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ABSTRACT Embryonic and early larval development and growth of Epinephelus septem -
fasciatus ,including morphological features and developmental period, were observed and stud-
ied. Starvation tolerance test was also conducted and other index such as larvae survival and

growth, yolk sac, and oil globule utilization rate were recorded under the condition of water
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temperature 22+0. 5°C and salinity 30. Based on the obtained data, the embryonic development
of E. septem fasciatus was divided into five stages, namely cleavage stage, blastula stage, gas-
trula stage, neurula stage, as well as organogenesis stage. The embryos hatched at 38h45min
after fertilization in seawater at 20. 540. 5 ‘C and salinity of 30. 0. The whole length of newly-
hatched larva was 1. 059+0. 07 mm. The yolk sac of larvae disappeared 4d post hatching at a
whole length of 2. 27~2. 36 mm, and air bladder of larvae formed during 8 ~15d post hatching.
Then the soft rays of caudal fin developed finally at 30d post hatching. Newly-hatched larvae
showed 100% mortality after 7 days of starvation, and the half mortality time was 5d and the-
mortality peaked at 4~6d post hatching. The growth of yolk sac larvae can be divided into three
periods: rapid growth period of newly hatched larvae, slow growth period before and after the
disappearance of yolk sac,and negative growth period afterwards due to the lack of exogenous
feeding. Starvation magnified the difference of growth between starved and normal larvae (P<C
0.05). Larvae had shorter soma length, bigger head and thinner body after a period of food
deprivation. The rear part of head sunk after long-time starvation.

KEY WORDS Epinephelus septem fasciatus Development of embryo

Post-embryonic develonment Starvation

LA A B Epinephelus septem fasciatus . J& & H A5 F A B AW R A BEAJE . 12 040 76 1 18
W RUFNY R O A B TE B ME— 0 A S AD GlE 354 2009 FRE4E 2008) Lo 0 B f (R DR #F 56, 22
EU B v o PR EL A el 1 T ARG R B A OBl R A2 3 9. 2 °C) S — Gl BT A6 O W v N T 3R A RN 0 U 4 A
A R Rl 8 I N T B F AR B BOR B 9T A B R TR v K R A R R RG BE I B G R R

AP N T2 240G T 20 th22 60 4FAR ., A #9511 1E HE S5 (1966) X ok 21 41 BE . E. akaara 1= B0 > P
KAy A AR T st R AT AE LAIS o H AR 45 8 2y 2 I g iz fh K F At o/ B ) N T ZApE T . 20 40 70 RS L R
A R AR R B TR A b T R B N T A A SE . (B X TR A B R R O T B E A
B, HAFH Tsuchihashi(2005) XF 3% fa 15 & A1 7 Fh 85 & £ R 9847 13 9F 58 ) 38 5 Tanaka 45 (2003,2004) |
Iwamoto %5 (2004) 7£ -7 41 BE 4 22 B0 55 B 55 7 T AT T WF 5% s Wakabayashi (1996) XF 35258 5 RAVE T il 5
WS (2009 WA T L A BE A IR R S 0 IR IG & B RN B B4R AT 0 0 TR AR RRAE (LK RE 58 LR S IR IR &
B o FE A AE ) B A . MR 2009 4EFE - A1 BE A2 SR A B AR P L TRANEE T IR AR R A HE f8 %
BB S A RRAE , XS AT AT T LR A2 0 S, DA Sk b A BRE £ UG S Ak A AT £ 5T D
KA AL W SR g PR R S %

1 #RFF*®

1.1 ZRBPMEESHE

ST 2009 AEAEMA G T A X R UK A BRAS " BEAT o S T A B £ v [ K™ B 22 A0 5T B B T
KR TE IR SR TR 5 T I R X R UROK = A BRO w0 2 f . AR 2R A8 B L R TR 8 S 00 T i e fi
JR B 2 R AN LB AT TR B DA GO0 . B RO A R e HCG F B 500~1 000 TU/kg .
S R T WRLAS 0 SR 256 /0N 0 55 36 o 0 L 75 0 9 8 K T o 8 IS UL PR — e T A A 3 A 5 Oy AR R 12,
I 2% 40 b i A A TR P AR RS L B0 KRS W0 A RS B T B e b . i T AR B A B B R R B L TR
I 22 15 I DB R K ZE 0 4 L 10~ 15 min J5 AP BRI K vh gk . 1] 80 H i 25 98 2 2 AR W (RO BE B o 4%
Veig i Z A IR R A 2 Lo fa b, # B 43 B 20~30 min J5 BU_E 77 320 B0 S5 5 v 25 4 (0 AL A vh i K AL

1.2 FERABENE

5 28 19455 BB 2 A2 0 O o 80 A 206 /K R L R KR 20. 540, 5 °C R 30 S K IO A5 R S LA ] it



26 wwolk B 3 R %328

[ [ b 22 YHURE » 7 Olympus i i) 88 (SZXT7) R #EAT 18 0 I LA W2 D 3 B AR AILIA IR R AR TR filig .
1.3 FHENEFENE

i e FEAT 25 m* EBN B MK E . B F KR 20~24 °CL R & KIR 20~22 °C,
JE R E KR 22~24 C. HABEE 400 28 27~33.DO=5 mg/L.pH 7. 6~8. 4. fFj 3 d KUK E;
B KDL AT 1/25 NS 4 K IF I 1) 35 5 b P9 AN T S 76 7K, K23 25 10 ems AER 8 RIF IR K, K R E
AN E] 100% . {78 3~5 H B M AYE Ostrea ralienwhanensis Crosse B ,4~8 H $r W S I ¥ 45 i B2 46
Brachionus plicatilis ,&VE%EFEE } 5~10 ind. /ml;7 H S LE A L AR 4% 8 40 o, B $5% ME P ok, ¥ 25 3
y 8~15 ind. /ml; #8458 R 46 L F MR AT HI/NERBE Chlorella sp. 53 AK , P MR %E s 35 FR KU b B8 i /N BR e L 5
B ORFFAE 5X10° ~10 X 10° cell/ml, 13 H @& FF 4, B 4 M 17 HL Arzemia salina o5 G R 1~2
ind. /ml, H WP ;18 H B 457 1 B M/ INER S RN 48 15 25 H B FF 4 #F A7 FE & 1RDBHA 55 30 H IR S5 45 1R 40
b, AT A R AR R P BEALIORE 30~ 40 B .78 NIKON fi# #1185 F W2 AT HE 0 R 7] & 7 1 39
FIEASFRIE B AT i K B0 B M BRI VA2 7 F 5 00 8 3 Al Bk 9 (B . H NIKON Coolpix 4500
AEBLAA BE L, DL 5 D0 FY R ] 5 YA 1 5 4% H B AR AR 30~40 8, LA S5 30 28 #bh e L% .

B VISEE £SD F#on, IEBEIERT. V=4/3XaX (r/2)* XR/2(R: K#;r: FA) , MIREM . V=4/3
KX (D/2)"(D: HAD IR A

L4 MW FEMIELRE

SRV RN IR AL & BB 3 P47 R A AT T AR R A AR o R T AR DI A L — A AT T AR
R EFAFATHC 100 BB A5 & T 2 L M A2 T LRI . JUEZE A B0 5 X I8 20 55 K 1 W %2
P A AETT R 1d 45 PR A 5 B9 R 4 A, % R 10~ 15 ind. /ml, S2U0 0], R BF AR £ 30 £ 1, K| 22 £
0.5C. e EKIEE . BRIt 4 12 h YURZL 5 X IR AL 4 B 15 R A7 18 2 LA A 80 MR i I 7E

2 EHRE5SMH

2.1 ZRMPMEERE

LA A B AZ RO AR RIBROE o B L B4 B L B4R 0. 834 0. 022 mm(n=38), e f7 —H Bk,
THIEKAE K 0. 125 4420, 008 mm(n=38), 25 P Ay i o5 B , IR 808 5 T 3 ) W 76 AR W # 1E RIR SR L 3R BE 30
i IR LSRR R . EJK IR 20. 50,5 °C VR 30. 0 Mg K TR L DIIE 38h 45min(50 % L) |
FFfa % ) 528 B G & B Ak A7 (0. BRBR & B A B BRRAE LR 1,

2.1.1 $pZ

LA ARA NI B AR Z . 2K 5 20 min, BIZTF UG & A, 09 B35 PR 7E 30 WA 9T 7 19 2 BR
81RO R, ZHE G A5min TR B IR 2 BRIV S I AN 43 248K (8] 1-2) 32055 1 h 10 min, £ 5
551 WROp T A L I A R ER A L SE U 2 RO HE 4 dEIIT (T 1-3) 52K )5 1 h
30 min JFAREE 3 KON AL, R LA IS5 1 WA 24 AT B WA 20 2408, B AR 8 N0 S8 N HEF G 4 21 g
ZHEAE/NCE 1-4) 53285 J5 1h 40min, KA 4 IRONRL, 43 24000 555 2 oy 240 FA47 . T 3 51 HEF iy 4 HE S
16 4 (& 1-5) 355 5 RN & AR FE 32 K5 12h 25min, JH I 2 22100 I 46 2 22 F0 ) L 4 24 )5 40 e HE ) A FL ), &
B E) 32 40 . 400 =22 18] Y PR T 4G AR A5 BT (&) 1-6) 5 2 K5 )5 3h 15min, 4k 4250 24 7= A 64 N2 il . 240 it $k 571
ANFLIN  H 20 R IR TR RN /Nt AN A [R]  7E R %2 T st B AR i S 4 (8] 1-7) s £ 3245 J5 3h 55min, 4fi il
B AR /N R A Z A (R 1-8) s 7E 24 5 Sh 35min, 4 M 28 15 58 /)N A AT 85, 240 it 11 56 B 2 3 TR0 L R o 3%
HLoEAREME 1-9,

2.1.2 EpEH

7h 15min ZE47 . A0 M B0 H 5 402 YO Wi 38 i, IR 25 45 0 8% 22 (8] T2 1 408 U s o 408 JUR w38 ) I B, b A

A BER I (] 1-10) 3 7h 30min~9h 45min M [A] 9 I 71 5% A5 3, 4 B JF 46 A2, i ARSI I .



Mk AL 0 B R IR K AT HE M 3

P23 27

F1 tHANRERKRELELE

Table 1 Embryonic development of E. septem fasciatus
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Time after fertillization

JR i %z 7 3

Stage of embryonic development

FE R H RHAE

Developmental characteristic

0 min

20 min

45 min

1 h 10 min

1 h 30 min

1 h 40 min

2 h 25 min

3 h 15 min

3 h 55 min

5 h 35 min

7 h 15 min

8 h 30 min

10 h 0 min

13 h 30 min
14 h 35 min
15 h 55 min
16 h 45 min
17 h 55 min
18 h 35 min
19 h 50 min
21 h 45 min
25 h 55 min
28 h 0 min

31 h 25 min
37 h 10 min

38 h 45 min

Z K5O Fertilized egg([4 1-1)

£ hY Blastodisc formation

2 4 2-cell stage([& 1-2)

4 A 4-cell stage([& 1-3)

8 4 8-cell stage(& 1-4)

16 4 L9 16-cell stage(J& 1-5)

32 4 L 32-cell stage(Jd 1-6)

64 4 64-cell stage([& 1-7)

£ 41 L 3] Multi-cell stage([& 1-8)

F M Morula([d 1-9)

=5 R High blastula(f 1-10)

i 4% IR 9] Blastula

% L4 Early gastrula(J& 1-11)

JEL % h ] Middle gastrula([€] 1-12)

JE 7 R W] Late gastrula([& 1-13)

A i Embryo body stage( & 1-14)
JEALIE B3 Blastopore stage
WL IE B0 Optic capsule stage([& 1-15)
ALY H B Muscle burl stage([& 1-16)
Wr 28I Wi Otocyst stage(J&d] 1-17)

Ji ¥ % B3] Brain vesicle stage([&] 1-18)
B ZE M Tail-bud stage([&] 1-19)
BRI ] Crystal stage(J&] 1-20)

L EBE S ] Heart-beating stage([& 1-21)
W4k Pre-hatching stage([d 1-22)
W4T £ Newly hatched larvae([ 1-23)
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WA 1 AR B B B 85 4% (K42 0. 854+0. 08 mm . 4542 0. 58+0.05 mm) , B &4 J5 oA 1 D E LN 0. 13+
0. 008 mm {3 BR » I I A7 18 0w b, B T K T Uk BE s (] 1-23)

1RGO0 2. 2 40NV 3. 4 AN 4. 8 A0 :5. 16 AN MLIN 5 6. 32 ANMLII ;7. 64 4NMLIN ;8. L ANNI 5
9. FMLI 10, AR 1L 5 R OO THD 5 12, J57 5 130 SR AR 5 14, IRARTE U 5 15, LR B 5
16. LTS B 5 17 W7 60 WU 5 18, VLI WU 5 19. 2 2F 30 5 20, AR WU s 21, O SEBR S 5 22, K 3 5 23, R0 R4 £
1. Fertilized egg;2. 2-cell stage; 3. 4-cell stage; 4. 8-cell stage; 5. 16-cell stage; 6. 32-cell stage; 7. 64-cell stage;

8. Multi-cell stage; 9. Morula; 10. High blastula; 11. Early gastrula(profile) ; 12. Middle gastrula; 13. Late gastrula; 14. Embryo body stage;
15. Optic capsule stage; 16. Muscle burl stage; 17. Otocyst stage; 18. Brain vesicle stage; 19. Tail-bud stage; 20. Crystal stage;
21. Heart-beating stage; 22. Pre-hatching stage; 23. Newly hatched larvae.
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Fig. 1 Embryonic development of E. septem fasciatus
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Table 2 Absorption in yolk-sac and oil globe of E. septem fasciatus larvae

211 1 ok LR wwwes B A U e IR B

Hour;s after Total length(mm) of yolk sac Short diameter Yolk iac '()11 globule Oil gloE)ule

hatching(h) Cmm) of yolk sac(mm)  volume(10 *mm?®) diameter(mm) volume(10 3 mm?)
0 1. 358 97 0.853 02 0.582 42 151.506 0 0.125 44 1. 033 60
12 1.807 72 0.732 81 0.462 45 82.057 70 0.152 01 1.839 14
24 2.344 32 0.565 22 0.275 48 22.460 10 0.175 69 2.839 58
36 2.140 87 0.357 5 0.203 50 7.751 81 0.138 6 1.394 08
48 2.267 38 0.290 11 0.160 55 3.915 59 0.109 90 0.695 09
60 2.398 0.179 66 0.106 33 1.063 66 0.080 23 0.270 40
72 2.355 57 0.040 85 0.027 5 0.016 17 0.068 35 0.167 24
96 2.251 85 0.00 0. 00 0. 00 0.00 0. 00
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1. 0. 5d #¥ 7 £ ;2. 2d #4740 ;3. 3d W AT 40 ;4. 4d W47 f0;5. 7d i1 ;6. 19d #4740 7. 20d 47
1. 0. 5d larval; 2. 2d larval; 3. 3d larval; 4. 4d larval; 5. 7d larval; 6.19d larval; 7. 20d larval;
K2 Lawamafrtaks

Fig. 2 Larval development of E. septem faseiatus
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TE A T 4R B AR A il L AT T O RSN . BRER GEALE L7 RHEE TS MR R .. 7 aiEikeE
HAE
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LR H AR RIS M B A T R AR B ECR .

5d # (B 2-5) JHALE AR 50 DR, Ko R HER . SRR R, {7 @O, Wk e R IE T R E
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2.2.3 MURAF B o Z P
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50 % FET- AU A I BRTESS 5.5 K26 6 KAYSET- Rk 90 %, & AET- AR i BLAESS 7 K.

DU 5 IE W SR A KA KSR LK 4, MAF e KERLE 3 d NG IR —5.24 h
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G 4~7d —EHATRABK SET- R K BB /N K 2. 017 mm, YURAF AR K &85, B Sk Rk, K 0
WIRE =R R

120 1 257

’0 /\/\‘—<.<
1.5
|

1o} —*—XI#iZ Control group

L —e—/Lifk4 Starving group
—=— X B84l Control group

F7%% % Survial rate (%)
4K Total length (mm)

40 —s— Lk 41 Starving group
20 0.5
0 : . . . L : ¢ ) 0 : i i i : . . )
0 1 2 3 4 S 6 7 8 0 1 2 3 4 5 6 7 8
B 4L.J5 KB Days after hatching (d) 4k J5 K%L Days after hatching (d)
B3 WU XS L7 A B 4] 9 A1 0 77 1% 2R 5 0 4 YU L A B A AT AR K Y R
Fig. 3 Effects of starvation on survival rate of newly Fig. 4 Effects of starvation on growth of newly
hatched larvae of E. septem fasciatus hatched larvae of E. septemfasciatus
3 itig

L A B AR 2R B R B R A TR PR B L BR AR A 0. 834 0. 022 mm, IR PN S A BE A Scortum barcoo 5%
FEON (1.5 mm) /D (B R ARE 2007, ok 55 A BEA Epinephelus akaara 3 4§ P (0. 77 £0. 02 mm) g K
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FEY) R ARE S TR S TG Kok TR AR DA S AN SR L X R — Rl M A A O L 9T HAE B
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