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BEXUIEREZ BTN RHFEERKNBRIENEE

oL EZE X & E K HEABE WEE e
(PR PR B B BFTEHT Al AR M Rl T H P T 1 500
B IEIERRE T HOR I 4RI R TR A 505 IR T E 266071)

M

RE XALBEAF BANERQTFERFEN T, ARTRE . BEXAEREFaXHE
Z4f(Seriola aureovittata) it f& i (L. % . Wi T am AR . NRMEERBKAH ., £ KEFRKA ., 7
TEIEB(SADF YLK A T 1 M (PNR) B o, H At BT & & H 34T T iF 0. SR E 7w, EREKR
2022 CHAUT, BB AREE, & 75%~81%, HWBFawBRKT 6.7%, BT NEE
A QuEREL2, AW TasKkmiliE REARR A, THIMAEDLE >0 HEFTEKT, Mk
HE R 2025 Bt EFAKY, HHREN 10~15 BT TAKB, TBWIEBER TR RERETE N
30~35, AEFEIF ALK 79%~80%, WIFT & EAKT 6.0%, 7 4 NAFRE & T (18, 20, 22,
4 CyBEFaNE R R KA A EEMEREN AT TRk, FRBZELSGET, WIET2H SALHE
FY, THEN 30~35 B, 1FEy SAI Eikw LB E M AALRE N 30 40, MEZH 10 41F & SAI
R K. ZEAWEA 20~22 CHY, 6d 1T & WAAREE XK E(T8%), PNR HIAE 7~8d., #IF(F&4&E
KB H 20~24 °C . 2 E H 30~35 44T, IGF-1 mRNA k3 K8 E5 THM L4, Ik AET,
IGF-1mRNA K EE 2 REEAE, HEEF 34 REZTHE, BENEFREREKT, ME
PR HTRETEEZRZRT A O HREAKT, KAXAH T ELMHIEN B MY RERE N
20~22°C., FIEE N 30~35, HEL T WIGATEEHITHNIT, ARERTHE LA W E
F B E G T AL v AR B SR AR KSR

KA HAHN, KIBERE; TaLK; Kii; #E

FESZES S966 NHEIFRIEEE A 0 XEHS  2095-9869(2023)04-0045-10

FERMA DRFITRAIIEMNERZ —, £ AT, Hit, ASEIFAEK a5 Y 5
HFHAA LR (GRrme) fics, HEREIT R IRBVIRERWIINR . JT K (28 N\ T 3758 14 O B 2
RARIK B 2GR T N TR Dy AR 6 NP A T SR, el S 00 2R 3 s B B (R 2R
PEA 21 2B LUK, B RN D f A g, BESRIIRG . P MEMAIAa]), X —mf ik
NN TR A B FORA RGN, ARG DMRREIRERE | A AR A BT G R 20, %) 2R

* [ R EH A TR H (2022YFD2401102; 2019YFD0900901) . ¥ i R 5H AR RS FE Lk s “THi” &
KIiH(2022QNLM30001-1) . H E KR =58 B AR 55 9% (2020TD47) . Al A AT T8 W0F B & I3 3 ¥ ol 2= 9y 5% U
WA SR H . W BERAARA AR AT E IR =L F AR AR R (CARS-47) 3 [F] %5 Bl
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58 A A8 A 9 BRI B R BB (R 4 B, 1991) 0 TRLBE
R YU SR K S R A KR F M E SR
RHER, ERRBENSEERT . fratkEE R
R A R S OCHE By AR B T, R 5 e IR SIS AN A £
BTG AR 22 1 R 2R (TR K VT4, 2005; BB 784, 2017,
T4, 2021), R, IA TR K £ 28 U AR T S0 o B
XFIRBE PR - () R, 8 e R I R A R AN AT FE 4
) B R B AT W N TR R G, X
W0 2% AR DR IR AR 78 | B S AR IR R ] R 2L R
Bt EL A 22 0 0 S 2 (BRI, 1991),

T 25 lf(Seriola aureovittata) & — Fh 4 BRI )
12 AT 0 B KR B IR R A a2,
T EWEEYA 0 GRAFERR, 1955), HAERBK ., 4
Kl EFRFEE AT E S SRR, Wz BRI 9%
M HE R, FRAESC R, B 5R00EE w8 BT IRK T
KIR MFEFRFEA 07 20, B RS R B —Fh T
SRR R R, BT, EPrL 10 R PTERCIRE
TEAWEN TR AR &, FealehE, A4, ®
PR AN NI < | P S 8 ST DN
B+ R 5% (Sang et al, 2016; Stuart et al, 2013; Yang
etal, 2016), 2017 4ELIE, hEZK B0 5E B 2 16
IKPWESE T S0 T AR N TEF R, IR15 T 2%
fEHSRFEON, & T R TR et T IR PR K
B FHOR . SR, WRhEE A AN
KA FE R s ARG B AR L R R R
AL . R 5 45 M) (Leyton et al, 2017; Rk LA,
2019), BUOMHIA RS B ST, EE RN
TE T X B A0 AR 0 B AR KR B SR R
18 AL B TA TR 2 o E Tk, AR A BA TR T 3L
AR BE X B SR IG AN LA 0 A K R F RS e BT
R TIREE . EREEXIRIGEAL . WA T £0 5 SRR
YU 32 1 . A FEF8 8 (survival index, SA)LL M A= K
AL N F B RZ M, R T 8 ARWBARIG & & R 1
AP A A I 3 IR R RN R BE DL RS 1V O, LAY
Fo WM R R T AN, R AR E 1 B
SR 6 95 A0 RN G RO RS AL 2 HOR SRS Al AR
2R

1 HREE
1.1 Kiewr#

ST 2019—2021 4E 45 UL T RIEE A B M
BB A RILAR T & U iR A R A w PR ff
FHEYZ RGNk BT 2 A AR E 0 AR W0E 0 H AR
FEEN(20~22 C)YFIE ., 2019—2021 4E, fEREBAHE

At A7 BR A R TF R T IR JIG 2 77 B PR PN 10 7 S 6 o
2020—2021 47, 77 8 Wi RHCA R A [
PEAT T RJIG K T R A A B BRI DR oy S

JR I A B R R B IO S 6 0 08 240 4 AT IE
0 22 AL S RG 0 , A-f A A A PR IO S 35 T P4
S R PR RS IE B ) AT £

1.2 BEXERRBL N

FEERE N 32 550K, I E 14, 16, 18, 20, 22,
24,26 F128 C It 8 AMREESCINA , AW E 2 P17,
DL 2 000 mL BEEEFAR R SLIRA AN, B TAFN 200 L 1Y
ARIA GRS R G, LI i ob i
JE£0.5 CHF MK /K IR IF 3 E IR . AN BEAR
WINA LB 2 Z 41 M 3265 50 100 0, BEfbidfer
R, B R A RS BRBEMR N FET - RO TTER . 325 DR
FET- IR S DTA KR B H o

GErtAS R BE A5 1 2R B9 B AR A [, 1152
KGR IBEAL R R AL Qoo E(ERIREE TS 10°CHEIE
6K E HE MR LD, i FRoRE—uE iR E
At SRR & B IR AR . THEA AT .

Qo = (to/ta) 10T
Krp, To MR R B BRIGERE , to Rn To &1
IS ] 5 ta on T MRS T AIEALET ] . — A
o, M Qi fH N 2 B, MR & B R 7S Bl s s B .

T 6 AR R T8, 20, 22, 24,
26 128 C)MWIMATFRLA , M T 2K | sk
. JEAAFHERIR SR b

1.3 EEIBEREFAL BB Mm

PHE 10, 15, 20, 25, 30. 35 F140 3k 7 b
SCEOH, AR E 2 AT EEREE K LIRS
YE AR IS N T3 7K 28 B il 1717 e 5 PRk B v K LAAD 98
KRR (GE4T BB CL)BECH . LAWK HEE RS
11 B2 +1%o0 ) b o £ B2 (B (TR /K V145, 2005)

PL 2000 mL Beprhzias, BETARN 200 L AYH
IR KIS RGP, DU s g A OFS o B
+0.5 C) KK NKIRTE 20~21 C. BB NN
AKRE ZZ MR SZH5 00 100 ki o ik B i e
R, m AR, Sl AR e . St AN [
£ B 2H 32 K5 ORI AL B[], WL 32 05 B ] A1 A
ARV ER BEK AR AT G O, T IC SRR

14 BEXMYFFaREREEFF RN

PEHL 4 ANARTRNEEE(18. 20, 22 Fl1 24 CY&MF
FIIE 5 WA 10, k2D FIR R KA REHE T .. &
KHURE 20~30 BB A7 fa DR s 4 K AT | A, A7
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%4
HARARBITE AR,
V(mm?)=4/3nxR/2x(r/2)* (1)

K, RAIERKAE(mm), r IR AR (mm).
FEREAN )L B A5 T, 0B B0 5 54 Y W WA e
ROTIAFEE T d BRI A A IR R

15 HEXHMEFE SAl EH M

FEIRIE R 20~21 CHAEF, A 2 000 mL BEdr
BEE 10, 15, 20, 25, 30, 35 F140 3t 7 AEL SR
WM, BHARSIES . 35 I8 w47 100 2,
TR . BKMER AN FilfEE. B8R
TGS T AT A EOE SRR . TH AT A AR AL
(SAD, HTIFh AR B T AF M 1 (R & A 5%,
1997), AXWTF:

k .
SAI:Z(rxl—n)x'ﬁ )
i=1

A, NOWSEERfFag, h o3 | REVF T 2L,
K OAAAF RN O T RA ., SRt 6] 7 d.

1.6 #FFENEATEIHHEHE

YU AT 3 15 (point of no return, PNR) i E 2
WD B 555 (2004) 0 7 v o AP IR, B A%
B 10L M aEBEDEEEM AR, RER 20~
21 °CL #hEER 35 KT, FrLehlidk. 5B 3 KIFR,
TRIERE 100 AT, A 2 000 mL YBEMRDT, $
WEL R 48 P %¢ H (Brachionus plicatilis)(10 f~/mL), [A]
I, WHNiE K /NER 3 (Chlorellasp.), WS iHILR AT
IR BB 2R, P BRI 46 5 3 T [ 2 ey
FIEEE A 1/2 wF, HIZy PNR W], DUFEAL)S H
().

1.7 BE. SEMNEINEFE IGF-1 BEERIE
A

AR A TRITELEE (20, 22, 24 126 C)FIERE (20,
25, 30 1 35)AWEAL R RIIA T4 20 B YUK
HMBEE . RN 20~21 C . FHER 32 XM,
TEARFUN 10 L /Y @8R SR P 5 B R0 iA 1
FraeUdk, BT O OIL)E 3 d)JFER, 4 KB 20 |2,
— HEURE B AT IURIET . BrA RS PR R T
WA, A PSR 5 AR T80 CIRAF# o

& RNA. cDNA ¥k, 51WFsl . gy
MEE Wi B ES % Wang F (20191 ik, DLE4
Wi18S rRNA NNSEEH (FE 1), PCR AFRHN 20 uL:
10 uL (%) 2xSYBR® Premix Ex Taq1l ; 10 pmol/L % | |
TS 144 0.8 uL; 2 uL #9 cDNA B ; 7.2 uL 1

ddH,0, PCR P8 &4 . 95°CHiAsYE 30s, 95C 5,
58°C 30s, 72°C 20 s, 340 MEFR, HEYFEKNEE
TR 274

F1 EEWIGF-1EEH HESIWFT
(31 B Wang et al, 2019)
Tab.l The primer sequences used for

quantitative amplification of IGF-1 gene of
S. aureovittata (from Wang et al, 2019)

BIE7EA S 519575
Primer name Primer sequence
igfl F TTGTGTGTGGAGAGAGAGGCTTT
igfl R GAAGCAGCATTCGTCAACAATG

18S F TACCACATCCAAAGAAGGCA
18S R TCGATCCCGAGATCCAACTA

1.8 HEGIT A

ZHRIUIEAL R | frfamiE g SAL A, L%
IR SRR SR T Y (E bR 1 25 (Mean=SD) %, i
SPSS 24.0 3 {Fi 47 B H F J5 2 (one-way ANOVA)
I3HT, g 22 5 B E MK P=0.05, P<0.05 h2:5
iTE

2 HR

2.1 R FEXE KRR AR L B9

AWFFE R, RN 14~16 CHE, HARWHIRG
KB 5 SR R TE B3, 24 TC TR AL
B, FETREE N 18~28 CA&M T, WA AT IEAL B
Hrr, 18 CHIMRAGIEAL A A (55.7243.02)%, P17
fHAaITE % 35(19.67+4.51) %, 7E 1R JE K 20~26 C 5444
T, LR EE 60.00%~81.00%, HHd, 7EiREN
20~22 CHMT, WL IR 75.00%~81.00%, HIEHAL
T 6.70%; FEMEH 24~26 CHAFT, W1 MWIE R
ik 17.67%~ 27.33%. TEIRSEE N 28 CHE, Wb FREE
(49.09+ 4.64)%, HANMHAT-Ea I IE 25 35(67.67+7.63)%.

ARFIE R, UREE N 18 CHf, B A&HHIL IR
BB ] B B AE R, 3k 98.5 h; TEIRE S 20~28 C 4%
PF, IR R 5350 84.6. 73.6. 58.2, 48.5
F141.5 ho [FIES, AREREEE TG & B IR E ZEL Qi
AR, Hodr, N 20~22 TR, QoM 2.007 (3% 2),
FEHH 20~22 °C Hy ARG I Ak 114 F5c 1 TR YL L

WET 6 MARNREEZMFT 8, 20, 22, 24,
26 128 “C)MIWIREA kA% (55 3). TR N 18 “CHY,
VIt K DN, RS R 22 CR, Rt 2K i
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—a— 4k Hatching rate
—»— VBT aEIER

Deforming rate of newly hatched larvae

x2 BXRUIEREAEREEFH Qo
Tab. 2 Values of Qy at different temperature bands
for embryonic development of S. aureovittata

kS b b
2 80 - T/ C Ty/C t/h to/h T,-To/C Qo
%‘é’% Zg 28 26 415 485 2 2.380
@ag ol 24 41.5 58.2 4 2.329
3% ol 22 41.5 73.6 6 2.598
55 5] 20 415 846 8 2436
B i%‘ 20L 18 41.5 98.5 10 2.373
£= 10} 26 24 485 582 2 2.488
% 0 13 20 2'2 2'4 26 28 22 48.5 73.6 4 2.837
{5 )¥ Temperature/'C 20 48.5 84.6 6 2.528
1 JELRE T SR A AL 18 48.5 98.5 8 2.424
WA £ 5 T 25 1 5 24 22 58.2 73.6 2 3.234
Fig.1 Effects of temperature on embryonic 20 58.2 84.6 4 2.548
hatching and deforming rate of newly hatched 18 58.2 96.5 6 2.323
larvae of S. aureovittata 2 20 736 R4.6 ) 2007
AR PR R AL HA B 2E S, TR 18 73.6 98.5 4 2.072
Different letters indicate significant differences among groups, 20 18 84.6 98.5 2 2.139
the same as below.
x3 AREETHUNMFFENESK, INERSMKAE
Tab.3 The size of total length, yolk-sac and oil globe of S. aureovittata
R Sk IR B AR R BB RIAR B2 E RS

Temperature/‘C Total length/mm

Horizontal diameter

Vertical diameter of

Diameter of oil

of yolk sac/mm yolk sac/mm globe/mm
18 4.36+0.22 0.82+0.11 0.33+0.02 0.32+0.03
20 4.45+0.32 0.83+0.10 0.33+0.01 0.31+0.01
22 4.48+0.28 0.79+0.07 0.32+0.05 0.31+0.01
24 4.43+0.14 0.72+0.05 0.30+0.02 0.29+0.02
26 4.41+0.12 0.64+0.03 0.27+0.02 0.24+0.02
28 4.39+0.11 0.58+0.01 0.25+0.03 0.224+0.01
R REE 20 CH, B F7 0 51 2B 7 e 72 g e
Ko AFENREAMET, WAL PImir ek . o s 1007, Deforming rate of newly hatched larvae
KA L I B PR HE G .35 25 5 (P>0.05).. XE ol ¢ 4
22 R EERARAL EO N EEE or
Qg
TGN LR > 30 IR LK 1T 76 60 I
25 HFEIFAERUPHES, EREEN 10~20 BHILTRARIE Egsa0l
o A SR REAE T IRIG Y T AL R, o, SRR §§§ 20
J9 10 A1 1S B, BRBATFALRICT 26.0%, BIREAT fo I . e
}F/K,_J 57.0%~94.2%. hgjg 20. 25 E[qL’ gpgﬂgz 10 15 20 25 30 35 40
T & 51.0%~66.0%, H 9] 041 i I R F [ & LR Salinity
10.0%~25.0%. =K 30 F1 35 A, WEHRIFIL R i e 2 X o AR i 587 T A
ik 79.0%~80.0%, HAIWHT MWL FMT 6.0%, 4 PIWEAT 0 5 I 3 1 5

RN 40 B, AR, THRIEEERIE 69.0%, {HAIHF
fHAIRIE 2R T 25 (14.0+3.1)%.

Fig.2 The effects of salinity on embryonic
hatching and deforming rate of newly hatched
larvae of S. aureovittata
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freafefb it s, $hEEh 35 41, 90%LL b Af-fh
IYARAE KR EE R ZE, 10%53 4 75 K AR o A
#ho EREESh 25 F1 30 41, f1-10 80% 7 A FEAKAK 2 HI
L2, 20% 50 A TE AR ER RN HS . M 7EER B2l 15~20
H, 60%~70% Y 1 1o 53 A 75 KK 2 R 2,
40%~30% 10 43 A FE AR AR ER AR o MR EE Ry 10
SLERA, AR 29 10%TEKIE EZRERIZ 530, 29 90%
S ARTE KA FP IR AR (A 2),

EREN 25~40 B, MRSRIEALET B 73.4~75.5 h,
JTCM R 225 EhEE N 20 B, IRAGEILET[E] R 78.5 h;
MERFER 10~15 B, JRJRFEALIT [ I 2 82~84 h, Z5
B | WA W28 | A7t 70 A FIREAL IS () 5 45
R, HERWRNGIE B LR Bl 30~35,

23 VIWFEFENTEN
2.3.1 BB XA AT & R A A 8RS

P T 4 AR EE 25044 1 (18,2022 1 24 °C),
WIREAT- £ B S eI AE SR B, R PR A TR 1 T
IR FETHFE R N, FEEEN 18 CH&MFT, Wb/
168 h A 58 = THFESEHE s TEIREE R 20 F1 22 CHAMFT,
SrTERFAL S 144 120 h JHAESESE; 10 24 CE&MFT,
FEIEAL S 96 h B 5E AT AESEHE (8 3),

-#-22°C —4-247C

B R IATR
Yolk sac volume/mm?

1 1 1 Y S ‘”‘"'-\.
0 24 48 72 96 120 144 168
{F #5340 J5 B 8] Time post hatching of larvae/h

B3 N[l T e A o) e - £ B 5 48
MRZ MAC M) 3 J3E

Fig.3 The effects of temperature on absorption
of yolk sac of Saureovittata larvae

2.3.2 KRR #%EEMH TmFae) SALA TEA
[FERBE S E T, oK ORI B A i A RAE T
SEMAE K (B 4). SATL fE IR 2 (10.20) HH BLAE SR
30 4, frfafEiG i ik 8 d; I SAT {H(2.99)
WMEEEREE Sy 10 4, frfaiEfe)s 4 d &F56T,
LR 15, 20 F1 40 44710 f SAT E Y%, £
o 8 R IR B AR S XA R 36 ) 7 AR AR B S

f—
(38
1

—
o
T

o0
T

IS
T

KR4 Tt SATE
SAI value of newly hatched larvae
N =N
T T

1 1
10 15 20 25 30 35 40

(=)

£hJ# Salinity

Bl 4 R[FEREE T 28 AR MR AT 1119 SAT
Fig.4 The SAI value of newly hatched
larvae of S. aureovittata

233 AT EHUER T i & (PNR) 15K N
20~22 CE&MF, WIMHTFAIFIO)EE 3 K6 dfffh)
940 U4 B R A (78%) . HE IR R T b,
PNR HBUfE 7~8 d Z ), A7t ba ik ADUEA al s
(K 5).

]
===
T T T

(=]

W A W NN
(=]
T

BB
First feeding rate/%
S
T

S8
(=4
T

S0% B IR
50% of maximum
|  first feeding rate | |

4 5 6 7 8 9 10 11
4744 H #£ Days after hatching/d

5 B AR A £ Y DLIRAS 7T 39
Fig.5 The point of no return of newly hatched
larvae of S. aureovittata

—_
(=4
T

(=4
W

24 RE. HES5ETNEFE IGF-1 EERIE
R

AR EE T, AL {7 f IGF-1 mRNA %
RAKFAH BEES . ERER 20~24 CHMAT, VI
ff£ IGF-1 mRNA FRik /Kt 2 v T H AR B4, D)
TREEN 24 CYLU AR . TR, 6 K 25~35 &4 F,
VI IGF-1 mRNA Fik/K V5w T Ho A £k
H, EYVRSEMET, IGF-1 mRNA 7EVUKIG 56 2 K i
FIE, HURTEDLERES 3~4 K% FFE, B
TR, BEE DR TakEE T 2 W E LT 0
IR 7K (P<0.05)( 6~ 8).
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1.2
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o
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1.0
08r &
0.6
04+

IGF- 1A%+ Fk 7K

Relative expression level of IGF-1

18 20 22 24 26 28
1R Temperature/C

AN R AIAT £ IGF-1 mRNA (#3235 7KF
The effect of temperature on |GF-1 mRNA level
in newly hatched larvae of S. aureovittata

K6
Fig.6

18-
i b

16 .

141 b
12 _I_
1of § T ab
08k
0.6 -
04|

02
0

IGF- 1A%} Fik K F

Relative expression level of IGF-1

15 20 25 30 35 40
¥ Salinity

Bl 7 R[FERE T WIBHF fi |GF-1 mRNA %5
Fig.7 The effect of salinity on IGF-1 mRNA level
in newly hatched larvae of S. aureovittata

1.8
1.6 -
14+
1.2+
1.0+
0.8
0.6
04
0.2

0 1 1 1 1 1 1 1 1
3 4 5 6 7 8 9 10

4k )5 K%L Days afer hatching/d

B8 DU 7 IGF-1 mRNA K3k i #0
Fig.8 The effects of starvation on IGF-1 mRNA level
in early larvae of S. aureovittata

IGF-1 mRNAMIX k&

Relative expression level of IGF-1

3 itig

RBFFEHASL T I PE I 20 U 100 25 B S WA 1A 393 4
T8 ORI ANER B, 2 T ORIRIRE RER I &
VIMEAT ARG . OREE AR . SAL{ . PNR AN
|GF-1 L[N F R SRR, SRyt MU AL 324 IR Ak
BRI B AR T R L 5 2 5 A AR R

T B R B SR 5 M £ SR K B A A AR K
MIMOCHEN F, EMIG & & A B Kt R, 4
IR G B A Ao A B R S E (YR B R
21997, HWE TR, 2017; SKIEFESE, 2016), X H 4
#ii(Seriola quinqueradiata) 1 HF 55 2 B , IR JRIBEAL Y 3
IR R 22~24 C, IR TG & BB, i
Tk 25 11 7T 90 Ak B T 488 4B A £ W 238 1 (O B 45,
2021), ABFFEH AT, 14 F 16 CHRIELAMT, #&
WG K B IR AET, £ 16 CHMIRAE T
R ABFGER &, BRI IR & B 5 2 U
KR, WIGTE 20~22 CMEfb At =, WA Y
RAR, HIRERE Qo&mdkir 2. #F5ERY],
A3 o R AL 1) 1 s et SRR R AL, A TR
TR )RR Y R P A A A B R M (R AR A,
2002; BEAUAR, 1965), i g % R EE 2 00 il 07 A il 33
ol fiff 15 0 24 R A% B o b o AR B L (F % W A,
1998), Ml S BURNG I (LR N FEFIE STt =, B,
NG & B BJR S AIE # i BT ZAE A W% 0 C LU
FAE IR AT N, AT 45 A — 3, Moran 4
(2007)RIF5E T IR K1) IV 1A s SR A TG R T i R P Y
Ae AR, RBIIG & B It AR A it SR 2
FAEIK R, RN, SR T L A7 e KA DN,
AR 2 R B R A A ™ 1 A DR R R 5 |
o ARUFFE R, ST (24~28 C) i 401 iR
SEEAL IS ), IR A T £ A K RN O A X /N, AT
AE I R T L X R i A A K R B RE A T ML
Hl AR SIS Y o PRI, AR R 78 0 2RIV G 007 Ak AN
LTS Gk = BUN L L VRS S S UL I B
BE, DAARAS 5 A £ 238 R e Jo £ ) ) R A -8

VA —F ELAG I i () KPR 2 B 2,
SR R R A B S BB N RE S . ARWFIE R, 7EER
JEHh 30~35 RMF T, MR LR R, $hE <30 M
>35 W, SRR AL H AT I R T m, X 5
J& 5} (Carangidae) Y B /A 8F(Seriola dumerili)2S Ll
i 2 Wt 5 ) (Cynoglossus  semilaevis)( Ml 2% J& 45
2004) . % 171 5 (Opl egnathus fasciatus) (14 7k 11.4%, 2009)
BT 7K A0 28 1) Sl P A B v R PRS2 RGO e &
FE<30 B UM, MAESREE>32 K h T (R B R
8, 1997), AR A B, B ARHNS2RS U 7R BE>30
FHEVE, MEEREE R 25 WHEIF, <20 BT 4R
PRI, 2 IR AR B 2% 1 X 2t 5 32 K5 O 10 A V22
BRAFM .

R KRR LR, EARSEER LR
SAL KPP A7 f03% g, BE TP A7 fa e 75 nl LU T i
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T & (R B A2 45, 1997)., SAT R FATta1ETCHNE | 1L
. KM T RfEERE ), HAEME,
FP A0 p TG IRy, T B s s R LR
X R AR SR, S 32~35 FMF i
SAI {E 5 (18.3~18.8), BRIEERES | A BE [ 80A B
i (Epinephelus moara) (Q)x-Ei5 1 B fi (Epinephelus
septemfasciatus)(3)]155 fa et S 7EiE B L R T
ARG SAT e (FIREUR S, 2009; 2R BEAE,
2013), 2 HA i 907 4k 30 1m) 19 6 B8 4% A s T AT
FiiE . AMFGEH, AW AR AR B Ol 30~35 B SAL
(B i, 22 BHAX —$R BV R N I Ab 4 £ £ F 1 b s
B AT R N ST IR AL R A B
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The Ecological and Physiological Responses of Embryonic Development and
Early Larval Growth of Seriola aureovittata to Temperature and Salinity

XU Yongjiang‘j;, CUI Aijun, JIANG Yan, WANG Bin, ZHOU Heting, LIU Xuezhou, LIU Xinfu

(Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Joint Laboratory for Deep Blue Fishery
Engineering of Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract Yellowtail kingfish, Seriola aureovittata, is a long-distance migratory oceanic species
belonging to the Carangidae family of Perciformes, which has a global distribution and inhabits temperate
and subtropical marine waters. S. aureovittata is large in size, has a fast growth rate, and is highly favored
by international consumers owing to its excellent flesh taste, nutritional quality, and economic value.
Furthermore, it is a promising candidate for the global farming industry and is particularly suitable for
rapidly developed open ocean aquaculture in China.

Currently, yellowtail kingfish aquaculture occurs in over 10 countries including Japan, Australia,
New Zealand, South Africa, Chile, Greece, Holland, USA, Mexico, and China. In 2017, a great
breakthrough in seedling production of S. aureovittata was achieved, and currently juveniles are
mass-produced in China by combining the “engineering pond” and “land based indoor tanks” modes,
which led to the rapid development of the Seriola fish farming industry in China. Nowadays, Seriola
species are farmed in Liaoning Province, Fujian Province, and Shandong Province of China, and the
combined annual farming yield is approximately 500 tons. However, we found that during seedling
production of S. aureovittata, especially at the early larval growth stage, the hatching rate of eggs was
variable among different spawning batches, and the survival of early larvae was low especially when the
larvae reached 8~10 d post hatching. Occasionally, the high total death rate was attributed to the sudden
“sinking death” of larvae, which may have been caused by stress as a result of changes in environmental
factors. Therefore, it is necessary to determine the ecological and physiological effects of environmental
factors, especially temperature and salinity fluctuations, on the early life stages of S aureovittata under
artificial breeding conditions.

In the present study, the effects of two key environmental factors, temperature and salinity, on
embryonic development and early larval growth of S aureovittata were investigated using experimental
ecology, morphological measurements, and molecular methods under laboratory conditions. The indexes
including hatching rate of eggs, deformation rate of newly hatched larvae, absorption of yolk sac, IGF-1
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gene expression, survival index (SAI), and point of no return (PNR) were determined. Moreover, the
vitality of newly hatched larvae was tested and evaluated. The results showed that the highest hatching
rates of 75%~81% were obtained under temperatures of 20~22 °C, and the deformation rates of newly
hatched larvae were lower than 6.7%. In addition, according to the Q¢ calculation, the most appropriate
water temperature range for embryonic development of S. aureovittata was confirmed to be 20~22 C.
Meanwhile, the total length and yolk sac volume of newly hatched larvae of yellowtail kingfish hatched
from the 20°C and 22 °C groups were larger than those in the other temperature groups. Regarding salinity,
the fertilized eggs floated on the water surface when salinity was over 30 %o, were suspended in the water
when salinity was between 20~25, and sank to the bottom of the container when salinity was lower than
15. The optimum salinity range for embryonic development of S. aureovittata was therefore determined to
be 30~35, when hatching rates were between 79%~80%, and the deformation rate of newly hatched larvae
was 6%. The yolk sac absorption by newly hatched larvae was measured under four temperatures (18 C,
20 C, 22 C, and 24 C). It was found that the absorption and exhaustion speed of the yolk sac increased
with temperature, and the yolk sac was exhausted at 7 d post hatching at 18 °C, whereas the time
decreased to 6 d, 5 d, and 4 d at 20 C, 22 C, and 24 °C, respectively. The highest SAI value for newly
hatched larvae was observed at a salinity of 30, whereas the lowest was observed at a salinity of 10, which
was consistent with the hatching results of embryos under different salinities. The highest first feeding
rate of newly hatched larvae was observed at 6 d post hatching, and the PNR appeared between 7 d and 8
d post hatching at culture temperatures ranging from 20~22 ‘C. IGF-1 mRNA levels in newly hatched
larvae from different temperatures and salinities were detected, and significantly higher expression levels
were found at temperatures of 20~24 °C and salinities of 30~35. Under continuous starvation conditions,
the IGF-1 mRNA in larvae significantly increased at 2 d post mouth open and decreased at 3 d and 4 d,
although expression levels remained relatively high, and then continually decreased to a significantly
lower level as starvation continued. Results from the present study provide basic knowledge and useful
tools for the construction of standardized technological methods for optimal embryonic hatching and
seedling production of S. aureovittata.
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