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1/2
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80 27-28°C
1.2 7. #. $HEHNIES
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Tab.1 Embryonic development of Epinephelus fuscoguttatus(Q) x E. lanceolatus(3)
Developmental stage fginileitzz?izrn Stage of embryonic development Developmental characteristics
0 Fertilized egg 1 ( 1-1)
Fertilized egg 0 h 35 min Blastodisc formation ( 1-2)
0 h 50 min 2 2-cell stage 1 2 ( 1-3)
Cleavage period 1 h 0 min 4 4-cell stage 2 4 ( 1-4)
1 h 20 min 8 8-cell stage 3 8 ( 1-5
1 h 35 min 16 16-cell stage 4 16 ( 1-6)
1 h 43 min 32 32-cell stage 5 32 ( 17
1 h 50 min 64 64-cell stage 64 ( 1-8)
2 h 8 min Multi-cell stage « 19
3 h 3 min Morula ( 1-10)
3 h 33 min High blastula ( 1-11)
Blastula period 5h 22 min Low blastula ( 1-12)
6 h 14 min Early gastrula ( 1-13)
Gastrula period 7 h 48 min Middle gastrula 172(  1-14)
9 h 3 min Late gastrula 3/4 ( 1-15
9 h 53 min Embryo body stage ( 1-16)
Neurula period 10 h 43 min Closure of blastopore ( 1-17)
11 h 28 min Optic capsule stage ( 1-18)
Organogenesis 12 h 28 min Muscle burl stage ( 1-19)
13 h 26 min Otocyst stage ( 1-20)
15h 11 min Brain vesicle stage ( 12D
16 h 41 min Heart formation ( 1-22)
19 h 32 min Tail-bud stage ( 1-23)
20 h 32 min Crystal stage ( 1-24)
21 h 33 min Heart-beating stage ( 1-29)
24 h 9 min Pre-hatching stage ( 1-26)
Hatching period 24 h 59 min Hatching stage ( 127
251 25 min Newly-hatched larvae ( 1-28)
2.1.2 & ( 1-15)
3 h 33 min 2.1.4 AZIE 9 h 53 min
( 1-11) 5h ( 1-16)
22 min
( 1-12) 10 h 43 min
213 RBWiE ( 1-17)
215 EEHRM
6 h 14 min 1/4 11 h 28 min
( ( 1-18)
1-13) 7 h 48 min 1/2 12 h 28 min
( 1-14) 9 h 3 min ( 1-19)

3/4 13 h 26 min
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1
Fig.1 Embryonic development of Epinephelus fuscoguttatus(Q) % E. lanceolatus(3)
1. 2. 3.2 4.4 5.8 6. 16 7.32 8. 64 9.
10. 11. 12. 13. 14. 15. 16. 17.
18. 19. 20. 21. 22. 23. 24.
25. 26. 27. 28.

1. Fertilized egg; 2. Blastodisc formation; 3. 2-cell stage; 4. 4-cell stage; 5. 8-cell stage; 6. 16-cell stage; 7. 32-cell stage;

8. 64-cell stage; 9. Multi-cell stage; 10. Morula stage; 11. High blastula stage; 12. Low blastula stage; 13. Early gastrula stage;
14. Middle gastrula stage; 15. Late gastrula stage; 16. Embryo body stage; 17. Closure of blastopore stage; 18. Optic capsule
stage; 19. Muscle burl stage; 20. Otocyst stage; 21. Brain vesicle stage; 22. Tail-bud stage; 23. Crystal stage; 24. Crystal stage;
25. Heart-beating stage; 26. Hatching stage; 27. Pre-hatching stage; 28. Newly-hatched larvae

( 1-20) (
15h 11 min 1-27) 25 h 25 min
1
( 121 16 h 41 min ( 1-28)
22 FHRHBHNESEE
( 1-22) 19 h 32 min
( 1-23) 20 h 32 min ( 2003a 2008)
( 1-24) 21 h 33 min
72-80  /min 2
( 1-25) 22,1 WHIFE@MREREETAHER)
2.1.6 WALHE 24 h 9 min
( 1-26)

24 h 59 min 1.65 mm
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*2 DUHLBEAREZXKEMBRIEKIER
Tab.2 The pattern of developmental stage of Epinephelus fuscoguttatus(Q) x E. lanceolatus(3)

Developmental Total length ~ Withers height ~ Second dorsal  Pelvic fin spine  Oral fissure

stage Days (mm) (mm) fin spine (mm) (mm) (mm)
Newly-hatched 1.65+0.11 0.50+0.03
Prelarva 1 2.36+0.11 0.45%0.06
2 2.46+0.07 0.38+0.03
3 2.46+0.09 0.35+0.06
4 2.78+0.12 0.45+0.03 0.19+0.01
5 2.97+0.21 0.49+0.06 0.20+0.02
Postlarva 7 3.75+0.36 0.70+0.12 0.274+0.03
8 3.80+0.36 0.73+0.09 0.26+0.04 0.36+0.03 0.30+0.02
9 4.71+0.53 0.97+0.17 1.12+0.62 1.23+0.64 0.35+0.02
10 4.36+0.38 1.10+0.14 1.49+0.37 1.24+0.36 0.39+0.03
12 5.05+0.44 1.21+0.20 1.77+£0.47 1.53+0.52 0.40+0.07
15 6.01+£0.50 1.48+0.17 2.66+0.47 2.15+0.31 0.47+0.03
18 9.43+1.58 2.46+0.43 4.43+0.65 3.84+0.46 1.03+£0.18
21 10.18+0.18 2.74+0.04 4.92+0.15 4.05+0.15 1.23+0.05
25 11.124+0.49 2.80+0.14 4.82+0.20 4.20+0.15 1.44+0.01
29 13.61+£0.90 3.39+0.27 5.14+£0.27 4.29+0.17 1.57+0.14
31 14.75+£0.35 3.56+0.12 5.21+0.16 4.43+0.20 1.67+£0.06
32 15.11+0.47 3.80+0.36 5.15£0.11 4.38+0.17 1.72+0.12
Juvenile fish 35 16.71£0.91 4.49+0.22 5.00+0.33 4.21+0.22 1.78+0.06
39 22.61£0.57 5.99+0.98 4.55+0.34 4.06+0.19 2.09+0.27
43 32.30+3.42 11.16+0.71 4.00+0.43 3.92+0.63 3.30+0.80
45 35.76+0.57 11.16+0.83 3.67+£0.42 3.85+0.29 3.35+0.31
Young fish 46 37.46+1.45 11.384+0.63 3.80+0.19 4.16+0.13 3.37+0.12
50 40.33+0.36 11.83+1.33 4.02+0.09 4.36%0.17 3.85+0.73
55 55.34+0.40 16.62+0.40 4.61+0.17 5.65+0.45 5.75+0.55
60 60.27+0.13 18.20+0.63 5.3440.16 6.27+0.32 6.12+0.08
70 75.47+0.19 22.18+0.26 6.75+0.24 7.90+0.25 8.15+0.11
3
1 (2.36£0.11) mm
S
( 2-1 4
( 2-3) (0.19+
2 0.01) mm
( 22

222 EBFEFETAHKESR BN 5
(2.97+0.21) mm
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Tab.3  Yolk sac and oil absorption of Epinephelus fuscoguttatus(Q) x E. lanceolatus(3)
D Total length  Long diameter of ~ Short diameter of ~ Diameter of oil Volume of yolk Volume of oil
ays (mm) yolk sac (mm) yolk sac (mm) globule (mm) sac (mm?) globule (mm?)
0 1.6540.11 0.93+0.04 0.65+0.03 0.20+0.12 0.201+0.223 0.0043+0.001
1 2.36+0.11 0.51+0.04 0.31+0.06 0.16+0.03 0.024+0.075 0.0021+0.021
2 2.46+0.07 0.26+0.05 0.18+0.03 0.10+0.02 0.004+0.003 0.0005+0.001
3 2.46+0.09 0.063+0.06 0.046+0.04 0.063+0.03 0.001+0.001 0.0001+0.004
4 2.78+0.12 — — 0.035+0.02 — —
(0.21+0.02) mm
6—9 6 7
( 24
8
( 25 9
(1.124£0.62) mm  (1.23+0.64) mm
10—-15 10 (4.36+
0.38) mm (1.49+0.37) mm
(1.24+£0.36) mm
( 2-6)
18 (9.43+1.58) mm
(4.43+
0.65) mm (3.84+0.46) mm
19-25
25 (1.4440.01) mm )
Fig.2 larva, juvenile and young fish of
Epinephelus fuscoguttatus(Q) x E. lanceolatus(3)
1. 1 2.2 3.4 4.7
( 2-8) 5.8 6.12 7.16 8.24
31 31 9.28 10. 35 11. 40
12. 55 13.70

(5.21£0.16) mm
(4.43£0.20) mm

1. 1 d larvae; 2. 2 d larvae; 3. 4 d larvae; 4. 7 d larvae; 5. 8 d larvae;
6. 12 d larvae; 7. 16 d larvae; 8. 24 d larvae; 9. 28 d larvae; 10. 35d
juvenile; 11. 40 d juvenile; 12. 55 d young fish; 13. 70 d young fish
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(40.33+0.36) mm
(75.47£0.19) mm (3.85+0.73) mm
223 Mol (8.15+0.11) mm

( 2-12  2-13)

32
(5.15+£0.16) mm  (4.38+0.20) mm
2.3 (FHEAERNEKEHE
231 AR RS AR E LA
35-45 3 4
(35.76+£0.91) mm
(3.35+£0.06) mm
45
(3.67+£0.42) mm  (3.85+0.29) mm 20%—30%
45%—55%
3
( 2-10 2-11) 1) 1
8
2)8
224 el
3)
46
(3.80+0.19) mm 2.3.2  F W S A IR #E kg T AL
(4.16+0.63) mm
3
1 6 7
8
50-70 10
90r
sok A&7 Body height
7or AT A Preanal distance
£ oo}
= 50k 4K Total length
on
=]
2
N
W

¥4k J5 KEL Day post hatching

Fig.3 The total length, body height and preanal distance of E.fuscoguttatus(Q) x E.lanceolatus(3)
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Fig.4 The relative body height and preanal distance to the
total length of E.fuscoguttatus(Q) x E.lanceolatus(3)

31
(5.21£0.16) mm  (4.43+0.20) mm
45

(3.67£0.42) mm  (3.85+0.29) mm

O & B

Second dorsal fin spine

W

First pelvic fin spine

K& Length/mm
S~ W A L a ® O

8 9 12 15 21 25 31 35 39 43 45 50 55 60 70
%4k J5 K%L Day post hatching

5

Fig.5 The length of the second dorsal fin spine and the first
pelvic fin spine of E. fuscoguttatus(Q) x E. lanceolatus(3)

o ~ A
50k Second dorsal fin spine
o G I

First pelvic fin spine

401

30F

XK BE Ralative length/%

8 9 12 15 21 25 31 35 39 43 45 50 55 60 70
WAL )5 &L Day post hatching

Fig.6 The relative length of the second dorsal fin spine and
the first pelvic fin spine to the total length of
E. fuscoguttatus(Q) x E. lanceolatus(3)
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48.33% 39.78%
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3 iTtig
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28

27—
28°C 25 h 25 min

25 h 40 min
(29.0+0.5)C
(2011)

(27.0+0.5)C
( 2008)
18 h 30 min( 2010)
(Epinephelus septemfasciatus)
(20.5+0.5)C 38 h 45 min
(2006) (Epinephelus coioide)
24°C 335 h 32T
18.5h pH

2003b) (
32 FHEYEMNAEKEZESEFEIMN

2012)

( 2003a 2008)

( 2009) 8



5 : (9)x (& 143
1 3-8
( 2001)
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1/3

7

Fig.7 Cluster of E. fuscoguttatus(Q) x E. lanceolatus(3)
in the shelter

33 FEHEREREREEERE
3-4d
0.19 mm

2008) 0.1 mm

Fig.8 E. fuscoguttatus(Q) x E. lanceolatus(3)
is killing each other
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Embryonic and Morphological Development in the Larva, Juvenile, and Young
Stages of Epinephelus fuscoguttatus (?) x E. lanceolatus(3)

CHEN Chao® , KONG Xiangdi'?, LI Yanlu?, SONG Zhenxin'?, JIA Ruijin'? YU Huanhuan'?,

ZHAI Jieming’, MA Wenhui’, PANG Zunfang’, LIU Jiangchun’

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Qingdao 266071; 3. Laizhou Mingbo Fisheries Limited Company, Yantai 261418)

Abstract The current study investigated the Epinephelus fuscoguttatus(Q) x E. lanceolatus(3') hybrid
embryo and larvae in the terms of the morphological characteristics to provide a basis for the future
breeding. The results show that embryonic development required 25 h 25 min at 27-28°C. The embryonic
developmental process included five stages: cleavage stage, blastula stage, gastrula stage, nerve stage, and
organogenesis stage. The post-embryonic development included larval, juvenile, and young fish stages at
(27+0.5)°C, salinity 30, and pH 8 based on the features of the yolk sac, second dorsal fin spine, pelvic fin
spine, scales, and body color. Larval was further divided into early and late larval larvae according to the
presence or absence of yolk sac. Newly-hatched to 4-day was the early larvae, and larvae hatching yolk
sac completely disappeared at 5 d. Fifty percent of larvae entered larval period at 32 d. Fifty percent larval
completed the metamorphosis that developed into juvenile fish. The average total length of newly-hatched
larvae was (1.65+0.11) mm, reaching (75.474+0.19) mm at 70 d. These results indicated that the hybrid
offspring from conception to the later stages are healthy and normally-grown and developed; the
disease-resistant heterosis had the appearance of “Epinephelus fuscoguttatus head and E. lanceolatus tail”.
Key words Epinephelus fuscoguttatus(Q)xE.lanceolatus(3); Embryonic development; Larvae,
juveniles, young fish; Morphological development
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