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2. H B AERE SEARR A E R LR E R A S EY T I BRI RE  HE 2660715
3. RIERSEOKTE SRS B 2013065 4. KRR S4B KiE 116023,
5. FRMBIBEAR A BRA R M 261400)

h=l

FE I 5 K343 & (Epinephelus tukula)#1 4% 5 % 38 # (Epinephelus fuscoguttatus)tE B $X 3135 b
GEWEL A, LR REES T HNERRE. AR RAFAEE AR EAFETSHEAT
Pd A T#AE, EAEN30C, REH20MAHETHE, tEEBAET. RELALFHTT
BN WE, AR B MERENERE. TXEBA TR EAXENHARERLER T, £T7T
RRZHEE, BUERELE, e GEAKBTTNE, FREF, 2XZHIZLE 1037 min
TRIEEET . B, BRE—MRBKT RE, #54%7ERILE R A8 N, EHEFM
HERANEN, TRECRE)MITHL R, £ 207, BAEETHEM, % 977 min AL
K HE| 23 xPEE, QBT AAE BB Bk B, B Bk BT IR 24~40's, &2 98 X /min; A F %] 1018 min B,
B BR B R R AR, W E AN 93 K/ming 2 F R B EZ K, QB E KR 93 K/min, XBIH LA
DS XBEBER B FHTIEHR, EAXFTHHAGAERE = Oy £ K AR, £x4#% 3 mm
(10 dyit, R & S fn 4K 2K 21.5mm 35 d)i, = XakB 1, TRLA K F; 55.3 mm (45 d)
Bt , R ARE S AR DL A FETFHZEE BN EFw % 25 J(76.67£5.77)%. (85.67+5.13)%
F1(6.33+1.54)%, GH &R T L EF ZF(P<0.05). AH 65d i, KKAZF 8.89cm, £ EREKE
BT %, HAKEZR; 1B, FHL2KMEESH K (32.58+1.60) cm £71(559.76+80.85) g, *T
RAER TR, | WAF R A A (QxES AMEHA (AR EREBE TR BB & (QxEW 4 5
B(OVRR R 1.63 f, 2K K 1.24 f; X — 48y £ K FAEH w=0.0311L>*", R=0.9886, #F
REFFW, UHAMAHMATGEE LA LR REIEE LT EAEREER, BRI EME
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PR A5 i B B AT BRE £ 0% ORS 1 (O) 5 A i BEARL(Q) 2% S Je AR 77 AR AR AE 20 H7 37

fhke ., mARK, BAEKKRRIAS, A2HERERRAMMEMRERTRMET — T ik

N
KA

FESHES Q321+3 XEAIRIZEE A

W B KBEA B (Epinephelus tukula), R4
BE, e R Rz —, ERRE M. &
B ALHR B WA A o SR OB E, 25
i KRR BEE, 7340 T 5~150 m YR K
WS RBEAPEaARKT . RESE, BEAEKS] 2 m,
PRELIR 100 kgo JTAFR, AMTXEH A T 958 MR AL
AREEAr, 2011) . PEGIF AL (Yeh er al, 2003) . FiZEIR
B IG (Kai et al, 2010) S ZRRiKILK (Yang et al,
2016)% HEAT TS, (HAHCHIATEREARZ . T
N T EFHAE T BRI AR A, T8 BRI
AR, AHHE i 2452 7 MR A AL R TE 2 T
AT ek R 23S R AR AR IR

K5 S A B (Epinephelus fuscoguttatus) X R & §
BE 2 0 A5 T BB ROR P R AT | 7 B I
EEN AT M —, A RKBERNE, Y5
FROH AR ]G5 493 o (FF AR IRAE, 2013), AL, i
AF R A TR i A0 B A1 Sy BEAS 5 85 4 368 A1 (Epinephelus
lanceolatus)IEFIATIAL, WE M TR HE”,
A KR AR AR AR = 110% (IR R 5, 2014), 3T 4%
ZIE IR & E (BREBAE, 2014), HESAERK TR
5, 2015), YRR RFIEE, 2016) . FEAFAAE )G
PO AL AR S e s (R 2248, 2017)55380 4T T A9, <%
FeAABE LR BRIER , & B i oK IR )
AL A, BAER AR RATE L IR AT,
W K HES) T A B FRFE 7 ) A S, ABAESRGE b R 3R
ZoAIL 1 W T S22 FIE T 38 (9 [R)E Ry 1 2 i ot
A1 B S R A R AR A URE | O M RE R SR B A 5
TEH SRR ek B 7 TR 7 i — PR R

W B R BE A B AR RS A BEATE B AR IREE A
TEAE — 5 [ MBI 53 A7 . BB I [RGB 55 07 T A 26 5
BT, RAIA HARFSSIRER . RUTTEAI L ks
TR LLGERE LA b Az B ol 18 0, A B A B R
IR URIRAE T B KRB BEA ST, IR THEF
VR, I UM F R VORS  S A s B IEA T 2%
SEH ML, W HALERIRRFHIREEE LT . 2
RSN Y SR S e STl n e e TP Ve Ao E R
B, DU 5 B KB A B 0 A A B A0 24 38 B D I
A1 BEARRR T R A AR

EHARAI &, R EHE;, 2%, RELF; TALH; REZX
XEHE  2095-9869(2019)06-0036-12

1 #wREFE
1.1 EBAMAWREBFLFERE

I 3 0 B 3 7K = RS F) R B R B B R BE A
B R AFIA30RE, AEH20~30 kg/fe, 1A M50~
70 cm, TE4~6 PR, Phikk F R HHEM,
FIHI5~10 mg/L MS-222fR (VT A= W RH A BR
OS], A g R — YR T O R A 1 R R (HCG)
200~300 1U/kg . fEHEGR I 251 (LHRH-A) 35 pg/kg
HEAF N T A 77 (HCG FILHRH-A W [ 7 9% 45 M &
7)), T 548 b, AR A 5 12 R 4 I e f RS YA
FI FIAS T4 RARAT- IR ELs-33% R ARAF RS F(Tian et al,
2015), MK TR AT, BRI 7E37°C
KB R
1.2 FEAARGENTFHREMELIZE

FIHLL EA RSB fR S A s R a 50 2, &
ol 3~7 kg/FE, KN 30~40 cm, FEMERGEAZEETTF]
PN T BRI 2R 1 BRI+ 2000 g, H4 50
BRTEYARL G, BRI B RBEABEARS T S ml
IMABRH, FEAHFERS, A 2 fHREUFK(307TC)
WOE 2N, REORSZAE LR 10 400, [R] A SRAE Jl A
W B KB A B I £0 R RS S A A 2 I AR
YRR R o I A HEK S #E 5~10 min, Zr &5t 38T
DURIFEON , K 77 PR A K S 2 vh e Fnad g, v
U, Z IR RS 3 m® AL EE AL, KR
PREE 30°C , R 30, [A]A 45 Ak K 784 5~10 mg/L.

1.3 BERABRZFR/R. BURST

TE K G A A TR v 3 B2 R AR A2 RS UIREAS , FII
DSY2000X {5 & A 4 i S i (3 POt LIS A FR A 7D
WENEIG & B FE, 10 IRIG & B R IE AR B fIA]
ARG N FARIR G & B R E IR Ao IR & 5 3480
W, 43 B RV VR G 1 32 K B BT A T 32 RS B
100~200 FiGE 2 KE %, WAk 5 ST AR K OE
WRBR, AT 3 WG,

14 HEREEABENE

SR N BRI, ) 25 R SRk i
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2 R %40 &

W Z AN uE , FEFK T HARUTTE /0 85 R UL,
P2 RGO RN F 4, A 30 m® K e LN
B, BMIASZAE 300 g, MEREE KN 26°C~
27°C, Wi B kS B S AR = 8Ca Bt N T %
BHR T AR AR CE M4, 2008; RIEZS,
2012), AEAKBERY, 454 REMHTUWE 1K, &
BIEH, 510 d REMMIE 1K, [ E AR
IR B REE A,

1.5 BERARaQ<ESEXHRARa )RS
IR R &K XTEE

FESEM B A=A BR A R, R T AR AE PR oK
FIs a5 A B £ (Q) < B K BE A B £ (3) 24 3 S AR (TR
S RP S ERRIAA K XT EFRER, alE 2 A4
30 m® Fi Kt R SR 4 IR BE A BR R R A 2000 JE
REN 6~7 cm, FREEIMBAEIRKE K 12~18 MEIF,
JKIE 22°C~28°C . pH 7.8~8.2. EhJEF 28~32 . FEA vt
KO 7 (DO) =10 mg/L 2 A (NH,-N)<0.1 mg/L,
PR AR, AR 2 W, B R E
2%~3%. FEZAC K] 180~370 d, eI AL
HBE R 40~50 B, XHARKAE . &K B
RE AT, A Excel B4 E M6, HFIH]
TERRBUBERL w=al® AR E MK A KR, i
AR,

1.6 ZBEERRHELE

WG & B FURIG G & & B R FIH Photoshop 11
AT dmEE b, 2R WL R AN IE W & T A A
FH SPSS 23 HL K &K J7 22 /3 H1 1% (One-way ANOVA)4h
8 % H Student-Newman-Keuls #1722 & L fl1 25 7
WEMESHT, P<0.05 Fon A B E 2R AR
FIH Excel #)J71ER

2 R

21 ZXHEBREE

o 1A BE A (Q) FIE B KB A B (D) 24 S IR iR
e A S BRI A IRARTE B A
FIHFIE AL, MEERMPTTERL . RB2E . OBk Al
WS AT, TR ET, 76 30°C/KE T Dt
1037 min, WEfb B, & — BB & & u i LR B R
TER R A W3R 1 Al 1,

22 HXBEESAE

FAS A AEHL IS 55 2 KON e S B W 4 /)N, B A
MK G0 i 5 1 —k, R E R, o AR

HeMe L MR AR, R K 2 mm. SRS 5 d faf
fhtig | JEHESE oAb, AhIRBR ARG, SikBHE
KB, (AKZH 2.5 mm, BLIE 10 d A = Uk
e, 568, REEFE SR, WTTIEN, 7F
HEEBJE T i 1 A BEREE, iEh R EY, K
ik 3 mm. WEALIG 15 d f g el iRl | JE B8 gk 2K
Ik REESLER, T76E | REE B 2k, BB
B, R4 4.3 mm. WSS 20 d Al , — SUBASHL,
TR /NI AT, R S8 O A e A e, A I
&Kk 8.7 mm, WHKIG 25 d faly, IEEEHIE B A8k,
PRK A 11.5 mm, BEALIE 30 d fafy, 75 68 ORI 68 ik
B s, 5 R AT, B ) R B Ak
@RS, KN 15.3 mm. B34k )5 35 d g,
T g PO G 8 BUR A, RS LI, TEAEEK LBy
R ERE, KK H 21.5 mm, Bk 45 d fafy, B8
S, RERBIHIRBOREE, AT BORK,
XA/, @ EEDR, 6. RBE g Y
BOPPIR G BE, AKX 55.3 mm, BEALIG 65 d fa ik
£Kik%) 88.9 mm (I8 2),

23 ZXHBREBER

I 5 B K BE A7 B A0 K 1 5 A B £ D
A AL Z M A AL R R B R O 5] Dy (76.67+
5.77)%. (85.675.13)%F1(6.33+1.54)%, A FH b ks
TR B ZAE A L WAL R R R 2 43 05 (83.33+
2.89)%. (86.67+5.77)%H1(6.33+£0.58)%, 1#i A K
TRUHTERRS T 00 8 3 25 55 (F 3).

24 ZHTBEPIEKR

X 180~370 H S & B A KK kK
FVARE MR A, JUA T X —BH 2ese fa i i A
FE: W=0.0311L>%7, R>=0.9886, $5%% b=2.8079<3,
AL TR A K (E 5). 220 HIEFEHAE N
(179.08+42.54) g, “F-3#4Ki5(22.03+1.29) cm, V14
KK R(21.96£1.22) cm, FIIAE H4(6.11£0.81) cm
(F 4y, 1 &I, 4 FRBEF- 2K 5 15 (559.76+80.85) g,
4K 5(32.58+1.60) cm, 1A H4(26.43£1.42) cm. i
SO < NI ) 111 B0 = O W g o8 NP S S ]
TeRHAEY 1.63 £, K& 1.24 7%, &R
WER TG 2).

3 iFig
3.0 AWMAESETEM

FEHE T F A B 2945 100 Fh, S50 A0 76 FAHE A IE
PP ISR ) R B A0 28, DB AR AR IR s TR TR IE A
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Tab.1 The development timing and characteristics of hybrid embryos of E. fuscoguttatus@xE. tukulad
Dfiﬂijm TR B B3 BERIE H
time (min) Embryo stage Development characteristics Figures
0 ZAEID G EL— Bk, O A Kl 1.1
40 AR5 TE FERERR S ROE B — 8k 58 /i 1.2
45 2 4 R34 R 1.3
52 4 2 2 AN 4 4 Kl 1.4
65 8 4 fif 4 AR Ny 8 A 1.5
80 16 4 fid 8 4k N 16 41 Kl 1.6
95 32 4 8 44543 24 32 4 i Kl 1.7
108 64 4l i 32 ARSI RN 64 4 /& 1.8
124 128 4 il 64 AN 128 4i i Kl 1.9
145 256 4 it 128 2053540 256 41 & 1.10
164 Z 4l A MR R, S ERTCEE S
180 FERM IR 2 BRI 2, RS
187 B PEPRGR, 2R &l 1.11
219 IR PEJRGH L ) U FA Y, MR A AR AR K112
263 J 4 FRZTERL, A6 5% W0 0 J&] B B AR &l 1.13
349 Ji B B v 2 AR FaEE 2/5, WEHE, EEh—MH—EEEm K114
380 JE i v 4 Rl T AR 1/2, IRJEEEW &l 1.15
393 J5 g v 5 T AL 475 G FE— MR 4R, SRERIF a5 HL & 1.16
442 J5 i I R EAE PR E BB ARFL , RJE ke &l 1.17
461 JRFL 3 1A 4] JRFLET R, IRARTE . A5 & 1.18
477 RAATE B MRFLIES, IR, MEEFIRTE AL, PR a3 — 45 R a5 K119
505 JRATE B JRpA Sk s ke, R ERIE B — B BN BR Bl [T 20O A
543 RAATE 1 R, SRR, MR A, S ot A TE AR, &l 1.20
RRARTS 1Y B — 45 IR 544
577 PRIHLIE B, Mg, BRUE, BTSRRI, A ® sy 4-5 45 &l 1.21
595 HAIE FEALHL S M L 28, IR K 8 X WLT K 1.22
620 WL A WA HEE IR B 9~10 1, 5 (G 2 BB T IRk R 1 56 &l 1.23
634 WL 1A AT EGR 11~12 75, BHEFiR K &l 1.24
673 Jiki 3T 15~16 XML, Wi, R BB, =T % 1.25,26
688 =221 18~19 XF LT, JEFRTF 1A ) — Ml 5% & 1.27
743 ik FAATE R ik, AR, st /% 1.28
800 DALIE LEBE I RO ZE R, IRK LR E KA 172 & 1.29
938 At 3 FARAATE B [0 1 4tk 3 & 1.30
971 J A dl1 2 JRIR 2 SR B A 1 8/12, RS ZNARIE N, K% 20 K /min K 1.31
977 LBk O WETF IR (B R Bk 3l , (BIERAT 2y 24-40 s, ZEBEEIH 1 min K298k3) & 1.32
98 K, Bkah?y 103 WS A BK—IK, BLETHLTY & 2 23 Xt
1018 IR G Sl DB B R G, HEHEGEE] 17 4, LRRY & 1.33
93 ¥R/min, WRRFFUR M 5)
1027 A fE R, OBk R S IS O, WAk £ 1 O B K R &l 1.34
YUKW 2/3, B fEE ey
1037 Ik g WEfb5 10 h i, REMPEARE, IPEBEL Ay 1/2 & 1.35
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FU1 i A BEAR( Q)< B R BEAT BE () A SRR 4 7 (<40)
Fig.1 The development characteristics of hybrid embryos of E. fuscoguttatusQ <E. tukula3(x40)

1: Z2AEO0; 20 IRALIE N 3: 2 40 4: 4 400 5: 8 400 6: 16 ZHM; 7: 32 4HH0; 8: 64 4HNL; 9: 128 4HfifL; 10: 256 4HA,;
11 R 12: REENE; 13: J5Ul 4005 140 J5ts B 0; 150 st e dl; 16 [ s 30 17: 5 5 399
18: RALIFFAT; 190 IRIATE AE; 200 FRAASK R IZ R
1: Fertilized egg; 2: Blastoderm formation; 3: 2-cell; 4: 4-cell; 5: 8-cell; 6: 16-cell; 7: 32-cell; 8: 64-cell; 9: 128-cell;
10: 256-cell; 11: High blastocyst; 12: Low blastocyst; 13: Early phase of gastrocoele; 14: Early-meta phase of

gastrocoele; 15: Metaphase of gastrocoele; 16: Meta-anaphase of gastrocoele; 17: Anaphase of gastrocoele;
18: Blastopore closed; 19: Embryo formation; 20: Embryo's head bulges
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Fig.1 (continued) The development characteristics of hybrid embryos E. fuscoguttatusQ xE. tukula3(x40)

21: MHIEIN; 22 BT 23: SEIRAETE AL 24: 11~12 XL L H; 25: 15~16 XHILYY; 26: Wi IE l;
27: 18~19 XFALYY, FZEMm%EE; 28: faik . HATEMx100; 29: LI 30: ARIAShEh; 31: ARIKRZ R
GRJE Y 8/12; 32: OBk 33: IRMREEZ; 34: WIMEMAE; 35: EAL)S 10 h
21: Optic vesicle formation; 22: Otic capsule formation; 23: Gram sac formation; 24: 11~12 pairs muscle development;
25: 15~16 pairs muscle; 26: Brain vesicle formation; 27: 18~19 pairs muscle; tail bud deflection; 28: Crystals and otoliths are

formedx100; 29: Heart-sac formation; 30: Embryonic body twitch; 31: The embryo is about 8/12 of the circumference of
the egg; 32: Heartbeat period; 33: Embryo turn; 34: Newly-hatched fry; 35: 10 h post hatching

36 Fof BEfo (i PR IR 4, 1995), 2016 4F, £ BEfadiis;
HHiK 128538 t FRFE A HEIA 108319 t (ol #Bfl it H
BHR g, 2016). HAT, FEABEMAIRHEMLFA =
YU BEA(E. moara) . KR A BEAL | 504 BE A
(E. fuscoguttatus). #Hii A1 BEF(E. coioides). ¥y f1
B4 (E. lanceolatus) X 2238 i AP 4F 10 Z4F, (HIEAE
FREH AT TR v Al B RS AN WE R N

FLEX G, — HEWE AT R R, B,
NATT— B AEIRF i X — ) 8 A 08

A8 B AP AT A [ A SR R AP0 R MR A
BRAS, B R ARG B, BEFLRSE
B i o (] P A — Sl B 57 5 5 X A BRE £ ) 24 A8 1
BT T 2M2al, Bilan, Hrpififa BEf(E. costae)x
IR R VU VA BEfA(E.marginatus) (Glamnzina et al,
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Fig.2 Metamorphosis development of hybrid juvenile fish E. fuscoguttatus @ xE. tukula®

1o 4RSS 2 d (x40); 2: LIS 5 d (x40); 3: BEALJT 10 d (x5); 4: BHLJE 15d (x3; 5: WEfLJ5 20 d fii=3;
6: MEALJT 25 d (x3); 7: LIS 30 d (x3); 8: WEALJT 35 d (x3); 9: WHALJE 45 d (x1); 10: §EALJS 65 d (x1)
1: 2 d post hatching (x40); 2: 5 d post hatching (x40); 3: 10 d post hatching (x5); 4: 15 d post hatching (x3);
5: 20 d post hatching (x3); 6: 25 d post hatchingx3; 7: 30 d post hatching (x3); 8: 35 d post hatching (x3);
9: 45 d post hatching (x1); 10: 65 d post hatching (x1)

2001) . &7 A BE 1 (E. coioides)}x 7% J5. A1 BE i1
(E. akaara)d (ATACESE, 2007) . BT A B0 Q x 7
A Bt (E. lanceolatus)d (#/0#k, 2010), =84 B
Ox £ 4F £ BE i (E. septemfasciatus)d( 2% R B 55,
2015) ., KA BEA Qx#enty 1 B S (R AE, 2014) .

BB B QxEH A1 B S (HK PESE, 20172)3F 2458
WG, (HRWR A5 e RRE A E . s HAK,
FEAE TR BE R SR N, BT <R 4258

B (5 W % A, 2014) Fil“ = T £ BE ff0 (R E 45
2017b)FEA = AR B 1 ORSHES TSR0, A A B SR
P R AR T EEAE I W B KB A BE TR H SRR
B iR, A AR IRIILE, ZiEak
BT R B FEE R, (R N TS i A & Bk
WIE AN, g BB BN S, K
TR 5340, B BR X B K BE A B 5T
HAEAR D, %k IR A8 A ) 2 o5 st AR R ) T il



55 6 1] FK A T B R B B 002 VR T (8) S A BE (A 3SR AR B B AR KRR 4347 43
100 A A 800 [
e 0 5 2 1 T 700 +
S 80t O A% T ¥ _
g" 70} Frozen-thawed sperms =) 600 Z:%g%;g’z'sm
g 6or O BiERT g s007 - .
E 501 Fresh sperms 'g’ 400
s 3ol R 300
S 20f g 200}
10f 22 100 -
0 ’ oL . . . . . .
ZHER R Lris 0 5 10 15 20 25 30 35 40
Fertility rate  Hatching rate Malformation rate {4 K Body length/cm
3 E%}kﬁfﬁﬁf@@%ﬁ?ﬁ%ﬁﬁ*ﬁ?%*ﬁ% . BS A A B Q)T B BE A BEf( D)
S AL IR I 26 L $2 (n=3, P<0.05) TS T e 2

Fig.3 The comparison of the rate of fertilization, hatching
rate and malformation rate of frozen
sperm and fresh sperm of E. tukula

.‘;‘N.‘IWJ\I((Wmn‘jm}‘w! “rm"uﬂ'iwm

™2 3 4 5 & 7o he g sl

P4 220 d A 5ATBE A (Q)x W B KBEAT BEAR(3) 245 i
Fig.4 Hybrid juvenile fish of E. fuscoguttatus?
xE. tukulad at 220 d

*2

Fig.5 Growth curve of the hybrid juvenile fish of
E.fuscoguttatus QxE.tukulad

PSR o EIBR B XA s A B 5 B, FR A 4
ARAAIRT LR, 1992 4, HASFF U4 5 B A it
RN TSR 5E (LA, 1997), HETAH i D2 7T
DI EHE AR HEA T IR ER A B (Lo et al, 2008), FFXf &
B 7% 38 B 1 4 F 18 4% 45 P 5 47 43 7 (Huang et al,
2015), H, A WL F] 5 B KBEA BEAR A T
5 b A BEAA DN T A S B R RIS HGE . A BTN
WE B KBE A B HRG T2 URARAF BOR AT T 05T,
SE T HORS TR URIE, SEBL T ORIRD SR 22 8] ) S b A2 A
%75,

1IRIFSAHMB(DOxESAHAHRE (RSB HRLEEKITLL

Tab.2 Growth comparison of E. fuscoguttatus Q@ xE. tukulad and E. fuscoguttatus@xE. lanceolatusd at one-year-old

IAH Weight (g) 2% Full length (cm) {44 Body length (cm) k1 Head length (cm) {47 Body height (cm)

4 RPEEFT 559.76+80.85 32.58+1.60
BEBH EFL  343.05+52.56 26.24+1.32

8.76+0.59
7.46+0.49

10.63+0.78
8.93+0.47

26.43+1.42
21.23+0.92

3.2 ZXHEBRAS

X458 S ARG % B HE AT 5% AT DA B4 2 W 4%
A EY AW =AU/ 2 2 N R L TS RGNy v I =
BRI ATV o KR A 2R i & B e R R AR kil 4y
RAAE A S4BT . DR . 2RI L
FZEI L BRI SRR B, R R a2k
JVR T B A4 240 SRR B L A S A RN 2 TR A
B &8 R A LR i e A B 32 O AR K
U(29+0.5) C 44 R4 18 h 30 min MR AT
(B 4%, 2010), Ff A BEAE K 26.5°C~28.0C 5%
R DIt 1325 min 58 BURIG & B (MW 5, 2010), %
S BE A 00 5 W B R BT B £ RS T 4R 38 BRI )
KBZTZ . B 5 BR . ML MITERE .
WU . OBk IR S SR E T, 15 30CE5d
1037 min 5E WUMIG & F , 2258 J5 AR89 & & B[] B d 4t
BEACR AE = SO BEA(Q) 5 B 1 B S IR AS IR IG &

A ARRLFERMEBETRESANR 1 h AL
(Chen et al, 2018), X PRI AE WY ACAHR Ay R R
AT K (9 ey A R FE R B KB B, 7] R A0A
A R s A FE R T RIR AR, 4 T IR &
B

RGN TR 228 S5 & B RHAE, SR s A
BE£0 00 5 5 B RBEA B8 R PSR & B
IR TERANES , 2 BLE N R R R — M A
TR —R)E , AR KT RS TE AL
BB I A I, EIL IR 4 & F Y IR, 5[
WCRBOWIF RGN, XM G oAb a2 & B
H AR SR o DA I SCiik ot fa i & B B
AT TR ARG R B SRR A A AR
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Development and Growth of Hybrid Offspring of Brown Grouper
Epinephelus fuscoguttatus (?) x Blue Speckled Grouper
Epinephelus tulcula (&) Using Cryopreserved Sperm

TIAN Yongshengl’2® , TANG Jiang'?, MA Wenhui’, CHENG Meiling"*, LI Zhentong', WU Yuping'*,
ZHANG Jingjing'®, WANG Linna'?, PANG Zunfang’, WANG Xiaomei’, ZHAI Jieming’

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Laboratory of Marine Fisheries Science
and Food Production Processes, Pilot National Laboratory of Marine Science and Technology (Qingdao), Qingdao 266071,
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Abstract In the natural environment, there is reproductive isolation between Epinephelus tulcula and
E. fuscoguttatus due to their different geographical distribution and reproduction time and temperature. In
this study, we used frozen sperm from E. tulcula and eggs from E. fuscoguttatu for artificial insemination.
The fertilized eggs were incubated in water at a temperature of 30°C and salinity of 20. The embryonic
development and post-embryonic metamorphosis were observed in detail. The morphological
characteristics and developmental times of hybrid offspring were observed using a microscope and
dissecting mirror. We determined the fertilization rate, hatching rate, and deformity rate, and the fry
growth parameters were measured. The results showed that the fertilized eggs completed embryo
development 1037 maf (min after fertilization). Early in gastrula an embryonic shield was formed on one
side of the germ layer, and the neural tube also began to appear when the blastopore was closed.
Additionally, as the optic vesicle and the ear vesicle developed, the Kirschner's capsule (end ball) also
developed. It was found that the embryoid twitch preceded the heartbeat. When the sarcomere developed
to 23 pairs (977 maf), the heart began to beat intermittently at a rate of 98 beats/min and the interval of
24~40 s. The interval of the heartbeat reduced at 1018 maf with a heart rate of 93 beats/min, and then the
intermittent phenomenon disappeared. These phenomena have not been documented in previously. The
typical feature of metamorphosis is the growth and degeneration of the trigeminal spine. When the hybrid
juvenile grew to 3 mm (10 daf, days after fertilization), it formed dorsal and pelvic pin spines. When the
length reached 21.5 mm (35 daf), the trigeminal spine degenerated and the metamorphosis was complete.
When hybrid juveniles grew to 55.3 mm (45 daf), their phenotypic characteristics were similar to that of the
adult. The fertilization rate, hatching rate, and malformation rate of the frozen sperm were (76.67+5.77)%,
(85.67£5.13)%, and (6.33£1.54)%, respectively, and there was no significant difference in these
parameters when compared to those of fresh sperm (P<0.05). At the 65 daf, the body length of hybrid fry
reached 8.89 cm. Then, the offspring of the hybrids tended to be more consistent in body color and they
grew very fast. The average body length and body weight of hybrid fish were (32.58+1.60) cm and
(559.76+80.85) g at one year old. By contrast farming, the weight of E. fuscoguttatus$ % E. tulcula 3 was
1.63-fold of E. fuscoguttatusQ % E. lanceolatus3, and the total length of E. fuscoguttatusQ % E.tulculad
was 1.24-fold of E. fuscoguttatusQ x E. lanceolatus?. The growth equation in this period was
W=0.0311L>*""°, R==0.9886. The results suggest that there is no genetic disorder in the hybrid embryos
and post-embryonic development between E. tulculad and E. fuscoguttatus?. The offspring showed high
fertility and hatching rate, but low malformation rate. Moreover, the offspring showed heterosis of rapid
growth. The study provides a genetic basis for hybrid breeding and seed cultivation of these two grouper
species.

Key words Epinephelus tulcula; Epinephelus fuscoguttatus; Crossbreeding; Embryo development;
Metamorphosis; Survival rate
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