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TR E K& B HHE
KRR & B WIREIE MR

OB A ™ WEEt Bzg!
FAAY E ®' = #' FExH3
(1. P EKFRAEIE BE B K FERF ST A AR RSB Y T S R R A S

AR S HEARAER LR ERERIIK G R0 E IR H8 266071
2. BHERTERYOK A4 ebe B 201306; 3. SEMMABK™AHRAR IR MG 261400)

WE AARXKAEHBERERNSEEN T L, BRAFANEMH R T 1 4 8(Seriola
quinqueradiata) ik 6 Fr{T e 4 e MR A K R B A E R ERME., R I T, LAHIRAN T
7B B 2RI, IR K 5 1.26~1.36 mm, ¥ 3Rk, 7E KR (22.0£0.5)°C . # % 30, pH 7.6~8.0
WAMT, B 35h1smn Bk, MEAXTLIET ;N INRATH ., R, BRH. EH.
PRI BB R E R AL R A R A 8 AR . AT 4K H(4.03£0.27) mm, Hi
EEKMER, KEHH42KH 38, 3DAH(day after hetching, DAH)1T # 4K % (16.23+1.61) mm, JF
0, #OGRAE R, JFoEE 4% & (Brachionus plicatilis), 6 DAH 1 # 4 % (4.93+0.17) mm,

R AIER, EFEFT A 10 DAH T & 2K #(5.21£0.23) mm, JHEHA T E, TeIHNIR
W& AN, 15 DAH ¥ 4 K %(6.24+0.66) mm, SR 465, £ 25 DAH B, fr# sk b
(10.25+1.35) mm, & # 42 Tk, FFHEH R | & L 4 R (Artemia salina), 30 DAH ## A2K %
(16.23+1.61) mm, JF#3E4TH. A% 4 1L ; 40 DAH # # 4K %(28.07+2.32) mm, & ##& &8 &
K B4, 65 DAH 4 # A K % (81.49+5.11) mm, A 5§ RAKAM M., FFRFH, T B EE
EH LR E R 22°C~24°C, R G R T Y MEAE B AH0E R ARMIKAE, RERERE
R AT G R4

KR LAY KEEXFE; BREXRHE; BARE;, EKRME; BEEN

FESES S936  XEFRIEEE A 0 XEHS  2095-9869(2021)06-0194-11

T 4 Wi (Seriola quinqueradiata) & — Ff A 7 (%) I 1995), F AWM HE, WEESE, EHRFEE,
KHE L R R KB S e e pr a2, 7838 RUubEm A RS a2s, RAMREMAaEmE, S5
B B . AR R R I U AR (K A, B AkWH(Seriola aureovittata) | i 4 fi(Seriola dumerili)
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W]k H A PR b E 23R 0 3 R (Seriola) s,
H #9877 & B &= (Higuchi et al, 2017; X1 2% HE 5%,
2009).,

AR, FRERIT IR0 Kk JRAVE , &R KSR
BV G BN . SR, I8 B SR Fh i = B TR
LGSR E R R 2 — o RPEME 4 U 0 28 0258 IR
TSR R R AR, BT, EFR IR AR =M
(Oncorhynchus) . 448 ffL(Thunnini) ., #fiffi (Seriola) %5
HBRCR TRV SR AE AR R AR, AR — P R
PR A B E T E NSRS 2%, HARH 20 tha
60 AFACH 4 RAH B A B Ah AT N T 3% 51 55 55 (Eriko
etal, 2004), 20 itz 80 FACLIK, HAFFLEITET
TR T B AR AIEGT , 280 T A i = B 4
AR(Keiichi etal, 1998), #Ezh 1™ ryP#E LR, H
Wi, SRR R0k 14 0t EIR ALKV KR T
AT 285 R A B A R P 2 D A T B ) Gt A G
TR R A KR F RRIE, Osamu %5 (1986) % I F-
27 AR T HATFHES) 0 A TR RRIE .

AR, 1 22 A A E AR SR AL T G M X TP T
SREMI SR o Ry T R B AR ) 2 R R T R
BB, EK R AR B S K 5 T 0 255
b Sl iR = S5 G AF , LRI S & A
ZkHifiSE 10 80 43R, 2020 4F, SRATEICIATE T il i 55
O RAIAT AR08, M T L EME KRG TR
TS TR, A T, SRAEGE MR
FE R SRR i, il sk T N TS B A& T TR
BRI FHES) (0 AR K R BRHE, B T IR & & 103G .
T BE S R, Ay Sy ) AR P s B R R T

1 HRETE
1.1 E&HEFMZEIIFKE

F BT 2020 4 5—7 H AE LR3I B K 7 A R
NTFHERT . HAREIR AR 4 1%, S 2016 4E [ H
AR a2 B S, LR R a0 T A
TR L SRAAE R T B R A KV 1t (50 m®) N FE R
IKEEE BB M KIEN 20C~23°C, £h 5y 26~29,
pH iy 7.6~8.0, HfsK%F 200%~300%. #HMEIHF
ot HAEME 1R, BRSO E I 2%~3%.
SEWNE AR E M, PR K BT I o 8 X B RO
AR, SRR E T R, TERF N AR,

1.2 FERBREZEVE
BRI S fa = BRI O, 24 & IR e R &y

FEOREE, ST EVIOREULSR . IR Z KSR E TR A
PVC #1538 RHRR (B BN 60 L), 478, ik
Efk, EhAR  22°C~23C, Wtk , WBEE
25 I ETAE 15~20 min BURE 1k, AT W5 & 20~
40 min BURE 1 Y. A NIKON(MSZ800, H A%)fi i
BRiE TR & B OWEE , e SR & B I Y MO S 4y
fIE, 38 1] NIKON (Coolpix 4500, H 4<)Ehd AL
17 AR I

13 FHRHBERETEUE

freaiEfe i IS, A2 P BB K il (B
7mM)JFREFSE, VIR ok 10,000 Fim,
REH &M KRR 22°C~24°C, #hFFk 27~30, pH K
7.6~8.0, YL N 12L: 12D, (HEI R . WAE
FE % I (Brachionus plicatilis) — i H JG 17 4h &
(Artemia salina)—EC A& 1A kL. BiFIRE & B EHEI DL H
i (day after hetching, DAH) 5., ¥i#{1-f°8 0 H i,
PLHZEHE . 3~21 DAH {1t B AH 4 e dy, HE
M2 Yk, HEMEEERE N 8~10ind./mL; WAL s N
/NERE(Chlorella vulgaris), %A 5x10° cdl/mL,
20 DAH JF 4R 34 Jn $ W i BTSN G ik, #E N
1~2ind./mL, H#ME 2 Y% ; 30 DAH JF IG5 M il & 1k
PEATEC A AL s 40 DAH J5 H e i A k. A
4 DAH JHifHK, HoK R & #ik 100%~200%, &M
IHHRE B M, R .

H Ao An i H & 15 DAH i, KN E ik i
HLHUFE 40~60 2 ; 15 DAH J5 45 3 d BEALEUH: 30~40 )2 ;
30DAH J5, ® 5 dF#LEUHE 20~30 . SLIRZ AT,
e MS-222 X7 T REEAb L, SRS 7E NIKON
(MSZ800, H A%)fi il Bt T X1 A [6] B # A9 T8 25 4%
e, AREL, BELE . BENENIIT A ]
W03, ME AR, R, k%, Bo4h,
FH I E W 2 45 H IS RAS 10~20 )2, LIS = 4 58
WLE il H
1.4 BEXTREBATEAL B9S2 NE

IR EE . 20C, 22°C, 24°C., 26°C. 28°C
5, MAER 2K, LRAENN 8 AR
(ZFN 100 L), fdi 1] 300 W H Pk s LA Hs il el g
CREH4 B M £0.5°C)VE A TH IR K I o 4 S 565841 (2 000 mL)
TACHCA , KK IR 24 B R, RN
B 3B, KBTI, MORBR AR R ECZAEOE, Pk
PR E BN, T 120 Rior Bl AR
i, EEAR, ERPWEIHC SRR A T R, R A
R EBEINH AU B, Jf 47K 30%~50%7 1 .
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A2 4%

RGO S, G ER | IR, i el B L
K.
1.5 #HBEZITHHT

FAHEG AR B | 205 BRI Ak 3 RN T 2R 4580
F Y {E +471E 2% (Mean+SD) %7, i ] SPSS 24.0
A AT BLA R U7 22 (one-way, ANOVA)/HTIris, *f
ZHGUIMALR | WP R T & T, 225 Btk
P EE N 0.05, Y4 P<0.05 B R R %,

2 #R

2.1 HERR%& BT

FLAWRI SZ KGO0 A IE R, RIERIE, AR KA
1.26~1.36 mm. ZHiUN7E/K R (22.0£0.5)°C . L/ 30,
pH 7.6~8.0 45+, Jift 35 h 15 min 58 274k i i
(#1).
211 PR AT 2N A O I A R 2 A
GRS ahtl . 2K e, MBI R, IR BRY-
KK 1A).
212 AR H ZHEI5G 2 h 10 min, SZASIRIRAL &
A, R 3IRAR, KRR 8 MR/

GMANAE, FEA 8 IR, B 1 IRERIN IR R
5HT LIRINZEA TR, REkER; KA 3 h &E
W5 IRGAL, HEA 32 4, BNRRNA—; kG
J& 3h30min, 5 LR KA, B RHETI A
()2 2400, JEA 64 il 25 aMARW 2,
SPIWALHERL £ )2 ; 252K 5 h 15 min, &Y
e — T 1 2 T RELRE 1% = IR 20 ML, A SREEM)

(F 1B~A 1H).
213 EpE ZH5J5 6 h5min, ElERAnMTE SR

T FHORLRE AR, AUMIdREL /24 2 | iR At
RGN, R RGE RN SZ2AE5 10 h 20 min, AR
G RO w2 R, AR (1A 11 Al 1),
214 RMH ZHKiE 11h30min, dEAJE R,
JRIAR S N, e R, IS, 254
Dl E s, 22K E 17 h 30 min, Rz
BENIE, BRI RREESCH], USRI (B 1K~E IN).
215 Avs A ZHEG 18h 50 min, JRIH5E4%
M, SRR e, A R 0 5 REE S 1) 1
GETERHZE, TR ARSI 2R,
JRIARAT y 5~6 X, AtfE A RER S, B
(& 10),

* 1 AEHAERR % S HF(22.0C+0.5C)
Tab.1 Embryonic development timing of S. quinqueradiata at water temperature of 22.0°C+0.5C

REMF KA W &1 RAMFF KA W K1
Development timing  Development stage Fig.1 Development timing Development stage Fig.1
0 K2 K B A 11 h 30 min 5 i FL 4 K, L
Unfertilized egg Early gastrula stage
1h 20 min 2 4 B 13 h 50 min U M
2-cell stage Mid gastrula stage
1h 40 min 4 20 A C 14 h 50 min JE 7 5 1 N
4-cell stage Late gastrula stage
2h 10 min 8 4t a1 D 18 h 50 min P22 R o)
8-cell stage Neurula stage
2h 30 min 16 2t it A E 27 h 40 min AR AL BN B 5% 1/2 P
16-cell stage Embryo encircling 50 % of yolk sac
3h 32 41 i F 28 h 40 min JAA 2 51 2 4 2/3 Q
32-cell stage Embryo encircling 67 % of yolk sac
4h 20 min Z 41 g3 G 30 h 25 min IR A B 3 3¢ 415 R
Poly-cell stage Embryo encircling 80 % of yolk sac
Sh15min FAIEI H 32h JARAAR 8 42 A Bl B 4 S
Morula stage Embryo encircling 100% of yolk sac
6h B s I 35h 15 min A AL, T
High blastula stage Hatching
10 h 20 min (R AE R J
Low blastula stage
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216 BEAXAEH  ZHKIE 27h40min, FEEDH
W U2, WMARSLEREERIIG., (K95 9~12 X%F, O
AE TR Y S2K5 )5 28 h 40 min, FRIAGLER #4E 2/3,
TERREZE, BTG 3 (W% R 58~79 K /min), IR{A
WS A EBRB AR, Wikl 3#a, B
BB AR Ay 20~24 %, IR /R H PR IA] B 1 s (0
HH 1~3 k/min)(K 1P FIE 1Q).

217 WUR R ZHE )5 30h 25 min, AR
W 415, AP AR EEHBEL ) JERRA
Rk, RBAEBCSLTELAE; K5 32 h, IMAE 24
POPEARE, LM EREARIHEIN L, LIl
5 ¥R, RIRHLEL B, R ] BRI s (UL A505)
B, Wi il 12~18 Ye/min(& AR FIA 1S),
218 WAL ZHiJG 35 h 15 min, IR LARN

i FEE RO 8 K (15~23 W/min), SR EERELE/IN, IRIATE
Fe RIS S ER T, K DR ToUR , JBE RSt i (P 1T)

22 (FHHBERKRERHIE

221 Sk EATEY W0 DAH): KN
(4.03£0.27) mm, BpEgEH K, BMEIE, KA
(1.53+0.13) mm, %§4%4(0.81+0.07) mm, JHERIE R
(0.48+0.04) mm, Skt 54K Ay 10.9%, ALHIHE 541
) 57.2%, HRA% KKK 52.2%. A f W i AR
BRI, ARURHTE A RAE IR B [, SRR [ ag
BEEMEAK R, SER IR 1568 IR R 6 [ 2 0] 77 7F
A G 0 3 S, S BRI 868 B 300 % 4 A A 2 €8 IR
BEW, KT K. WMER LB ERRBAR. B
ER AR, BT IEHR (A 2A),

K1 HREIIE G K B IS FHIE
Fig.1 Morphological characteristics of embryonic development of S. quinqueradiata

A: REZKEIR; B: 2400E01; C. 4Z40fil); D: 84HiEN); E: 16 Z0fMull); F. 3240l G: Z4ffulll; H. RIEIRW;
l: mZER; J: MREEMM,; K. FEpH; L E R ERWORIRE); M: BT, N BERE; O Mg,
P: IR ENEYE 1/2; Q. WAGINEH# 2/3; R: IMAGIPEIH 4/5; S: MK PINE S T. BBRL
A: Unfertilized egg; B: 2-cell stage; C: 4-cell stage; D: 8-cell stage; E: 16-cell stage; F: 32-cell stage; G: Multicellular stage;
H: Morula stage; |: High blastula stage; J: Low blastula stage; K: Early gastrula stage; L: Early gastrula stage (show embryonic
shield); M: Mid gastrula stage; N: Anaphase of gastrula stage; O: Neurula stage; P: Embryo encircling 1/2 of yolk sac; Q: Embryo
encircling 2/3 of yolk sac; R: Embryo encircling 4/5 of yolk sac; S: Embryo encircling the whole yolk sac; T: Hatching
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A2 4%

1 DAH {14 4K H(4.21+0.17) mm, FRE{FEiAFH
WD) 55%, IR M (0.4420.06) mm, kK G4 KN
11.5%, NLHTIE KA 57.4%, IR12 K%K A 54.5%.,
frn B RE 2 IT, FEARIR LB B0E, hahhe
RS DIER L AL, 0Bkh 150~180 vk/min, T iE
SR 668 5000 5% A AT 1 (B A M 23 FEE 1, S22 5 R
WA KT AR SRS, B TE .
JY 18 1 AR FEU(E 2B)

2 DAH fffi.; 4K N(4.43£0.13) mm, BPEE#EAF
WY T5%, IMEREE N (0.4020.04) mm, kK HeKH
11.6%, ATHTHEA 54K A 57.5%, IR12 Kk K Ay 55.4%.
fraTF G TE, SRR nT AR oK )2, ELBRI Rk
B, TEKARR AR IS, A KR L2
BMTEK. WHERREAVESEION =, R0 % s,
IRETF e IR 3 R NEM, 2RI
Wi kL, HEEY K (E 2C).

3DAH fffi: 4K H(4.51+0.33) mm, BPEEHEAFH
WY 90%, JhEREE M(0.21+0.05) mm, kK H4aKm
15.1%, ALHTHEE & 2K i) 58.5%, HR4% K kK M) 48.5%.
frfa 2§ I fE KR SERIE R, RS KT L.
THMECRE ARG L, BIA DR REE, T
BT, ARE @R, Eg R/ R, 1Eshae )
A, IRFEH B AR MHENZRBE, ONEA R
e frEIrE, FEUEE, BEYR, B
PR (& 2D).

6 DAH 11 : 2K }(4.93:0.17) mm, GPEEFE
FEIRIS, WERIAE TR A, LKA EKM 23.2%, ATHT
BE AT K 57.8%, HRAZ ALK 38.9%, f1faliEik
RE1 i, RESRREREIGY), BB ATEKIERT . L2,
itk SIFGTESR . KT L T RIIRIR R AR
SPAESE, TR CORERE A, ERR R (A 2E).
222 HERTwAired 10 DAH f7fa. KN
(5.21+0.23) mm, JHERIHAETEEE . LK iKY 25.7%,
ATRGEE 4K 9 59.3%, HRIEASLKIY 32.5%, KT8
OEDME IR, TR AETE; 900G EE 7 B A
WP, LR, RS, R
o MEEI B SRR EMEE .. MR —
HRE, WmiBEREYyE 2 (K 2F).

223 HERT wir e 15DAH frfa. &KH
(6.24+0.66) mm, ki HeKM 27.6%, HLATHE Sk
1 66.3%, HRA MLk 35.1%., SRT-Z245 Wifmiae & hn
Fio BRI R MER, S8R an
BE, AT E, A ER IR, % (feeding
rate, FT, %0)(FE & R =4 &7 50/ 1 B4 x100%) ik
90%V I+, JAiE pis AN S RS TR LA

fraEFERm It iam LA, Toh R, #5h 12
R, FADEEEOSREAER, IR RS54 2G),
20 DAH ff4f1: 4K H}(7.55£1.12) mm, kK 4k
() 28.7%, ATHTHE 5 4K 1Y 60.5%, HRA2 ALK 1 41.6%.
FREEFRFIRSE , 2 B %L MR A AR EREIRER,
AR BETRE (5 R 2RI 2 h 58 il T iBEE L% 16 41,
BHERE S 8 MR, EEmAREOAOER, BN
K, BER AT, 8B, frHaIFiafe K B 14
&, MiEIE R 2 A4 3 i (K 2H).
224 A ERTwEHEY 25 DAH ffEfi. KN
(10.25£1.35) mm. ki iK1 28.8%, ALHiHE 4
K 59.5%, HR#ERLEKR 33.1%. HRAum#E LK
g%, REEA 1THY, THiE4 234, B 1341,
WIRRR RIS LR, fRREI IS, AR
%, ek R MERAERKZESIE . W
B R BRI AR R (K 21).

30 DAH FEffi: 4K 4(16.23+1.61) mm, kK 54K
) 24.7%, ALAGHEE 54K A9 55.6%, IR ALK A 34.9%,
FREE XA, #8255 19 R, REgIhuA BAa RN,
IhELE S 30 MR, BHEES 20 AR, MEEESS 5AR, MofEsc
1218, EREREE, RENEHE, KRIFHIER
FE . ARSI 4K, FFiR
HATECA RS T . B SR a1 b (E 2).

35 DAH HEfli: 4K R (22.45£1.42) mm, k4
K1) 26.6%, ALHTHE f7 K1) 53.6%, HRFE ALK H
33.8%, LA S, MR, Ik S
WA, ARKEEI, MEAZRMK, FREME T H,
AT A BN O, SRR AT
IS (K] 2K),

40 DAH #fEff . 41K #4(28.07+2.32) mm, ki 54
Ky 27.8%, ALRIHE 2K 54.3%, R LKM
32.3%, faliiit kR E KA L, FRnA it A, Bk
BRSO, LT TR AM, B Thmhi
WwEEBt, REILM 3~4 FHmmEzE . ek
HAEREDLEIE S, A SN TR AT b (1A 2L)
225 #h#d  50DAH %)t : 2K 4 (45.75£4.03) mm,
KK 2K 28.9%, ALHTEE 54140 53.64%, HR1E
kKR 30.1%. ERATEAINGE, I RE A,
MR AR, T56E | RIS | B iR,
IR MR, I R AT E 5~6 45(18 2M),

65 DAH %hffi: 4K #(81.49+5.11) mm, kK /&
KM 25.9%, ALATHE SR E 49.2%, IR#ERLK
) 37.7%., IR EAZ, TR 6, B R
o, i RiE . BN, RREE R IE AR
o IRFERHE, AmaRamE, HIRESS A
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LA 2N).,
23 FHMBEBEREERKSE

freaJr Oy, AR EEFENIEPEE IR, 3DAH I,
frdF O JEi NRGEFRM(E 3); 76 4 DAH B, 5P
WAL 96%; 1E 6 DAH I, FRETEILsEse, {140
TR KB I 2 MM E IR, R, ek
W2 WA S8 B 0 B P A0S, 2 10 DAH W52 54 .3 DAH i,
IR ETE L ; 6 DAH {1 &N 60%~70%:;

20 DAH frfaf < TG 1 44; 30 DAH {1 faiFf i
BhaklEEAk; 40 DAH {1 e & il & 1Rk,

AT, FAMTR AR ML ILE 4. N
AnfPAEH, HARKREALT

TL=0.024 3D?-0.390 7D+5.855 7 (R2=0.997 2)
KL, TL wfrfaek, D MHKR.

frfafE 20 DAH ZHiAE K218, HAEK#E RSN
0.17 mm/d; 20 DAH ZJ5/E KR A2 T;, H AR
ok 1.02 mmvd; B TR RCA AR, HARK

B

P A gt TR
t‘ e R

1 mm

K2 AW & & LSRR
Fig.2 Morphological characteristics of post-embryonic development of S quinqueradiata

A: W ff; B: 1 DAH {fff; C:2DAH {ffi; D: 3DAH {ffi; E:6DAH {fffi; F: 10 DAH ffffi; G: 15 DAH {{ff;
H: 20 DAH ffff; |: 25 DAH {¥fi; J 30 DAH {¥fi; K:35DAH Hfiffi; L:40DAH %fi; M: 50 DAH 4jffi; N: 65 DAH % h
A: Newly hatched larvae; B: Larvae of 1 DAH; C: Larvae of 2 DAH; D: Larvae of 3 DAH; E: Larvae of 6 DAH; F: Larvae of 10 DAH;

G: Larvae of 15 DAH; H: Larvae of 20 DAH; |: Larvae of 25 DAH; J: Larvae of 30 DAH; K:Post-larvae of 35 DAH;
L: Juvenile of 40 DAH; M: Juvenile of 50 DAH; N: Juvenile of 65 DAH



200 woool B gt R o 42 %
06r 71.7% . 62.50%. 28°C 3K 41 i LR AL N 29.1%
o, 05 (P<0.05), WA R ik 91.4%(P<0.05), HARIET .
%EM_ 26°C SZ IR 2 IR IR & B R R AT A, o 19.3%
ﬁé sl (P<0.05).,
gg MIHLHERE, 7 20C4 T, Wk ERE,
i WAL 39 h, MEALAAIXIERAT; T 28CAH T,
0.1y e kB e, [HRZEINNE AR E B mH i
o R stk SRR EILT AR s 26C & PRI %A
H % Days after hatching/DAH WARMR, FIET 28 h, {HAF R85, XTI &
B3 AW o 2 0 i et HHENZMBRHRGER 2), LG HREXNREF WY
Fig.3 Exhaustion of yolk sac of larval M, RS2 DAL K IR L 22°C~24°C HL,
S. quinqueradiata
90 3 g
80 | Wb peton riion ot | vl
o S 31 HEHIERLE BT
Méﬁg f ABFFONEERIE 7 T 1 BRI T HEGD f /8 K
340t KB WECRTE A , 5 AR 53R R BRI L D241 |
gzg- // RN AN IR BEREN MU
ol oo TR0 30390 70458557 i *ﬂﬂﬁﬁﬂ?%ﬁﬁf‘t/ﬂ;ﬁ 81K A FJ/I\E&; jl%ﬂilﬁ Eﬁ@ﬁzk%
oo | A I o A o e e ) BRI AT A
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

H ¥ Days after hatching/DAH

Kl 4 FARBER A K2 (0~65 H i)
Fig.4 The early growth pattern of
S. quinqueradiata (0~60 DAH)

MR 213 mvd, MBIRE T TT4R 2 65 DAH 4)iffi,
LA LIA L HAE KA 119 mnvd, RHLH:
SR S A AR

2.4 REXTBEBEFAL BB MG

T ARG 72 AN AR RE 4510 T B IRR AL R AR E R
WE 5, MEIBHTIFEH, 20°C. 22°C. 24°C . 26°CAL
MR TR E2ZR, A8 63.3%. 74.2%,

° 120~
® Q J¥{L# Hatching rate c
g 100} o M4TE3R Deformity rate l
XE s a -
Be
£3
g 60
ﬁt g
Q
3&‘ EJ 40+
£ 20
g a
m 0 1 P L1 I
22 24
{RJ¥ Temperature/C

5 i EE X F A A 0 Ak A1) A 1 0 TR 149 52 i)
Fig.5 Hatching and deforming rates of S. quinqueradiata
embryos under different temperatures

R AT B RS 5 A g (] 5 4> 7y
i) % 7 B Bt (Shiogaki et al, 1974).,

TR BIEAZ G B S BRI BR 0 R BRI PR O, B
2O LR 5 B A BB 2, LR I8 O8 LR
R, RIS A I T SRR 5 2 408 1) 8 £a
KA, IIN 1.26~1.36 mm, [ Fukuhara %
(1986)fF5x 4 SR, L [R] Ay )i £ 2K 1 8 2R R (TR A VT
4, 2019)/]N, Lb s AR B A 4, 1998) K . A2 A B O
fEIsHIE] R 35 h 15 min, 5@ ARBEAIT, 46T 5 5k,
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Tab.2 Effects of temperature on the embryonic development of S. quingqueradiata

9 & B W E) (hemin) & & B #E R S A sk (1] e
Temperature Hatching time and development course Hatching Rem;rks

I'c 00:00 14:00 24:00 28:30 time/h

20 E221108 U N PRI RO U2 RN E 4/5 390 frfaifiiR
Multicellular gastrulaopening Embryo encircling  Embryo encircling The larvae have average
stage close stage 1/2 of yolk sac 4/5 of yolk sac vitality

22 Z2 4 fu 1 Fh 2 IR iR 213 A e 375 frfain iR
Multicellular Neurula stage Embryo encircling  Embryo encircling The larvae are very
stage 2/3 of yolk sac the whole yolk sac vigorous

24 Z 4N i 1 UEZYIN RO 45 WIRE R s 50% 335  f7fih fios
Multicellular Neurula stage Embryo encircling  Embryo hatched The larvae are very
stage 4/5 of yolk sac 50% vigorous

26 EZ2411)i 08313 RRELINEE 213 IR E E L 40% WEIRE Ik 60% 28.0 frAiE R, MIEREE
Multicellular Embryo Embryo hatched Embryo hatched The larvae are generaly
stage encircling 2/3 of 40% 60% vigorous and have a higher

yolk sac deformity rate

28 Z 4N i 1 RRELONEE 415 ZHUIRRR R B 15 265 i K ZHURR AL
Muiticellular  Embryo Ik, #5 25%3 A - 4 L 9 5 A
stage encircling 4/5 of  \jost embryos die T, I E

yolk sac and hatch 25%

Most embryos die before
hatching, and the
deformity rateis high

VE: A E] 00:00 & M SLE T bR T, AL ] DU 2 DB AZ K FF i i

Note: The time 00:00 in the table is from the beginning of the experiment, and the incubation time is from the egg fertilization

6 DAH FHHEAESRRL, b Shukei %5 (1990)#F 5% Ay [H]
(BDAH)H K, AIRES LG 7 HuBRANHE . SRR
M RN A O, (HIH 455 AL 6% (Verasper moseri)
(7 DAH) . K% (Gadus macrocephal us)(8 DAH)&:

Vo IR A0 AR LU IR ) 20 (W7 ) 25, 2009; TR7K VLA,

2017), P S WO R G AT R R AR 2 B T AR Ak
T A= 356 ) — PP AR AT ARG, A N PR B AR A |
KA RE T SR AR LA 22 5, DT 2 = A1
FOAETE R, SO0 T AR BHARTT IR R e B
T T [V 2 PR U5 5 7 A VAR 1 i K R A3k 32 A B
WAL, 7EHLS 10 DAH A58 Wik se 58, X FhEl
G5 8 AWITIE 45 A — 2, IERIRER A K, 2
— P E B RE A 2, T AR B I £ 2 AT
£ R P TR 3 R ) AN 3R B B e 0 A K
% B MITE1% (Sang et al, 2016; Rennestad et al, 1998).
AR5 ¥ AWEAR L, AT AT DRI JR7E 3 DAH,
FE O RIER A s 2RI LR B £ i HUOJE T G A A
M, 7F 25 DAH B IF IR, B &HH7E 12 DAH 5
BB (B T 4507E 30 DAH B BT B 5 i 4 Fal RHE I
HARMWT7E 40 DAH JT R4 & i HUBL I, W] UL i SRR
[Fi) i ¥ A I 1 o 7 S AR RS N BB ) O T LR, e

A T T ) S )0

ARG KB, FARWRAE A K R B W B e
WiAERKEEE, FOAEREERGAL(E 4), %
MG KA H AR . 78 20 DAH R4 K (Ul
0.17 mm/d, {H7E 20 DAH JEA: KR k%] 1.02 mm/d
(20~30 DAH), TEAE LA TEHE , A:1# %55 2.13 mm/d
(30~65 DAH), X & —Fh S Kz, SHE a3
FUHA A= KA AR L (Emmanuel et al, 2016), Ho A A
028 AR I s A AU A K R B R, 1XRD
S B B0 S AR K AR A R AR s AR A
PESEARIE R Y, HEW AT RE SRR AR K & B B S R
S5 AE A I 2 J5 1 R R ) — A A SR o T R A T
f7F 10 DAH Z AT, (R0 3R B 2R R A SR FIAL
WA A RABEE, WA ERKE T ORBEE Y
Z, WY K, hEadkE4A, 10DAH 25, &
REORFZULSRFEOR IE, I THENS 5
fi, R adE—2 e, BikE#HE., 30DAHJE,
MfafkREESW O, WHNRO, BB maR
i, RIS A LT EIRG L. 65 DAH B,
eyl R L, @ kA E KAME, IR ER
H .



202 ook B

A2 4%

ARWFFEIR KB, H W0 7E 20 DAH J5 M4
K250, 30 DAH G iR B E 55 E1Th,
AN 1) o B S T | O S S AR
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AR (Nguyen et al, 2016), ik, 7EH A B LS,
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EAGE:S
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1965), AHWFFEFMH, T AWHAY IE Ak R BE 5 B T e 2
SeTtm R AR E, IG5 W R (M A 4
2004) . molA B (BRAEESE, 2016)., H{hffh (e
85, 2017) 55 FL AR B fa AHALL, FLAT RE 4 S PR 3 i
T BE AR T 9 A T PR B A A5 2 D R Rk
[, 2 B0 200 B 1) 758 32 P 152 3] 5 ) £ 5 B 2 ik
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2K DN il B AR AE K IR R 22°C~24C
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Early Growth and Development Characteristics of Seriola quingqueradiata
and the Temperature Adaptation of Embryonic Development

FANG Lu*?, XU Yongjiang™”, LIU Xuezhou', CUI Aijun’,
WANG Kaijie', WANG Bin', JANG Yan', L1 Wensheng®

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Devel opment of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Deep Blue Fishery Joint Laboratory, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China; 2. College of Fishers and Life Science,
Shanghai Ocean University, Shanghai 201306, China; 3. Laizhou Mingbo Aquatic Co., Ltd, Yantai, Shandong 261400, China)

Abstract Yellowtail amberjack, Seriola quinqueradiata, is a globally distributed, economically
important, marine pelagic fish species belonging to the same genus as S. aureovittata and S. dumerili. It is
a popular table fish worldwide because of its flavorsome flesh and high nutritional value. Recently, we
made a breakthrough in triggering the natural spawning of S quingueradiata by manipulating
photothermal regimes in China, and produced over 7700 juveniles with an average total length (TL) of
147 mm in an indoor tank culture system. Meanwhile, the morphological and quantitative characteristics
and the growth and development of S. quinqueradiata during the early life history stages were observed
and described for the first time. The mature eggs of S. quinqueradiata are transparent, spherical, and
buoyant, with a single oil globe with a diameter of approximately 1.26~1.36 mm. The embryos hatched
out at approximately 37 h 40 min post hatching at a water temperature of (22.0£0.5)°C. The embryonic
development process can be divided into eight stages. pre-cleavage, cleavage, blastula, gastrula, neurula,
organogenesis, muscle effect, and hatching. The morphology of embryonic development has been
described previously. The TL of the newly hatched larvae was (4.03+0.27) mm with an ova yolk sac,
which accounted for 3/8 of the TL. The TL of larvae 3 days after hatching (DAH) was (16.23£1.61) mm,
and the mouth opened and larvae entered the mixed nutrition period. The first food was arotifer. The TL
of larvae at 6 DAH was (4.93£0.17) mm; here, the yolk sac was exhausted and the swim bladder started
to inflate. The TL of larvae at 10 DAH was (5.21+0.23) mm, and the larvae entered the exogenous
nutrition stage. The TL of larvae at 15 DAH was (6.24+0.66) mm, and the end of the spine began to bend.
The TL of larvae at 25 DAH was (10.25+1.35) mm, and the spine bending process was completed;
thereafter, the larvae began to feed on Artemia nauplii. The TL of juveniles at 30 DAH was (16.23+1.61)
mm, which is when commercial feed conversion started, and the juveniles began to feed well on the
commercial diet at 40 DAH when the TL reached (28.07+2.32) mm. The TL of juveniles at 65 DAH was
(81.49+5.11) mm, which was when the juvenile morphology was similar to the adults. Furthermore, the
suitable temperature for embryonic development was determined to be 22°C~24°C. The results provide
technical support regarding artificial breeding and seedling production technology of S. quinqueradiata
that could boost the development of the S. quinqueradiata farming industry in China.

Key words Seriola quinqueradiata; Embryonic development; Postembryonic  devel opment;
Morphological characterisitcs, Growth performance; Temperature adaption
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