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Y 48 ~ 62.5 cm > FEEANHA 3.8 ~ 5.4 kg > K
BERAWRE 5~6 5 Kl CRRRAIZKYes - 7K
Ry 6 ~ 6.5 m) HR[ARHEZEZER} - IR - FE
BRI AT RIS > S 10:00 HERRIREDR R
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BH 12 h» /KEREES T 4,500 ~ 6,000 Lux [ > 7k
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TR ERIBIIEE - B H NAFHE—X - 3B
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female

Fig. 1 Spawning behavior of Gnathanodon speciosus. A, The males chasing the females; B, Spawning female, milt
oozing from male.

A

Fig. 2 Embryo development of Gnathanodon speciosus. A: The fertilized eggs were pelagic, spherical, and
transparent; B: 2-cell stage; C: 4-cell stage; D: 8-cell stage; E: 16-cell stage; F: 32-cell stage; G: 64-cell stage; H:
Morula stage (m); I: Blastula stage (g); J: 1/2 of yolk was covered with blastodisc; K: Optic vesicles appeared (ov), 13
somites (s); L: Optic lens (ol) and tail formed, tail freed from yolk sac; M: Heart-beat began and heart rate: 122~136
time/min; N: Chromatophore was visible on embryo; O: Breakthrough egg membrane of larval fish;. b: blastomeres;
bp: body pigment; h: hear; og: oil globule; tb: tail-bud; y: yolk.
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By 92.2+58% o W EZ R 0.26+0.01 mm e ZFEINZ BT
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Fig. 3 The morphological changes of the Gnathanodon speciosus at larval and fry stage. A, 2 DPH, 2.77 mm in total
length and 0.90 mm for yolk length, 0.17 mm for oil globule; B, 3 DPH, 2.81 mm in total length; C, 4 DPH, 2.93 mm
in total length; D, 5 DPH, 3.30 mm in total length; E, 7 DPH, 3.69 mm in total length; F, 9 DPH, 3.96 mm in total
length; G, 17 DPH, 7.04 mm in total length; H, 25 DPH, 10.06 mm; I, 30 DPH, 13.76 mm in total length; J, 40 DPH,
33.75 mm in total length; K, 50 DPH, 40.52 mm in total length; L, 100 DPH, 110.70 mm in total length.

WFRAN Table 1 Jz Fig. 2 FR @ ZKIEAE 25+
0.5C » BEEEAN 32~33psu | » 3ZFE1% 30 min
Ry 2 #HHNHA (Fig. 2B) 5 45 min Jy 4 Al
(Fig. 2C); 1h B 8 HifEHi (Fig. 2D); 1 h 25 min
B 16 HIMEHEA (Fig. 2E) 5 1 h40 min & 32 #ifif
#] (Fig. 2F) ; 2h 10 min )% 64 HHEHEA (Fig. 2G)
3h45 min BZFEEH] (Morula stage ; Fig. 2H); 6 h
50 min ERH] (Blastula stage ; Fig. 2I) ; 8 h 30
min LB I 42— (Fig. 21);12 h 55 min
s B 13 fSHd (Fig 2K) ; 14 h 30 min
Al BRI A SR RSTE R ~ AR R B B -t
(Fig. 2L) ; 16 h 45 min W] B Oy - ColgaiE)
a8 122 ~136 X (Fig. 2M) ; 20 h JRHE &
BN (Fig. 2N) 5 22 h 10 min JE{b2 754
(Fig. 20) & ER 2.73+0.10 mm » {FHAfERE
FEIR - JEEEEAE R E R A g
&R 1.43+0.12 mm - Bk 0.23 £0.01
mm > PR I BRI R Fok)E -

=~ frRIPREEM LB B I

s MR REEM AN Fig. 3 Firm - 2 Hill
i (Fig. 3A) 2 ER 2.77+0.05 mm - ffE
B EBUEN » TR ALFIARRE - IRACER AT -
O FEC R - IR EERIN R 0.90 +
0.08 mm » JERE sy 0.17£0.01l mm; 3 HEEZF
f8 (Fig. 3B) P2 ER 2.81 = 0.06 mm -+
PN CIH A AR - nTIIER B O R IGE D
o BISRr R R CGER - 4 HERFR
(Fig. 3C) g2 E R 2.93 £ 0.05 mm - EIEF]HEH
Rifmahk} 5 HEZFf (Fig. 3D) IR
330+0.02mm; 7 H# (Fig. 3E) & 9 H@g2fT
# (Fig. 3F) SEH2ESRIE 3.69 £ 0.15 mm
3.96 +0.10 mm - fF iR FIA - R #Y
o PR RE B 58 - BOMRGE S RE TR L -
Hpftaa e s aEEnE - 12 HiZirficr
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Table 1 Embryonic development of Gnathanodon speciosus

Duration (h:min)

Water temperature (‘C)

Stage or remarks

00:00 25.0 Fertilized eggs 0.91+0.06 mm; Oil globule: 0.26 + 0.01 mm
00:30 25.0 2-cell stage

00:45 25.0 4-cell stage

01:00 24.8 8-cell stage

01:25 24.8 16-cell stage

01:40 24.8 32-cell stage

02:10 24.5 64-cell stage

03:45 24.5 Morula stage

06:50 24.5 Blastula stage

08:30 25.2 1/2 of yolk was covered with blastodisc

12:55 25.3 Optic vesicles appeared, 13 somites

14:30 25.5 Optic lens and tail formed, tail freed from yolk sac
16.45 25.4 Heart-beat began and heart rate: 122 ~136 time/min
20:00 25.2 Chromatophore was visible on embryo

22:10 25.1 Hatching, 2.73 + 0.10 mm in total length

PRy 5.62 + 0.49 mm > BRI -
FREE—EREEMESEK > BiEREE
LUK > PRSP R - SHERREC IR > RUfheR =20
Z— 17 HiirZ {7 (Fig. 3G) SHIEER 7.04
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0.40 mm - n]EEIRBAFARBHAARE 4 B th O ZEMII
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0.76 mm > B, B 0 (SR A P dniiage B 2

WS > WEEKIAT R 4 PR O 0 AmHY
il HEf ¢ 30 HiiRZfr s (Fig. 31 “HIEER
13.76 + 1.48 mm > fE O EHBNER O - f IR G
RAEITEy 5 % 5 40 Hiigz 7 fa (Fig. 31) ¥
ZfR Ry 33.75 + 7.03 mm - SRR ORI 6
fb > 50 Hiirzfrfa (Fig. 3K) SEF2RRy 40.52 +
8.12 mm - BRI RTINS 8 it 100 HEkZ
f¥fa (Fig. 3L) SEHEERy 110.70 £25.02 mm » §§
IR ERTTIINRy 10 5 > LR el e e g
PR R CL e B A 3 - (F FRETRHRERIE P
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ik~ BE R RE S AR IR A - 25 RERBHAGE I L&

B o [P R R BRI -

y=2.6941e" " 'R*=0.9925, N=177 -

Table 2 ReffHifa Hill: ~ R KO EML
W Lo f BN s S - A TRER B ALY
60 hiZRBHLATRALLL 200 HiFiAYisEe:ses
Inamftr e > HAHR  WEHFEOOK
SEF R 0.47 +£0.03 mmo R 150 HiFAEYIRE
B 3R A A o/ NIURRE R RSN A - BBV HERT
£ 5 ~ 10 &/ml; 8 10 REH2ER 420 +
0.28 mm > SEFIR Ry 0.79 +0.08 mm » JFLEHT-f
T ERE I - ARSI 55 20 K¢
B ER 7.57 £ 040 mm - SEHOKE 1.39 +
0.17 mm - FLFF ARSI EET S & 55 25
K2 ER 1063 £ 0.76 mm » SEH R E
1.90 £ 0.15 mm » Fa#Aa DA fon Gk BIEE - i
FeEFIRIEETL A o 55 30 RVHFERL 13.76 £
1.48 mm > SEHI 2.69 + 0.29 mm > FEAFHT-F
FRAGRT LIBE 2 A LERL 5 28 40 R ERE R
33.75 £ 7.03 mm > PRy 5.62 £ 1.73 mm > it
RFHEfR A Rsz A TEIR S 55 50 RSEEaR
Fy 41.75+£9.73 mm > SRy 6.82+2.21 mm °
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45 - Feeding scheme
40 L Green water (Nannochlopsis sp.)
(As a stabilizer and food of rotifers)
—~ 35 |
S
£ 30t Pellet feed
<
= E ]
%‘3 25 T
= Artemia
= 20
s Copepod
= 15 R
10 Rotifer
5 L
0 1 1 1 1 1 1 L L L ]
0 5 10 15 20 25 30 35 40 45 50

Days Post Hatching

Fig. 4 Feed supply and water management schemes in larval rearing of Gnathanodon speciosus.

Table 2
Gnathanodon speciosus larvae and juveniles

Age, total length and mouth gape of

Age (days) Total length (mm) Mouth gape (mm)

1 2.73+0.10 -

5 3.10 £ 0.02 0.47 £ 0.03
10 4.20 +£0.28 0.79 £ 0.08
15 5.62 +0.49 1.07 £0.10
20 7.57 = 0.40 1.39+£0.17
25 10.63 £0.76 1.90 £ 0.15
30 13.76 £ 1.48 2.69 +0.29
35 27.83 £ 6.11 4.51 £ 0.60
40 33.75+7.03 5.62+1.73
45 34.33 +8.80 6.11 + 2.01
50 41.75+9.73 6.82 £ 2.21

Number of specimens = 6

Figure 5 Fyfilpd i rrEfa H BB 2 A7 1 &
BEz#ML H—RERNGE 2.73+0.10 mm ;
HEREE. 2,65+ 0.03 mm; BEE 0.54+£0.02 mm ;
IR 0.23+£0.02mm; W& 0.12+0.01 mm; JIFY
B 1.45+0.04 mm KiESE 0.52+0.04 mm ;
5 10 RItrfa R Ebas B b HEgsk - 17
FalfFvkRE S JIG5E - PLIRERS & B R A LIRS 43
Ak 1.36 £0.09 mm J 1.44 +£0.12 mm - 25 15
KEFERC S 2K 5.62+049 mm
MmMEEAHE 531 £ 023 mm; 5f 30 RE&EEE
13.76 £ 1.48 mm » 25 1 REEM 5.04 £% -

S

R REDKER Y g SRR - 25
R R M TR o S A R AL H
(Seriola dumerili) ~ 8 A i (Caranx ignobilis) - &
figwiig iz (Trachinotus blochii) ~ FHffE B i2 (T.
ovatus) MfEpgieSE: (-, 2008; Ef, 2008) - fHEEAK
TRPRDAA TETE A FE - JST S e S i bRy B
F o EHHAGER RIEHRIN (5, 1996) - SRR
FBSEH R L DI T R & A B
IR (Human chorionic gonadotropin > HCG)
B a1 B Z LY [ Salmon  gonadotropin
releasing (sGnRH-A) +
Domperidone (Dom) ; Ovaprim ) G538 faLEEIN (Fk
%, 1997; &, 1993; {a[<, 2005) ° [fAFFERI 4
SEEERL 2 AR M T BR - B & 7KL RO R AP 5
R AREEDN - AR T EiE R A M bR
FAYRNE - FIRATDUERIA T8 HRY - K
PR ERR & BHes = Rt e 2 5 = - IR
AR/ 2% - YIRS 2
SREEJVIZAE 2009 4 2 HrpApsfEAw] - Mok
TEEig - B HARRERKRE P RKEERT
PEON - B R A R A AR - AR DN
BARS > SEIIHERRIN (viable eggs) Fy 92.2+5.8% »
S R B R N Y 55 ~ 75% (faf&, 2005)
BORLH @277 EONEER 50.25% (MRS, 1997) ks
AR E AR N LR A T HE A DN

hormone-analogue
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Fig. 5 Morphometric of Gnathanodon speciosus larvae. Measurement were not recorded for cleared and stained
specimens. BDP: body depth at pectoral-fin haser; ED: eye diameter; HL: head length; SL: standard length; MG:
mouth gape; PAL: predorsal length; SnL: snout length; TL: total length.

Forsn > [FIFFHEEIA A TP SVE B H R E
PRz NE -

FEER SRR IO By 0.91 £ 0.06 mm - 13
2 6L 8 ) i BRAR 1.00 ~ 1.05 mm (fif %,
2005) ~ ALHEEZIIE 1.033 ~ 1.146 mm (FR5F,
1997) ~ #H i (S. quinqueradiata) HfE 1.18 ~
134 mm (2, 1992a) K458 (S. lalandi) BEf&
1.27 ~ 1.50 mm (=, 1992b) Zrézfifeoki/ N {H LT
AR FEAEET O (<5, 1997) ~ BEAIE AT
(E. malabaricus) (¥%5, 1986) ME2iA3E (E.
coioides) (¥, 1991) ZEFUISAEHA—BG - bt
HRIFA2H (Pomacanthids) Z[1F#E£4 (Genicanthus
lamarck) 0.75 ~ 0.80 mm (Suzuki et al., 1979) ; J2§¢
Higtfa (G, semifasciatus) 0.75 ~ 0.78 mm (Suzuki
etal, 1979) ; BpF Hitt 4 (G. melanospilos) 0.73 ~
0.75 mm (Hioki et al., 1982) ; [ & ] i fa
(Centropygs interruptus) 0.68 ~ 0.70 mm (Hioki et
al., 1987) Ke##iL#|p. & (C. ferrugatus) 0.67 ~
0.70 mm (Hioki et al., 1990) ZEHFmE faZEA IR
K 20% fofg e

R RBRE YA EE  (reproductive
strategies) 43 B DL EHUHE (r-selection) B LUE HY
B (k-selection) FRflE F=ZE2AJE#IZY (MacArthur and
Wilson ,1967) - fip5 a8 APE I FO8 » FEfGRFA-RE
2 PR LIERUE (r-selection) MYA-FETRNE - Bl
R S PR (BRSE, 2003; 2=, 2006; i <5

2007a, b; 85, 2008) - Huf 2 RGO LR IR Z
B 0 IR RRYZ - SRR AT T —
A ELFIERS A fepkdy - BRIk BIny AR JE AU RE
BEERZ BBk 4 5 (broadcast spawning)
(Fothergill et al., 2004) » T8 SEEUR = - AJ IR
HOHRAIGLUERR R ~ BE IR 5T - 7€
USRI RERE - BLRE N REIIIRI T
s MBS D ARIYSS/ N FRE R R AR
HHER B EE T RISIYRY) (25, 2006) - Fr USRS 2
PN Bk AR S e LU AR R - —
TR ERA RIS E  (Fothergill et al,
2004) - fEEGER AN - POEER S A TS
MIEHEENER - R ROHRRIRE TR ] HY 58
HIBUR CHE RN E CiE e e o Bl
SN iR fr S AR S IR R P iU ) LY BB U RE
DR ARERA IR RS - SifanuBd
BT 10 HERIGARIURS - Atk
A RSB R AR K/ N AR - DA RS AR
RHEPGE - B w iR H Rt R 2
RElH . EHE -

S W BE 1 IRF (T A B B 2 2 it
FEIEERHAE Y - R R - TR AT HE e A
HE{E3 (Tocher and Sargent, 1984; Heming and
Buddington, 1988) » [X[[tt, - FREAHRLEHFF#E 1%
B AE R AR IR A E IR -
IREAEH (1997) Fomd & F Rk ftr Sy alet
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IR KN lf B R KRR EEN = —%
—YIEARtE - B R AR IR S
A RS ARy 450 ~ 750 pm J 450 ~
500 pm (fa[Z%, 2007b) ; BEEERFZE A 1R B TR Ky
459.6 ~777.8 pm Bl 450 ~ 500 pm AT (B,
2003) ; ¥pALIEEEMA IO iRy 466 ~ 594 pm
Bl 375 ~ 500 pm HYfFEEES nTHR R KinER(E Ry
FITHAGERL - TS 2BE 178 350 + 10 um > #)
HARERHE iy NG T EE S B R -

WFserh B s iR R R AR R R
AR R AT S E  7F 20 ~ 30 HERR - HEAA
G BRE T s 2R R RYE R R
HEFSE L ZTETE - Dhert (1990) DIy A &= A
BRGS0 A M S e AT H BR O < E i
o IPBEERTERERL 90% MIFET"R » fickE AR}
ERMETMHERE - 7 bR S i
Fishe AN - B TR A BRL BT IAR > ZRT] I
DB RS CEE - RELRE (1997) W
JuszEifa (Scatophagus argus) IS8 > fFfUlE
x 18 HERl: » RS IR e A2 A
B BEE 24 HUBRMWIFAEZWE8nRe
i (BN E SRS RIS R a0
TEHRPURE BRI HA /K H 0 HE AR AT - 25 5 DR Wi ot
B SEREHAISE T o IR BBELE o MR AT
AEENE - SIEAST RS HMEK R At
FE BB - (PR RIGE & S N B AIE A
e AL 09 AR i g m S H B AR N R
(Duray et al., 1997) -

R MR PEE R o R nIR L As R
WhnSE Ry BHRE (Fig. 3) - BE<pERfAAHIL (GRELEH,
1997) » FefHEps i B A HoAt KSR 0 ik f iz
B SEES R A1 LAt R 22 s v P 3 v 44
K DfSERARE I > BEEE 3 HERBO%
25 HERIMKEE 047 +£0.03 mm > FERFFERNR
KA S e R RES )  BF 10 HERIIE Ry 0.79
+0.08 mm ZHCHE AR R 5 (H T ey
AR MU AR B iaEs > QTR
FRNERER - FER/KEE - Bl AR AEE
HAAR RS EBHEHEA EEEER (Toledo et
al., 1999; Su et al., 2001) -

R

AW FE KB RTTE b R 2 B B E
o - L R AR SRR ISR (98 B
FH-10.3.1-7K-A7) FHEIE N8 ST THARD RS %
P fEERL ~ fREI AT R SRR b B R E R
B AR B ) - Y EE A G E IR PR N SR
TSR S ~ UFETPRRIEE S o ~ SR 5% ~ BRARAE
KM IR S E B SR IR - SER I A Vb
Fedu LR A2 85 Tt - AR SERENER]5E
> PRERGER R HE -

25 Rk

F 7ot (2008) S BB AN HEEEFIXIV. thiER
Bk FERR Ay, 18-20.
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Embryo Development and Larvae Rearing of Golden Trevally
(Gnathanodon speciosus)
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ABSTRACT

This study is aimed to understand the artificial propagation, larval culture of Golden trevally (Gnathanodon
speciosus) and other relevant materials. The fertilized eggs of Golden trevally are buoyant and semi-transparent.
The pelagic eggs had an average diameter of 0.91 + 0.06 mm (Mean + SD). The eggs contain a single oil globule
which was 0.26 + 0.01 mm in diameter. The fertilized eggs hatched at 22 h after fertilization (Temperature = 25
+ 0.5 °C; salinity = 32 ~ 33 psu). The newly hatched larvae were about 2.73 + 0.10 mm in total length. Larvae
(2.81+0.06 mm) at the 3™ day post hatching (DPH) were given the first feeding with rotifers (Brachionus
plicatilis). Adding microalgae (Nannochloropsis oculata) can stabilize water quality and nourish rotifers. The 10
DPH fry ware about 4.20 + 0.28 mm in total length and copepod was used as feeds, and the supply of feedings
should be applied at the same time. The 30 DPH fry ware about 13.76 + 1.48 mm in total length and could be fed
with pellet diet. The pattern of band and color of the 100 DPH juvenile (110.70 + 25.02 mm) were similar to
those of the adult fish.
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