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F=FH, OREHRM, RERHEM, KERKY, ZFk#A",
DX, EE, BN, EAR
(1. [ K77 Rh 2B 0B B K= B T T, RMR A SR T PSR B R S =, IR HE 2660715
2. HRIBHAYSHEARSER LR E, Wil 25 ey BdBoaelis, LR F5  266000;
3. bl RE, KR E R G R, B 2013065
4. RERFERFEKESEmER, T KiE  116023;
5.MBHEAKEHRAE, WK ME 261418)

WE: IBF e R, 2HEREHRXAR, RFAATRBEHARM#AT T MH R KL
B, HFHEXFROERALAE TR EHAEKFERETTANE, #MEFARER
Fizhma Q& ana @)WEAERJAN LN FRETF, RXTFRZEN
AEF FHY FHI, J4E K (0.787+0.013) mm, FHIAHEZk, &I &, £ KR K24 °C,
#E30. pHY 78I AT, BRETUEFXE, 2HZHEMN. WHE. BE. EW
JE. BEHERMEFEONN BN H T RER KT, WHFE 2K H(1.595+0.015)
mm, WHARKXHTATH. BHE3d, WERHEL, BT EAFAEHTE, 2K
(2.530+0.023) mm. St 552 d3¥E N\ A & ], A K(17.500£1.915) mm, % — & &K
(5.795+0.049) mm, % — fg # B K (2.992+0.911) mm; 58 dfk & % & W % = & /ME
(4.460+£0.600) mm i, @ F Fofk & FFr 4 B . A E67 ditE N 4h & 31, 4 K (34.500+1.291)
mm, F_FERAE —EERTL2ENL, KASREMEN, 25FE8HF, KXFK®
EBFR—FH, B4 KRAR, A KkAUEREFR, ERXFMAFTEETANTEARAZNE,
HhToyante, ETH T oHE, RXFAKERFETERF. ARER A EHA
R BERT RPN RET — 2 KA

XBRE: W ae, THNAHE;, TEAEHE; EX; AX; BBEKE;, 2ALKE
FE5ES: Q321; S 965 XktrERE: A

= A8 S I P M I AR Skt 2 A b () fi B} (Cyprinidae) . JIA 8 B} (Poeciliidae)Fl fif: B
AR, 2B Ok SRR A AT R S (Salmonidae), HKi5#HF HA A K AP BT
A INE, FEOZEE R 15 2 738 58 AT, WPETR . BUWRE IR . R SR, KRBT
[FEF L Zis T A s f st /b —a@ iRt s®, RERWEA Wit 7 RE
(I 53 A1 BA B 2878 S6F 29 1 080Fh i1 2 Hp fifid it A0 F 58 S0 o FE TR K B 7K £0 38 24 38 F 5%
Gess Sy, FEAE PR AR Centrarchidae) .  HHAMIE, FEAT RS, £45EA 112D

WimBEA: 2019-03-06 fEE HHEA: 2019-06-03
BEATE : (LR =AM AT R(019GHY 112063); 1L R4 R Al L (2019LZGC020):  H Bl /K 7= A} 252 B 5t 5t 25 i /K 7= 1 ¢ ir 5
AFHIRL % 2 5 151 (20603022019002,  20603022017013); 1 & 17 <X E 121> A A4 B H
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MG, FEW I H: #E H (Cypriniformes).
5 H (Perciformes) Fl 5 J H (Siluriformes), 71~
Bl . #EF . B5F} (Serranidae). Wi i F}
(Cichlaidae) . #dF}(Sparidae). fiif}(Siluridae), #
Tl Bl (Clariidae) Il 248} (Bagridae), F£40Z Ffifa
Zeo WE20174, FoEHE M 5 1% 7 A EORER Y
FEl 8 2 £ 28 dh R L83, HIFP IR K £11734
IKHL0 . I AR Z, IRk
1) F= R (Cyprinus carpio)™ . faf JLHESY | 2 HEE |
W = 8 (Carassius auratus)® . W3k 5 (Megalobrama
amblycephala)ifi V.15 195 . 7E 16 7K fa v 7 f
(Paralichthys olivaceus) 815" {1 BE 1Y
Bk e N A BE 0 [45% 55 A BE f (Epinephelus
Suscoguttatus)(Q) ¥l 41 B (E. lanceolatus)(3)]™
= oA PR S — RGeS A, e sd e AR B
BT PR . BUWRE IR . RS RS L SR
PR L SE LTI

FAZH M L RCE R R wH A,
HEEFEMRZZHE, MaXFMEREEED
ML, AR, BN AT TR0 £ B £ 2 A2 B
TAMRZ, Wl s sCA B (E moara)(Q)% I &
A BEA(E. akaara) ()", =ECA AL A
B (E. septemfasciatus)(S)!'" . IF 5 A1 BE S xRk
WA BEA(E. coioides) (R, K w5 AT BEA1(Q)x By
A B (D) K B B (Q) < Bl A BE
(O, NSO P E B T H B
BRI 51 Ak BAR AT T 2 Fh A B 2458 T
VB, (HJ2 R Z B A A5 IHAFTE 32K AT
BOE AL R R e, RAN DB
JEARIEZ BRI e JR 4258 B ) . = e A1 BE A L
HEAT AR A Az 770 L

AR AR REEFN— 1 HEA LR
Fe AL, R AR = S0 BRI A AR
Hof A st sRE TOOE H . 688 AR
(Epinephelinae). A BEMJE , = 804 B A5 FRE
BE . MBE, S IELK PR GE IR EE S °C~32 °C)REA
2, FEHAMTIRFFENE, KRE>™ TR
A, HEAARKHE R Pum R i
TGRSR AL, G T L AR R E K
Ye 55 T feFRIHY, Bl AR mRIEE . e
B BE, S I I B R )2 0028 GE VIR B 13
°C~30 °C), F=BL/=F B BE ¥ AR OF ¥ 19 Ay
SV FRHT e T L, TR R U A A . K
A B A1 B2 R B R R R, B

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

AR RREEDE D SRV SR, O
A 7R T T M X B B SR A R 1 Dl
LA BE A, il A BN ACA, AR A HE
BB oA B A BA A KRS R
AL KPR, 245 B gt (R KRR AG 1.365, 14
J i N EEA A 2,645 AT X H R S R AR
M ET . MR LT kA KR4
Mr, JEXTIE R R AEARTE R E . FREE
PR 2 5o AT T A, A IR E A B IE
32 Je AR A R A AT B i b i R AR AR R

1 MRS TT Ik

1.1 LG &R

SEHGF 201847 7 4 £ LU AR S M BH B K = A
BRAEI AT, BTt MR gt Z4E915% B
KH MR, TE B T ke M R R B R R
™, AR RSB R PR R (HCG)
FIR B8 R 2 RO R 2 (LHRH-A) TR & 7E
%, HCGH|H&£9240~370 TU/kg, LHRH-A,7] 2
7~13 1U/kg. 40~48 hj Hk ik ik 20 B 3 4y 1) 2% £
FHMS-2228K 55 RR I, 16 FH 2 5" 2005 F12784 (1)
255 = B BE 0 E RS 1 5 8T A B £ B R AT
NT K. ZhE, fid2~3ahik it g is,
22 T2 BF U000, Pkt 1R AR B A
AR R AL, ALK K24 °C, R K30, 7
FEAR A e Sk &, IRAFIRE AL TR
IKIATIEAL, AT ERER SR
1.2 fF. ¥, 9&8EFEH

FRAFI0 R B 2 BRI, R B A% W] 9
SRS I R W TGN A R A
Ho. WHAEKEESAE2S °C~27 °C, HEH
29~31, WHfE =5 mg/L, 1F R KT
KEEH, a8 I /N BR T M LR P il R
VW AR IR AT fa R A 4 . ATt B T
TR, 10 dNARHK, BRI —2 /A5
PHT K . 10 dfE FFRaR oK, R Mg E R
R0 T A AR St K e FLARIE £h G 4 )
e, B3 dEFHAIT O, AT R
/NI AR i (ss AU EE ), ARIEAF AR RKEN, AT
TE2~3 dJi iV 31 35 A8 4% 2 42 R (Brachionus
plicatilis)(sB%g A1), 13 dig gk AMEMIY, "R
FemE 2/ ek iR AL LR AR R R, 17 R
A8 AL W K B (Artemia sp )G 4, ILJE A&
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W 5 2 PR g BB B R
1.3 PERRLZEMF. #H. HENEERER

7 B0 2 R BE L 4520 min GBS AR TE EAL AT
HOIRORE AR W S O UL 58 0T T Al ] Sk B —
MNMERKBNEEREFIE AL, HBEE
5dfffa, RERIFEWEE KAAM, 5~13 dfffa, &
DRICIRFE, e AT 30 4 5 K st el £ 1)
BT WSO e %, 17~58 dBE6 R I 1K
FE, S RO RIIRAE , MR HAAT I b X £ 44
K TEE . kK. KE . B TR 8
TR SRR AT L AR TSR RO
1.4 HIEAIE

FIH AJ-VERTEG 12t 43 7 A AR AR =
5 SEBR R Z (A1 e8], %oF T 35 B # 1 B e i
7 & B0t 00D B K a3, BOHE LA S+ o 22
(mean+SD)F 7~ , F| H Imagel EI{% A4k BREAE A
e ), ] A Microsoft Office PowerPointith 47 Kl
FrE B HERCR AR o R SPSS 174K 3% JH B
K ¥ 75 243 #F (One-Way ANOVA), FfX4F .
ME. ghfam ek HURTEE . 75 80 K B 1T
TZEWEK.

2 HEH

21 [ERR%B

BOH AT B (Q)x 2 B0 B £ (3) A4 28 52 K O
HEEBRIEER T -1), LOaEH, Higkh
(0.787+0.013) mm, FLZ7 T ZKE . IR, R
W e . PR . FRE T RCRNE 6B, 52 K
WEJG & I AL 18 h 52 min, ELAKNRIG & & i
BEHF IR, WA E S BIIESIWER T .

22 fF. M HERSLABHIE

AT & MR d, 00258
B, AR, 4K i (1.587£0.015) mmiy
K #](2.425+0.021) mm, 5P & FE7E S 1 AR
BEHN, FEHRRE2 JLFHEFER, hBRK
B &N, 22 diFmERIL T2, (UR5%
W, RERAER, DRER, gk
e, BRE N, WrRERE K, S RO WS T
E IR , Mg RO, 2ekIPR, AT
P O TR SN

G 1T &
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3H AT 10 1 ZOE IR 47 H i

freans, 5 ek . MEMMIRERE,
JE A, 4K i (2.5300.023) mmi K 3)(18.755+
2.104) mm, HZEFEIEK, Wi Z i m oh 5
e, KBS AL, MR, AR 3K L I ]
W, SRR, MR e, KB R
7H WA IS A R, AR R B A
R R, BH 17 diT R A 655 R 8 s i
ALUL, Rk E F23 A AGE B R AR, HRHE
W, HRES B IR, KB E47 dif 38 7 i
KA HEA B KM (6.922+0.130) mm, 4
A L R A AR Bk A1 R AN I h s B
HEA RO, S Ee /e RoE, A
Hefa ).

e & 2 48~58 H %, &K i (18.755+
2.104) mmH% K % (21.500+2.646) mm, 55 _i5iE S
B B RN BE IR AR AR N, SR TS R A, Gk
FIHE . 40 i B BE[(4.460+0.600) mm], JE £
B RS, ShE AR, MRESANEE, 6
FEARH SRR, MWW, RS, B
A G fFEE

4 & # 67~86 Hil¢ 4. 2K H
(34.500+1.291) mm¥ K % (52.000+2.944) mm, 55
TS TS B8 B AR DRI, 6 A E
R, MR R T T A 3~61E 1 B IR 8L
M, Bz grast, w7, EEHRS, &
HERLS, FREEE2S(EN T -19),

TEELS6 R 410, MR 1A €0 S & B G I KB
Ao aZs, KRB e S R AR — Bk, R
RIAERE T TH : WA E, A S~7 A BN
P (0 BRI TT-20); Gl AR 2R (5, (R R A
BRI L BEY, ANRE I U IR,
BEL R H IR H (B -21); AR A A, A5~
THASFIIN A IR S (B i 1T -22); @R R
R R B AT S~8 45 AN RILIN 1 a5 bR 8 it (1 e 1T -23).

23 fF. H HIEREKEK

FAEF AT . HE L Wy fa 4K e AT A R 5 0
g KRB R R WE TR, Wb 1~13 dek
FATATEE A5 fb g/, MR IEAL FAF ], Ak
WG 14~52 b TSI KM, AT 4K A
AR AR AR ESTs 7E67 dPLS ik ab T 4 a1l
KA RS E K .

WS 2 A, ATT T B 5Ah s, ik
ANJEWfr ], 2K 5 ET I e an B 28R,
B 23 A, 4K 5 AT RTIE A9 L (E A B o K ME
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*1 BHAOREQOTUARERXFZREINERLETERF
Tab.1 Developmental sequence of fertilized egg of hybrid F, by E. lanceolatus (2)xE. moara (&)

SN e 1) R e % 75 1 49 FERFAE
time after fertilization stage of embryo developmental characteristics
0h 0 min AT BERIY, JTEBEW, v —HEk(ER L-1)
0h 22 min JEBE T 1 JEEETE B AN AT WL IR 2 HEIR AR (IR T -2)
0 h 47 min 241135 B—RINEL, TR S N (B T -3)
0h 59 min AL I BRINEL, TERAA XS N (B T -4)
1 h 04 min 84 e 1] BEIRONEL, TR A M (B T -5)
1 h 16 min 164 i 41 FIURINZL, TER16/ 0SS (E R T -6)
1 h 19 min 322 i 41 BIIRINZL, BR324 (B T -7)
1 h 35 min 642 i 41 HANRINEL, TE 640 S4B R T -8)
2h 2 min 20k HHEHT AN, HWIE S T -9)
2 h 4 min FEM MHAARTE D, A FI RS EER(ENR T -10)
2 h 36 min RN FIEemsEd, ERiERER T -11)
4h 56 min fIREEIR FIEDGAHE, AT, BENMCERYER T -12)
5h21 min I W AT WEIRZ WA, T AT W& S (&I T -13)
6h 18 min Ji i JRJZ TR 12(FR 1 -14)
6 h 32 min SR AR RZ4 8 NP EE3/4, WERSMAKER T -15)
7h 11 min TR TR R4 VA 5 AT T LIRS T -16)
7 h 59 min JE L} 13 JEZE T AL, FEFLER PR T -17)
10 h 0 min [lESiAbE L R SKE M S, BB T -18)
10 h 30 min JUUH H 339 JA 3 H VLTS (e T -19)
10 h 41 min Wr 3£ B4 MRBESE 5 AL B H LD W 3 (EUR 1 -20)
11 h 41 min I YT SKHPANLZE e Ia) H BB T -21)
12 h 48 min =g REFIFUR 5 IN o B (KR T -22)
14 h 48 min RRARTE FRPREE BRI, R TF AR TSR M EEh (IR 1 -23)
15 h 38 min B Y OFTFUHBRSN, OBINR(ER 1 -24)
18 h 1 min SFAL I RN RIZ, Sk Sem (&R T -25)
18 h 52 min AT J AR A S (B T -26)

1.87; FEMFAL)E29 dif, @K SATRTIE R LLE T
REEI R /MA .18, ULIITEMR L5 23~29d, #%%CT
RAEZKEUHE, KEHKER, 82K
AURTHE () HU(E T R e L5 58~67 dif, 4238
FRMMEAYSER L], 2K ST
AW B E T, k3161, ZJEiE AL,
SR 5 ATATIE 0 HE 2 i R A2

24 SEREKTHK

BF% TV S8 R R Y I W [T R A B
fafy ., ME. i E SR RA NS £l

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

BEfE2d, 25 —MEEETF R, a6 i &
AR, ®35d, HEEMATLZE, JFE4T A
o % < B IR B B KAA S5 IR BRI 4R, i A HE M
W, A AN IE R AR A XA — i
O I EE AR T A K, AWK ECR KT
5 — R G B3 K R, FE 4T dR Y B 4 K A
PRI TR e s , o AMEMIE, 68 % E A E
WKW, 67 dlEiE AL, O —E 65 kS A
TP E O K i e, BAE R RR
G, JEAIE R R A3,
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10 "FEEE
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ab & ab, aby b abg, ab ab;: i E s E a §
0 m . M o 0. e, B B8 W S 3N SN RN
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

AL e R HUd
days after hatching

1 B5ARBQUARAIREEF. . ShEamEK
L WIAT f, 2.1dfFfa, 3.2dfFf, 4.3dfff, 5. 4dfFfa, 6.5dfFfh, 7.7dfFf, 8.9dfFf, 9.11dfFf, 10.13dffFfa, 11.17dfF
f, 12.23dfFf, 13.29dfFf, 14.35dfFf, 15.41dfFf, 16.47dfFf, 17.52dMfEf, 18.58 dffEfa, 19.67d40f, 20.86d%hf;
EIARRF R R %R B E(P<0.05); TR
Fig. 1 Growth of larvae, juvenile and young fish of crossbreed F, by E. Ianceolatus(?)xE. moara(3)(n=4)
1. newly hatched larvae, 2. 1 d larvae, 3. 2 d larvae, 4. 3 d larvae, 5. 4 d larvae, 6. 5 d larvae, 7. 7 d larvae, 8. 9 d larvae, 9. 11 d larvae, 10. 13 d larvae,
11. 17 d larvae, 12. 23 d larvae, 13. 29 d larvae, 14. 35 d larvae, 15. 41 d larvae, 16. 47 d larvae, 17. 52 d juvenile, 18. 58 d juvenile, 19. 67 d young fish,

20. 86 d young fish; above the bars, different letter superscripts mean significant difference( P <0.05); the same below

20 r
19 ¢

—_
N >
T T

w3

e T T ==
w
T

[\

2K/ NLHT IR
total length/preal distance

—_
—
IS

56 7 8 9 10 11 12 13 14 15 16 17 18

AL 5 R Hud
days after hatching
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(=]

Ju—
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w

S~k

B2 BHARBQZHUARERXFF. #. $&2K/AIRTERNETL

L2dfffh, 2.3dfFf, 3.4dffFf; 4.5dfFfh, 5.7dfFf, 6.9dfFf, 7.11dfffh, 8.13dfffi, 9.17dffFf, 10.23 dfffa, 11.29 dff
fh, 12.35dfffa, 13.41dfFfh, 14.47dfffa, 15 52dfEfh, 16.58 dffifn, 17.67d%4)f, 18.86d%hfa; T [H

Fig.2 Changes of total length/preanal distance of larvae, juvenile and young fish of
crossbreed F; by E. lanceolatus(?)xE. moara(3)(n=4)

1. 2 d larvae, 2. 3 d larvae, 3. 4 d larvae, 4. 5 d larvae, 5. 7 d larvae, 6. 9 d larvae, 7. 11 d larvae, 8. 13 d larvae, 9. 17 d larvae, 10. 23 d larvae, 11.29 d
larvae, 12. 35 d larvae, 13. 41 d larvae, 14. 47 d larvae, 15. 52 d juvenile, 16. 58 d juvenile, 17. 67 d young fish, 18. 86 d young fish; the same below

3 wtie OB (H2), T, A, RIS £ B R
B AR T2 T B 2 S B

3 ERZFRSFRLEHBIRATRE g ser mgss o8 007 (0 AR VA D, 5
VAR SRR RLCABEA | AR SR B NS Ao TERE R % 7 5
BEROVRIE S TR AR AR NG B BT ISM TR . RATRE | BT
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8 -
m B
7 1st pelvic fin spine fg cde
= 5 K :
6 2 nd dorsal fin spine a
)
51 )
£z :
~ on L
2zt 5
W 3t s
;
2 a
;
Ly :
bl
0 i
Al Ja R Hud
days after haching

B3 &HFARBQOUARERRZFIF. #. YEE—(EERME_BERKENTL
Fig. 3 Changes of the length of the 1 pelvic fin and the 2" dorsal fin spine of larvae, juvenile and young fish of
crossbreed F, by E. lanceolatus(?)*E. moara(3)(n=4, P<0.05)

®2 ERXFSSAEFARHEEKE EASLENEMEREKHLER
Tab.2 Comparison of early development cultivation temperature and overall length of direct and

reciprocal crosses F; with homozygous parents

WA X
‘ . 4K /mm Rt AL S
e il a;/era e A A JL/</r;m JE At At/ At/
ks JKiR/C B E)/min £ . g average  MEffl/d  average ZH LR
. I length of  faifi/d average 1 #/d . .
species cultivation development length of  juvenile length of  references
newly pre-larvae length of post post larvae . .
temperature of embryos juvenile young fish
hatched larvae began
began began
larvae

ZOUR Pt 2224 40 h 37 min 1.74 1~4 2.64 530 9.99 31~65 25.00 [17]
E. smoara
Bl AP 27~30 18 h 30 min 2.08 1~2 3.05 3~21 18.19 22~30 32.50 [18]
E. lanceolatus
IERF, 25~27 32h 6 min 2.06 1~2 2.77 3~30 18.13 31~45 39.85 [19]
E. moara(Q) x
E. lanceolatus(3)
JXAZF, 25~27 18 h 52 min 1.59 1~2 2.53 3~51 17.50 52~66 34.50 NI
E. lanceolatus(Q) %
E. moara(3)
{001 TE S SR ACHE AT S R BT 300 NF LA SR A B, 15 2 77 B f R 17

34, 8, 14f114d, 7EMEMIY, 1EACF, ¥ 14
dift A fall], BRI T Rarasfa, (A8 T8
WA B, KB RIS S T N T A B
f1(31d). 1IECF(46d). =8l ABREf(66d), 3
Fi(67d), REF 5XARCCAREMMAY, ER
LIRS XA EEMAERKE RS T RE
AR, SRR 50K KT HAEN R
YIAR DG ME o [l ks o, 76 A0 W) 09 3% 7 il
T, EXERa kAL BRI TR E N,

32 ERZFREFERLFHILLE

Xk AR A1 BE £ L) A TR K 4 K AT
X, ERREAF B, R TR aR

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

e N5 WA AT D 22 WY TR AR R, s S
PEFIRAT2 d, HHHKERT AR ES S
ouf B, 18T #O A B A W
WY, ATBEE TR B0 B A EOK G A PR R
e, REFREATERREELE, 2K
F0 304 I R A% B R Y R R AR 4
A €8, 55 1A R0 48 S Rp AU 5 A 3 £ B A2 AR 1B
ARERBMH WEZER . ALREH W ERSE
f R X 1< JBE A WA 0 A O R ACHE £ 30T A s A
S SEF 5 HA 3Rl BE £ % 1 OUAT 26 5, oA
A BE AR B M AT 2% T .
BERCAE AR, TS ACF RS L SRR B IR R AN
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44 %

PN T i B 7 I, B T RS I Y
X B IR AR /N, ROk B 1A HEfA Y
B KR o 5 H A 37 7 6E £ FL AT RH AL A 4R (3 Sy
REFEM L, AR RA Z R (R2).

3.3 RAXERBEEEMOHT

FH 7k ik 2 ORI 2 e g it o i o =k
A1 BE £ 5 H 2R AR (1 3% R B0 IR AT B 4y
M, WEWA T 2 o BE i 38 78R R D 1) T AL
A, BEMREMNHM D ERICON T =l A
B 5 5 AR B A 22 18] 199 388 £ 22 A0 0k S RE AR P
BRI MBS, iRl Ras kAamasS
SUf BB A B R, SR IR R AR, ZE
PRI SN~ A B =80 B RIS ER R
A7 B ) AR PR SR T AR S EE R B . A
Yot PRI R MT 5 1, = e A BE ARG e o R R
IR A2 n=484 sm+6 st+38 t2, 5 H A A # A
A BE O G A R A% L8 302 n=2 sm+6 st+40 (2 B
A7 80 B e A R T8 502 n=4 sm+44 i
THARA L, R A R AR AT T R b R AR
TEENPEOAEN S5ES,

DA _E IR 9 5 2% 58 A Bl B Bl R S E L SR &%
KRN AT PS5t TEENF2E
Wi, MR EREEARFRMERZES, R Mm
PP RIE 11 35 A% B 45 O 1D A 5 1 — AP R 9E
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Early development of hybrids of Epinephelus lanceolatus(?) x Epinephelus
moara(J3) and growth characteristics of reciprocal crosses

LI Ziqi "*’, CHENG Meiling ¥, WU Yuping ¥, ZHANG Jingjing ’, LI Zhentong ",
MA Wenhui®°, PANG Zunfang’, ZHAI Jieming°, TIAN Yongsheng "**

(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, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266000, China;
3. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
4. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China;
5. Laizhou Mingbo Aquatic Co. Ltd., Yantai 261418, China)

Abstract: Hybridization is the most widely used and an effective way of artificial breeding in aquaculture. This
study using Epinephelus lanceolatus as female parent, E. moara as male parent by artificial insemination
technology has conducted the interspecific cross experiment, and developmental sequence of fertilized egg, and
growth of larvae, juveniles and young fish were observed and studied, and then with the phenotypic of traits, the
parent and the hybrid F, generation “Yunlong grouper” (E. moara 9% E. lanceolatus &) were compared.
Results showed that the embryo was oval, transparent, floating, the fertilized eggs size (0.787+£0.013) mm, each
egg has one oil globule in the center. At sea-water temperature of 24 °C, salinity 30, pH 7.8, embryos can develop
normally, according to the data, six periods including 25 stages of embryos were recorded,which were fertilized
egg, cleavage, blastula, gastrula, organogenesis and hatching period. The length of newly hatched larvae
(1.595+0.015) mm shows the feasibility of the cross;3 days after hatching, the yolk membranes disappeared and
became the late larva, with a total length of (2.530+0.023) mm. 52 days after hatching, entering the juvenile stage,
the total length (17.500£1.915) mm, the length of the second dorsal fin spine (5.795+£0.049) mm, and the length of
the first pelvic fin (2.9924+0.911) mm. When the dorsal fin spine contracted to the minimum value (4.460+0.600)
mm, scales began to appear and body color began to darken. The second dorsal fin spine and the first pelvic fin
spine completely degenerated. The body shape was similar to that of the adult fish. The whole body was covered
with scales. The growth comparison results showed that the growth rate of the direct and reciprocal cross F;
generation was between those of the parents, which was faster than that of E. moara, and slower than that of E.
lanceolatus, and the growth rate of the reciprocal cross F; generation was slower than that of the direct F,
generation. The results provide a basis for the formation of hybrid heterosis traits and genetic analysis of grouper.
Key words: Epinephelus lanceolatus; Epinephelus moara; Yunlong grouper; direct cross; reciprocal cross;
embryos development; abnormal development
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PUHA, 20. WrEEIE R, 21 MO AR, 22. BEEA, 23. MR A, 24 0 AEBESIIA, 25 WEALHE, 26. YIEAT f

Plate I Embryonic development of hybrid F, by E. lanceolatus (?)xE. moara (3)

1. fertilized egg, 2. blastodisc hunch, 3. 2-cell stage, 4. 4-cell stage, 5. 8-cell stage, 6. 16-cell st-age, 7. 32-cell stage, 8. 64-cell stage, 9. multi-cell stage,
10. morula, 11. high blastula stage, 12. low blastula stage, 13. early gastrula, 14. middle gastrula, 15. late gastrula, 16. embryo body stage, 17. closure of
blastopore, 18. optic capsule stage, 19. muscle burl stage, 20. otocyst stage, 21. brain vesivle stage, 22. tail-bud stage, 23. crystal stage, 24. heart-beating
stage, 25. hatching stage, 26. newly hatched larvae
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B I BwEAMEQZUARECORXFF. #. 9E8KELE
LW AT fB, 2.1 dfFf, 3.2dfFf, 4.3dfFf, 5.4dfFf, 6.5dfFf, 7.7dfFf, 8.9d4Ff, 9. 11dfFf, 10.13dfFf, 11.17dfF
f, 12.23dfffa, 13.29dfff, 14.35dfFf, 15.41dfFf, 16.47dfff, 17.52dfEf, 18.58 dffifa, 19.67d%)f, 20~23. 4Fpik a2
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Plate I Morphological development of larva, juvenile and young fish of hybrid F, by E. lanceolatus (?)xE. moara (3)

1. newly hatched larvae, 2. 1 d larvae, 3. 2 d larvae, 4. 3 d larvae, 5. 4 d larvae, 6. 5 d larvae, 7. 7 d larvae, 8. 9 d larvae, 9. 11 d larvae, 10. 13 d larvae,
11. 17 d larvae, 12. 23 d larvae, 13. 29 d larvae, 14. 35 d larvae, 15. 41 d larvae, 16. 47 d larvae, 17. 52 d juvenile, 18. 58 d juvenile, 19. 67 d young fish,

20-23. young fish of four different body colors
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