GSIO EH SRS
7. RWFFECHEE S R EXE v TR ED S i % il
ETHE, M2, MIE3RmICHY LA AR E
RO BARIRERIZ, BB BT
TdH Y (Zhangetal,2009), ARWFZEOHR LD HH v, D
L&D, I ORPERIIIHIRZED D 2 2 LATRIES
7o, Gtk T OBAREIIOMINE R ARG 5720
I, AR LTV EIO T — 7 ERCHREIAIC X 5
FHLOWHELLETH S,
RIFFECIHEBYIF IS &L > TEMECZIT- 72, — IS
=V HME ORI b 2%,
Zhang and Takita (2007) (X% H W CHWMmO & T O4E#
ANt 24T > T D, LA Lads, KRR THWIEART
TR BEOWRRAAREEHTH > 12720, HAZFERIE
ELTHW 803% - il (2008) 1%, AFEOH A IOV
T, WRiE, RKABIETEIAHETH S, HHBIETIE
BRGSO NS E LT b, AIFZEICB T
b, RMBSTREUIAYRTH o 7285, MBI 2 1F
K5 E TlflEBIEET L2 A Ta HEWHEIX
AHOEMEEIIE > THMGFETHLLEEZZLONS.
A ORILEIFIHIZOWT, 78 HIZT =7 B3 0»i5,
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WEDOHEPS4-10 LT TTF oy 73— 7 BB &
NBEZEDRHMEND. ZDZERS, Fxvrv—2I1Z
B OIS NAERTH L I LIREN
7.

ARUFFETIX, HEIZ3-47%, ML 4-Sm DL IR R D3 it
THZEDPMHERSIN. AidoLBY), REFFETHS N
WA NED e Z ORI AR X HE DS 2%, MEAT3 R T
HolzZ s, BRI ANTF—2HETHLILITL
D, REFERTLIOOLEZOND. B, 8D
TR oMk R % L2 EEAZ CRESNITR S
A, THILTRE TOERBDS L V720, $HUIBEOREAR
F= PREROFHHERICH T ) I TninZ &
bH DY, RIS L DREEIKENT LI X 2 HEM
bH5b.

7 ORI T % BEAEOIFIER R & ARFIE DR R % b
W L7z (Fig. 8, Table2). 72721, BEAMIETHENRE L
RORaEnzd ok, BLELEREKRRED RGN (FL=1.09
XSL+1.66) (Zhang and Takita, 2007) ZfIH L C, B E
AR R L OR L2, BEOMRERTIE, v
NHMEHEZ XTI RAAHE S TBY, eJ12>
WCHERERTIC R B 2% R L7z D IEARFEEL WO TTH 5.
A BT OMBE & B LR & OBRIZB W CHEHER ©
HEANED SN oz e, M2 X P31k
EAEHERTWE. L LAds, AWHECBVTD
ARWFFEDFER L FERIC KIS 4 ZORPIEMETH 5 Z Lot
RENTHY (Zhang and Takita, 2007), KX ) MEATKIAL

THWEEEGH L. =¥ v BEBEOY v /3 Sardinella zunasi
12DV, BT ICBT 2 8% v 72 E A OF5 R,
DT ML D BEDEL, KILs 2 Z A s h
Twa (UhH, 2007). 72, WIREED I/ ¥ 10 Kono-
sirus punctatus \22OW T, MO ML D SERENKE W
LWV ZIENREO 5N TWwb (Kongetal, 1998). k&
7, Yoot a7 vaide b iRk - NED SIREICH
TR AMETH L (Y, 2013). — &= ¥ H
SO BRI TR %2 X 37 12ikb N b 2 L A%
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Figure 8. Comparison of the von Bertalanffy growth curves of
llisha elongata among different locations. Ariake sound,
Shandong, Minjiang, Xiamen, and Zhujiang were referred
from Zhang and Takita (2007), and Sarawak was from Bla-
ber et al. (1997).

Table 2. Comparison of age and standard length (mm) of Ilisha elongata distributed in different areas.

Japan China Malaysia
Population Shan-
Seto Inland Sea™! Ariake Sound*? dong™ Minjiang®  Xiamen®?  Zhujiang*? Sarawak™3
Tissue Otolith Scale Scale Otolith
Age Male Female Both Sexes Both Sexes Both Sexes
1 197.8 197.9 162.6 260.8 179.2 187.8 218.2 279.5
2 291.8 299.4 241.6 309.5 268.0 268.8 301.0 422.6
3 346.5 366.5 299.1 344 .4 329.2 334.1 358.2
4 378.3 410.8 341.0 369.4 371.5 386.8 397.7
5 396.8 440.1 371.5 387.2 400.8 429.3 425.0
6 407.6 459.4 393.6 400.0 420.9 463.5 4438
7 413.8 4722 409.2 434.8 491.1 456.8
8 417.5 480.6 465.8
9 419.6 486.2
10 420.8 489.9

*I Present study
*2 Reference from Zhang and Takita (2007)
*3 Blaber et al. (1997)
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2 (B ZE, KF, 2009; KFIFA, 2011), MEHEMOKE
FEGNBEO =Y Y BAFILE L5, D Ltk v,
AEEGLNBE= Y Y BAEOREZ R LB, MM
P T A ENLETF LV EEZOLND.

iR & B0, AFFELUIHIMEREZ X3 IoREA %
BHLTWE I EICHETHZLEDND L), PEIFEORE
TR E BBORPZZEEZRLTEY, WO
T ORRIIAMIEL D bR/ e Wil AIEFE 25
ML D10 TH-7-DIH L, PEIREE AIETIZ6-8
HERRE. —F, L=y 7ok FiE, MmoiEpEizit
NTHED D2 ) A, AT 2-37% & T, M
fKE13/N &>, Zhang and Takita (2007) (%, A Wi & dE
BFEOL S OMICIE, HEICXZREDEWIIHED Sk
Motzl U, A BRSO BEES Sk R oI 0 B2 % 5%
FTwa, F, L= 70t T OREMAI MO
ERECERLHAE LT, AT - WA & BT
OMENEROWREEZ IR L T b, IR SRS 2
B L, WO I P R R R A W & [ K AR
RENBOLEZ LN, ) THhUL, WL AW
L OWEAEIIAIR DL EIC X BRI E . T F il
B 2 AT REIN-BAED IV — MIEEAAET 5 L
ZEZHLNTWDLHO0, FEIEHS 2Tk v (IHHIZ 2,
2007). AFEOWHRE O MR % KT 5121, MEEHRD
ER UL VR emEPEING. T, AEOHRE L
HIEE & OBBREI S 223 5120, EEHEIEL
HIRKEDEALL MEDINEEE=S ) ¥ 7T 2 0EDD
5.

AREFFRIC XY, AN b FIXRERCEIYIZB VT
RGO T & BBLRFABOFFELZRT I LS
e lrolz 7217, HHRWIUERIZOWTIX, BiFIR
R EIGERT 2 EEZ20NEEBRE RSN 19704
HitE OW Y FilETIE, AREIZLIEE O XMIC X ) 4ERK
2,500-3,000 b > XN TW7228, 19804E121Z373 k ~1Z
WAL GUEIEA, 2007). 20 X912, KFEOEEIK
FRIZHIFC & > TRBICZLL, RWEORMENIZILL T
LUREMEDEZ ON L. AMOBY 2 EHREBE1T 912
W, IR AR R 7 & O R U - BRL, &R
DIRHERLFI R Z IR L T LEDI D 5.

&

RIFFEERATIICH ), BELERCEAR LY TR 7272
W 72 R T N A IR O K BERTFFEAR BE B X O SE IR LA o
BRCE AL L B 5. &0 b, FREKEME L
v — OEBPARIIENO ZW I 2 Bho 72 2 LI
HL LT, 7, BAOWEICHLTERRISEZ VW

R RALR AR B R AT e R o B Il A e B, 0%
B ORKIE % W72 720 72 R B R R A be A= Wy FE R = 5e R o
Lawrence M. Liao T L I & L RUIF 5. w2, A%
FLOLIIHD, TKET S o 2F/INEKERES; 01
AREFEWH IO L D ELE L LT 5.
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