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IR /KERHENE T - Bkl IR B BRI &
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AR TA R AN B AR TR FE S (Gonadosomatic index,
GSI) Hplsts) - RIS Ms Bl R IR B S
TE S SRHARE AT 33k R TEAHR 2 5 -
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e SR 3 IR E RS R INEL - ST A
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3 MEINE S Ry e AW - FEEEAE ST Forill ~ 1~ 1R 3
RN - BEMEDNEMEE T 6 MEHIETRAL - KEEER] 1
B HTRCERS REUR > [R—BAAN FEALRE
LISk F OGRS » RN R E S

MINERE AR - SRR A AT
BRIV B EIRD - s K—EUE - Ao —iE
P72 R IR AR BRI AT -

22355k (2008) SRS HTE - 5/
B &% (gravimetric method) ZEHEEL F Bl B 2R A& O]
# (batch fecundity, BF)- [E#&£RET 0.05 g EHPIR
FHEIIFE = 0.1 mm BYFPREY - DU EONHIRSE S
S YN S Se PN I > HAR R AT AT

F=(0.05 g JNEHIIfK =0.10 mm ZJ% /
0.05g JNELE) X JHELEH

BF=(0.05 g JREEH 2 HE =0.50 mm / 0.05 g
PHELEE ) X P EL B

(7%) 50% I1EAFhEER
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ARG P ~ GST R ISR/ » 2KEH RS HER R A4
FEL I 2 T AT G > FE A A logistic curve
(King, 1995) FHHEMERAEE 50% L FHHEA/N
(size at 50% maturity) » HEE LT ¢

Pr=1/(1 + e*PFLy

Pr: A E TR

FL : B3
a~ b HK
S
— ~ RXRHEEHERR
WIZEHIIEE HRAE 551 RRAEAS > Hrfulsa

217 & ~ HEf 334 B2 o MERER < HE KRR Ry
195.7 - 650.0 mm ~ 169.9 - 591 mm - FSEHE
128 - 3720 g ~ 76 - 2265 g (Table 1) - MEMEFAIIIERE
BEERfR - RMUERS IR AR (p<0.05)
Rl RaE BRI G OF 0 AT - BELESRY FL B BW
BRAGRRAIT -

MEfE © BW=29.0x 10 FL*% (R>*=0.97,n=217)
(Fig. 1a)

JfEfa : BW=28.0 x 105 FL?7! (R>=0.99, n=334)
(Fig. 1b) °
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Fig. 1 Relationship between the fork length (FL) and body weight (BW) for female (up) and male (below) Pomadasys

kaakan collected between February 2020 and January 2021 in the southwestern waters of Taiwan.
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Table 1 Specimens of Pomadasys kaakan collected between February 2020 and January 2021 in the southwestern
waters of Taiwan
Female Male
Time Range of FL Range of BW Range of FL Range of BW Total
No. No
(mm) (g) (mm) (g)
2020 Feb. 19 290.9-410.0 379-946 29 274.3-528.0 333-1703 48
Mar. 28 268.0-540.0 289-2036 26 302.0-497.0 391-1739 54
Apr. 21 288.0-556.0 386-2050 24 271.0-464.0 272-1237 45
May 6 319.0-533.0 465-1932 12 360.0-559.0 635-2154 18
Jan. 13 253.7-525.0 270-1966 20 169.9-535.0 76-2063 33
Jul. 16 266.0-600.0 298-2695 33 232.1-591.0 198-2265 49
Aug. 12 293.0-577.0 373-2620 29 196.2-494.0 117-1607 41
Sep. 17 211.5-650.0 140-3580 42 176.2-573.0 110-2187 59
Oct. 10 262.3-625.0 278-3720 21 208.1-490.0 193-1760 31
Nov. 17 203.2-549.0 251-2298 21 211.7-543.0 174-2122 38
Dec. 36 195.7-526.0 128-2334 51 174.7-538.0 98-2014 87
2021 Jan. 22 198.6-572.0 128-2751 26 173.6-549.0 87-2195 48
Total 217 195.7-650.0 128-3720 29 274.3-528.0 333-1703 48
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Fig. 2 Monthly changes in the mean gonadosomatic index (GSI) for female Pomadasys kaakan in the southwestern

waters of Taiwan.

FEHIRAGIUL T - B%%5 (2003) - Lee et al.
(2005) - Wueetal. (2012) SFHZITHITHEE - 550
IR 5 A LB

(—) REERMZH (chromatin-nucleolus
stage, Cn)

SURLIEH /N NIRRT R SMUAEE
[EJE - GIfR <0.06 mm ~ HHBE HEAR ARG LA
o ERERME (Fig. SA) -

(Z) BE{=HB (peri-nucleolus stage, Pn)

UJRESL ¥l 1= /AN = R (NI RE R i

£ » BIRAE 0.05 - 0.09 mm [ - EREaE (Fig.
5B) -

(=) INERBER (yolk vesicle stage, Yv )

Uk - SN BT SMEENE - BatGH I
T B I GARLE 0.09 - 0.16 mm 2[4 (Fig. 5C)¢

(F9) ¥#RONEER (primary yolk stage, Ysl)

ONISEFHEN A > MR B i NIRRT
IIEEER » BIAEHE 0.14 - 0.24 mm 2 (Fig. 5D) -
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Fig. 3 Monthly variations in the proportion of ovarian maturation stages for female Pomadasys kaakan in the

southwestern waters of Taiwan.

() ZXiRONEER (secondary yolk stage, Ys2)

IEE R B HIR A/ NBHAG S N+ ST A R ] [
B RS O ERECE RO - JIRAE 0.18 -
0.29 mm Zf#] (Fig. 5E) °

(7N) SB=RINEHA (tertiary yolk stage, Ys3)

YNEEERPHAA S OF RON S - A S B
R - GFEAE 0.20 - 0.32 mm L (Fig. SF) °

() ®{—FBENHA (migratory nucleus stage,
Mn)

LIRS B ONESER & OF R N 3] - A/ N o -
ML B YIRS BB AR, - JIAE 0.31 -
0.55 mm Zf&] (Fig. 5G) -

(J\) FTHRHEF (mature stage, Re)

THITRE P AH A9 5 i — I B A R e - Bt
R I [ B e e A L A 7 RN g R B
AR K - IIRAE 0.50 - 0.61 mm 2] (Fig.
SH) -

(J1) Te3hHER2iEBR0N (transparent egg stage)

B e iz B 2R R HET TR - DGR ff

KRN EEIR - JIfRHIEIE 0.61 - 1.41 mm
(Fig. 51) -

T~ AT RS B

TEDNEATSMEL ~ GST BRG] i numi R -
NS R VU AN R AP B -

(—) FRAUENBSER (immature stage)

IS BLON L 20/ VIR - RS E B FITIRE 5
R EIZE - AER BB RS
{ZHAREER > AEFEARFEE = 1.10 - DNFLHIEAE 0.02 -
0.09 mm Z [ -

(Z) RYFRCOPKER (maturing stage)

UNELZ WA > AR AT LUEER NS 5 AR
PERHRREAEISE - AUTEON s A 2 2R =R
BEE% - GSIAF 1.10 - 2.24 2|1 » GIFCHIEIAE 0.10 -
0.60 mm Z [t -
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DNELHAERE A - YR n] LUE S HHEERIONRL § 1R
BHEENEIE YA EH R se RS B -
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Fig. 4 Monthly frequency distribution of the oocyte diameter for female Pomadasys kaakan collected between

February 2020 and January 2021 in the southwestern waters of Taiwan.
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Fig. 5 Histological sections of the ovary of Pomadasys kaakan specimens, illustrating the oocytes at various maturity

stages. (A) Cn: Chromatin-nucleolus stage, (B) Pn: Peri-nucleolus stage, (C) Yv: Yolk vesicle stage, (D) Ys1: Primary
yolk stage), (E) Ys2: Secondary yolk stage, (F) Ys3: Tertiary yolk stage, (G) Mn: Migratory nucleus stage, (H) Re: Ripe

egg stage, (I) Translucent egg stage.

(79) EURRBEER (spent stage)

FE DR BN EL I e AR Bz i/ - DN &
B LEFF R OIRE - 7 ] B8R 1 I B RS
(BTN -

7N~ TR

(—) BRI L

AWFFEMESRRRA 217 B ~ [iEfR 334 BB - JEET
551 BASA - MRy 0.39 « MEEbZ H R LIS AN
Table 2 fifi7 - B T 3 Hizdbh » HEg Ay HERARA
PR 2 - PEEEF RS R RERS REUR 7 ~

89 K 10 H MRt A BE 225 - bR
HOrERE R (¢ =22.05, p<0.01) > HEFRRA
HlLEnZ -

(D) EXRBIMLLEME

ARE g R R AT iE = - feUAE
450 mm DU - DURESR AT 5 EEBIERS - A 450 mm
SUIE F R (5 1 2 (Table 3) -

AR AR Y Fr Sy NSRRI 22 > BHREERILE
333 mm FL B H IR - 2 Logistic HIERL
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Table 2 Monthly sample size of the female and male Pomadasys kaakan collected between February 2020 and
January 2021 in the southwestern waters of Taiwan. The sex ratio (%) is the female percentage of the monthly or total
samples. The asterisks indicate the statistical significance of the chi-square (x?) test at p < 0.05

Time Female Male Sex ratio (%) X p-value
2020 Feb. 19 29 39.58 2.08 0.1489
Mar. 28 26 51.85 0.07 0.7855
Apr. 21 24 46.67 0.20 0.6547
May 6 12 33.33 2.00 0.1573
Jan. 13 20 39.39 1.48 0.2230
Jul. 16 33 32.65 5.90 0.0152*
Aug. 12 29 29.27 7.05 0.0079*
Sep. 17 42 28.81 10.59 0.0011*
Oct. 10 21 32.26 3.90 0.0482*
Nov. 17 21 44.74 0.42 0.5164
Dec. 51 36 41.38 2.59 0.1078
2021 Jan. 26 22 45.83 0.33 0.5637
Total 217 334 39.40 24.84 <0.0001*

Table 3 Sample sizes of female and male Pomadasys kaakan, grouped by size classes, collected between February
2020 and January 2021 in the southwestern waters of Taiwan. The sex ratio (%) is the female percentage of the monthly
or total samples. The asterisks indicate the statistical significance of the chi-square (x?) test at p < 0.05

Size class (mm) Female Male Sex ratio (%) X p
200 3 16 15.8 8.89 0.0028*
250 19 48 28.4 12.55 0.0004*
300 40 64 38.5 5.54 0.0186*
350 38 66 36.54 7.54 0.0060*
400 43 70 38.1 6.45 0.0111*
450 35 40 46.7 0.33 0.5637
500 23 19 54.8 0.38 0.5371
550 10 8 55.6 0.22 0.6374
600 4 3 57.1 0.14 0.7055
650 2 0 100 - -
R W AL FL BT ©) » fiFhZ AR, 14,059 - 5,657,018 K » P4
Pr=1/(1 + ¢1059-0.0593FL) TAGNBCE, 1068,680 KLFH -
i Pr = 0.5 XA BRI FR=CRIGHER 50% MRk
i =R 395.8 mm FL (Fig. 6) - (DERENE
HEHY GSI =l 2 -7 Az 21 B
J\ ~ ZYNER L B R A g (FL /14 333 - 650 mm ; BW /14 524 - 3400 g) »
SRR AV Ry 5,480 - 277,368 KBl > S
(=) ZH SIFESNBCRy 56,646 gl -

BISZAHARYI RS - SRR INEE 29 i
(285 FL /1A 333 - 650 mm : BW 412 524 - 3400
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Fig. 6 Relationship between the maturity percentage and fork length for female Pomadasys kaakan collected in the

southwestern waters of Taiwan. The length at 50% maturity (Lmso) is indicated by the horizontal dashed line.

Ju ~ ARG IAHER,

EHEF GSIAE 3 -4 A (Fig. 2)» # 4 D
b & 8 FARPHAGRAE N - £ 12 HRekEER
0.54 - A SEBREFRCHVERT H BIBMERDR (Fig. 3)
2- 10 A3 HBSEIRA - Hirfr 2 - 5 FJ ik
Fepm G EeliRes - KRG DA RIS HEMG DU R
SREHE A ETEHE2 - T A > =gk 3 -4 H -

= 2A
Y i

— ~ BT

ARFEFTER IS SR A RS R E A 195.7 -
650 mm > BEEEAHA 128 - 3720 g » AREINEEHER
MR FCER S P L LS » BT AR TR S e s 2
BRI - Al-Husani et al. (2002) FIFE-&FFEFAHH
# (Arabian Gulf) 7 ZEHEFRTHL - 31 VBGE B
R2HOHIRREGER (L-) Fy 62.16 cm - fliRf%
H(K) Fy 027 FHEFHR (t) Ky -0.47 > MHS M
MR TR M S 2R - Bt BRE R
B K o SEHE AR BT R AFE BE B AR i
BUE RN > FIRA T 209 E AN e E
BRI R > S3AMERE ~ $9 5 R P et
I > (RN R 3 - 10%  Hojf Bl a2
AITE DAL - DRI RS R S e B L 22 ZL
AT R - ATt A g R 650 mm

B Al-Husani etal. (2002) WFoefdEtifREgR T
MERZRIT FEpRIE B A (B Ry 750 mm > B AT AHTSE
B > RTREIRI R St i P R 0 2 S R R ST
FEELFITEL -

=~ TR

EFEFRIRER MBI ER - AWFZTH FIAHRR
B FIE i M RS REURIEE Ry 12 0.6
(M : F) - Falahatimarvast etal. (2012) FEyRzHmE LI
Wfsest et BHERC R 1 1LSMF)» K
WseEs a2 HE AN EIHER R - 26K
A SRR A M S AR G- R =) - e
F Pomadasys @ fa iR th A RRIRER 52 - BIATHTE
HZJErniyiR#Efa (Pomadasysargenteus) (Kulbicki
et al., 2009) - DA ke FF I 78 A6 05 o AR A B 7Y
PEEE Ryt 1 1 2 fiE - HEFZ RIREnIZ A
T BIAnTE e K MEEEI RS (hermaphroditism) FY
Hi%: (Lehodey et al., 1997) » MRt FAFIGRZ A2
(Sadovy etal., 1994) - RS AS R A EIA PR A2 52
(Heithaus, 2001; Kulbicki et al., 2009) » DLz s
FEIEREESL (Lehodey et al., 1997) »

ARWFe R R R R RN B
B IR EL B R B A - USSR
& B RO RIS BiS - BLH'E Pomadasys
JBIIWTFERE FAHIR] - ELoh - ARFTERA T AR E H]
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W » REERER P P R e B £ SRTT e F
/N > R A EREAEK > S EG SR B
BIANF SR S FE SR G A2 - Falahatimarvast et al.
(2012) FEEUEAIRTE - FTER R R HERBEAC I
LA - H £ S i £ AR TR AE AN Rl /K
(Gaut and Munro, 1983) » [K|[L1FE 28 P4 Eayigiek 2 #E
FUE S AR R 722 22 7 S S iE g
Z MR 2 2 Y HI R 2K B a2 A - ik
HERRIEME£a PTRER Ry R AR/ N S T A S A
FERRINBIGL o JRESR R R RR A R R 5]
REA I EERI7E52E 7 4 Al-Husaini €t al. (2002) HY
FFeHa i fa B A fa o RS R T2 5 - IMfEfR
JICRAR IR » BERIERK o ARSI I R
BAZET R AR HfER AN E - RIEL H A
EISAIL R L SRR AT AT H R
HORFEs3 4T -

=~ MR

TR B Ry R mRE » SO e
[FIFS A —ERVEERS - JCHAR GRS BIRE A e
FERE S (FF, 2021) » HCAHSERR TBIZEON RSN -
SO & AH AR ER 1 T AR R A B A I R Y
BHBAE AR T EESEEE -
H RBP4 2 HE AR T AR W22 T TR 92 2% T2
A1 AHSR AL R Y e e R A e M
e R By 333 mme 50% ke R Fy 395.8 mm-
Mathews et al. (1989) HEfl 2 # fum MEBGAEER
By 260 mm F; Falahatimarvast et al. (2012) WfZegH:
H50% R Ry 477 mm - {i ARFZEHERG 2 1
FCAE RELAI U G 72 52 - WIRERR IRl st
BUGARA (BDR - /K - REREFHIS) g2
A E A TT A A AT 20 (Jonsson et al.,1991;
Schaefer, 2001) -

P4 ~ B R AT

Al-Husani et al. (2001) FRRaIHz{HE AR
i R R AT 2-TH - H2-4 1
Je 6 -7 AR A AT SR ; 10 H R RS
YEHH o Falahatimarvast et al. (2012) FAJHTE IS
HHUR 0 1-7 AR RATEY] - 1-4 HRAEHEE

W] » 5 - 9 H R PERRZEMAPE B -

FREAIE GSISINREE H RSB E RS R
AL 298 VY e e R FE S R EE DN R R
W& FEIVEHAE 2 - 5 H o #R$% Falahatimarvast et
al. (2012) W52 MRS 2 HEf R GSI
B 5 H RIS HESN & BrAaZEMaR N » FIASHT
FEIIHTHE FAHRT » SRR A IR AR I S
BT BHRIN T R AN - — AT 53 e 58 22 (A0 1Y
gr #t [A 2 A (group
synchronism) Ll FEFRIA AU (asynchronism) 5=
fERI, (Nagahama, 1983; Murua and Saborido-Rey,
2003) » Hrp DA BERID AE AR i 5k - SEE AU AR
T — I — K I —A ] AT KON 5 HAE
FESNZI - SUELN D m] R E N ELZ IR -
— by R EINFHEA KRR - SS—EElE
BT N RSN R BN o Falahatimarvast et al.
(2012) JRfEH R HERINR AT R 288 - RIS
FROMRZ SHARTETCARIL - Pl AR Y] i i
B F5fisg 2 B RHEERT - iR Pl 2 AU R
JRAFE AR H— A — KA LR A -

(total synchronism) ~
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The Reproductive Biology of the Javelin Grunter (Pomadasys kaakan)
in the Southwestern Waters of Taiwan

Yi-Shu Wu, Yang-Chi Lan, Jian-Chih Huang, Yu-Kai Chen" and Jinn-Shing Weng

Coastal and Offshore Resources Research Center, Fisheries Research Institute

ABSTRACT

The javelin grunter (Pomadasys kaakan) is commercially important fish species for both gillnet and bottom
trawl fisheries in the southwestern waters of Taiwan. However, background information on the biology of this
species is scarce. The objective of this study was to examine the reproductive parameters for the stock assessment
and management strategy of P. kaakan. Samples were collected from three fish markets in southwestern Taiwan
between February 2020 and January 2021. A total of 551 individuals were sampled, which included 217 females
and 334 males. The sex ratio (female percentage) was 0.39, and males were more abundant than females. The fork
length (FL) for the females ranged from 195.7 to 650.0 mm, and the body weight (BW) ranged from 128 to 3720 g.
The length-weight relationship was as follows: BW =9.0 x 103 FL?%° (R?=0.97 » n=217). The FL for the males
ranged from 169.9 to 591.0 mm, and the BW ranged from 76 to 2265 g. The length-weight relationship was as
follows: BW = 8.0 x 10 FL?>7! (R?> = 0.99 » n = 334). According to the fluctuation of the gonadosomatic index
and the histological observations, the greatest number of mature females was collected between February and July,
with a peak from March to April. The batch fecundity ranged from 5,480 to 277,368 oocytes (an average of 56,646
oocytes). The estimated 50% length-at-maturity (Lmso) was 395.8 mm for the females. In March, specimens with
translucent eggs were observed, which implied that the southwestern waters of Taiwan are the spawning grounds
of P. kaakan.
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