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IKFRFHIREE AL, P22 27 h 13 min, ZHK5OIIF
LRGBS B R IR KE I SRR IE LR 1
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Fig.1 Change of water temperature for

the cultivation of P. leopardus in different months

B2 FIQERREPRT LIFZAEOD
(@) E1fl ] VRO, PR RIZ0 € b2 B SERE SR BN BB B o,
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Fig.2 Floating fertilized eggs of P. leopardus

(a) a self-made simple floating egg device, the circled red upper layer
represents the fertilized egg that was placed into the device and floated

up in the high salt environment; (b) the floating fertilized eggs.

AT 2 M3 . SR R 2 Hp ke X34 2 4 B 2 A
GYSAER, XA MRNG & AR R R B R A RSy
2 (BT -3), EZAE 48 min 5, WRJGIT 4R E4T
B2WKEIZL, Yook AN, R 4 R Y
BE (BT -4), fE%KE)5 1 h 8 min, 4r%¢4H 2 HE,
I8 A, HEA 8 A (IR 1 -5). &4/ 1h
26 min, KER ATULEE B HEF 3 5 RN Y 4 HESL 16
AN, BEJSPEA 16 AN (KM T -6). 7F 32K
J& 1 h 53 min B, 424 mIIFLGE R LN, JF 4G
A 32 41 (BT -7). Z K5 2 h 20 min,
Gy SLTH ) FEB BRSO, HEA 64 AR (B
[-8), ZHJ5253 2033 min, 4iIZkLLH /2L,
A 128 4HHe I (KRR 1 -9). 245 )5 2 h 44 min,
AT NIF IR A, HEFN R 2 iL s, AL
A (FIRR T -10). Z K55 2 h 55 min, 4 fA
TR/, A 2 18] ) S BR AR5 AN B0 FLXE LABEN
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x1 WM EG & BHHE

Tab.1 Embryonic development characteristics of P. leopardus

R E W FTRFAE G JE I 18]
embryonic development stage main characteristics time after fertilization

SEKEDR fertilized eggs B, ToeiFEs ., Rk, somek 0 min
JRBAL  blastodisc formation SR G A T o R A ) U 5% 17 min
241 2-cell stage A E 77 53 42 A X AR /N 20 M 29 min
AYNAIY  4-cell stage SRMEFIREE, B4 40 48 min
SYNAEIH  8-cell stage Ak 25y 2R B8N Y 1 h 8 min
1640HU  16-cell stage PS5 R 644 A 1 h 26 min
3240 ul  32-cell stage Ak S5 R BR324~ 1 h 53 min
644N 64-cell stage A5 L6421 2 h 20 min
12841AHH  128-cell stage AR50 411284l AR 2 h 33 min
24NN muti-cell stage MRS AN, BRI, HEFIA 2 h 44 min
FAEMIH  morula stage PN, T SEER 2 h 55 min
R high blastula stage TR, 2ER 4h 50 min
RZERIH  low blastula stage BEIRRER T, BT 6 h 40 min
SRR early gastrula stage JEBTANNY R AR, B A R 7 T L 8 h 36 min
JEaE ] middle gastrula stage R JE AN 5 O BB 172, TERRIRER, IR 15 11 h 2 min
JRIANERE Y] late gastrula stage J R 4 78 5 G s BRI 2/3, IR AR A 11 h 56 min
AT EIY - embryogenesis period JRJZ B T LA B 12 h 58 min
MM neurula stage PHEMTERL, WEE R 13 h 28 min
JEERIHIL - Kupffer's vesicles appeared JAAA T AL E, VA oA S T R e B 13 h 58 min
B R optic capsule stage A FT R FEF FRIG R, BT LAY 14 h 15min
I A otocyst stage RSk BB T AL 2 0 £ B I AR LR i o 16 h 29min
ODIE Y cardiac onsets oI IRAE SR T 7, I 16X LAY 18 h 05 min
LRI muscular contraction period EARTFUE TSN, Bsr e P = 18 h 59 min
FZW  tail bud stage RS IS B 20 h 20 min
ONEBESI  heart-beating stage OWETFIRA T A Bk ) 22 h 34 min
HUBEHTIY  pre-hatching stage EAHENIRRE . SR KA J1, B 24 h 46 min
S hatching stage LSRRI IAR A 26 h 34 min
WIWHAT i pre-hatching stage (side) PR B M WERS, LR S0%IIfT-f, Erfhfibf 27 h 13 min

TR, WIREBHEAT T 1Bk,

& EY B ZHE )5 4 h 50 min, %)L
TR I SZAE BN BRI R B B, WA 40 R T
R RPN, UL OY 8 5 8L 2 [P g
R, FraEE AR A B (B R T -12), 7R
ZHKiJG 6 h 40 min, VR Y RS 43 1) DU R T
W I, SEAACRIE (BT T -13),

& i B O & Z¥5)5 8 h 36 min, JR%
R B HEARI, SeB B ] g B W 2R ZE
S1 A0 MG ) B R A 13 KR E . PR,
e AR 2 i B — 8 AR IR, 5 AR, i
NJE R (KR T -14), ZK5)5 11 h 2 min B,

JF iR & R ], IRk F A, IR T
[E], WRERGFUEM AT B, AR (BT -
15), Z*¥5)5 11 h 56 min, JEIBIRPE AR, IRZ2
TH G 34, WEZHAERK, LB HKE
ZHR, ArEE IR R E SR (EI T -16),

P 22 B B ZAEJT 12 h 58 min, JRJR
KB IEAMAIE Y, WRZEE T 3] 5 A g0 #
R S RAR A, AR RIS SN2 T UL 28 A 20 A i PR
I3fk, MAZERYAETE B, R AR LA A A (8
Jif 1-17), 2455 13 h 28 min, WRZE4IMIE & ILF
SEAH G RN, LB, ARSI
JREE, RGN R IR & B T HR IR 254
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1SZREON, 2. AT, 3.2 4Hul, 4.4 4080, 5.8 4NMul, 6. 16 4UAIYl, 7.32 i, 8. 64 4UAEI, 9. 128 4HAUIH, 10. 4NN,
11 AR, 12, MEEMHE, 13 RZEMME, 14. FHEEIE, 15 FEH I, 16 RBIEAIE, 17. BTSN, 18 AN, 19. Ik
WL, 20, MMFEFRUE, 20 VR, 220 OREERIA, 23 WLAIZOSHE, 24. B, 25 OAEBkshiA, 26. HEERTHE, 27. L.

Plate I  Photos of P. leopardus from fertilized eggs to hatching stage

1. zygote, 2. oil globule, 3. protuberant blastoderm, 4. 2-cell stage, 5. 4-cell stage, 6. 8-cell stage, 7. 16-cell stage, 8. 32-cell stage, 9. 128-cell stage, 10.
mult-icell stage, 11. morula stage, 12. high-blastula stage, 13. low-blastula stage, 14. early gastrula stage, 15. middle gastrula stage, 16. late gastrula

stage, 17. embryo body stage, 18. neural embryo stage, 19. Kupffer's vesicles appeared, 20. optic capsule stage, 21. otocyst stage, 21. brain ves-
icle stage, 22. heart appeared, 23. embryo body twisting stage, 24. tail bud formed, 25. heart-beating stage, 26. pre-hatching stage, 27. hatching

stage.
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PRAEMIE B, WaERET I (BT -18),

EEE Y Wi e ZHE 5 13 h 58 min, %
SR R G & E AR BRI B, Sk G
B, A A BAR R, R A AR T GUT P
b BT AR TELRE S5 R B 5 IS (AR T -19).
TESZHG I B9 14 h 15 min, R 5 358 72 7 g T o o1 i
TERIRSE, ARERIE K, X bRk B L0 a8 B Y OC B
LB I A, B 7 AL (KR T -20), %
}iJ5 16 h 28 min, FEMIARSLERFF M 2 MIEZ
(), MR B A B R 5 TR AR i, 3K s 2 25
WIFRIE K (B T -21), 32455 18 h S min, 0>
JUEAE R R AG R A B B, BT B A A AR 4 A
BL TSR BB R Ui S 77, JEHEE 16 XL (&1 it
[-22), ZZ¥5J5 18 h 59 min i, WRARTIT 44 1 BL4%
AR A B Sl , AR 275 IH 5 0 B e AR 3%
SICFEE, R e 2 B A PSR (BT -
23), ZAEJ5 20 h 20 min, JRUKAY EFEIT 4R 2 A8
9, HUPEEN S EEMA R, XirEERT
FTF LG (I T -24), 2 22 h 34 min /0 F B ST 1)
RO ST R B R Ty, A A
WAE MEF K, X bR O 48T A IR G R
24 (K1 -25), 24 h 46 min #FA B BERTH, AR
A SR B . BRI AT T, RIR 200 e il Jge 5
B s B B (BT -26), K55 26 h 34 min,
CIpUE =i u ST EES s I w7 P SY I LSSt
FEERE MEANTEIR N, ARECE AL

23 MERE4.XB

97 & F AT & WA 4 K (2.156+
0.281) mm (¥ 3), & 5FW HAK, 26 R
A, RORIOH, A6 ] LUE 8] — 216152
MIZEFy, MR, K42 (0.815+0.182) mm, 4H4%
(0.434+0.214) mm, RIS 2 172, WA —H
BR, WiEkf TR PSP e, HE
(0.157+0.195) mm, FAIARTCIEIKEE 1, FEHHA
3, HREWTW, TS (R I-1),

1 dph {71 ;. 4K (2.47240.311) mm, iK%
B, APy sk e, AR NSk, B e
R, [ B O B R ARG N K AR (0.782+
0.063) mm, %572 (0.326+0.082) mm, B & % Fij i
SRR, S ik 173 hiERE . Bk
Ll R4/, RRT 13 A DR R DAL,
R, BERWEBASHINE B35, fFakEfE
KR, MR S P e A2 sh (R T -2).

2 dph {7t 4K (2.573+0.674) mm, B 5 %
U5 —5r, HRUE,; ISR, MigEER
W THAETETFRIE R, BTTTE R, Rimm o i,
HIR A SAM R (KR -3), frfa k2 E e
fafkh B2, Weshae f159 .

3dph fffa: 4K (2.672+0.596) mm, B 4
KA HAHFE, WMERAGEIERE, AREIEMK, B
KIFE, HRERMEMS M, RMBREREmME, Hik
A H M (EIR T -4).

9% £ BT & 4 dphfffa. &K
(2.773+0.483) mm, BPE{HEC 52 RIHAE, WIEKIHE,
8K, JFUR BT sV, Wb ) A 28 1
R, FHEK, ORESEEITE, Bk
PR R B B I B0 MR R B B, T AR
W B AL 5o, B RB A AR
By MRS, DHAkE BT R R I B mR, kg
F&AE, BEREEFEMK, SRR, B
T, AT 0 R 7R K T A B IR 2 W e 7 S i UK e
Ji¥gsie (I -5),

5dph {7t . 4K (2.813£0.451) mm, HEASL
VEPEE IR B, W aIT Rt &, WM AT W
LI E R EERE, WAEN T IWEREY
SR, H5EeThm, i Rime LI an e a5,
MR i BER BN, BHE T 7 SRR R
L S 7 R i S A N LU S 1 S = <
N REES, APl EE ) BER R, JFE
PUAERF T oM I HA kAT e 1 (BRI T -6).

7 dph 4. 4K (3.348+0.735) mm, [1Z4k
SEHEK, R T UM — XTI EE BT IR, A
A S K 2 (0.292+0.380) mm, i #E i K 2
(0.552+0.690) mm ([&] 4), JA vty 1 B0 28 K 4
WEA LTS R R4k sl , RS T Ra
FBE AU R H ARG 2 (B TT-7).

8 dph ffff: 4K (3.841+0.614) mm, Hif—
W ORT — %o I BB A TR R W] G, SR
BERRK: (1.149+0. 676) mm, JEEEMIK (1.174+0.132)
mm, RPN EE o n] A R, SR il
FHLG, L3Rk ORIk 5 B8 ) 3015 B 4R =, ABES
SAE KRG Bl (R I-8), Ffhi [ 2 K kB R
JZUEsh

10 dph {718 ;. 4K (4.163+0.445) mm, 55—
T 8 R — X EE R Ak S K, (HAMHLZ T,
5 O BE RO SGC HOR W] WA TR B, SR
TR B (2.268+0.473) mm, I 6 BRI

https://www.china-fishery.cn

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

Ll BT, A FSURERGT T AR N SRR B RHE 50 &

6 mm

ElhR 11

PV ARG . . B SKEHIE

L ¥IWHT 4, 2.1d1Ff, 3.2d17f, 4.3d1F#, 5.4d17f, 6.5d1Ff, 7.7d17f, 8.8dfFf, 9.10d17#f, 10.16d 17, 11.19d
fFf, 12.28 dfFf, 13.30d MEfh, 14.35d Mifh, 15.42d Mifh, 16.46d Mifh, 17.54d Hifh, 18.64d HMifh, 19.71d%hfh, 20.79d %hfa.

Plate Il Morphological development of larvae, juvenile, and young fish of P. leopardus

1. newly hatched larve, 2. 1 dph larvae, 3. 2 dph larvae, 4. 3 dph larve, 5. 4 dph larve, 6. 5 dph larve, 7. 7dph larve, 8. 8 dph larve, 9. 10 dph larvae, 10. 16
dph larvae, 11. 19 dph larvae, 12. 28 dph larvae, 13. 30 dph juvenile, 14. 35 dph juvenile, 15. 42 dph juvenile 16. 46 dph juvenile, 17. 54 dph juvenile,

18. 64 dph juvenile, 19. 71 dph young fish, 20. 79 dph young fish.

(1.932+0.196) mm, PR BEREE, FFinH
BE USRI (B ER), MR RIS O FF iR 41 (o g 24
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Fig.3 The growth of larval, juvenile and young fish of P. leopardus
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Fig. 4 The length of the second dorsal fin spine and

pelvic fin spine of P. leopardus
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Industrial indoor breeding, early growth and development characteristics of
Plectropomus leopardus

LI Wensheng ', GUO Xiaoli >,  YANG Chuanjun*, HE Xinlei*, PANG Zunfang *,
MA Wenhui ¥, ZHANG Yingguang *, SUN Fangfang , ZHANG Jiawei *,
YUAN Songzhu *,  ZHANG Quangi ", CHEN Songlin *
(1. Fisheries College, Ocean University of China, Qingdao 266071, China;
2. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China,
3. College of Life Sciences, Qingdao University, Qingdao 266071, China;
4. Laizhou Mingbo Aquatic Co., Ltd., Yantai 261418, China)

Abstract: This study accomplished the fully industrialized indoor breeding of Plectropomus leopardus and investigated the
characteristics and patterns of embryo and early post embryonic development of P. leopardus in the north indoor factory work-
shops. This study used microscopic imaging and morphological measurement observation methods to track the early develop-
mental processes and characteristics of fertilized eggs of P. leopardus obtained through indoor factory cultivation and natural
reproduction. We found the zygotes were transparent floating spherical eggs with an average diameter of (887.08+10.28) um
and a single oil bulb with an average diameter of (166.60+10.81) um. Embryonic development experience 8 classical develop-
mental stages, including fertilized egg stage, blastodisc stage, cleavage stage, blastula stage, gastrula stage, neurula stage,
organo-forming stage, and hatching stage, subsequently divided into 27 stages. The fertilized eggs were hatched at 27 h 13 min
after fertilization followed by the larval stage. The total length of the newly hatched larvae was (2.156+0.281) mm. According
to the absorption of yolk sac, larval stage was further divided into pre-larval stage [0-3 (days post hatching, dph), not complete
absorption of yolk sac] and post-larval stage (4-30 dph, complete absorption of yolk sac). The oil globule disappeared at 4 dph
and the swimming bladder appeared at 8 dph. At 28 dph, the total length (15.32+1.98) mm, the length of the second dorsal fin
spine (8.04+1.06) mm, and the length of the first pelvic fin (5.97+1.37) mm, extended to the maximum value. Afterwards, the
length began to shorten. When the dorsal fin spine contracted to the minimum value (3.26+1.13) mm, all kinds of fins were
fully formed, scales began to appear and body color began to deepen, marking the entry into the juvenile stage. At 71 dph,
entering the adult fish, the total length (40.21+1.33) mm, the body shape was similar to that of the adult fish and the whole
body was covered with scales and baby blue spots. For the first time, this study achieved the natural reproduction spawn and
artificial cultivation of P. leopardus in the northern industrial workshop, revealing its early growth and development character-
istics and pattern,laying a theoretical and technical basis for the the full factory batch cultivation of leopard coral grouper seed-
lings.
Key words: Plectropomus leopardus; fertilized egg; embryonic development; post-embryonic development
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