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AWTFEHIT R FC SR ERO BT (Epinephelus moara) FZIIA TEIH ~ W MAFHERIE T Z
R - 5 FRMEFURIIR S HEMESRZERL (1 mg/kg body weight, BW) - 9 il H &4 3 FEMEF T
FolfEF T EREEZI RIS 1261 - 18 2 K HCG 1,000 TU/Kkg BW HIE 72 hr & {(EHEAIIEHEH &
900 - 1,000 pm - Ei# A TEAFIIERT 135,000 K7 EFFON - HrpszkgRE 99.67 + 0.33% ~ FE{LREy
99.00+0.57% ° SZAFINHIE R 0.91 +0.01 mm > Fy[EFE ~ EILZEFIEDN » 27K 23.8 + L2°CRE(FT
JEEHE 29 hr 28 min JFL - WIE(LAFfREEE R 1.77 £ 0.02 mm ~ JLETH 21 - 22 5 BHERES 3 RiFfade
25 2.90 £0.02 mm > CIEFERARL : BEEREE 7 K - f82 R 3.44 + 0.07 mm [ > THEEE Rk
FNRSERR AR © LR 21 K - B RoE 12.95+0.29 mm I - ZERATBEBRBHAAHRT © WE(Lik
533 K 0 BEERGE 17.69 + 0.09 mm f - SREEEEAME - FEREERMRETEAR Y =
2.08 +0.18X +0.01X? » Y fiRHG &K - X AURIHERRE > AR e REERBIPR 97.5% R =
0.975, n = 244) - {FHEFES B RIZ AR BT IR R MBS RSN ~ s S e 4 -

REREST | EONR - ATSIE « %S « 3HRIES

il

Hij

TP (Epinephelusmoara) LS4 Fy
kelp grouper » 7348 - BAMEZ H  (Perciformes) ~ fi
%l (Serranidae) ~ HPEF/E (Epinephelus) » T35
AR PEILASEVE - BE B ~ R ~ 2208 K Rl
1 (315, 2008; Guo etal., 2009) » REHEA 4Rk
O WERBUHEIE T hE - WERSESER M  BEHAR
ST EAE (S, 2011) - BRHEISEERCL IR ABGE R
Tt (E bruneus) HIFEIFESFRS Ik, 1993;
Heemstra and Randall, 1993) » H EI3T 2K o 2] 22
BRI LAIEREEE ~ 731V SOt E e 7k
(5[5, 2008; Guo et al., 2009, 2014; Liu et al., 2013)
T IS » MERR E RS R 0 - BRE
R BE R E R TR A 3T 2 SUAC R » 40 IEe

“BEESE / EMHECRE=KREEIH 4 5%, TEL :
(06)7880461 ext. 219; E-mail: pschiu@mail.tfrin.
gov.tw

A HA AT (FR5E, 2006) ~ Ll ~ IS R B
gt il e % O 5 3 £l (305, 20155 Liu et al,
2018a, 2018b) ~ Fj s EL K HE 34T (Xiao et al.,
2016) ~ (S BRAC TR 7T (7<%, 2014; Tian etal.,
2017, 2018; Zhang, 2020) /KBS HiiE N 2 A=
[ZHE (Gaoetal.,2018) - L4t - fEZERIE ST HItHA
BHE R - RE Q01D AL A TEIE
oy - 3R (2016) i FHU/KRM < B w Bl
Peng et al. (2017)HIIFEALHE U B E HE lRE
AP R RB -

AR ~ P& AR THER A S A
I VR O R B SR E R R 2 SO SRS (B
&£, 1987; Tucker et al., 1991; Watanabe et al., 1995;
Kim et al., 1997; Song et al., 2008) - #RJf » FEEFL
AP FOEARG IR - BERESE QO01DFEH - JE
M AW B P R #8152 (Human chorionic
gonadotropin, HCG) k¢ f/2 %1 #a ¥ 38 ¢ i ¥ 3R
(Luteinising-hormone releasing hormone, LHRH) =]

AR A D R R N {E BRI S B B~
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BRIEIME BT M AP ICRA RO -

R B R SU ARG EIHE f IS Ok 1k il e
(Kendall etal., 1984) - (B IR FEVTHARE A
Wit B EE TFhEEN DB (Tucker,
2012) - 325 (2011) J Song et al. (2012) ¥4
MEBCAEANYIIET - (AR EIVERR K
BHEGRHEGRZEAEN Y ZETAE
(Klimogianni et al., 2004; Zhang et al., 2010) » [X]}It; »
FEARFE 8 i — Kl BB D e iR
e AT HES B EAR - W B AR SO AL LR -

ERCOR AN RN RCHTF %2
FZE: A (5, 2011; Song et al., 2012) » ZEFESE
S A D B R AC Rk - (H B PIAH R 2 i
ST BRAN Rt AT HIER LT - A
TR ~ VIR B RAFHERRS S TR R A i
KBTI FE R O B SRR B R - BT
AW FERER Rt LB A S S R EE R P fa
JHAE BB ER -

FOREL 7 5

—~ BlEEE

ERCOPE AL 32 BB G R 62.24 &
1.14 cm (49.30 - 76.50 cm) ~ SEHH8ER 5.17+£0.23 kg
(3.28 - 8.90 kg) » FEEN=E/ LR (42 m x
20mx 3 m > ] 1,600 m* 7K §8) - 5 HHIE KR -
2 HEERAESEITSER (Trachurus sp.) R fiEFA
(Scomber sp.) {EREIRL » R R AN E
(9 1% » EEEMFE— K tan AR bR s 2 - 75
%275 Ranjan et al. (2018) - T 13 B5H I IEME#
fao0 AE 2019 4F 5 HEKE 5 B VERER
62.30 + 1.84 ¢m (3.60 - 5.29 cm) ~ SFHJHEEE 4.50 £
0.32kg (3.60 - 5.29kg) > EIMEHF R - 2
FEITEE 1989) 1 J71E » LU Testosterone ~ 17a-
methyltestosterone 5z  Testosterone propionate
(Sigma, USA) 5 Lt 1] B F Fy 18 & HE 1 32 2K
(androgen mixture, AM, 1 mg/kg body weight, BW)
HET T ATEEAR - SEEE ff it » IR AR A
FEFET (2 HE 4 F) EEA I IRERRRIET
R TIEJT > MR IR IR FE 2 REER T
(1990) -

= DIARNRIA SRR S =AU B AN

HE

PR 12 EEEf 42 R 51.27+2.60 cm (45.50 -
56.30 cm) » B4 2.98+0.13 kg (2.70 - 3.30kg) » [k
41y 3 #H 0 4 4 EEMEE - DL 2-phenoxyethanol 300
ppm (Merck KGaA, 99%, Germany) il @ {#H
s H AR JEFLER SRR - TSR 2 BN B 55 YN
REIE 1] (IRFE 400 um DL E) 2 (FIEREYRE
IKIEZES, 1987 Hf) - 73 BICUEFEREEZK (0.9%
normal saline) (FB¥EFH A) ~ HCG (FujiPharma CO.,
LTD. 10,000 IU, Japan) 1,000 [U/kg BW (FEEE4 B)
K HCG 1,000 IU/kg BW+ LHRH (Ningbo Sansheng
Pharmaceutical CO., LTD., 100 pg, China) 10 pg/kg
BW (B C) » FEm g - S ERA
DEFONELEE T - 1 24 hr SREE— KUK - BiZZ 0 -
72 hr FFRRERL, -

=~ NLI%H

P | it (8825 76.50 cm~ 5 6.78 kg)
AARERRRT 1 ml > B A 1.5 ml R0 - HRR
A 4°CERER - B2 2 BEAEf CHRIfEER
61.00+1.00 cm ~ #4 4.20+0.92 kg) > 4371, HCG
1,000 1U/kg BW i FEERAEI THERL » —H
EIRREE » 18T RIERE 24 hr > SEAFINRLES BRI
A% o EE A TR IR R B BEA - T
AT 7K [FIRE A T SRS YRR T A AHS
ZHEE 10 - 15 min £% » S3HE BPRIPRIEL RN
R+ 3l HAE EIRIRIHRRERSEREE SO KL ONERSE SRS
o DB B o SRR R B ISR - TES2REIN
FHFEREREIGT S0 RigEE 2 19 - 20 WLERIHRYEY -
ERHMF A LR EIRLER - ZRRLUKIREER
PR = -

VY9 ~ SZRGONEEH i

WSCERIN SZAE L SRS 1,000 ml BEFRH -
PSOUESR,  RRRBEFERR 23.8 + 1.2°C - FEkER
£k 50 kiGN EIENOUEBMEE (MICROTECH
C2000-LED, Taiwan) T~ #{£2 15 % 5 15 H1
%08k (Dino-Eye AM4023, Taiwan) @ RIGEFIEE
Er i 2218 Leu et al. (2005) -
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i~ BHRHEY S B i

t4E (Crassostrea angulate) A JHITy S fi 2
& Su et al. (1997) B9 5% » tman (Brachionus sp.,
size 150 - 250 um) Jz %2 %H (Apocyclopsroyi, size
110 - 100 um) 43BL 600 m* K 3,000 m? Z=4p -3
HETRERE BHRN—ZXEAE (Rhodovulum
sulfidophium) JEFTHS B B - RIRETRHAEYIY
R TE B ERNIIE (%9 2,000 - 6,000 L/
H) o DK @il gl AE VI e H e iy
e (FH: 60 um) RAREE @EH: 120 um) -
BRAT DUEZITE KB e -

N~ (PHESE R LS R

B 160 m? By P MK et T 17 HE £ B
B BRERNGR FRHIEKE - oK EE
1B - BHiJ1E2% Leuetal. (2005) « g HEREK 5-
10 B A BlERi55 00 MS-222 (Sigma, St Louis,
MO, USA) 20 mg/L Jif B¢ » 5 DL 51 88 60 85
(Olympus SZH10) #&iifnlEaiss - WEREEE
(total length, TL) [ 148 (gape hight, GH) - #i%¢5¢
BLL %R R EAREE 2 K B 70% 1
R KRR » DI BRI SE T fa e REHE
jtZ:ME Leu et al. (2005) -
CIEHYE SN2 (Shirota, 1970)

G —V(UIL + LIL)

GH : [Of% ; UJL (uper jaw length) : %8E 5 LIL
(Lower jaw length) @ F3HE

+ - HEt

FREBEBELIEIg(E + %R (mean £ SEM)
TR AR TEHEREERA AN TRET
BB R DU A 73 58T (one-way ANOVA)
HEFTHEET 34T » AL Tukey’s honestly significant
difference test FEITERRARE » FLI RS PRARIRF I RG DN
TP E AR T - BE/KHE 0= 0.05 -

I
— ~ BlaRTE

B AR BRI EN KR HE B 18.05 -
32.55°C > 2019 4F. 5 H TR A HEME REER MY
ERCHBE AR > {E 2020 4F 3 HEH 5 R
A 3 EREEEIR (R TIE 1 Ret++) > PRk
TR 60% - Hik 27 RHEFRAE 2020 4 3 HigEs
B 8.5% MUEESINMR 2 3 E]30 - 100 um~2.8%
MBS TN 25 = 5] 200 - 300 pm~82.8% [ fE 5
REFEZR] 400 pm DL SEASEITHESNEL A T2
B -

o AR SRS A P S I
LR

DI4=BH &K (0.9% Normal Saline) (jH4H
A) ~ HCG 1,000 TU/kg BW (jE¥EfH B) K& HCG
1,000 IU/kg BW + LHRH 10 pg/kg BW (FEHIfH C)
N ERCAHER . S HIN R T - Wk N
&AE 0 - 72 hr 2Bt » FEREUR A FHAE 0~ 24
48 Kz 72 hr (RT3 Ry 553.0£51.5 pm ~ 497.0+
37.1 um ~ 479.0 £22.6 um J 462.0 9.3 um ; B fH
PR3 Ry 532.0 = 22.3 um ~ 631.0 £ 11.7 um -
900.0 + 100.1 pm Kz 1014.0 = 59.0 um ; C FHHIFE
53 ARy 537.0+6.21 um ~ 596.0 £29.7 um ~ 984.0 +
23.6 um J% 963.0+26.3 um « B #H % C #H 48 - 72 hr
ORI AN A FH (p<0.05) » {H B ~ C #HfHIHE
BHE R (p>0.05) (Fig. 1) -

=~ NI

ARRGABREREE 2 FEMEFRAIINRI—L 185 g» A
TS BRAGED (B - NUWNRLRy 110 g F37HN
KRy 75 g (%7 135,000 K75N) » Hrszpg=RFy 99.67 +
0.33% (n=3) ~ WE{LRE 99.00 + 0.57% (n = 3) -

Y~ R

ERCOE MG 3T X 0 B R SR R A
Table 1 - SZFEINRENE ~ ZEIARF AN » WAHE—
THER - SZAEININER S 0.91 £0.01 mm (0.88 - 0.95 mm,
n=230) ~ JHERIER 0.20 £0.01 mm (0.17 - 0.22 mm,
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Fig. 1 The effects of different hormone T 280 1
induction  treatments on ova size =
development of female broodfish (n = 4) over .g Lo
72 hours. Treatment A (control) = 0.9% g
Normal Saline; Treatment B = HCG 1,000 © 400
IU/kg body weight (BW); Treatment C =
HCG 1,000 1U/kg BW + LHRH 10 pg/kg BW. 200
The inverted triangles indicate the injection
times. Bars sharing the same letter are not 0

significantly different, whereas those with
different letters differ at p < 0.05.

Table 1

Il Treatment A
[ Treatment B
[ Treatment C I

\J \J

il

T T T T
0 24 48 72

Hours post induction

Embryonic development of Epinephelus moara at 23.8 = 1.2°C

Developmental stage Duration time (hr : min pf)

Key morphological characteristic

Fertilized egg 00:00 The fertilized egg was spherical, transparent and buoyant
2-cell 01:16 1% cleavage, dividing the blastodisc into 2 blastomeres
4cell 01:19 2" cleavage

8-cell 01:49 3" cleavage

16-cell 02:12 4" cleavage

32-cell 02:44 5" cleavage

64-cell 03:27 6" cleavage

Morula 04:13 Successive cleavage, blastomeres reduced in size
Blastula 08:07 Beginning of the blastodisc formation

Gastrula 11:35 50-75% of yolk was covered with blastodisc

Neurula 15:24 Embryonic shield appears, blastopore closes
Myomeres appears 18:27 8-9 myomeres appears, Kupffer’s vesicle appears
Heart beat 21:34 19-20 myomeres appears, heart beat appears
Hatching 29:28 Larva broke the chorion

pf: post fertilized

n = 30) (Fig. 2A) « fE7kill 23.8 + 1. 2°CI&f TR » 52
Fit& 1 hr 16 min > BHAGEE—R 7344 - HEA 2 HiiHA
(Fig. 2B) ; &Z¥5%% 1 hr 19 min » S5 R334 » A
4 AR (Fig. 2C) 5 32FFt& 1 hr49 min - 55 =Ko
o A 8l (Fig. 2D) : 32414 2 hr 12 min
YRR A 16 ] (Fig. 2E) ; 32KE#% 2 hr
44 min » KRGS HEA 32 HMIHA (Fig. 2F) 5 %
Fat& 3 hr 27 min » AR A - A 64 HiHA
(Fig. 2G) 5 5Z¥5%% 4 hr 13 min » JIZIEREERE A
At > B CASEELIG TR - ARANSERE - A

S<HERA (Fig. 2H) 5 328512 8 hr 7 min » JJRARPEY -
HEAZEIY] (Fig. 21) 5 32K5%% 11 hr 35 min » A
JERGHA - AT SR AR 7 S OV R B REGE 50 -
75% (Fig. 2)) ; 551 15 hr24 min » RFLEAS ~ IR
HHPEL - FLIRF RS (Fig. 2K) 5 5245%% 18 hr
27 min - #ELE] 8 - 9 MEALET - IRMTZRC ~ I
(Kupffer’s vesicle) Hi¥R (Fig.2L) ; 32514 21 hr 34
min > HER 19 - 20 EJLET ~ OpkEEEf . (Fig.
2M); 32 H1% 29 hr 28 min {7 FZEMINIRIEL (Fig.
2N) ©
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Fig. 2 Embryonic development of Epinephelus moara at 23.8 + 1.2°C. (A) Fertilized eggs; (B) 2-cell stage, 1 hr 16 min
post fertilization (pf); (C) 4-cell stage, 1 hr 19 min pf; (D) 8-cell stage, 1 hr 49 min pf; (E) 16-cell stage, 2 hr 12 min pf; (F)
32-cell stage, 2 hr 44 min pf; (G) 64-cell stage, 3 hr 27 min pf; (H) morula stage, 4 hr 13 min pf; (1) blastula stage, 8 hr 7
min pf; (J) gastrula stage, 11 hr 35 min pf; (K) neurula stage, 15 hr 24 min pf; (L) myomeres appeared, 18 hr 27 min pf;
(M) heart beat appeared, 21 hr 34 min pf; (N) larva broke the chorion, 29 hr 28 min pf. Scale bars = 0.5 mm.

ho~ (FHEfREE

ERCA B R HE R B S B B B SR A
Table 2 - 7E7Kif} 23.8 = 1.2°CHA T » WM LA
B2 1.77 £ 0.02 mm (n = 10) » LG8 21 - 22 >
TH—KIVESE (yolk-sac) - JHERERAL - HRHE ~ [
BRI LB AR T e WikRE 2 BIEE T

e EAE/KH IR (Fig. 3A) 5 BALIREE 2 RiFf
HFERIG FJEFiH] (preflexion) » §8 4K 2.82 +
0.03 mm (n = 12) » JNERFEIHFERT 75%1IHGHE » 14
{LiEJER (Fig. 3B) 5 ML 3 RiFfafE ek
2.90 £ 0.02 mm (n = 19) » JIBEHE R IMERE TG
= IRERE e - LEREEATFIFARL - 1H1eE
Ji iR B BRERR R B R 0 0 R
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Table 2 Key morphological characteristics at each developmental stage of Epinephelus moara larvae and juveniles

cultured at temperature 23.8 + 1.2°C

Developmental stage Duration time

Key morphological characteristic

Larva is free from the membrane; 21-22 myomeres; one big
yolk-sac; 1.77 = 0.02 mm Total length (TL)

Digestive tract appeared; yolk-sac reduced 75% in size; 2.82
+0.03 mm TL

Mouth and anus opened; yolk-sac completely absorbed; 2.90
+0.02 mm TL

The buds of the 2nd dorsal and pelvic fin spines appeared;
3.44 £ 0.07 mm TL

The 2nd dorsal and pelvic spines become more elongated;
4.62 £ 0.07 mm TL

The hyprualia bones appeared; 5.82 + 0.04 mm TL

The hyprualia bones assuming a vertical position; 7.40 = 0.05
mm TL

The 2nd dorsal and pelvic spine length have decreased; 12.95
+0.29 mm TL

Larval
Yolk-sac 29 hr 28 min pf
Preflexion 2 dph
3 dph
7 dph
10 dph
Flexion 12 dph
Postflexion 15 dph
21 dph
Juvenile 33 dph
41 dph
46 dph

The fin ray counts attain an adult complement; 17.69 + 0.09
mm TL

Major spines disappear; the orange color can visible on the
2nd dorsal and pelvic spine; one obvious orange spot
appeared on the caudal peduncle

Five to nine oblique and brown bars visible on the body; the
transformation was complete

Pf: post fertilized; dph: days post hatching

R — 8RB OSRPERS - LR F B AR R AR
49 (Fig. 3C) s WLREE 7 Rirfafeak 344 +
TS R e MR B R RR D AG

0.07mm (n=16) »

(n=15) > TFEEEEERER X/15 - 16 - BEEEEIRET,
1U/8 ~ FEfEMERRECRy 18 - 19 BHASHIBUR (BT -
A £ B T 18 5 T S IR SR R PR 45 . (Fiig.

B BN N TA—BERY (Fig. 3D) 5 WLE
10 RFATEEE 462+ 0.07 mm (n=10) » 152
BIea  HEE IR IR SRR R - R
BRI 30% - TG R R IR A R
BORUERE (Fig 3E) 5 BB 12 RiFfale R
5.82 + 0.04 mm (n = 15) » FERA N b fa oh A
(flexion) » B NEFHIAZEH (Fig. 3F) ; WAL 15
KiFfafEa R 740+ 0.05 mm (n=8) » FEHELEL
Ry T8 - 9 » FEHEREMREE 8 - FRIEIERRECEs 16 -
17 » IS HEEE TR S IR B R A R A e e 2
Ry 50% » HXR AR LRSS (postflexion) (Fig.
3G) ; WML 21 RFAfE2E 12,95 £ 0.29 mm

3H) 5 W% 33 K > #8%E 17.69 + 0.09 mm (n
= 8) » TFIEIERRECR XIV15 - 16 - [EIEREGRERIE
i 15 - R FEIE IR BURIS ~ EEEEFEMEUY 18- 19>
Wl 17 - 18 » K AEREEEIRL RAHE - HEARERI
(Fig. 31) 5 WF(LAR5E 41 K - #8%2KF 23.77 £ 0.83
mm (n=5) - ZERAYREBRESE AR - g
Tl A i ~ N SR R e P R 2 TR £ RV
975 L DT B a8 P BRI (L TR (Fig. 30) 5 W¥MbA%
546 K fE2E 1 36.81£1.56 mm (n=7) > Hifa
BRI 5 - 9 RAE TR0 LIFFTEHEREIDIRE
TS - WEfE /KRG - nIBIZE 2
TR (Fig. 3K) - ERCaR At s
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Fig. 3 Larval and juvenile development of Epinephelus moara at 23.8 + 1.2°C. (A) Newly hatched larva; (B) 2 days
post hatching (dph) larva; (C) 3 dph larva; (D) 7 dph larva; (E) 10 dph larva; (F) 12 dph larva; (G) 15 dph larva; (H) 21
dph larva; (1) 33 dph juvenile; (J) 41 dph juvenile; (K) 46 dph juvenile. Scale bars = 1.0 mm.

45

“1  Y=2.08+0.17X+0.01X2 5
%1 n=244

0] R?=0.975

25

20

Total length (mm)

Days post hatching

Fig. 4 Development of total length of Epinephelus
moara from newly hatched to 46 days post hatching in
culture. All data were expressed as means = SEM.

246 Ko e R —RKBelE A Ay Y =2.08
+0.17X +0.01X? > R? = 0.975, n = 244 > HrhY
RgER > X RIHEBRRE (Fig. 4) - ERCOH
FFHERIBERREE 3 RES 46 K> ML XK
BB R Y = 150.43 +47.38X +2.45X2 »
R2=0.993,n=110 > Hrf1 Y B II£ > X Bk
R (Fig.5) -

AN~ FHEfE E B AT

£ 46 KPR T - ZAREEE
21.1 - 26.4°C~ B B 36.0 psu s W LIREE 3 - 6 K
RERHUESOREON - B R HERF 10 - 20 Ki/ml
PAALIRER S - 18 RfkiRlmadh - I EHERF 5 -
10 #/ml ; PHBERER 15 - 46 RIGERBEEHEH - HE
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9000

8000 s
Y =150.43 + 47.38X + 2.45X?

7000 - n=110

R?2=0.993

@
8
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Gape height (um)

2000 -
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0 é 1I0 1’5 2‘0 2‘5 3‘0 3‘5 4‘0 4‘5 50
Days post hatching
Fig. 5 Development of gape height of Epinephelus
moara from 3 to 46 days post hatching in culture. All
data were expressed as means + SEM.

27

26

25

24 4

23 1

Temperature (°C)

22

21

20

37

1o

Salinity (psu)

35

water exchange water exchange water exchange
0%/day 40%/day 70%/day

Copepods 1-5 individuals/ml

Rotifers 5-10 individuals/ml

Oyster fertilized eggs 10-20 individuals/ml

Feed and water management

0 5 10 15 20 25 30 35 40 45 50
Days post hatching
Fig. 6 Temperature, salinity, feeding schedule, and

water management protocol developed for larval
rearing of Epinephelus moara.

EOHERF 1 - 5 &/ml - BHEFIAERMLEEE 15 K
AR - WRLBREE 16 - 27 REgHHEUK
40% - JELt% 28 - 46 RIiFHHRIK 70% o AUk
#7200 HER > 1ETFR Ty 0.14 % > BiEEiiilE
HIRBAER R A - BRI ERTETE B
KEEHHAN Fig. 6 °

e (2011) AEERE 40 m? > 7K 1.5- 2.0 m
/K JeB I BER/K B B ERCA M ABifA - BBk
1A HEEIAE 16 - 20°C » 1fj Song et al. (2012) HIZH
FIUE Fa B B AT o AITERTBE I ERCA DT
R E LRAE BS5SE-E S 4018
FAMNREME AR AR BT - AR
AL E FUREREE - AR AR T AR IR A S
F] 400 pm DL E o B LGETTHER SRR A T8
YE o RIFAE =S LR AIRE B B AR AE
AITHY © JeRiATF 2 TEEEETHE TR [ S
Vs e R M B f PR AR R - FEEE K
PEAEEMA (E. tukula) (Yeh et al., 2003) ~ §850G B
f (E. merra) (Bhandari et al., 2004) ~ FREESBE
(E. akaara) (Li et al., 2006) ~ & #F T 2 fig
(Hyporthodus septemfasciatus) (Kline et al., 2008) -
EH EAW A (E malabaricus) (Murata et al.,
2010) KfEEWE HBEF (E tauvina) (Ranjan et al.,
2015) AYRASEH 2 B R R Bl Tt @ AR
B HEVE R SR S SE U DI R R R A - R
AIEREEEIRIR - T AT PR EE RN IRt m] e 3R O
RIs2Hg ~ G SZRE0N - s (2011) HIZ
F5mEEAE 170-methyltestosterone LT a5 4 fEiAsk »
Bt v A PO SR B AR R & ~ Ry M Ry I Y
el ~ SREEERE IR R LA SR 15T -

Tucker (1999) f&H1 » FHE AT AN
5 B FIEY HCG &k 500 - 1,000 TU/kg BW~
LHRH #5710 - 50 pg/kg BW » {15 1 - 3 4% -
AIAE 36 - 50 hr SEFRBRR o FZHCH AR
HCG 1,000 IU/kg BW ~ 2 $F RIS - HEIE AT
72 hr 3EE] 900 - 1,000 pm > FERFHETT A TERIY > £
90% HYFUKL ERRENEFISZHS - i [FFRF{: 4 HCG
1,000 IU/kg BW Eil LHRH 10 pg/kg BW A LI5E
FIMHEBCR - 2% (2011) HIFERA] 400 - 500 [U/kg
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Table 3 Comparison of the eggs and larvae of Epinephaline species (modified from Leu et al., 2005)

Diameter  Incubation  Hatching TL at newly Yolk-sac TL at yolk-sac
Species of egg temperature time hatched  absorbed  absorbed Reference
(mm) O (hr) (mm) (day) (mm)

Epinephelus akaara 0.70-0.77  25.1-27.0 23-25 1.45-1.56 4 2.25 Ukawa et al., 1966

E. bruneus 0.84-0.96 23.4-25.8 32-36 1.8-2.2 5 2.86 Manabe and Kasuga, 1989;
Sawada et al., 1999

E. coioides 0.74-0.85 24.9-28.0 19-21 1.33-1.86 3 2.69 Doi et al., 1991;
Zou et al., 2003

E. fasciatus 0.77 23.1-25.9 35 1.62-2.1 3 2.6 Murai et al., 1984;
Kawabe, 2000

E. fuscoguttatus 0.87-0.92 28-30 18-19 1.48-1.9 3 2.78 Kohno et al., 1990;
Lim et al., 1990
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ABSTRACT

This study aimed to report the successful results of captive breeding, early development, and larval rearing
of kelp grouper Epinephelus moara. Five females were implanted with an androgen mixture (1 mg/kg body weight,
BW) to induce sex change, and active sperm was obtained from three that transformed into males after nine months.
The ova size of females was increased to 900-1,000 pm at 72 hr after two HCG (1,000 IU/kg BW) injections. A total
of 135,000 floating eggs were obtained through artificial insemination, with those eggs having a 99.67 + 0.33%
fertilization rate and 99.00 + 0.57% hatching rate. The fertilized eggs, with a mean diameter of 0.91 = 0.01 mm, were
spherical, transparent, and buoyant. Embryonic development lasted 29 h 28 min at 23.8 + 1.2°C. Newly hatched
larvae were 1.77 = 0.02 mm in total length (TL) with 21-22 myomeres. At three days post hatching (dph), the TL
was 2.90 £ 0.02 mm, and the mouth opened. At 7 dph, the TL was 3.44 = 0.07 mm, and the buds of the second
dorsal and pelvic fin spines had appeared. At 21 dph, the TL was 12.95 + 0.29 mm, and the second dorsal and
pelvic fin spine lengths had decreased. At 33 dph, the TL was 17.69 + 0.09 mm, and the fin ray count was that of
an adult fish. A statistical model for the growth of the larvae and juveniles is Y = 2.08 + 0.17X + 0.01X?, where
Y is the mean TL (mm) and X represents dph, which explained 97.5% of variation in growth (R? = 0.975, n = 244).

The larval rearing feeding scheme used was as follows: fertilized oyster egg, rotifers, and copepods.

Key words: Epinephelus moara, captive breeding, early development, larval rearing
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