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1 HRET®

1.1 HRMRESEF

BT F B — i K A W5 iR 3 5o R
K H IR BRI X . FEHLEL 500 A~ [5E
i (97.33+4.25) mm; 5K (47.2143.35) mm; %
P& (28.52+£6.82) mm; W H: (21.25+4.54) g;
n=100], “FHIHLA 10 4~ 100 L KR, I Axt
UEME K (EREE 34, IRE 16°C), B 1.
1.2 ZWEH

| JBE#E] 30 L SCmKigEsm T, RARA
KR E S WIS RE R 100 W kR I 5 HE K R
o SEg M mAARF 24 h B, A H 9: 00 Al 21: 00
15 WL TE Sy o BT R, MR A R B v
Y SRR, ok 173, 4B T KA 5 s
WL H B AR, Mo, KM T-AEKL
R, AR K,
1.3 L&t
1.3.1 BEHFAMRANMZE  FEHH Y
PR W TR 22 0, BEALPkIE 20 A0 i
K35 AR, 16 CRIBEAE T L 2°C/d By i
B, EREREEAAE, B 12 h SRR A WG 17
TR, LKW E 3 ANEE A, A B —
HET- B 19 3 B 90 8 B R A7 3 Ui BE (survival tem-
perature maximum, STMax), A 4t W54 &R T
A 149 YL B 18 A B e Ife B IR BE (critical  temperature
maximum, CTMax), F|H SPSS #x{4-rh noHER )
ME B B A7 15 B AR R IE R 50%CTMax .

S R A W X I R 2 T B 7 1, R B AL
Pk ny 20 KA 3 5 MAM 16 CRIBAAM
THEHB E—RINBEVKEA8TC, 22°C. 26C.,
30°C. 340, AR A, 72h )5,
WL SR 45 A T2 60 21 4 A 05 A A7 6 %, SCG 1B

3AEEH, FIEER 50%IEEIC - ERBIE R
i 72-h LTso (median lethal temperature).

1.3.2 BRERAMNEEIEREEE  HUFRIRE
GETF XA A IEFE ARG FE I, K SO AR AU i
K3 AR 16 CARIR T % 2 18°C |
22°C. 26°C. 30°CHI 34°CHy¥REE, W47 72 h 1Y
IREERTHGE, 2% F 0h, 3h, 6h, 9h, 12h,
24 h., 48 h F1 72 h N REAIREE AR B i 7K 4% v B
BLIL 3 A4 FH 300 5 AH DG S e F8 45 o

1.4 HENE

141 HALBRBESZEARENE BCK4HWH N
IFE A (T BBURE AR A R 5 AR 2 Bt L P 2 L %
ANERE IR BER A T2, Hon et B YIskiE
(14T A0 R 2ot e 2 o, JBORE i B i v ) AR s
WASEH 1 mL A, B k52 SR 2E )
T 1.5 mL B0, L2 AR, 25
T80 CUKFEIRAE o M, K vk VR i P A 11 20 21
FE T ok g s . B2y 500 mg 44 E T
1/15 mol/L BEFRERZE il P (pH 6.4), VK AFT
FHATEALH B LU (10% wiv) . K850 38 7
4°C 10000 g 5.0 30 min, M FiEW 4 CIH1FE.
T VR B U B () Bradford 35 R4 AE

1.4.2 SEIERNE (1A g i A
A AR PR & E CAT. SOD., LSZ. MDA
T-AOC H I fEta bR, Frfabrill e ik T 3 Ik
A, CAT &M I IR R 3t o S 1L S o3
i HoOo 1 S5 10 RT3 2o o A R 6 T i 28 01, 781
R H0, HHMREAEH 7 —FIRE A% &
Y, 7€ 405 nm Kb AR PR, AT AT LATHEE
CAT 3% J1 o ¥ B2 ve 4l 2V VR Rb 8 4% 1 pmol
(1) HyO, 2 78 U —A> CAT i JJ ¥, SOD i
PE I 5 SR B SOD ] LA — 1P Ay 31 ] 25 M2 -
BN S ALl 2R G0 PR 1 AR Ak, D82 SO A AR
SR SR, J5& 5 B aR N EMEam,
o AR AR I 48 118 WO B2 5 X6 RS RO JBE 1Y) 25 1H
] SR IR S SOD G U . B
HAFEMATE 1 mL B T SOD #ll il 2235 50%H}
JIeXf N SOD #3E S —1> SOD {if JJ $4 , LSZ
TG P 0 R AR A — R VR IR A TR R, U
R 7K S 4 TR AT G RE I JOR SRR ol 200 B 2 e i A R
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iK%, BICERR, o] AR 4R 7 B ARk T A
fiti & 5. T-AOC A 2 AR HLAA £ Fh b S Ak
Yk, Al Fe’ R IR AL Fe®t, J5# 5 IEmk2LE M) R
TR 4 &, i e n] DIE b A AL i
TR o BB g 22 5 2 VR 8 S AR R
FEAEREM 0.01 & X Ry —A St A A e 1 5Ar
MDA Al 55 CE b ZBR(TBAE &, EMAYLL
FEYIFE 532 nm b ORI g, TR TS
MDA &,
1.5 HIEBHH

K SPSS 16.0 B \FHEA T8 /T . A7 TG %
B o 2 A e T A N R, T
B RNH BB A PRSI . A
SEU A 2 B) ) d 2 M 25 S e AT B IR R 22
(ANOVA), #RJ5#E47 Duncan’s £ K., W EK
K 95%(P<0.05),

2 HERE5HH

2.1 REHFAMERARGZ

it 7 i B T T, A A UK 3 S AR TR R
AR 1 fR . KIRFHEE] 33°CH, KA
WAET:, KIEIAT] 40°CHE, KAMFETET:, 7E
16~30°C FHR AT B rh, 7K IR X 4 W A A0 R
HEF(P>0.05), 1F 30~42°C R, KiRAs
AR A WA AT AT I 352 ) (P<0.05) . BT FHIR
T AR PRI R 3 5 ) i AT RS STMax iy
33.63°C, EmlImAiRIE CTMax i 40.13°C, f7i%
N 50%H IR E 50%CTMax 4 36.67°C (3 1),

T GETERE, 72 h AT <K 3 5 470 %
B 2R AR A& 2, AE 16°C . 18°C . 22°C 1 26°C
SCEZH R, 72 h KR KA WG R A
SR, 30°CSLIR 4] 72 h 5 KATWGAF 15 R % 2 55%,

34 CHEG 12 h BHCH WG R E R 61%, 72 h
I RER 0%, 72 h (EEEGE SR 72-h LTs
1 30.13°C(FE 1),

100
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1RJE/°C temperature
BT KL 2°C/d i TR AW U 3 5 A7 I
Fig. 1 The survival rate of Crassostrea gigas ‘Haida No. 3’
when the water temperature was raised at 2°C/d
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Fig. 2 The survival rate of Crassostrea gigas ‘Haida No. 3’
with acute high-temperature stress

M2 BRI E R, KAwagk 3 5
X 18~26°C Tk ilrae 32 B0 Hh 4 i T 2 4, A7 3%
Rt 98%, EXIE T 30°C My THE A 52 )14
I, HERALT 55% 762 2B Wi AR a uf, 4
TR R 3 54 33 CHEIF IR H BRAE T, 36 CH 4L
TR 50%, Mk 40°CHREHPET, it i
KB, KAk 3 5/ 50% CTMax & & T
72-h LTso, 2B 10 3 2 THY 52 71 AH
T RE Wi TR TR 27 155

£1 EEMAREAKHY B A 3 2°CTMax. STMax. 50%CTMax 1 72-h LT50

Tab. 1

The CTMax, STMax, 50%CTMax and 72-h LTs, of Crassostrea gigas ‘Haida No. 3> when water temperature was

raised gradually or abruptly

SCE2H group o I S B CTMax

IR A LS STMax

EBEIR IR 50%CTMax 72 h EEUEFEIR & 72-h LTs,

1 40.30 33.80
2 39.70 34.20
3 40.40 32.90
X + SE 40.13+0.38 33.63+0.67

36.90 30.12

37.00 30.09

36.10 30.18
36.67+0.49 30.13+0.05
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2.2 BERAMNREIBIRIZIE

38 R T 72 h 20 TR M3 X 5 <7 K
35 NI AT CAT 16 A 5 o ZoE THE NG 3 h
i, 34 CLER 4] CAT 11 L7+ = 34.44 U/mg prot,
BERSTHMASEEH . 9~12 h B, £5LK4
CAT WMk BIEXMEIF IR 2R, BEST
26°CIY 3 NS84 CAT I PE B & TH s, 1M 16°CHI
1I8CMANSEI A CAT T IEA KA B E L,
24 h B} CAT {H PR B 2 TR, 48 h B4 S04l
CAT /K V- CRE EWGE KT I KMEHIAE 12 h
BF 1Y) 26 C 5L 804, CAT iP5 £ 45.81 U/mg prot,
501 —16C -+ 26C

et 18°C e 30°C v
-x-22°C -+- 34°C %_’, iy
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Fig. 3 Changes in CAT activities of Crassostrea gigas ‘Haida
No. 3’ exposed to the acute water temperature increase

SOD 7K - Fifi FF- 15 it st ) AR fL a4 fifoR o
i 46 )5 12 hi, 45 SE802H SOD i J1 A H 2H ik
FER, 26°C 30°CHI 34°C 3 NS2E4H SOD T
2 T AL 3 A2 4H (P<0.05), 24~48 h 455K
5541 SOD &P 3L T %, 72 h B SOD & HE/K -2
BHH ER 46K o (BT SE, BHATFGRE 9h
i 30°C 52540 SOD i H /K- H B R % .
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Fig. 4 Changes in SOD activities of Crassostrea gigas ‘Haida
No. 3’ exposed to the acute water temperature increase

T-AOC KA EBL AN E 5 i, 6 h B, #%
SE82H T-AOC 7K1 B 2 42 £6.(P<0.05) . 6~12 h,

T HAth 3 44(P<0.05). BT 12 h, 26 CLA L=
TR X G R 3 SR S B E AR RE S
R B . 12~48 h, T-AOC /K FEH B R %,

WRIE R T 26°CHY 3 A9 T-AOC /K F- %5
i
R

w
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Fig. 5 Changes in T-AOC activities of Crassostrea gigas
‘Haida No. 3’ exposed to the acute water temperature increase
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LSZ i P KA H BAE 30°C LB i 12 h
i, 5% 83.49 U/mL(¥l 6), Mrifi/5 6 h, 30°CAl
34CEWA LSZ K FPEe R Em T HAL& A
(P<0.05). 12 h i, #5204 LSZ /K- B 23
22 5+(P<0.05), Hr122°C 26°CHI30CILEA LSZ
KRB KAE, ZJG7E 24 h B B 5 2 R
34°C SEUGLHIGME N IRAE 9 h i, 12 h IR TIE,
24 h B FFEBLEE, 72 h B 34°C S804 AR 4 ER 5T
T2, PR AT A G .

10r__ 6. 26C
a = 18°C --30C -1,
E 280( . 22C-+ 34T i
2.2 et
5 860 A
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Fig. 6 Changes in LSZ activities of Crassostrea gigas ‘Haida
No. 3’ exposed to the acute water temperature increase

A6 3 h, 505041 MDA & i 3 i
FEF(P<0.05)(F 7). Hrp 30CH 34°CHKH
MDA & & i} 5 T H AL 5 4H . 6~9 h 1), 30°CHI
34°CEU] MDA 5 i3k B 5 KA H BT R
12~24 h, 30°CFl 34°C 5041 MDA % it i 3 PG
(P<0.05), 24 h J5 th BRI FHEAZ LA i 25 (P>0.05).
22°C H126°C 525541 MDA 2 5 W8 B0AE 9~12 h,



742 K 7 R

%26 &

. B — 16T
= =3

P " = 18C
% ga 16 ........ eteeemieseeenn,

ggn

m]m § 8 -)._' [Eee—--

5 % 3 6 9 12 24 4 n

K /h time elapsed

K7 KRR TG R 3 5 MDA & R E L
Fig. 7 Changes in MDA content of Crassostrea gigas ‘Haida
No. 3’ exposed to the acute water temperature increase
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3.1 BEHAIRFARWZ M

KRS A2 X K A A 1 A B e g e A L
s, Jf H— e B LYo TR KAL) 55
M AAEEY S Lk i D R R A S B
IR BE T i, DRI LG AT 5 A o T = 3R P TS 32 A
)RS R AR AR TTE T B N7t 23 o = S N
KB, IRPEEETHEE, K4 K 3 S BB
1 (36.67°C) I 3 15 F L 28 T 2 B sk Ae R B
(30.13°C)), b B JHL X 7 - vy 9 20 EL A O g ) Tt
Z 1o FANAYHUAT 5 A8 55 R -t 32 3 8 I i 21
G AE oAtk 2B sh bt oA i . Hu & IZE RS
IR R R BN RO R I N A T s A
AR T A Eh B, 9708 R vh i 21t 2 30 L 3
i/, ARRLAYSE A UL BT | B a4k A
A AT BHIESE o PR 0 A A T LB 3 B
SRy g A 0 1105 7 T, o AR A L T
HCEE — 8 B 3E R MR S, AR &5 1 B B 1T 32
T TRO RS W= i SE N NUa e e i B 7 S
0 38 PR B RO, R EOHLIARRR S I B R,
B EVAIET .
3.2 FiREMBXT REIEIRA N

Ok 2 AR, PRI A8 5 ALK
AT Z TS PEE W FL(ROS), it E AL E (H,0,) .
A H W HE(OH ) A B 1 H i R DL 4]
(0% £ ROS Al g R M
gL T, BRI R, 72 h =T}
1o R FBIRA X A  K 3 5 AT R CAT . SOD
K LSZ {4, MDA & Hl T-AOC £ i 5 .
CAT F1 SOD 1E M HEZ Pt AL B, TEORFFIAN
T A AT i i AR PR B E A PEA . SOD

AT LUK A B T H RS H,0, AT 0,1
CAT A LKt H,0, B4k 9 HyO i O, e 5
T 26°CHY 3 Dsd T, miEE 12 hJ5, CAT
5 SOD itk E & & 3 ETHP<0.05), Hao %
TEWFFE E IR X R B DUAETE . FBSRL. T, HER
KA PEe bR g s &, SRR 8 h )5,
HFEE B3 DLAR Y CAT F1 SOD .3 b 7F. 1 iR
ASHE, ERSCIRA FZ CAT 5 SOD &M B Z 1%
FAGR LI . Tiang 2 IFERIF S IR 5 AL (L 3o i o
Jad DUAE AR AL SO sE MR T & B0, ST HEniRpE 12 h
J&, CAT 5 SOD & Ji{d .3 b Jt, [Fnf &k oikEE
M ETE, AR DA AR LT MR,
o T U0 T B LA RE SRR N, 51 A& N ROS 7K
STt T, AT B A A e RN, IR CAT
K SOD “EPi A B IG M W & T . ARBFIE
ER A ITEA S 9 h B 30°C 52864 SOD 1% J1 7k F
WEL R RS . A IR R n] 82 R T HLIAR S A2 )
—E Y SOD #1539 h i} 30°CSLH4H ROS /K-F
FEAIK, 530 SOD 7KF-A BT T [, SR B T 34°C 5%
WA AE 9~12 h I3 B EE IS T IR O, Rt
e B — L ROk AT T . B A AL BE

(T-AOC)R M K AL E AL I 2 52 1A R A
RGN R AR A RE F7 DL AL B 3R
MRS, AT RAE S —Fh s S MLAA DL S L R S DI fe
RO LEA TSR bR o ARBFFEH, T-AOC K FHY7AE
AE Ol S CAT F1 SOD 3 4728 1k 26 B0t 45 v ) —
otk o DR AT LA I g TR o R R
CAT 1 SOD Z54T EU AL (1) 7 A5 52 K 405 9 K
3 SO PLEAL E RN o HEI 5E T R A 2 (T
PR A i B A, R EIL RPR
BEIE, FIN 2SR TE IE ME LL J RbAAE
e W ET . XFEOT, HUASTE AL AL
il 1 20 IR, KL 2l i — R A B A Ak
J5 7 R 32 ST BT I B A AR R DA AR AR P S
AT, 458K A 12 h J§ CAT. SOD A
T-AOC P AAARARZ W T B R WK ¥
BG(LSZ) 2 — B A e (AP VE - R AR B td
JiK, SIS b B A R TEA XLSE D1 S A B R A e
ARG HEARI . ARAFIE LS B R, iR a X
UG R 3 5°LSZ AKV-HEA BEE W, KT
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TR A = A R ROS 2 XH ML 40 i i 61 473,
AN . W EPUREY R EAESRA, 5
AP LSZ KKz A8 1k . SRS iR EME 12 h
G, SWREEA LSZ KB WA R, Ui
LSZ 7K EAAAL L 2 5 . Muona 252078 147
KT RV (Salmo  salar) 14 P 175 B il 7 Te i) oF
FEAAE ) LSZ 1 Pkt 52 B AL AL B A 1k 51 A 7]
o N EE(MDA) E i 1 (142 f AL ) 3 1 4
B H JEFG T A 3 S8 A K, AT [V 422 2 e 114 4
sz AR DR REE P AT 45 5 R 2k e TR
82X AW R 345 HLIAR N MDA & &7 A
R o MDA Fr i S W T LA 200 B 5 rp i 5 ) 3k
SAACRREE, SRERaPIH, PR ROS KP4,
5145 7= 42 1) MDA KP4 . e 12 h 5
MDA & H BT B, 4 DU e 1] P 2ok TR
KAWL Z B, SRAS J G PEM [ . Jiang
2 LS Tk W o8 3 D0 AT 2 M TR g % BRL, SR s
B DUALAAR MDA & df ok h g 454k . 1M Hao
25 OS] A0 PR 382 3 D0 R AT AR RSS2 I, K Bk i)
iR A S EBWLA MDA BB B ETHE.
PEHEDAS [R] (0 SE 56 18 F ] RE R S8 g R Ak 2 5
P E R N, 6 b SRR, KA R
3 5 ML N MDA 5 i 7E N [A] Bk B A8 A
AN i — 2L AT

Zi LTk, AHEFEE i 58 T T iR A
PRk, W T KA R 3 5 X s iR A
(T 3Z RE F1, A4 K 3 5 23R T
TR B BB IRE S 30.13°C, B BART
o T o R W 2E B P BB TR (36.67°C); R
38 2= BCR AW N EA]  CAT . SOD. LSZ.,
T-AOC LI} MDA 3 7+, WHotsi R mitt—%
PRI FEFH WG B T2 KT T W R 4 it T =%
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Effects of high-temperature stress on survival and five immune indi-
cators of Pacific oyster ‘Haida No. 3’

MENG Guangwei', LI Qi"?, XU Chengxun', LIU Shikai'

1. The Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Sci-
ence and Technology, Qingdao 266200, China

Abstract: High seawater temperatures in summer have a significant effect on the biochemical responses of the
Pacific oyster, Crassostrea gigas, and influence the survival rate of cultured oysters. In this study, we investigated
the high temperature tolerance of C. gigas ‘Haida No. 3’ through exposure to acute and gradually increasing tem-
perature stresses over 72 h, and measured changes in five immune indicators: catalase (CAT), superoxide dismu-
tase (SOD), lysozyme (LSZ), total antioxidant capacity (T-AOC), and malondialdehyde (MDA). In the gradual
temperature increase test, we increased the seawater temperature progressively (2°C/d). In the acute seawater
temperature increase test, we transferred oysters from rearing temperature (16°C) to 18°C, 22°C, 26°C, 30°C, and
34°C directly. The results showed that when the water temperature was increased gradually, the survival tempera-
ture maximum (STMax) of C. gigas ‘Haida No. 3” was 33.63°C, that the critical temperature maximum (CTMax)
was 40.13°C, and that the 50% critical temperature maximum (50%CTMax) was 36.67°C. In the acute water
temperature increase test, the median lethal temperature after 72 h (72-h LTso) was 30.13°C. In each treatment, the
five immune indicators in the visceral mass changed significantly as exposure time increased. Within the first 12 h,
significant increases were observed in the activities of CAT, SOD, LSZ, and T-AOC, after which their activities
returned to their initial levels. The content of MDA was at its highest level between 6 h and 9 h, after which it de-
creased gradually. All of these results indicate that high-temperature stress induces significant changes in both the
antioxidant immune response and in the activity of lysozyme in C. gigas ‘Haida No. 3’ and greatly influences its
survival. The high temperature tolerance noted in this study will provide a reference for the application and pro-
motion of Pacific oyster strain ‘Haida No. 3°.
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