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FEE: WMECHIC SR T # 4 fifi(Seriola aureovittata) 't ] A4 1 S By Be AR K & B HOIE A S5 BCEARE, #5381 G FATHE
425 KRB W B FWARAE 5 A R R E o 8 AR A D - D i WY Y IR BROE PR MBI, DA% (1.48+0.04) mm, HAJHER,
TMERT2(0.37£0.02) mm, 7E/K IR (21.5£0.5)°C, ERhJE 32, pH 8.0~8.2 544 F, ZAE U Z 73 h 40 min BEEEAL . #)08F
fPfa 4K (4.23£0.39) mm, BPEEERMEIE, KELMEKMN 13,3 HiRfF0 2K (4.6120.43) mm, JFH, BIEE¥EHN
FE 95%, HRHGZE MM, SERIIE A, 4 BT M2 K (4.57£0.88) mm, ATIT54MABGE, TFAHEEsm . 5 HiIR{T
#14:4(4.68+0.25) mm, BRETRAE)S, SITMAFEA . IERTE 8 HIRIHAE S e, A 41K (5.14+0.36) mm, 5S¢4k ASh
BB FRB B, 7 IR AR 421K (4.79+0.36) mm, 870 A 52 0K o WIBEAF InAiE 400 1, AR E, ik
AT, BN 2, 78 10 HIgF 0 41(5.19£0.37) mm, B —DEA s, 15 Hidfrasek
(5.71£0.50) mm, JEHH A pE RS, WA ANISE. FHARmES A 15 HERFR, & 25 HigLeK
(8.66+1.06) mm, 25t 58, 35 HESHE 4K (20.04+1.56) mm, 855 S5, 60 Hiv4hfasK
(65.06+1.94) mm, % HTE ., 80 H #3441 (134.05+3.25) mm, 478 1 I — 2\ 1) 485 5 MR 5 o) 8 M A o 1 0 7
A, RS E SRR T X 5,

KB EAM, WREE, WRER, BARE, AKEE
hE 52 S: S963 XEkFRERS: A XERS: 1005-8737-(2019)01-0172-11
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BT, e R VR g B BRI 1) 7 M B G A
T 0 356 AR5 T 3 B P 0 B e U2 ) U Vg
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M FAE KA B R SRR, S, B
I B L B AR M R B B AR P M AR R R R
iR AR A Y 2 A X R A 3 sl iy 2R
IS A R AN B IR A, T BT
EHEFEARARE, F S HME L HFD K,
A B X AN (7] B AR 110 B A 1 A v R
PESEATPERWTSY, IRAFRR A M AT T 19 0 A
KEFE -FHR, ZHEETRENEMEEH
Ko AR, 20 R RN A B e 5 A R
(s, o AR Y SR IR AN T [, A A
BULRIT R BN T EF AR, ik A4
TG R E R, o b R R TR T R
PRALAR B RS HE L 2013 AELISE, A BAFF A XF
WM T N TEFHORMSY, 2017 4FERME T %
fi AR EE AR, PR T WA E IR, BE W
KAAE RN . IR, 58 5 0 B A5 0 i AT HE
ahi % B LS FRAE AR R AT T S A
o, fn THSE LT ALK, b
S AR AN B BRI T EE A R AR
T SR S

1 #MEEFE

1.1 F&EF5~HARE

SZEF 2017 4F 4—6 A TEKGEE BRI H R
NI, EEAMR AR 4 Y, Ok HEIGET
ARAREHE, YR E R T AT S, %A
FEZENZKTEHN (10 mx10 mx2 m)FEIAKEEE,
KiE & /KR 20~23°C, b 29~32, pH 8.0~8.6, H
K H 200%~300%, A R fE A2 IR R, H B
PR, R A ARE R 2%~3%, T BLE M
BB WO K BRE T 38 A K R RO T B
RPN A E A, FEREE N A K700,
1.2 MREZEWE

B AASI R A= RGO, MR FE AT
P FEIRET, ST ZBUREER . IR RGN E T 60 L
I 5% F 5 T A0 B HE B2 1 A 07 28 W N ik, 225
R, WKL, FEHIKIR 20~22°C L WAL, IRIG &
B 2R T 15~30 min BURE 1 7k, MBS
£ 30 min~1 h MEE 1 K. W% BT WEH H
NIKON(MSZ800) i i 5%, i % M if & & i ¥ &

HIEBHHIE, I NIKON coolpix 4500 S AHAL
(RRTA CELi
1.3 BMELZEUE

FIHIEE 75 TR f K Rt (AR 20 m?)JT i i
FHEE T, WA A0 A 1% 5 o 10000 JE/m*, 15 H
ZM: KR 22~24°C, #HE 30~32, DO=6 mg/L,
pH 8.0~8.6, JEIEJEM] 12L:12D, 1HK R 5. #8495
B 2 % 1 (Brachionus plicatilis), < 5 G 1 4 14
(Artemia salina), B, fRIBE, HRMIRE &
HHFE DL H &5, W19 0 H (0 DAH, 0
days after hatching), LAILZEHE, 3~17 DAH ff-fa$%
IREEAE AR, HEMR 2 )k, BREERN 8~
10 ind/mL, W% B IN/NERBE(Chlorella sp.),
B 5%10° cell/mL, 18 DAH 155 [- %8 /N ER B AN
Ao 12 DAH JFGR B N4 e i 1 4l Ak, %
1~2 ind/mL, H4%ME 2 % 30 DAH JFIR IR g e
HUAA, 50 DAH JE % #e ifa R BE . H 4 DAH JF 46
ok, Bk FZWIE 100%~200%, &G T
B, PRIEAK B i

A Ao At T 4R, 20 DAH Rij 45 K A3 & it rp
BEHLEUEE 40~50 F2, 20 DAH J5 4 2 KREUE 30~40
RN, 60 DAH J54 5 KEFE 1 R, BB
20~30 JB. MIEAEH MS222 W R, 7E
NIKON(MSZ 800)fi# i 5i T WLEATHES) 1 1)L &
FRIE . BB AT . BEMIFEREL, HRics,
DU AR A L O R R AR R 3Rk AR A AT
AR, THE DR R BRI BRI R, BE LOF- Y hn i
# (X+SD) £/n, TIEFEMEIATI(VZ I Alderdice
a0V gy w8 V=4/3 -1 (r/2)*Ry/2, = r Rl
7, RO KA R, Geit U O il i s R
AR 48, L) Davis [ 5E W & 5E 45 H i bR
30~50 &, DIAsigm s Ah s igs H .

2 EREHH

2.1 BEBRAEE

B AR 2SO0 R kO . [RERIE, B9 A,
Bk . P 4% (1.4840.04) mm (n=55), K%
(0.37+0.02) mm (n=55), 7% 5 BRI AL A 533 K,
ZREINAE KR (21.520.5)°C P 32 KM F4 73 h
40 min 5E &ML BEGEE 1),
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Tab.1 Embryonic development timing of Seriola aureovittata at water temperature of (21.0+0.5)°C
RHE W $H Y A 1 RE W RHE R 1
deve?lopment development figure 1 dev?lopment development figure 1
timing stage timing stage
0h 00 min AK3ZKEIN unfertilized egg A 11 h 30 min  JFH IR R4 early gastrula stage M, N
0h35min SZAEIIBIYHMILN animal pole formation B 15 h 50 min  J5U i I H 8] mid gastrula stage 0
1h10min 2 4 2-cell stage C 17 h20 min  J5U i35 ] late gastrula stage P
1 h30min 4 40JfiY] 4-cell stage D 19 h 00 min J§i [T 3¢ 4] ] gastrula opening close stage Q
1h55min 8 ZifiE 8-cell stage E 21 h 20 min  #Z R neurula stage R
2h25min 16 4ifig 16-cell stage F 24 h 20 min JR{KALEIEE 1/2 embryo encircling 1/2 of yolk sac S
2h 50 min 32 4ififg ) 32-cell stage G 39 h 40 min JR{KALBIEE 2/3 embryo encircling 2/3 of yolk sac T
3h20min 64 4liHfIlY] 64-cell stage H 57h 10 min AR GIE 4/5 embryo encircling 4/5 of yolk sac U
3h50min 24 poly-cell stage I 63 h 20 min ARRSEAFHEEIE embryo encircling 100% of yolk sac ~ V
4h20 min AW morula stage J 69 h 30 min B EEAL hatching W
5h30min = FEHLHY high blastula stage K 73 h 40 min §FfL Hi [ larva hatched out X
8 h 40 min fKFE L] low blastula stage L

2.1.1 IREETH  RAZK AN T R A B R)ZE
A Z MM E SR (K 1A). K5 0 h 35 min,
2K RS — 5y BT =, SRR i, R R BT R
(K 1B).

2.1.2 DPEE K55 1 h 10 min, 2GRS
RAEGZ, KIRE R 2 AR/ An;
&, BT 2 h 25 min, 2RO IR RESE R AR
TR B ERMEE UR &, R — IR G2 B Y
WESHT 1R RE I, MRk 4 4. 8
AN 16 41H; ZHK5)5 2 h 50 min, &A5 HIK
23, IR 32 DN RUNAR—III; Z A e
3 h 20 min, 5—IRGHEE, W HETIA
BIf) 2 2400, SLIE AW 2, fESiY At
HEMZ 2, %= 4 h 20 min, JRESHPIN—TE £
T RELRE 19 e MEDIR A M, i AR 1 ¢, A
1D, ® 1E, K 1F, ® 1G, B 1H, ® 11, K 1)),
2.1.3 FEBEH  AZK5)5 5 h 30 min, EIEIRANM
FERL R R A0, RN, I e R
8 h 40 min, AAMEFFZTEL, RINZH I IHAS
IEm R &R, dEARZERI (A 1K, Kl 1L).
2.1.4 [FEFHE K55 11 h 30 min, $ER0 %40
MBI R, WE R, Z 504
W1, IR, & 19 h, JEORDESCH], IRREE
(& 1M, B IN, & 10, B 1P, & 1Q).

2.1.5 MWEFEH A5 21 h 20 min, R4

Kol HEA 2RI, IH ES e g R T 0 i JE e
] ]G S 7E R 45 A i e, T2 8 . IR
LIRE =M, IR 3~4 X, FBOICIATE R
TR BT I . IRPR I B AR R R B R 4y
fi(E 1R).

21.6 |EXEH N5 24 h 20 min, IEE
GRS RE 1/2, MAETE AL, MRPIMIA Z A SRR
oy, T 9 X, GO MERILIE R ZKE)E 39 h
40 min, RIREONEEHM 2/3, BB, OBH
(BESAI R 62~81 Y/min), WK 4347 42 22 B AR
BER, PEEAER L am AT REREAR,
WA h 3 85, AIRTE R, T 22~24 XF, A
R B R 4, R 2~3 R/min(& 1S,
K 1T).

2.1.7 ALAMME] =245 57 h 10 min, RG4S
YU 4/5, LIRS FAy, BT B E M —
], B R A IR Sk 2 AR 22 B A DN B e — ), iR
RN % (0 AN IH B3 22, T8 PR 2 i i) 2R
R, WS B WLRRY), CBEE 16~
220 K/min( 1 U, El1V),

2.1.8 FEPEMML  ZAH)5 69 h 30 min, IRAGHLA
20 MRS E R 24N K (10~18 YK /min), Skl Sk o
FESTOUR, RCTIME T . & 73 h 40 min, #BAR
R e HE, WA T 0 By 1A 0 it PRl 2% 4 ) o 2 (1]
1w, E 1X),
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K1 BRI NG K Y S RRE

ARSZHGON; B. KRS IIE G C. 2 400 D. 400; E. 8 400; F. 16 40/; G. 32 40MML; H. 64 4, 1. 2400, ). REN; K
RIS, L REEAS; M. RS R N R BRI O, JE T PRI EI; Q. R D OGN R MAIEOR 5 IRIH); S.
WAL B B 1/2; T. FRIRADON B4 2/3; U, IR ON 84 4/5; V. AR A ERE0 e o e 9 W, B EOREAL X SBRAk .

Fig. 1 Morphological characteristics of embryonic development of Seriola aureovittata
A. Unfertilized egg; B. Fertilized egg; 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. Multicellular stage; J. Morula stage; K. High Blastula stage; L. Low blastula stage; M. Early gastrula stage; N. Early gastrula
stage (show embryonic shield); O. Mid-Gastrula stage; P. Ana- phase of gastrula stage; Q. Telo-phase of gastrula stage; R. Neurula
stage; S. Embryo encircling 1/2 of yolk sac; T. Embryo encircling 2/3 of yolk sac; U. Embryo encircling 4/5 of yolk sac; V. Embryo
encircling the whole yolk sac; W. Hatching; X. Larva hatched out.

22 FHEHEEKEBIST

2.2.1 DPEFTE(FEH(yolk sac larva stage) ¥
{480 DAH): 4> K:(4.23+0.39) mm(n=45), HI &
PR RIE, K4 (1.27£0.03) mm, %64%(0.73+
0.032) mm, JHBRFE(0.33£0.02) mm, kK 4K
1 10.55%, ALHTEE 54K 1 55.97%, IRER LK
1) 54.85%. WIWEAT R 4h bR A B IR i, 7E7K
AL TR IR, 12 h G BIRJE T, SRS R
g S 3 Fe A — MR A Ry O e, 7 B TR B i
PEh 2oy ik B A RCIR B R Al . KT k5
Bk EHCHECIR IR AR . LOBRIA 200 K /min
DL i anZetk, SR TR (& 2A),

1 DAH ffff: 4K (4.34+0.22) mm (n=45), 5
FARE R BU D 2 33%, TMERTE(0.3240.04) mm., 3k
K&K m 10.67%, ALATEE & 2KE 59.1%, R
BRKKN 55.49%. AF A AR b (3] 57 7 1k

Fo OIEE LB, OBk 160~185 W/min, MiEA
TR, EA—FA/NYIYR, KT RMECIR AR
Y oA B A, (R R o aE W i 6 AR i
I 0 5 A R 0 28 AT 2 A, 2 R X BH I 1Y
R (B 2B),

2 DAH ffft: 42K (4.58+0.25) mm (n=45), b
W AR D 2 80%, IMERA2(0.3120.03) mm, 3k
KK 10.78%, HLATH 54K 59.32%, R
B KN 57.30% AT KA AT 2450 40 A,
KR LREVE, TG, SR
A AR MR IK 200 A o AT fa BRI sh B R M, i T
AL, BB EY K HREE S PR o
MR O SREER, RIRE6, BERERE
(K 20),

3 DAH fff: 4 K(4.61+0.43) mm (n=45), §p
HERERBUR D 95%, IER2(0.2640.03) mm., 3k
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526 %

B2 BN &K EILSRE
AWIWEF4a; B. 1 DAH 1f-f; C. 2 DAH 1¥-4; D. 3 DAH 47ffi; E. 5 DAH {f-féi; F. 7 DAH {1ffi; G. 10 DAH {-ff1; H. 15 DAH {1-ff1;
1. 20 DAH f¥4f1; J. 25 DAH {71f1; K. 35 DAH H#Effi; L. 45 DAH %jffi; M. 60 DAH %) f; N. 80 DAH %) ff1.

Fig. 2 Morphological characteristics of post-embryonic development of Seriola aureovittata
A. Newly hatched larvae; B. Larvae of 1 DAH; C. Larvae of 2 DAH; D. Larvae of 3 DAH; E. Larvae of 5 DAH; F. Larvae of 7 DAH;
G. Larvae of 10 DAH; H. Larvae of 15 DAH; 1. Larvae of 20 DAH; J. Larvae of 25 DAH; K. Post-larvae of 35 DAH; L. Juvenile of 45
DAH; M. Juvenile of 60 DAH; N. Juvenile of 80 DAH.

KK 13.19%, ALHTEE 52K 59.61%, IR
BRKKN) 52.41%, fFaTIF I, HRHEH %01
RBEeRmMERG, FUENE, BiEEHE, KEH
o BEMERZ K . LT R 5 AR GHE . M fg /it
MR, W BhAE SR o A1 f0 22 B0 ) ZE K AR ik
W s B SRR TS SR A gt i . KT R
W30 % 2% A 0K L BRI R AR B A K A, (A
WA TR A, BEFAR . LA HEC AL

RFER KA, 8 B RVE B B 2% (A R
TE, WEERR AR ATATA — IR, R AR
IR A R AN R R AR AN . B RILY
i, RFES(E 2D),

5 DAH ff1fi: 421K (4.68+0.25) mm (n=45), B
HERET RS, IERA2(0.1940.03) mm. kK 4
K1Y 16.83%, ALATHE 21K 0 58.81%, HRAE Ak
K11 43.64%, fFfafipiE B IR, s FEA 2
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R AR 1 AR B, ST R R OlEPE
MRS o KT IR B e, 7 B A A G
R RERCY AR, BB L6 RN
%, WU SRR R Tt R oA o AT faliF
VKA Rk BE S5k, BEAE D FOKRWRS), JFLR
I RBEREOE YRR (& 2E),

2.2.2 BHERETHET{F & (preflexion larva stage)

7 DAH {fff: 42K (4.79+0.36) mm (n=40), i
BRITATRR . LK E2KM 19.21%, ALHTEE f4
K1Y 58.92%, HRFEN KK 42.82%. BRIRIG B M
Gh, AFEYR T R FR Sk A aE AR 0, R
EIRT O, Mg 3~4 AR, BT REA 3 RKM
A2 AR P ERE . A SR R
Eme iy, TR L) 60% AT B RN, 13
KA RIE 130~160 W/min, fFEFHFN, H
REWN, "KM arieKEh L2, g
NG ORFE 12~17 4, BEEFEL% 6 R
BE 4~7 4~( 2F)

10 DAH ffffi: 44(5.19£0.37) mm(n=40),
TMEREFETEEE . kK 2K M 20.32%, ATHTHE &
KM 58.73%, MRAEALK A 40.94%, fFfaiksk
FEERBRAMEAER, BARBAESEGA, K
T, Sk, R E SR BRB AR, T
WA R R AR MBS 6~7 1R, BRI
e s . BS 1%, P TFERRIE 80%L I
fratd it i BAF, $RERIL 95%LL I, FFEEK
i i B T B, o0 M A R PRy, % R BT
8~10 1>, TEHEMEAERLI 1AL BERRAK, h%k s
RBE 3~5 1, RBEER I i RAECRARMZ ., B
EHT . 5B RGE —AN R M (B 2G).
2.2.3 BEREH{FEH(flexion larva stage) 15
DAH fffa: (2K 5.71£0.50) mm (n=40), kK 4
K 23.45%, JLETEE S 4K 61.51%, RN
LK 38.27%. A BAR Y, AL ELST
% 5~6 1~ AFHERRWmIT R FEH, FERKR
S N RMIERN, 4 10 R, FEHEEROE
o WHEATTE RSy, SE80Ch 15 1R, EhE
412 1R, Mofgsk 10 AR, R RHER L B
MER, BRBEROIRET hESA, BiKkR
o, T B8 RSORIR BE IEE I (5 2R B D/ T B A

NG BCIR AR B AR . B IR A4
P (K 2H).

20 DAH fffa: 41(6.97+0.42) mm (n=40).
SR KA 27.81%, AR 4 KE 61.83%, R
BRRKR 39.04%, fFaFREmS MR, b
WA 10~11 4> 885 SRS AR 55 —T5 8845 3 AR,
BEHE SR 20~22 MR BEESL 15 MR, MWEESk 13
e, Ak 15 M, IHERMENE & F MR AR,
Frfaie iR 2 R, MR 22 7Rl (& 21).
224 BERETHEH AR (post-flexion larvae stage)

25 DAH fiffi: 42K (8.66£1.06) mm (n=30),
LK EEKMN 29.69%, ALHTH 54K 60.82%,
MRAE R LK 37.36%. B &R KumiRI N RBIER,
R, sk REEIN IR, REELTE
TR HESE ., H-TER TR, WS
30~32 4R, BEHES% 22 1R, Mafigsk 1348, RiESk 17
W, MEEES% S M IR 2, FRZAERMAS
RSN, DDA AT s ki (] 27T)

35 DAH HEff: 4:1:(20.04+1.56) mm (n=30), ff
BRSO T 2R w6, RN REO 6555
A3 MRS, A N,
MEZFIR, gz EA S ke T, H
FERAE A RE K EORWHE S Al e . &
B KB AR N R, SBUNSME TR
W s B b BE AT, XFIGRTT N E K
ATER b, BRI 7~10 R/min, &8 T8
FROET 28R . R4 b U (B 2K).

2.2.5 #hfaHA(juvenile stage) 45 DAH %fjffi: 4>
$£:(30.92+2.95) mm (n=30). &M 7 IF4h 4 Rl .
M ERIE, RaEAEE KB, BARERESH 6,
RS 9 FRBEm W A GRT ., B
g | g | RREET AN A AR (B 21),

60 DAH #Jffi: 4K:(65.06£1.94) mm (n=20), 14
ey I D5 N Y N SRR . SR T N
9 FOFWHOME, ARETHEERE, E
WoRE . REERIK . TR EEN S e, B
FRE K AR B TOU 3 PR i 2, 38 A P PR s T
eIk e BE (] 2M).,

80 DAH #ffi: 4K:(134.05+3.25) mm (n=20),
BN A — 3, PSR ] 23 A1 () €8 R A T
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%26 &

0, B 2R 1a] R B HIR I R A R i 1 A
BRI, BHRE G, BHhA6, B,
TR | T RN 68 S IR v € o IR N ¥ (18] 2N
23 BRE5EK

B AR AT R R R KSR O B A, A
3 DAH JF M JEH ARG E M, 76 5 DAH b i 4
THFESR G 1058 AR A MIE B 77 (8] 3) o THTER WL
Wk g T O E %, = 8 DAH A 524 Miikse

Ee ., 4 DAH 114K (4.57+0.88) mm, ¥R EH
01,5 DAH {35 &R 2 K 40%, 7 DAH {015 £
FHh 70%~80%, Wi T it . 12 DAH fffa
FRUR R i T 4R, 15 DAH A1 86 i di4~
PR LG TT 35 40%, 20 DAH AT 3 S 4 & e
ik, 40 DAH HE £ A 765 kg B [B] 938 N F
i UL, 45 DAH 4 s BRIk K. 60
DAH %) 6 m] B £ £ 1 PRI BE

0.20 -

e

=

7
T

HR /ATy mm? yolk sac volume
=4
=
T

0.05

H#&/DAH days after hatching

B3 o AR O B 4 i
Fig. 3 Exhaustion of yolk sac of Seriola aureovittata

BRI A 0 s B BE(0~60 DAH) A KR
PEFF A A3 TL=0.0226D%-0.4448D+6.4118 (R=
0.9917), Hr TL &K, D HHEY, fFarfE 25
DAH HiAEKZ1E, HARKEFMA 0.14 mm/d,
¥ 25 DAH JEAT A KB BRI, A K

ik 1.24 mm/d (26~40 DAH), BEZE H R pd HU
RFIRBEfE, Ol A KA H] 2.63 mm/d (41~
80 DAH), HW¥IMHf1 % 80 DAH, ¥ 4&Mi 14
KARBEBHARKHERN 1.62 mm/d(E 4), %
PR H R S AR AR

80
RN il Hea sy el
70 +yolk-sac preflexion flexion larva post-flexion 'uvenil—e stage
larva larva stage stage larva stage J g
60 | stage .
B s0f
B
S 40t
L
g t
E 30t t
NS
H 20t
TL = 0.0226D%— 0.4448D + 6.4118
10 | . R*=0.9
e v—ea o o0 oo 0._—'-’—"""/
0 5 10 15 20 25 30 35 40 45 50 55 60

H#%/DAH days after hatching

Bl 4 BRI K IZ0-60 H L)
Fig. 4 The early growth curve of Seriola aureovittata (0-60 DAH)
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3 itig

AW TEANILEE T 53 1 [ i Vg 4 2%
B IR G S AT REL) 0 A Kk B AR I B RHE, S
18 Shiogaki 2! 432807 1k, s B S5 M 7L 4 4E K
KER D N TR BRE MR Fa, BR
LA B R S HE gl s
R RE BB o

e S AZ R U1 S B R 1 [ BR O VR B, B
12 L[] Ay a8 £ 28 1) 725 AR A (Seriola dumiliy! >4
T 4 fifi(Seriola quinqueradiata)!'® k(£ 2). %4b,
ARG RKTFRE . wE KL E R d
X B 252 A% U0 AR U0 0 P 22 K 4%
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Tab.2 Comparison of embryonic and early larval development characteristics among Seriola fishes
faFi Z K5I 4E/mm Il BkA%/mm WAL ) WIWEAF 42K /mm  GP 3 AR () /DAH B3t
sTecies fertilized egg oil globe hatching total length of exhaustion time r/e ference
P diameter diameter duration newly hatched larva of yolk sac
e S Al 1.482+0.004 0.368+0.002 73 h 40 min (21.0+0.5)C 4.3420.222 6 (22-24°C) BN
Seriola aureovittata the study
1.23-1.40 - 41 h 30 min (23-25°C) - - [17]
1.34-1.40 0.28-0.31 - 4.44+0.21 2(21°C) [5]
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Seriola dumili 1.01-1.17 0.22-0.24 31h15min(23.1-23.7C)  2.84-3.04 - [15]
T A% fi 1.08-1.18 - - 3.37 (19.6-21TC) 3 [16]

Seriola quinqueradiata

ARBEFE KRB, BRI A K R E B B
B RKHEEE ., FIHAEREERMBS, 7
25 DAH HiAE K #R{UH 0.14 mm/d, {H7E 25 DAH J5
A KR AE) 1.24 mm/d (26~40 DAH), TiifEE
K BRI BE IS, AR EURIKE 2.63 mm/d (41~
80 DAH), iXj&—p 5 Ak KB, 78 H A il &
1 25 R AR s B B P U AF TR A K R B R
U920 AN B X whE L A I AR
FUHA A KA 2 BH LA O (1 S A AR
SAM L R A S 2 R R B
S A KR R A T Al A AR TS ST PR R A
7 B, AR R A K R B BE N A B AR AL
FE = J5 AR USRI — P AR RIS . AR &
P, HAME AN E 20 DAH JEMAA K 22 I B,
[ 30 DAH JE IR L 55170, ME
R FOR @ o k. B . H Rk
A RE N EEFR, F B8O R TP AZ 204500 2
RhE MR IO T, WA T MR E R K. A
K2EHTE I T B M R AR K B B A7 oM ) A
St gr P8 AN T R A ) R AR, (H
ARSI B BR AR . A SRR F S E T
FErf, O B B X A A 22 S5 K o R AT 43 0, ()
i o iR B A v b T AT Sk 8 R AR LB B B R
ARBFFE, $&E AR & s %

S % 3k

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

Zhang C L. Survey Report on Fishes of the Bohai Sea and
Yellow Sea[M]. Beijing: Science Press, 1955: 116-119. [5k
Bk, WA ARG M]. Js: BlEE iR, 1955:
116-119.]

Liu J, Chen Y X, Ma L. Fishes of the Bohai Sea and Yellow
Sea[M]. Beijing: Science Press, 2015: 172. [XI##, BRIKEE,
hRf. B EIEREIERM]. Jbat Blealiit, 2015:172]
Leyton Y, Sayes C, Mejias C, et al. Increased larval survival
of Seriola lalandi using Pseudoalteromonas sp. as probiotics[J].
Revista de Biologia Marinay Oceanografia, 2017, 52(1):
95-101.

Sang G Y, Sang W H, Ji S C, et al. Morphological develop-
ment of embryo, larvae and juvenile in yellowtail kingfish,
Seriola lalandi[J]. Development and Reproduction, 2016,
20(2): 131-140.

Stuart K R, Drawbridge M A. Captive spawning and larval
rearing of California yellowtail (Seriola lalandi)[J]. Aqua-
culture Research, 2013, 44(5): 728-737.

Yang S G, Ji S C, Gu L S, et al. Management of sexual
maturation and natural spawning of captive-reared yellowtail
kingfish, Seriola lalandi, in an indoor rearing tank[J]. De-
velopment and Reproduction, 2016, 20(2): 141-147.

Moran D, Smith C K, Gara B, et al. Reproductive behaviour
and early development in yellowtail kingfish (Seriola lalandi
Valenciennes 1833)[J]. Aquaculture, 2007, 262(1): 95-104.
Fujita S, Yogata T. Induction of ovarian maturation, embry-
onic development and larvae and juveniles of the amberjack,

Seriola aureovittata[J]. Japanese Journal of Ichthyology,



5514

TRAIT A o ARl R 0] A KR Rk 181

[9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

1984, 30(4): 426-435.

Sicuro B, Luzzana U. The state of Seriola spp. other than
yellowtail (S quinqueradiata) farming in the world[J]. Re-
views in Fisheries Science and Aquaculture, 2016, 24(4):
314-325.

Alderdice D F, Rosenthal H, Velsen F P J. Influence of sa-
linity and cadmium on capsule strength in Pacific herring
eggs[J]. Helgoland Marine Research, 1979, 32(1-2): 149-162.
Shiogaki M, Doutsu Y. The spawning of sea culpin, Pseudo-
blennius cottoides[J]. Bulletin of Fishery of Nagasaki Uni-
versity, 1974, 38: 71-76.

Mylonas C C, Papandroulakis N, Smboukis A, et al. Induc-
tion of spawning of cultured greater amberjack (Seriola du-
merili) using GnRHa implants[J]. 2004,
237(1-4): 141-154.

Jerez S, Samper M, Santamaria F J, et al. Natural spawning

Aquaculture,

of greater amberjack (Seriola dumerili) kept in captivity in
the Canary Islands[J]. Aquaculture, 2006, 252(2-4): 199-207.
Chen C S, Huang ] M, He H W, et al. Morphological studies
of the embryos, larvae, juveniles and young fish of Seriola

dumerili[J]. Journal of Fishery Sciences of China, 1998, 5(1):

25-29. [BRBE, wfkng, vt . wiRmiikn & i
Yo IEAMERN]. FEKREE, 1998, 5(1): 25-29.]
Masuma S, Kanematu M, Teruya K. Embryonic and mor-
phological development of larvae and juveniles of the
amberjack, Seriola dumerili[J]. Japanese Journal of Ichthy-
ology, 1990, 37(2): 163-168.

Fukuhara O, Nakagawa T, Fukunaga T. Larval and juvenile
development of yellowtail reared in the laboratoty[J]. Nippon
Suisan Gakkaishi, 1986, 52(12): 2091-2098.

Zhong J X, Cai L H, Zheng H D, et al. Embryonic develop-
ment in Seriola aureovittata[J]. Journal of Fujian Fisheries,
2010(2): 22-25. [Bh¢, ZRRARE, HEAR, . WKW
bk B WEL]. FREIKTZ, 2010(2): 22-25.]

Papandroulakis N, Mylonas C C, Maingot E, et al. First re-
sults of greater amberjack (Seriola dumerili) larval rearing in
mesocosm[J]. Aquaculture, 2005, 250(1-2): 155-161.

Liu X Z, Xu'Y J, Liu X F, et al. Embryonic and postembry-
onic development of barfin flounder, Verasper moseri[J].
Oceanology et Limnologia Sinica, 2009, 40(6): 699-707. [#jl

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

R, BT, XS, %, BRI (Verasper moseri)i
A KR FRAED]. S IE, 2009, 40(6): 699-707.]
Ning X, Liu X Z, Sun Z Z, et al. Morphological development
and growth pattern of Verasper variegatus, Temminck et
Schlegel in early life stages[J]. Progress in Fishery Sciences,
2011, 32Q2): 7-15. [T'2%, Mi=4JH, ohvihz, &5 [R5 A
BRI A K R B ARRAE]. ol Bk, 2011, 32(2):
7-15.]

Blaxter J H S. The effect of temperature on larval fishes[J].
Netherland Journal of Zoology, 1992, 42: 336-357.

Martell D J, Kieffer J D, Trippel E A. Effects of temperature
during early life history on embryonic and larval development
and growth in haddock[J]. Journal of Fish Biology, 2005, 66:
1558-1575.

Xu Y J, Liu X Z, Shi B, et al. Domestication of wild brood-
stock and early development of pacific cod (Gadus macro-
cephalus)[J].
159-167. [T, M, L%, %, KFH65(Gadus
macrocephalus) > fi Ik 55 & SR & B HRE[D). kRl
Fit g, 2017, 38(1): 159-167.]

Rennestad I, Koven W, Tandler A, et al. Utilisation of yolk

Progress in Fishery Sciences, 2017, 38(1):

fuels in developing eggs and larvae of European sea bass
(Dicentrarchus labrax)[J]. 1998, 162(1-2):
157-170.

Martinez-Montafio E, Gonzalez-Alvarez K, Lazo J P, et al.

Aquaculture,

Morphological development and allometric growth of yel-
lowtail kingfish Seriola lalandi V. larvae under culture con-
ditions[J]. Aquaculture Research, 2016, 47(4): 1277-1287.
LiuX Z,XuYJ, Wang Y Y, et al. Characters of development
and growth of early life stages of the rock bream Oplegnathus
fasciatus[J]. Acta Zoologica Sinica, 2008, 54(2): 332-341.
(IR, RO, EUHE, 4. AR R A K R & 4
fIE[T]. Sh#=43R, 2008, 54(2): 332-341.]

Moran D. Size heterogeneity, growth potential and aggression
in juvenile yellowtail kingfish (Seriola lalandi Valenciennes)
[J]. Aquaculture Research, 2007, 38: 1254-1264.

Nguyen N H, Whatmore P, Miller A, et al. Quantitative ge-
netic properties of four measures of deformity in yellowtail
kingfish Seriola lalandi Valenciennes, 1833[J]. Journal of
Fish Diseases, 2016, 39: 217-228.



182 Hh K R £ 26 %

Morphometric characteristics of the embryonic and postembryonic
development of yellowtail kingfish, Seriola aureovittata
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Abstract: The yellowtail kingfish, Seriola aureovittata, is a globally distributed marine economic pelagic fish
species. It is a popular table fish all over the world for its tasty flesh and high nutritional content. As the consump-
tion demand has increased and natural resources have declined in recent years, an increasing number of countries
including China have begun to artificially culture this species due to its fast growth and market value. It is par-
ticularly suitable for the deep sea net cage culture method and is thus a promising candidate for the deep sea
farming industry in China. Studying the morphometrics and physiology of embryos, larvae, juveniles, and young
fish to obtain information about their early life history is the first step and key to the successful aquaculture of a
fish species. Thus, we observed, recorded, and described the morphometric characteristics of the embryonic and
postembryonic development of S. aureovittata in order to provide basic knowledge for the artificial breeding and
seedling production of this species. The fertilized eggs obtained by natural spawning were spherically shaped and
buoyant. The fertilized eggs were transparent and had one oil globule in the yolk, with an egg diameter of
(1.4840.04) mm and an oil globule diameter of (0.37+0.02) mm. The fertilized eggs hatched 73 h 40 min after
fertilization in (21.5+0.5)°C water with a salinity of 32 and a pH of 8.0-8.2. The total length (TL) of the newly
hatched larva was (4.23+0.39) mm and consisted of a long oval yolk sac, which accounted for one third of the TL.
The larvae opened their mouths and exhibited blackened eyes at 3 days after hatching (DAH) with a TL of
(4.61+0.43) mm. At this time, the yolk sac decreased in volume by approximately 95%, and the swim bladder
primordium formed. Larvae at 4 DAH were (4.57+0.88) mm in TL and began to feed on rotifers, thus entering the
mixed feeding stage. Five DAH, the larvae with a TL of (4.68+£0.25) mm exhausted the yolk sac and the swim
bladder began to inflate with air. The oil globule was absorbed at 8 DAH, and the larvae (TL 5.14 mm+0.358 mm)
completely entered the exogenous nutritional stage. The swim bladder of the larvae at 7 DAH (TL of 4.79+
0.36 mm) became a bright vesicle after inflation with air, which exists through their life history. The intestine of
the newly hatched larvae was thin, short, and straight, but became long, curled, and complicated with development.
The first intestinal physiological curve formed at 10 DAH when the larvae were (5.19+0.37) mm in TL and the
second formed at 15 DAH when the larvae reached (5.71+0.50) mm in TL. Flexion of the notochord started at 15
DAH and was completed at 25 DAH when the larvae were (8.66+1.06) mm in TL. The development of the dorsal
fin, pectoral fin, anal fin, and caudal fin was completed by the time the juveniles were (20.04+1.56) mm in TL. At
60 DAH (TL 65.06 mm+1.94 mm), the scales on the body surface formed. At 80 DAH, when the young fish
achieved (134.05+£3.25) mm in TL, their appearance was similar to that of the adults.

Key words: Seriola aureovittata; embryonic development; postembryonic development; morphological character-
istics; growth performance
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