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fasciatus) N\ T%F, FMEEBFARELE . hEBFFET RAF R, EAXIEQR3.4+0.8) Chih
E 28~30 AT, ZHWE 31 h 12min TREBEEKE . EE K E T2 84T £(0~3 days
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(Bariche et al, 2012), 2010 4F 11 A & 2011 4£ 5 A1E
Bl &2V 2R G0 BRI T R A B AR £ B 1 K 3h (Jawad
et al, 2021) . 75 A BE 0 Ay A XN SR At DX L fa 2k
HAERIM, @Ak 10~15 BMRAMR, 7
4~160 m 7K TR Bl T 80 o o A BE £ ) F /N 2
BAARE e R ATk 50 em (B SCRIIAE, 2020a) 75 £ 5E
RN Ry AN S B o R o D FA SR N1
H 5~6 SFiMiAy, IMERE IR 0,

HAT, BRI A B Y et s i, B8y
KTV & B S5 . DT, A% (2004)
X} 4 Fioq B 0 1 SE 2 ¢ R iEAT RAPD 40 #r, R B A
B A0 5 i )5 A BEA(E. trimaculatus) W) S5 %5 2T,
M58 AR (E. merra)fkit. FEXT 4 FaRiAa
RUVEAT LU AT, 2R A B0 A0 800 43 o D i 2 O 32
4, 2005), BLEIE SRR —B(EBME, 1994),
YRR LT i, EEME TR ARARTER AT . T
WEEAERE | AR HETR 2454 LA R I T T 9 R 0 R AR AR A
(B 3C M4, 2020a, 2020b; 2021a, 2021b), & B
BRAE 120 H B 58 505 5 ol A BRE C R0 U0 1 s S A 1y
2906 3 W, JoMEJEME, PEWCEELE 7~12 W, HPERAE
FAE 7~8 H, £ 200 1U/Kkg B4 HCG M Z 5T,
A& B MBI, FE HARFEI RIS T, A Bt
SRR I RS & B B BT T 5K 2 B O Ak K IR
T M £ F8 BT e (Kawabe et al, 2009), %A KRS

TR TR 14 Rl UL 25 A 2 LR 18 9+ ) il R A5 4

AMUATHE R RGe A2z 4a b, 1 H ol T 2o 140
i 1) 45 K R B REAIF T (Kim et al, 2012), 41, X2
AT BE AR BRI HE P Y KiSS-GPR54 £ 58 T 1Y 3
FHLUAIAF TR 25 SRR, PRI Y kiss ] F1 kiss2 FEH
Fih W] m T AR G, H A% i 2 ik kisspeptins
R T2k GPRS4 EL#0# GnRH #iZot, M
T A2 M AR HEB (Kang et al, 2012).

HAT, X FhRaBiare R EARL T AT
ANTEE | MRAIE R T . R b BT ie &
DLARAE o AR 5T LT AL N T 5F 1Y 25 1 B £ 32K B0
FATHES 0 R BF X 4, W HRRA & 5 MATHES) 1)
SR PR AT R G A S, LA A B
0T e N T EH MR M s AR R R 2 5%

1 #B57HE
1.1 SEIEHR

1.1.1 ZAFIP e RIR G mik AL R R A H
Ko 32 K Ak ik FR 4 78 11 AR 48 38 M B B K = A BR A
SER . BRTRAE . Pkt IR & T Z VIR IR A1 B A

T, BTAME % E Sy HCG 5 LHRH-A3 (1)
RAW Al 50 350 TU/kg F1 20 pg/kg fafkE .
KT 2R FERREHT 2 K, Xh Rl s £ 73 550 B a2l
PRRA Y, MRERE =G . 2RO, Jot ki
B3 3 5 R vk A A B g R B TR R AR
BERGTE 1R NS T T N TR . RIS TS0 1
500 PR FRELHEAT TIE B0 B3 5) J5 & S min,
T BN [F) S R R M K SEA TR DY, #E S min J5 UK
££ FIRE TR, FE/KIR(23.420.8) C . WA
KT 6 mg/L FIELFE 28~30 HyiE/K etk , 2R FLES
WSS G e, BEJa L VR 21 F i, A
§UHEN 2~3 mL/m’,
1.1.2 fHiesheey ) EF (ARSI K
FFUGFEME S 44E HL; 9~20 days post-hatching (dph)#¢HE L
24 5 20~30 dph ML X 1 (Artemia salina)4ii4 ; 31 dph
FHATEREC AR, 08:00 F1 16:00 450, K5 E HhBiss
6 mx8 mx2.5 m, /KFASHEEH 8 m*h, IAETE 6 mg/L
PI b, EREER 28~30, HiEIRE N 25~28 C,
12 EEENZE

MAZAG BN TF 45, 7 AL ARG R B 10 7 L7751
FI %27 5 W85 (Nikon E200) X% i & & ik P 47140
FEOULEE , SRS & B I R o) Ok B REE, R E T
WIR B TE] S DL 2/3 B IRG & B B Ak . WD
SEAF TR, BN BE B it BE AL HUAE RS R AT
At R, A BB (Nikon E200) . fi#35]45% (Olympus)
J Image View FAFXTAE S HEATHIIE R &, 10 5% AT
Fedh i % 7 B 0 R 4 AE . WITE], 0~10 dph (B#fL)E
18 KBRS 1 d BUFE, 10~20 dph RF& 2 d HURE,
20~40 dph 5FF 5 d HUFE . BRIRBEHLEEHRR 3~5 BBARAS
Rt ek, il KR,
13 HEAIE

FI SPSS 27.0 XA KA A7 B0 N 307 22 0B
(one-way ANOVA), >k LSD Fil Duncan ;% H 4% 4%
gH ) ) e 22 5, R Origin Pro 2022 3k 22 14

2 HE

21 BERR%RE

2K U1 (K BP AR 47 (0.85+0.03) mm, 7E /K i (23.4+
0.8) ‘C. L 28~30 BY¥E/KH Zead 31 h 12 min 52 A
A KB R IR K F 045 R Z AR08 B
PN R AR L R RO A A
7 AR B, BB R E IR R E B RHELE 1,
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Tab.1 Embryonic development schedule
KE BB JH i I 4 FEKFRE KI5 I [a]
Developmental Developmental stage of Main developmental Time post
stage embryonic characteristics fertilization
SZHG YN Fertilized egg A BRI, HAT— Ak 0
PIZ4H Cleavage period JiG 2T B JARFETE B, A0 T XL T T S % B i bR R 23 min
2 24 4 1IN, A 2 Al 41 min
4 20 ) 552 N, B 4 4R 1h
8 2 M 44 553 N, B 8 AR 1 h 23 min
16 4 g ] 54 WIRE, PN 16 440 2 h 29 min
32 43 55 BPRE, BN 32 A4 2 h 42 min
64 2139 556 BN, TEHL 64 AN, SR ELR AL 3 h 05 min
EZ 1] e, e/, Boeiz 3 h 40 min
FEM 2 EHERR, SMIE U REE 4 h 08 min
L)1 9] Blastula period [5E 30 £y NI SO U TPV Y= IER N 4 h 45 min
R ir PR, A A T AR B 6 h 15 min
JE A Gastrula period 5713 W2 TN 1/3 7 h 47 min
Ji i v 3 R T 172 9 h 45 min
Ji 1 A 4 2T EZEIE 3/4, WEZMK, REESE .
W 11 h 11 min
#i 25 I #H Neurula period JRRTE 1 3 RARTE 1, 46 A 12h
JRFL 3t P 3 WETF A, RfLoE 4 E 12 h 35 min
#HEJE Y Organogenesis MEETE W JVR R 3k 38 ) B0 — %o 4 2 14 h 02 min
JULHS I 3 JU A e A B 14 h 57 min
UIE I S A0 2 A U o D I — X T 16 h 05 min
I Y A T A0 3 v [R] oz LY SO0 A 7 17 h 27 min
TR 1Y) CMEFE BT IR TR, e T MR 18 h 55 min
RZEH JURAA & BT 42 5 1) B 28 5 25 22 h 25 min
A A 1 U A IR T 114 B A 23 h 22 min
O IR B B OIETF IR ks, 5 B Wike e 24 h 57 min
JF4k3H Hatching period i aip i JAA ) 24k 2l 27h 18 min
e ! Sk e 28 h 55 min
PIWEAT REUEEiait i 31 h 12 min
211 R RAOPEARIRTT R TAER 212 EEMH 240 114 4 ML A B 0 A — DK B B

YRR ER OIS . 7EZKG IR (B 1-2) & F 23 min )5,
B ) W A T 56 T it T [ R AR B (B 1-b) s A2
41 min J5 AT — K2, I — o = B 2 A4
FEAR KNS AN, BRAG & B kA 2 40 A 3
(F 1-c); TMiJEAMM MR8 BOE K, KIRIEA 4 41
WK 1-d); 8 MU 1-e); 16 A& 1-6); 32 40
MIA(E 1-g); 64 ZHAEI(E 1-h). 3245 3 h 40 min 5,
N2 #2446/, HR/INR—, 2T BURLRE ) [5
B, A Z MBI 1-1); 3266 4 h 08 min 5, B
FASREAIKTIE I, A0 o A TN, R IRAY
AN A IR, R EIRIG & B PR A REI(E 1-).

WAL, WRAEIE, P RIFERIE O A I S AR
X I HAPERR A = BRI () 1-k); RS BERE AR T
U, TEZHKE 6 h 15 min J&, 2005 ZLm02m /N g AR,
R, HE ARSI (B 1-1),

2.1.3 JRiABEH W2 5, W25 P8 2 [h)
(SRR 2R, I LIV 2 400 7 S 3 [ AL A EE At 1)
A O, AT W2 BT — 2 R,
R —HE G RGO EE S5 S 58 S8 s A B S T
MAZHE 7T h 47 min J5, SPEPIINEEE 1/3 B, #EAJR
(K 1-m); 245 9 h 45 min 5, WE N 128
GREE, VRGOS RE AR, ELF I S A U2 4 i T
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JETHAMDIL, det R 7 BEA G P (B 1n); 5285
11 h 11 min J57, W& T34 HOIE, ZHIHATIR
W A5 1-0).

214 AZREE ZHE 12 hE, IREITHEEE,
WA YOEE R 2otk , IR A IR ARTE IR
ok B i ANRAIE RS 1-p); 2245 12 h 35 min Jg
I B 5 4 /N LB 2 AL 1A AR 3
HEANEFLE I (E 1-q).

215 BEHRY ZAEJE 14 h 02 min, JRARMK K
PPN B 2 o, TR, AR IRALANIE L
— AR, IR ABIE U (E 1-r); 2455 14 h
57 min, FRFMSME I IR 4 XEILYT, BRk

PEAWUTIE R 1-s); 5245 16 h 05 min J5, ARiK
Hru LR J5 O B KA — X, SER IR AR E A
Wr FE I I (8] 1-t); 3245 17 h 27 min J5 , BRAARASLHE
TR 2 2 [A] H B RPR A B A (& 1-u); 32K 18 h
55 min Ji, OFEFERE 1-v); 32K 22 h 25 min 5,
WP R RS O, 75 0 1 R ISR A BE R, /Ny
iS5 mE s, EEHAREMIE 1-w); ZHK
23 h 22 min J&, k&R LB EIE B, LA Py ] 0L 2
ootk H 257 IR i Al A, W48 N I 361 3 B A
Hoa W, e SRS B (B 1-x); 52HK5 24 h
57 min J&, OJERT UL SRS, IR PERE B,
b5 TR, IR R E SO IEBR S (A 1-y).
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Fig.1 Embryonic development of E. fasciatus

a: ZMEE0; b: MRETERUN; o 24000 d: 4 4005 e S8 4UARMH; f: L6 4UMIMA; g: 32 4HAEHA; h: 64 AUAEHH;
i ZAM; j. REEH ke BN 1 AREENR: me USRI o B o BUBARE pe IR U
q: WRALEFAE; o0 MBI s WL ¢ WrEi il uw. OB v OREESRE; w. B2EH;

x: fRIE S v OBEBRSIE; z. WAk ETHE; z1. WRARH; z2. VIR
a: Fertilized egg; b: Blastodisc formation; c: 2-cell stage; d: 4-cell stage; e: 8-cell stage; f: 16-cell stage; g: 32-cell stage;
h: 64-cell stage; i: Multi-cell stage; j: Morula stage; k: High blastula stage; 1: Low blastula stage; m: Early gastrula stage;

n: Middle gastrula stage; o: Late gastrula stage; p: Embryo body stage; q: Closure of blastopore stage; r: Optic capsule stage;
s: Muscle burl stage; t: Otocyst stage; u: Brain vesicle stage; v: Heart stage; w: Tail-bud stage; x: Crystal stage;

y: Heart-beating stage; z: Pre incubation stage; z1

: Hatching stage; z2: Newly-hatched larvae.
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216 i ZHK5 27 h 18 min 5, WRATFHEE —ERE, AR AR, AR R

FIRIZIGES s, RSN 1, BLR R H
I 8 O R A 2 IR K B 14, IRIR R
AT T (B 1-2); 3245 28 h 55 min J&, FRASKER
ST, REAES A S, KRR X, R
(& 1-21); 5285 31 h 12 min J5 , 0% A7 A 50
AT, G A T A AR (A 1-22),

22 f¥. #. HEHEELE

1 dfffa. 7EfKS, WAt EEgEe, £
B FARER TR, REd. AiREma —KREE
BN EE R, FEH R A — Bk . SKER . B R
Fmek, W5 mlbaaR S, FHPE 13 AW
VIR ERN, KREBOEEEG M RIBORA,

BERE MK BT IR — EAE R R R AR, Seid R EIAATT,

TE TR R e L A B R BE , RICEE IR AL
WARIEHL, FERLTT BT 2 90 M (Bl 2-1)

3 dfffa: KBS T . R b, A5
SEER VUK RE 155 5 Bt ok B, SN A8 B R
RS AE A A RS, IF ELaT U =g sh oy 1 s O iE
MBSt A g o BB TN, i AN IR
PR IR R ANIE A8 5 5 AL T AR HLBE , FR A,
RIS AN AR ; LR S A &9, TLRTHm &

¥4 455 B 58 HU(Brachionus plicatilis) . 3% A E PR,

IR STE N IR REAL A R AR B AR, B hE Py
AR SR TS R R — PR A AR p AR
WA R, EEER E NS 2 FRE e s 1
fig | R B A Ry (B 2-2).

5 dfffa: WAEE— B ETEE, BRI,
SRS A S, DRSS, nT LA AR E 1Ak
A, Wi 2] HR AT % 04 B S AR A TR AR A . IR
BEMREEM L R A, AT]5S R R A A
RBARI ARG, H T EERZEHE A, #
Je ER I BE S A AR AR, AT RLE R R R B B
T THI AN T A9 B R AR A8 (] 2-3),

7 d 7. MOEEREERLE AR W, UiFUk RE JI 3
REMUESh, ANTFE TR, TRk )2, HERE
VT 1 3 J22 3 v i) f 20 28 A 0 1B 8 87 4 /N o M g 73
Vi, U ANE SRR AR A, R EERE AR AN, AR
FaAE A5 o 2 R i Ak (5] 2-4).

9 dfffl: DMK, 1. BEEEHAFETFLGH
B, AT EARN Sk A IEA NI FR, N RE Y 26 2K ) i
Je EAR AT A0 ST 2 A, AT
3ALFEA, Al T EER L IR AR (E 2-5).

11 d AFff . — X0 ¥ 8 RN 28 — 35 BE i 28K

K, 0GR v B A K He RS, iAok, vl
By, R )T B8 I B A T IR T A R R RE
M R B R T, MELLES NI . B
W, ATULRB sz, BEZZAR K B 5E 4, W ILAEARED
22 HE5) 73 W (] 2-6)0

14 d {74 BHREE 8 S PR R A o 11 L2 —
BERR AL, HAFH R R R A, I SR
B T 08 AR v 114 SR (B R A Ui SR An— K
Bz (K 2-7).

17 d fffi: 55— RIE K, 5 = 15 g o5t
FEBL, MERE L B /N AT A A, 2R AT B
kS (] 2-8),

20 dAffa. Wy Sk T T 14 I 4f H PR A6 2
B SR EE A, AT R R R I B, B AT
MIZARIE MY, RHETF IR M B, TR g
SO AR I, BF T 6 RIS 68 A i 114 8 2R )
FEFRUL i R AE A (] 2-9)

25 d frfa . WAk R B AR L, = 6
DUTSEE K, TR EE AL 11 AR, rh g R e —
TEHETT L 2 ARAEEE R, AN E R L BRaRAE L,
HIFBAEm S s . 8O, A g 3 R L R B
(K 2-10),

30 d MEff . BEBMARIF GG 5 A, 55 95 5
IS 5 68 T b i, 75 B8 L0 BSCIR SE B, R
FRAL PR R A 7 BT UG, T8 T B8 A St ) Sk AE i
FINIREE 5 68 FLHE IS 15 1k 171 FT o W BB AN Sk R A R Mo
B, I H S R N (B 2-11),

35 d MEfh . 5F TR EE R WA , IR B8 A i Y
MAEAGLIRYITE O, 8RR AR, AR S 24
o I € TR DI, XL A 9 A0 g UL A 35 P 3
REARG, EAT AT WL FESG 8 . 31 dph BF, 1ERE i 3h i
RS AL A AL, A KRB LRl 2 B 3 4
FHE 1), Ul B AR A7 BE £ R B B FC Al ek 14 42
ZRER S W, Bt RK, HEA T
Yotk RARAL Y 2B € 2R AT 4R 1 45 I 42 6% 1) 7 1) 5
SR AT HC, R £ T I Sk T00 K G 3 Ak e 3R A3 2 (1 2-12)

40 d FfE£h . 55 T B R A R 0 AR 2P
FIIR G, IR S 75 S8 MR B i ) 4 B i (A 4
JULIR) 375 B B it — 2D B AR, 76 7 8 J 3 N e Ak mT B dnd
WL S B BE T, LU, EEAE B i R R BB Sk,
I — i, HEfN 40 dph JTHA 7668 25 )5 2
MR (&l 2-13),

50 d HEff . BLBYBLAYEE S EEARum AR g, (HR 5T
SidE o IREG L2k BRI, Wy Et R Sk FE iy
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Fig.2 Morphological development of larva, juvenile, and young fish of E. fasciatus

1: 1dfffa; 2. 3d4Ffa; 3. 5dfffa; 4. 7df7fa; 5. 9dfFfa; 6. 11dfffa; 7. 14d47fa; 8. 17d4Ff; 9: 20d
fffa; 10: 25 dfFfa; 11: 30d Mifa; 12: 35d MEfa; 13 40 d MEff; 14: 50d #fifh; 15: 55d4hfa; 16: 70d 4,
1: Larva of 1 day post-hatching (dph); 2: Larva of 3 dph; 3: Larva of 5 dph; 4: Larva of 7 dph; 5: Larva of 9 dph;
6: Larva of 11 dph; 7: Larva of 14 dph; 8: Larva of 17 dph; 9: Larva of 20 dph; 10: Larva of 25 dph; 11: Juvenile of 30 dph;
12: Juvenile of 35 dph; 13: Juvenile of 40 dph; 14: Juvenile of 50 dph; 15: Young fish of 55 dph; 16: Young fish of 70 dph.

BRI, (HEMAMEIEL TN, FELXKETE
TINSE BN B 5 £ ORI A 4 Ak 1 PR BE K, R
W R, R FERARTE SRR, WA LS
A I AT %) 007 0 A (1] 2-14)

55d4lifa. S ITEEAE R, B RAER
PIE R, % R AN DR B g — 20 iR . 5 ]
FEARAL ) BB 1) Sk AR BB 2-15),

70 d 4l ff . 42K 3EF](5.36£0.37) cm, RAIRESE
WLRHL, 17 sh e, Zifafe K h k2R,

AL A5 A XA I IR 43 Sk R0, 9 R AR IR (A
JEFR R A v (0, LA A R A LA A 8 SRR AL,
{F f S A7 2 7 W AR 5 8 1) B B R AR i 320 1 B R
BEe, NSRS, 5 —3(E 2-16).

23 FRENEESERAEUE

WA BT AE KR 25~28 ‘CRIELEE 28~30 1Y
SRR, 30 d sEAr ik i, A KA A 1
B RN 3 FiR: MW F a2 o K, £ RKEF
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R LTk, BEBrBAR S At 5 920 K, Ry
KBS T, BB L gedg dy, BEH BUE
WEBE R, mkEAETRER LR, e, A
WEZHEY); 4 20~30 K, TSRk Ak, 4
KRR KHE 30 d BT HRER
P& kL, s B AR A K

6r f

; u
g
o
g na
-8
S d
22 ¢
<1H1 b b

I a a a a ab ab ab ’—FH—X—‘
a
Ol—?ﬂ%mmmmmmmm 1 1 I I I 1

HEO0S5 1 3 5 7 9 11 14 17 20 25 30 40 55 7
H it Age/d

K3 R Bt A HES) AR H R 0GR
Fig.3 The relationship between the total length and age of
larva, juvenile, and young fish of E. fasciatus

AR RR AR 22 5 B3 (P<0.05),

Different letters represent significant differences (P<0.05).

3 it
3.1 FAWMEREREE

ANF RIS & B A FEA R AA A, (Bt HAH
PIZAb, — RGO R R, KRG R BB i .
TS it i B Al Horr, IR R/ NFE— e 72
FE b5 7 R, AR A SR B R AL, O
R, WAL PTG AR AR o P58 (2022) 58 &
B, @V R (Barbinae) i 2> Ji| J2 & £ (Acrossocheilus
hemispinus)iSZAE IR BIFE K 1.74~1.97 mm, SF{LEFK
3 60 h 19 min, 5EIFEM(1.55~2.11) mm Ay ))& 3
i 0GB (4. monticolus)HY HRAY[R] 56 h 36 min #H
I (KB4, 1999), XU {1 (Ptychobarbus dipogon)
BRFE N 3.7~3.9 mm, FHZH7 336 h 12 min fEALHH R
CREET-4%, 2019); 1M ) g 24 £ IV B (Schizothoracinae)
RO O G A (Schizothorax davidi) B 2% W) BE AL 75
217 h 20 min, IR H(2.91+ 0.29) mm, XU -4
R (S 5, 2020), A7 5 7B 8 25 1 B A2 K
INFEEAEPAE 0.79~0.94 mm, W A7 BE 14 (E.
lanceolatus)¥P4E " 0.79~0.85 mm (JH# %, 2010), L
WA B (E. septemfasciatus) 9154 0.81~0.85 mm

(& BH %5, 2011), #8 5 A BE i (E. fuscoguttatus) 5
0.83~0.94 mm (Bai et al, 2016), =& {1 Bt (E. moara)
7 0.86~0.88 mm CRIRFESE, 2012), i AFEM(E.
malabaricus) A 0.87~0.91 mm (jifi JK 1555, 2008)55: , A
WFFEH, oA BE A0 20K D IR 4% 247(0.85+0.03) mm,
EEZ Cap Rib B

R JiG 2 B A I 5 B A A o 2 A AR DG fE—
FERIRBETE I, BEE KR TR, IR & B BB
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Abstract
market value. This study utilized wild red grouper parents to examine artificial breeding, embryonic and

Epinephelus fasciatus, a small grouper, is valued for its delectable flesh and substantial

post-embryonic development, and juvenile fish cultivation under industrialized conditions in northern
China. At present, no documented studies exist on the artificial breeding, embryonic and
post-embryonic development, and feed conversion processes of E. fasciatus under local factory
conditions in China. This study focused on fertilized eggs and juvenile fish of E. fasciatus
artificially bred in factories and recorded their embryonic development and instances of rapid growth.
The study also explored the relationship between juvenile fish development and feed conversion,
providing a scientific reference for the industrial breeding and aquaculture of E. fasciatus and its
high-value utilization.

The parent experiments, including fish cultivation, fertilization, and hatching, were conducted at
Laizhou Mingbo Aquatic Products Co., Ltd. For egg collection, female red groupers with stage IV
gonad development were selected for artificial induction. The oxytocin used was a mixture of HCG and
LHRH-A3, which was administered at dosages of 350 IU/kg and 20 pg/kg of fish weight, respectively.
Two days before sperm collection, a halved mixture was injected into mature male fish to promote
sperm production. To obtain fertilized eggs, mature eggs were first collected in a dry plastic basin by
compressing the abdomen, while sperm with high microscopic vitality were simultaneously collected
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for artificial insemination. Dry insemination was performed at a sperm-to-egg volume ratio of 1:500.
After stirring, the eggs were allowed to stand for 5 min. The eggs were then washed with an equal
volume of seawater and allowed to stand for 5 min. The floating eggs were collected and incubated in
an incubation bucket with seawater maintained at a water temperature of (23.4+0.8) C, dissolved
oxygen levels greater than 6 mg/L, and a salinity range of 28-30. Upon completion of the embryonic
hole closure period, the eggs were collected with gauze and immediately transferred to a breeding pool
with an egg-laying volume of 2-3 mL/m’.

Starting with fertilized eggs, 10 floating eggs were regularly removed from the hatching bucket,
and an optical microscope (Nikon E200) was used to observe the embryonic development process.
Photos were captured, and the time and developmental characteristics of each developmental stage were
recorded. The time point of each developmental stage was defined when two-thirds of the embryos
reached this stage. The fertilized eggs completed embryonic development within 31 h and 12 min under
water temperature and salinity conditions of (23.4+0.8) ‘C and 28-30, respectively.

Starting with the initial hatching of fry, fish fry exhibiting good growth from the breeding pool
were regularly selected. A microscope (Nikon E200), dissecting microscope (Olympus), and Image
View software were used to capture photos, measure total length, and record the developmental stages
and characteristics of the fry and juveniles. During this period, samples were collected daily from 0 to
10 days post-hatching (dph), every 2 days from 10 dph to 20 dph, and every 5 days from 20 dph to 40 dph.
Fish fry (3—5) was randomly selected at each time point to measure their total length and record their
growth status. One-way ANOVA was performed on growth data using SPSS 27.0, with significant
differences between groups compared using the least significant difference (LSD) and Duncan tests.
Origin Pro 2022 software was employed for figure creation.

The post-embryonic developmental sequences were divided into the early larval (0-3 dph), late
larval (4-29 dph), juvenile (30-54 dph), and young (>55 dph) stages. At 3 dph, the larvae were fed
S-grade rotifers. At 9-20 dph, L-grade rotifers were provided. At 20-30 dph, brine shrimp larvae were
provided. Starting at 31 dph, the fish larvae transitioned from animal-based feed to compound feed.
Compared to the early developmental stage, the growth rate, phenotype, scales, and body color of the
larvae rapidly increased after transitioning to compound feed. This indicated a high acceptance of
compound feed during the transitioning stage. The feeding frequency was twice daily, occurring at
08:00 and 16:00. The dimensions of the cultivation tank were 6 m x 8 mx 2.5 m, with a water flow
exchange rate of 8 m*/h. Dissolved oxygen levels exceeded 6 mg/L, salinity ranged from 28 to 30, and
water temperature varied between 25 ‘C and 28 C.

At present, although red groupers can be artificially reproduced, cultivation technology remains
imperfect, and large-scale breeding has not yet been realized. This study systematically investigated
embryonic developmental processes and early morphological changes in red grouper larvae produced
using artificial insemination under industrial conditions. The early developmental patterns of
metamorphosis, growth, and early body color changes were systematically documented, providing a
reference for the artificial cultivation and scientific feeding of early fry and juveniles to mitigate
mortality risk.

Key words Epinephelus fasciatus; Embryonic development; Larva, juvenile and young fish;
Morphological development



