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2. BREHFREESERAGAERTIRE IR FH 266071; 3. MBS GRAR IR M 261400;
4. RS BEKT B REE 300384)

WE  aRENKRETEDY, BRERFEEKEENRELANENAEF N AR RN AL
ER . RER UL 2 Fr AL 3E T 8 (Oplegnathus punctatus) 3 23 3T %, oA 7 2 M5 8(32°C) it
Ja1.3.6h, REEFHEEQRSC)E 6h 12 h i, EreF R 3 | f i & & 4 ¥ (GLU)f % i B (COR)
A& R P44 l(RBC)F A 48 i (WBC)# B . 21 & B (HGB) & & . 47 20 j8 AR & (HCT) LA B AF
WARTLE A (hsp70. 90) mRNA Rk EW R, £RET, 32CHBAMHT, 2 MHEET 8 PR
WEE SRR BRI E AT, o, 50 g 200 g 387 4457 0.3 h (20 min)F 1 h & KI5
RIK 5 HE(P<0.05), 2 A HIA43E# 4 COR 71 GLU WK JF & B £ 75 5 IR th R b4 %, 50 g3ea
# COR WEA 1 h HEZE THMAIEAP<0.05), GLU KEALA 6 h HEZg THMAITEA
(P<0.05); 200 g &7 # COR WK JE 4 1 h B F (KT 50 g 317 44 7% COR % E(P<0.05), k& 6 h
J&, COR W Z 5T BB 441 T B2 2 3(P>0.05), GLU & & 72 5 8 B ] Ja] — B 4L T35 ACF,
WA 12h i 5 xR4T B ¥ £ 7 (P>0.05), &iEkaidEd, 50 g3 E 4% WBC., RBC. HGB
AEELEEFETHEZYE, 200 g 3244 WBC, RBC, HCT A4 5 HAMV LR E 2R
(P>0.05), HGB 4 E 24 A E THtha%, 3 h i E 5 T HE4(P<0.05), FiEiFS 2 MK
PEF AT AE 4L hsp70 F1 hsp90 mRNA RIKXEH 2% EFA G THEHES, hspT0 f1 hsp90 mRNA
KK E A 3h M 1 hikF & EP<0.05), FAEFAREEFIEEQRSC)12h 5, KEZEHF K
T, AMEATLEEZFP>005), L, AUEEEAREEN T 2 1 B AL 4] 00 FAR
% COR # GLU &8, L7 AFIE hsp70 70 hsp90 mRNA 3k, /NHLAE B 38 7 48 R 5 08 i B
HERENFATRS MAXERAEEHAR B RAREGR T AMRIE L, R bt —5EH
A R R EALE 2T A,
XKEIR  ma g EAERE; mEE; PRAE; hRkEEEAL; REKEESE
FESES S942.1  XEFRINE A XEHRS  2095-9869(2022)06-0069-10
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Tk B 2 52 e K A A 0 A R R O 1Y o S B A
FZ—, RAERKAE BRI, TR 58 230 H
BUA TE 5 09 A I 2l 7 AR W 35 0% B2 il (37 A T 4%
2010; JEfE, 2005; HELAE, 2020), MAFRZHE, H
Xof Tk T A2 1) A= L 6 (B A7 7 M i ) 22 5, M2 37
FEERBERREMR . — MM &, WK M 28 AT e n i
R PERE TV KPR S N RAS T Ak i BT IR BE
3, ok e A Al B N REURR v K R 2K T g
(Oncorhynchus mykiss). /W8t (Larimichthys polyactis)
TER R BEAE T, AR AT ZRHH, 25 lE
FET, K P 2 B TSR Y T IR AR O (AR,
2005; RN, 2017), L8 PRI W M AL E )
WH, AR N S8z B R A2 R AN
(2012)%F ¥ /K T f1 28 K EZ WF(Scophthalmus maximus L.)
HAT T 2 T, KB = R 2 &R 0 e m e i AR
M PE e — R T 1~2°C o P ER5F(2007) i
11 A 8E(Paralichthys olivaceus) i B AT, W&
$ETET HIFACTHRBE 1 , [5]I7E 28 88 (Rhabdosargus
sarba) . % (Hypophthalmichthys molitrix) . ¥ ff
(Ctenopharyngodon idellus) 1 Jg % % 4E i (Oreochromis
niloticus) 25 8 7 JE 47 T 5 IR WF 5% (Deane et al, 2005;
T4, 2009), KRENFFERB, SR 5 R A2
W BT BE(COR) . i1 45 B (GLU) 5 A AR (LA bn & A=
W EBUE, BT S  HUA DR A DR (U, 2019;
Xk, 2012; BRAB5, 2012), [FH, HYRTEHE [ (heat
shock proteins, HSPs){F iy — 21 7 TR T,
225 TS0 F IR Hdr, hsp70
H1 hsp90 FEAEFFRILTR — MM IEHH )P &, fEE
RS2 45 e e 2 R o FR b kR E AR (Jia er al,
2020; Meakin et al, 2014), K FRILH hsp70 F1 hsp90
IS 5 A T RS VR B2, A v A L A R
RE MUK 3 7 31 F (Lombard, 2010; Genest et al,
2019),

BEA1 85 (Oplegnathus punctatus) £ 25345 T H [ |
E AR H A BRI T B AN OUAR SRS, i
H A S B SR RN I EA s, HA PR,
PrstERR, SR 22~28°C, AEAEKIR K 6~32°C,
& — Tl B A IR B R R 2 UF 2R LR P 5F,
2015; SKEHESE, 2020), 2014 4%, LA SEM BT K =
AR F 5 o E RN B AT AT . E K B
FEIE B K7 BT B VR S 3G 8 LR At o B A 9
Fifr, SECRR TR A B R H R A . A SRR
TEFI AR | BEAE | 40 55 S5 So ik TR Bt 76 T 0K ek
Pl DR ) KR ks 1], BE RE PR /K A 25 R e AR X
FE, MEEAF G TP K IREK , SR RE KA T

S — A E A IR 7, S NS A
FEAEP IR | R & R 2S R B IR R 2
—, HA FRBREE A5 7= S T e, & H TR
WL SR A Y TR — (R SO AR, 2018) 4R [E 4245
O2DWF5E KB, IR TG T KB (Larimichthys
crocea)im AL, HilipEmM T s . B, EREIL
T eI, T AT &2, KRG, BE
A1 T AR ROR ATt AR s 2 1) fb 42 kA7
AR, 7 2PRAE R R E VKR T 5 %2 2 M
RIS T B v 4 1 9550 . T HARIESE R 30, RHAS B
B 22 3k PR FRBEARAS T B ARG A AE K vERe, [
B, HAHURES 2 BT Jia er al, 2021), BEA
e AL SR R rp, AT E R iR, KR
e S EHEE R PUR TR, BRI
A FIFR A K AERS , S SPOR AL B
I, A SCBE A SR = LA I8 M oA RGHGE , 78R
I 364 3k A A A B A A I g 7 AL s A 1 AN B
. T, AT REER 2 RO R AAS BEA7 68, DL
T2 SR 5 U 3 O 2 o e Y B O LB i a i 3 A S AR
SR, A B A Sk e TR T R R AR AR A
A1 B e i AR B A AL R AR AU E R Asp70 . hsp90
mRNA [ FRIBARAb, LU R B A 6 B g 5 4 1
PR

1 HMR5H*E
11 EEHE 5T

18 3 /K R W A% (Aqua TROLL 500, 3£ ) S2ht
DN RV % B Sl K TR AR AL, R/ 1k, R
JESET A RIS SRR, Gt 6—10 H FlAE ik
AR AR B 2R K B TR O (31.57+£0.57) C (D 1),
T, ARSLERIE FRRER: 32.0°C . SLIRTEILIARMN
£33 B K = BR 2 RIHEAT , ZNKIAS B A S8 44 K
(45.56+5.29) g, KAAKEEA WA 4 (183.65+15.99) g,
SCYSHIE SR A KA (R4 80 cm, HlER 75 cm, {AFH
0.4 m)EF SR 2 JH, FRIKIRHN(25.0£0.5)C, HEH
32, pH g 7.5+0.2, #MAMKE>T.00 mg/L, A
JE<0.1 mg/L, BFRMMIEH B, EXLE[T, 25
24 h, LI EM, 32°CAIM 6.5 h )5, 2 FiEiss
B A R IF W AR I AR T, AR L 25°C Xt R,
32°C NI, 2 FhAAR BEA B RS T 2 RS2, BRI
BE 1 XTIRAL(0 hyFl 5 AN, SEgdl ol ks
JRALER 1, 3, 6 h FIFEiRALEE 6 h 2 Z1E# /KR 25°C
J& 6 h (R6). 12 h (R12), F4L& 3 1 FAT, 18 437
BEKAE, FERICE 10 Rfn, A i i E
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BHAEPR KA K MR B THES 2 32°C, /Kol A JRIE KA
5 min Ji5 K IRZAERF7E(32.0£0.5)°C, EiRALTE 1.3 fl 6 h
Jo . VERCAEEINER G, 20 min PR 7K TR 32V IR R AR
B 25C, W& 25CJ5 6. 12 h TR ER 3 B
i, SCEH AR R e o HLARR N SR A ik
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Fig.1 Changes of sea water temperature in
offshore aquaculture net pen
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Fig.2 Scheme of thermal stress and recovery
experiment in spotted knifejaw

12 HmXRE

TSCER AP, e iREbE 30 min N, BEAHH
B WP G S AT AR A, SEG T 4R AT 4 BR
10 min 2R F R CHESE(2012) S5 86 07k, DR H 10 s
PR R AR, R Re e S5 AR 30 min SR
WFWE AR, B4 £0 8 4 PF G U 8k, I S s IR £

PR, TESRAE R IR BT T [R5 ] g I A3 R | 5
FAT R SAENIRE . RFHWREE 200 mg/L /) MS-222 1%
S0 PR R BE IR, T 1 mL — URPE VR G A R
P b st A A B AT RE R ICR I, AR5 2
— {7 B3 F TR I 1 41 (white blood cell, WBC), £1.
41 ffl (red blood cell, RBC). IfiL 4L % F (hemoglobin,
HGB)FIZL 4 il fUE (hematocrit, HCT); — 3 #F&E 1 h
JG7E 4°CF LA 3000 r/min HORELL 10 min, YA ILTE
T —20°C PKARPRAE , 0 1000 285 26 R g o e 5 2 IR
JIF. #EZHZ077 T RNAStore (TIANGEN)£S T, #6 T
KI5 1 (hsp70. hsp90) )ik

1.3 MEEFRSFZE

1.3.1 ik & 22 A L35 AR BREA 58 1197 2 o
Pt SR FH I T T B¢ 2 W) BIF 5% T Tl B e 92 Wi ofE a5
(ELISA, ml024863) k17 #x il o 5 %5 % Ml 2 3K 7] &
(FO06-1-1)l [ 5t A PR A, R bR vk 3 A 7
DN o R 08 10090 2 b 1 FH 08 i 4 19 50 DALV 40
Hri(BC-2800vet)#E 47 Wi, f25F WBC. RBC ., HGB.,
HCT %di .

1.3.2 JFAE hsp70, hsp90 mRNA & ik HR 4 AT
5 AT BA K B A B 238 47 4 35 DR A 0 T 4 P 310 1 35
YWEE ), HH Bactin fENNS, Fifsl¥hAd T4
Y TR R A PR F]A L, R H Trizol 157 (GIBCO-
BRL, 3 E)FEHRIEA HFIEL L RNA, R 1%5i05
W EE 52 H VK F1 NanoDrop2000 #8343 66 R TRk
RNA 19 5t i RV B 647504 o BN REAR ) S RNA
(1 pe)iEid A MR cDNA AY PrimeScript TMRT {7
@HEAT I HE 5k (TaKaRa Biotech), T3 cDNA HIGTHE
EE KR 10 £%(1 = 10). i Applied Biosystems
7500 RUSLAT e RE B PCR 44T qRT-PCR. &L i
KA 20 uL, 4045 10 uL SYBR™ Premix Ex Tag I
(TaKaRa Biotech), 2 uL ¢cDNA FEAS | 0.8 pL 1F [[]/5
] PCR 51#J(10 umol/L), 0.4 uL ROX JkH(50x)514)
F1 6 uL TCHIREE K . NFEFF: 95°C 30s, A5 95°C
10 s, 60C 30 s, 40 MEH . BALL PR EIETL
cDNA 1B X IR

1.4 #HIFAIE

SRR AT SPSS 18.0 BRI TEIE 4T, SR
JH B X 2 7 2253 Mt (one-way  ANOVA) R [H % 7 22
M (two-way ANOVA), H LSD Fl Duncan's £ [t
BT N =57 A, P<0.05 BfRR 2255 B3, S0
45 B A7 fE 1R (Mean=SE) &R
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*F1 ELHRFAELEE PCR I

Tab.1 Quantitative real-time PCR primers
5|9 Primer J¥%1 Sequence (5'~3") P 1K Product size /bp ¥ HEZE Amplification efficiency /%
hsp70-F GAGGTCAGGACTTCAGCCAGAGG 147 954
hsp70-R TGGGTTGGAGGGTGAGGTTGAG
hsp90-F GGTGTGGTGGACTCCGAGGAC 115 96.5
hsp90-R TGCGAATGACCTTGAGGATCTTGC
p-actin-F GCTGTGCTGTCCCTGTA % 048
p-actin-R GAGTAGCCACGCTCTGTC
0 pEEESE J&i, COR & & 55 5% B 2H AH H TG ik 2% 22 57(P>0.05) . H.

2.1 2SR E X B A 88 IR 8 B9 %0

32°C ik AR T, 2 TS BEA 68 P W 45 3 52
FhimJa AR s, Hrb, 50 g BEAHT 0.3 h
(20 min) i I 0 51 26 3K A 5 {EL(P<0.05),  FifiJ fnb 25
i, 2 h JE#aTFHa . 200 g A7 40T 057 45 5 5L 4 i
AR R TR A S 1) R AT R — AR R TR R R K
F, 0.3 h (20 min)Af B 2E Tk, 1 h B IEINOER A i
= E(P<0.05), BfJ5 W% T FE(P<0.05) (K 3).

300 - . - 50g
- 200 g

200 ~

100

2T e
Breathing rate/(times/min)

0 03 10 20 30 50 65 80
ST A] Experimental time/h

P32 FloRILRS IR A G I A T 3 A2 A
Fig.3 Changes of respiratory frequency in
two sizes of spotted knifejaw

AN TR OR B 22 5 (P<0.05, n=10). T,
The significant differences are shown in different lower-case
letters (P<0.05, n=10). The same as below.

22 RAMTIEMIEX DAY ME K REFEEEX
B

2 FIELAEBEA ] COR & iy 5 e T 5 BRI Y
AL ER(E 4A), FRAE 1 h 5 53 TR (P<0.05).
Hrp, 50 g BEAHH COR ¥RIE 1 h i i 3 i F HAth b
FHZH(P<0.05), 200 g BEA7fH COR HeFEAE 1 h i i 2%
& F 50 g BEAHHILE COR #e i (P<0.05), %% 6 h

2 FhHIAR BEAT W 10175 COR i 32 (R LK . Bf 1A LA
Ko 1] 5 fa AR RS 38 B FH ) 25 1 (P<0.05)

2 P BEA B GLU ¥ B 5 55 T 5 Jm BRI )
#F(E 4B), H, 50 g BEATHH GLU ¥ 6 h i i
F T HAD A R4 (P<0.05), K4 6 h I 5% FEZH TG
2 25 5 (P>0.05), M T 50 g BEAHH, 200 g FEA
i GLU ¥ B 7 e i 36 39 B] — ELAL T3S K, K
5212 h B 5 X R4 T i 35 25 R(P>0.05) . H. 2 FPEiAs
BEA BRI GLU & 2 (R HRS | As i) d 25 5 i
(P<0.05).

2.3 2SR XTHE A & M 7% = /20

50 ¢ BEAfH WBC ., RBC 4{H . HGB & &5t
IR R #HEGE 2), 3 h FAEERKR(E, WBC.
HGB 7EMKE 12 h J5 R IEH 7K HCT A4 5
X &L TG i % 2 5 (P>0.05) ., 200 g BEA ] WBC Ab B
2H 55 %F FR 2H G Wik % 2% 5+(P>0.05), RBC. HCT AbFHZH
5%t a4 5 P 2 MDY 5h(P<0.05), HGB 2%t BT
TRERBEHRGR 2), 3 h B S T X R 2 (P<0.05),
PRIZ 12 h B 2K T IR 21 (P<0.05).

24 SMUEEBEXNBEAYIFRE hsp70, hsp90 mRNA %
2. : b=

2 FHUAS BEA B AE 2 R IR G2 C)hE T, R
AR hsp70 F1 hsp90 mRNA Fih % 256 FIHE T I
({3, hsp70 mRNA 25k 45452 I [H] L K bk ] 5 0
FAE 22 HAE FT Y & 52 i (K] SA), hsp70 mRNA 7€ 3 h
PRI A, R E TR, Hri, 50 g BE A 67E M
i6 h IS X IR 2H TG .3 25 5 (P>0.05), 200g B £ 4
P 6 h W5 XTRRALAH G 3 22 5 (P>0.05), 2 Ff
KR BEAT 1 hsp90 mRNA 32 f AR KHIAR | Bsf 8] L K bt (]
5o R BUAK 22 BAE A B 3 % (Bl SB),  hsp90
mRNA ikt 1 h BHA S (P<0.05), J5 W& TR,
R E 6 h i X BRZA Eb TG 3 25 5 (P>0.05).6



%6 ZEB A S RAEIRIR FRAEAEECT 2 RS B4 03 it = IR AT 9 73
200 F A n=3, Two-way ANOVA: g 20rg =50g n=3, Two-way ANOVA:
Size * g =200g Size *
~ a Time * E Time *
B 150 Interaction / B st b Interaction /
Ef 150 nteraction & E 15 2 I nteraction
- < . £ ° bed } b
%-@ 100 F b 50 de K d
=8 b b E ¢ of
£ : b 3 of ]
g sof . ES sie 2l e
c g
c C ’l‘ cC ¢ k5} ] i
0 j 1 I;I 1 1 1 i 1 i_|_|j_ é 0 1 1 1 1 1
0 1 3 6 R6 R12 0 1 3 6 R6 R12
SEBG R [E] Experimental time/h 56 [E] Experimental time/h
E 4 Stk e AR A o A v 2 A RS SR 6 I R B T A A R AR b

Fig.4 Changes of serum cortisol and glucose concentrations of two sizes of spotted knifejaw during acute thermal stress and recovery

RN (P<0.05); </ RN ZEFIEA R (P>0.05),
“*»: Significant difference by the Two-way ANOVA analysis (P<0.05); “/”: No significant difference (P>0.05).
Same letters on the column represent no significant difference.

*2 R2AEREMEMEEITEFR 2 FANEAHELEERTL
Tab.2 Hematology of two sizes spotted knifejaw during acute high temperature stress and recovery
21 51 F 41 i1 WBC /(10°/L) ZL40 ML RBC /(10'%/L) M£L7E 11 HGB /(g/L) AYNIEAUE HCT /%
Group 50g 200 g 50g 200 g 50g 200 g 50g 200 g
Oh  136.10£7.11° 203.33£11.92°  2.65+0.11° 2.87+0.10°  85.25+8.95% 130.75+9.91° 42.70+5.50 47.27+1.43°
1h  172.68+10.37° 187.28+11.36°  2.76£0.16° 3.63+0.15* 102.00+7.91° 123.25+6.18°  45.73+2.97 45.58+2.99"
3h  208.05+4.84° 217.85+0.33" 3.36+0.23% 3.66+0.29° 127.75+4.60° 146.50+£5.68*  50.15+2.77 55.05+1.75°
6h  178.50+£8.06° 212.45+4.73° 2.80+0.20° 2.93+0.28°  112.00+2.12° 132.25+£4.92%° 48.38+2.55 48.03+2.33°
R6h 184.30+4.89° 217.43+4.46° 2.87+0.14° 3.31+£0.21®° 110.75+4.76° 145.25+5.54*  46.25+1.48 55.00+1.62°
RI2h 185.43+3.57° 205.93+27.45"  2.85+0.48° 2.92+0.58" 121.67+5.91° 101.33+10.66° 43.40+8.81 45.17+2.85"

AR AR BRI 22 57 3 (P<0.05)
Note: Different letters on the shoulder indicate the significant difference.

3

31

1500 , mm 50g n=3, Two-way ANOVA:

e 1 200g Size / 2
5 a Time™ g B
| E T Interaction * K=
W 100} Qs
+= 8 g
z H % 3
K &, 5
s 50l W
S2 ¢ g2
g‘% d H <5

~ n:

d
0 d "é‘ -ﬁ I 2. & d ‘_i .i
0 1 3 6 R6 RI2
SIS} A] Experimental time/h
&l s

250 p =m 50g n=3, Two-way ANOVA:
— 200g Size /
200 | = Time *
Interaction *

150 | b
100 |

50 c

d
0 ¢ 1 © 1 il ’I| © ||E| € 1 © © 1 ©
0 1 3 6 R6 RI12

SIS} A] Experimental time/h

e B SRR S ol A e 2 o AR B A7 6 HUE Asp70. hsp90 mRNA K3k A2k

Fig.5 Changes in the expression of hepatic Asp70 and Asp90 mRNA of two sizes of
spotted knifejaw during acute thermal stress and recovery

itig
2 7 B T B PR TR S

PSR S0 S RIPRTESCES ZUNTL e
T O W8 0 A o TP BB, K T

s

A

i, AR QI

RN AT g, RS

Boise, Wi, PR ARG, 2 FATE
AR B BEABRTE 32°C Rl MO 26 0F T, FPIRR 2

FTbwG, RWIBEA SR AR, 3d a4 e R
R MU SN, B A AR,
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B SRR I, — BT, SR, f
AR IR, AR T R fE st i, W Wi 32
Sl kR Z X R I PR B TS N 2 (A bR R A
2020), AT RIN, 50 g BEA7 005 AR AE w5
I3 0.3 h (20 min) 5 #a T PR, 10 200 g BEA7 B0
R U] S A B MRS A B, — E AR R KO H
TR RE T 50 g BEAT0R, 35 WP s A L
FENTR), 3% 6 WAAS [R) B (%) BRE Aoy 6 7 07 X6 v ik F o 4o
R, OBMS B X w2 LR, LR A 7 A i
T, /INKIURS (%) B A S5 %o v T 1 T 2 3 1o T R R
B (2007) F1 7] bR 3 25 (2020) % B {1l #1 (Prerophyllum
scalare) FIHL % 2418 111 (Schizotjorax waltoni) ) il FE it
ZARGE AR B RILE R

32 AMTEMEXHASMNE K REMNEEFEK
Ry EA

S MLIRAE AR AR 24 F B APl v, Il iR b
14 75 Ak 32 S e T i 28 1 X A B B8 A A 1 P 43
AR S SL (KR SE, 2015), GLU Ek E % HE
TR, T LML I 25 004 i sh$E ik B & , COR
W B T v T B VR S 0 2RI B N S A8 A5 S TR
JEE AR A L B ) B3 DR, % i Y A B o 1) 5 M)
TR, BEIE BN, 440 2Ah TR R A,
¥ GLU I COR & A LT # G, 2012), [H
BF, YK PRBE LR KA SR AR fRRT, Sl a2
Hii—fE A | Bl (HPR)BE I COR #E A B 3R
ARG, I AR K COR A fif A I & A H
fife, I GLU B ETF, W62 il ihid T i Frfmg
R ARO[ I AR R R RE R A T = R
(HE2ETHEE, 2010), X T RZHEMEF 02, 1l COR
F GLU /K FAE 285k 1 5 5 1 6 B ] Py 23 s ik
52, DI 4E R AL (1) 1E K AR FR B (Costas et al,
2011), X% JE M (Oreochromis mossambicus)BEAT i iia
B, Z5M IR, GLU & it 3 LA G2IES, 2012),
BT B HE N 26°CHRE E 35°CK P IHE 24 h, I
i COR F1 GLU 7KL B 3G IR AR 4%, 2012), A<
g, 2 FhEAS BE A B7E 32°C Rl 4%E T, COR
AP, BrE 1 h BEAE RS E, GLU KT
AT A RS, FEMME 6 h B IA R . COR &
A1 25 (AL A4 5 2 SO0T 4 28 0 1) R R S B AIC, IR
WESEAVE SR, 3 GLU Jhi, MR N i
N AR T 2 Re IR N, 4 REIE A BRI (Perez
et al, 2008) ., H/NHUASBEA BP0 1 h J5 COR 7K i
ERRE, MRS G87E = R WA ) COR & &t

KR RN S, 1 h B I COR Y& FE B AL T/ NS BT
A H(P<0.05), X 1] AR PR /NS B A 6 LA o
it e R BE L REAE T AN SRS A AL TR,
IS BEA B GLU K42 6 h B n] 5% BRZHAH e TC
EXZH(P>0.05), MKMAEEEAH GLU K FKE IE
HKFRT 12 h, 33X A RE SR PR A KRR BE A 8 7 b % 155
ek Fop 61 3t A v T Bl O3 R 22 1) e R R A S A A 1
THFE.

3.3 AMSIREX A YE MRS BRI

KR T AR MBS RBC HEMWHE
(Collazos et al, 1998), AMFFT KB, 2 FhEIAK BE A1 67
M H RBC., HGB /K V& 2% EFHE TR &,
TEIE 3 hik B & E, KA 12 h i RBC 5Xf 4
A TE2E50(P>0.05), /NS BEA ] HGB W& LT
XFHRZH(P<0.05), KREAKBEA S HGB 3% = T X} iR
ZH(P<0.05) 3X 5 1/ G-l i oo 18 A9 485 SR — B (K =
4, 2015), XOTRESE A YK TS, OB R
Wi, XA TR ESRM, HGB & &A1 RBC i
fREEVES N, PR ZE A WBC 1E Ntk
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Thermal Tolerance of Two Sizes of Spotted Knifejaw
(Oplegnathus punctatus) in Offshore Aquaculture Net Pen

LI Mingyue'*, GAO Yunhong', GAO Yuntao', LIU Chenglei’,
ZHAO Xia®, GUAN Changtao'?, JIA Yudongl’m

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao, Shandong 266071, China; 2. Pilot National Laboratory
for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China; 3. Mingbo Aquatic Co. Ltd, Laizhou,
Shandong 261400, China; 4. College of Fisheries, Tianjin Agricultural University, Tianjin 300384, China)

Abstract Offshore aquaculture net pens have the characteristics of open spaces, vast waters, and
natural environments. This is one of the important ways to expand aquaculture space, create a new
production base for high-quality protein, and develop deep and offshore sea aquaculture. A sudden change
in ambient water temperature may significantly affect the normal physiological status of fish as they are
ectotherms. In the present study, respiratory frequency, serum cortisol and glucose concentrations, the
hematological index, and hepatic Asp70 and Asp90 mRNA expression were determined during various
thermal durations and recovery periods to illustrate the thermal tolerance and the underlying physiological
response of two sizes of spotted knifejaw. The respiratory frequency of the two sizes of spotted knifejaw
first increased and then decreased subject to thermal stress at 32°C, with the highest value (P<0.05)
observed at 0.3 (20 min) and 1 h in 50 and 200 g fish, respectively. The serum cortisol and glucose
concentrations of the two sizes of spotted knifejaw showed similar trends to the respiratory frequency. In
50 g spotted knifejaw, the serum cortisol concentration was significantly higher at 1 h (P<0.05) and the
serum glucose concentration was significantly higher at 6 h (P<0.05) than that in the other treatment
groups. However, in 200 g spotted knifejaw, serum cortisol and glucose concentrations remained high
under thermal stress. Hematological data of the two sizes of spotted knifejaw were rather different.
Specifically, the number of white blood cells (WBCs), red blood cells (RBCs), and hemoglobin (HGB) in
the blood of 50 g spotted knifejaw first increased and then decreased and were significantly higher than
that in the control group at 3 h (P<0.05). In 200 g spotted knifejaw, no significant changes in WBC, RBC,
and hematocrit were noted (£>0.05), although HGB showed an initial increase, followed by a decreasing
trend and was significantly higher than that in the control group at 3 h (P<0.05). The hepatic Asp70 and
hsp90 mRNA expression of the two sizes of spotted knifejaw increased first and then decreased. As such,
hsp70 mRNA expression was the highest at 3 h, while Asp90 mRNA expression was the highest at 1 h
(P<0.05). In conclusion, acute thermal stress significantly increased the respiratory rate and serum cortisol
and glucose concentrations of two different sizes of spotted knifejaw and upregulated hepatic Asp70 and
hsp90 mRNA expression; all aforementioned parameters gradually recovered to normal levels after
treatment at 25°C for 12 h. Meanwhile, small spotted knifejaw manifested greater thermal tolerance.
These results provide useful data for spotted knifejaw culture in offshore aquaculture net pens and can
strengthen our understanding of the regulatory mechanism of spotted knifejaw temperature tolerance.

Key words Spotted knifejaw Oplegnathus punctatus; Offshore aquaculture net pen; Thermal
tolerance; Respiratory frequency; Blood physiology and biochemistry; Heat shock protein
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