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(27 C, $HhF32) HEHEBRZE 5 MEEMEAS C. 19 'C, 23 C. 31 C. 35 C)H 6 MELEM 06, 20, 24,
28. 36, 40), WF5E T 20 X A H 5 A AL W AL (SOD) | i Ak S (CAT) | BB i (AKP) | 15 i (LSZ)
WtE . TN (MDA i LAF TG B . IR S A IR R, 15~31 CHAHIG N R AT 71.11%, 35 CHRF
TR AR (34.44%), T 15 CHRFEFEFRTG Y Z 2 H B AH, MDA & &7 144 h B iR K E (46.93 nmol/mg
prot); #HJE 19 C, 23 C. 31 C4 SOD. CAT. AKP 1 LSZ itk & MDA & &M R#E LI R YBEHKE =
XK. R BE SR A5 IR W, 40 LA ER AR LR A WA AR E A i, 2R T I A AR B ZH (P<0.05), 35 T 4 WA
TR ER AR N 20~36 2H; EhE 16 44 SOD., CAT. AKP 1 LSZ &1 144 h i 34 W 2% T % BE £ (P<0.05), MDA
£ 55 T ] B OF A 56 B 35 B B KA (45.76 nmol/mg prot)., BFFEFE M, TR FIEh ¥ 548t 2% S5 4 W5 5 T
FERRFITETG R BB, AW IREE 19~31 CHHFIERE 20~36 £H 53748 HLA B0 N3 v BE 7 .
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A, DRI O A K 5 B e 3 A AR
ERB TS0 W T 1 A A Wi il s i 2 540 M,
T8 H A 5405 5 2= 0 i S A 2 KA Y 5 52
Z PR, B S R W T S A T
FRHH, B EHERW H@5EE, (AR 5T
Bz,

o [E R WG 5 5 A TR AR, E AR R
A BRI DA K 95 TR A B M R IR K AR v
S | AT 7 S R R B A K iR AR

Yris HEA: 2019-04-30; 15T BEA: 2019-09-06.

XEHS: 1005-8737-(2020)03—-0286—09

{18 ) L N7 T84 2 5 T 0 ) B 8 D) R, i S 441
0 I % e R G 328 T P T BRI, TS 0 5
TR REAR, XN R WG R BIIE T
Ji PR 22— D00 e A S Bl S DA R B BT
DS T BEFR |, 7EITYT 4 WF(Crassostrea
hongkongensis)'®! . I 35 B ! (Patinopecten yes-
soensis)!’ Fl it (Scapharca broughtonii)! %4 5%
HRR CL IR SE, IR R AR 2 X v DL 2 ) A
PEFEBR ™A S o W e R AR B a0 25
M) D1 288 F A3 B B S Py, B AR AL A4 %o G e
BHAEN ) B IR, S 2 T B0 08 AH GBS M T B,
LT 5 Wi DL py A AR S T DR e, YR R
(18 3 ‘B AR P 2 DL 28 2k 45 1 5% 60028 T BE 1Y) T EE R4,
X 3 P AT E R

BT, DG T TR RE kB AR Ah X 25 4 107 5 el fr

EEWH: ILAE R BF TFEQ017LZGC009); ZE1LZEF R L F B H.
fEE e BIEEN9(1995-), B, Mo, FEMNFE N ZRE TS, B-mail: 1484103965@qq.com

BIEEE: T, #4Z. E-mail: qili66@ouc.edu.cn



%5 3 4]

T i Y A5 IR RE IR BE 2 M 0 X W A TG S S A B Y S 287

BP9 B4R R e 4l R HE DL 0 A KA 2 >,
i A DA DG A5 PR X6 S 4 W0 B 8 i s 2 Wi 1) i
o L, KRS LR B SobE s Xt 5 4 s
FENG S S e FE AR RS2 I, ASBI 5% SR FH I B ANk
SEARARER, W T A5 SL I AT A A A
I LT (SOD) . & %A Ak Z B (CAT) . Bk 14 1l 1922 ity
(AKP)FI B BF(LSZ)i% PE 50 [ (MDA) & it 1
BB S HARTE R, BN AN T 5
RS H TR,

1 HRE5HE

1.1 SEIEHHH

SCISHERIBE ] 2017 AR HE 0 A 0 5 AR A
&, T 2018 4F 8 JI R A IR R BRI, 7=
WEFE 7 d, BFRiRE 27 C, $hF 32, IHEEHL
Peik 100 DAERSEFT A K, AR SE R R
(38.27+4.74) mm, ¢ 4(29.75+£5.19) mm,
1.2 &t

R M A TR R RN R S a T B A
TGSk, WET TR (27 C, ThEE 32)E N 5 4>
BEEALFE(S CL 19 C, 23 C, 31 C. 35 C)
6 MNELEATE(16, 20, 24, 28, 36. 40)5%45E
20 NAME, HAEE 3 A EYEEE, L
FRek 20 d, BRI A A4 Wi fE T 1E I

R 43 AT U R RN B A B 3 X S 5 e 9 T
PREFEIE, A N TR 45127 C, #hE 32)
RS 2 A IR B RN ER B A A, 4T 144 h
LA, 2% F 0h, 2h, 4h, 8h, 12h,
24 h. 48 h. 96 h. 144 h XF 4% 2 5 s i 20 £k
fTHUEE, DAFHF SOD. CAT. AKP. LSZ {4 Al
MDA & & iR, R4 BRI B AL 3 AN
1.3 $EWRE
1.3.1 #FmAE  HITEES S 519K 51(0.86%
PAERER AL E & R FH=1:9 (g/mL)LLFI T2
WATR 10%MAZAHK . ZJ5 2500 r/min 2.0
15 min, B IS WA TAH I S FAn il 2 .
1.3.2 GREBEIBHRMNE A & (o 8 R
FA R ED) 4 EEETH I SOD , CAT . AKP
LSZ i1k M MDA FIHE & & . SOD &Ml Ji
R O 5B N =4 B affEHEEaq,

M SOD Xt Oy & —M:Al, FIHSE 54 5 X R4
I E(E2E 5, BIATTHS AR fh ) SOD 3
CAT M R H, AHMREL 2 CAT 43/
H,0, WL, TR HaO, AT 5 5HMR SR A IR
LAY, WEROEEE I CAT {FH.
MDA 2 550 E 2 B2 (TBA)ZE & 42 4L =4,
fE 532 nm ACEEOGIE RIS MDA ., AKP
O TRBRTR A NI = 28 R R AR R AT Gl A A
Yy, AR B R T I A S I, LSZ UK AR
20 T 200 i R JOK R 2 S S0 T A R ARG, R T
PGS G, ARPE B AL BT 153 LSZ 7
P R R R E 0 JE B, B R R Ak
P Cu* B R Cu', Cu™ 5 BCA i I i I A i 25 42,
%AW, TE 562 nm AbAG fe R MR IS0, 3 A )
JEAE AT IR
1.4 HIESH

iz G ik SPSS 20.0 XFAE M A g
FRAR AT BRI 2R U7 2270 B (one-way ANOVA), 41
[7] 22 5% K F Duncan £ & L8047, P<0.05 3R/R 22
ERTE N

2 HERE5HH

2.1 REFEE S T EH TR S RN

I S 0 ot ) E K, % L B AL A 5 A T R 2
ETRREEERE D, HE 8 Kile, F£4FIERHMK
F/NHEF R 23 CZH>19 CH>15 CH>31 CH>
35 C4l., HH 14 Kild, 35 CHAFE R HIET
50% (48.89%), fij Hifth b B 4l 77 1% R & & T
70%. H 15 K, 15 CH 23 CHZRZERD
#(P<0.05), 1 19 C#4Y5 15 CH 23 CHHT
I M 25 5 (P>0.05), FIE 20 KX, 35 CHfFTR%R
A5 (34.44%), 544 25 5% B 3 (P<0.01),

55R B Wit 2 AL, 45 R 2 A7 R B[] S
KB TR, BAEREET 70%(8 2). B 2
K, $hE 40 AAE0 R BALF A Ab 4],
I 2R, A5 11 Kk, #HE 16, 20
36 A3 28 dIfFfr i 352 5 (P<0.05), 7E5H
20 K, 40 HAFIHREEHRMR(T1.11%), P EMK
TFHAA B (P<0.01), EhEE 28 A7 Rk H
(92.22%), 5 16 ZHH1 20 4257 B #(P<0.05), 5
24 21 2% 3N .3 (P>0.05),
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Fig. 1 Survival rates of Crassostrea nippona
exposed to acute temperature change
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Fig. 2 Survival rates of Crassostrea nippona
exposed to acute salinity change
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(P<0.05), ZMrakb®)E, 19 C, 23 CHI31 C
2 R[] A2 i 2R AR 2% EOKOF, JHerfr 23 C
ZHAE 48 h AR K (H(272.50 U/mg prot). ifif 35 °C
ZH T 12 h 34 5 X I TC 3 25 5 (P>0.05), 24 h J5 R
KT X R4 (P<0.05)
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Fig. 3 Changes of SOD activity in Crassostrea nippona
exposed to acute temperature change
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YIHE 8 h Bk 2N {E, IRl T+ m B TH(E 4),
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Fig. 4 Changes of CAT activity in Crassostrea nippona
exposed to acute temperature change

TE4h )5, 15 CHI35 C4 MDA &2 %
BT, Hih 15 C417E 144 h Bf MDA &5
KB B KAE(46.93 nmol/mg prot)(Kl 5), 19 C.
23 ‘CH131 ‘C4l MDA & kst 28T e
FRiAs Ak, Hodr19 CHI23 CH4 48 hrfaeE =
X HEIKSE-, 31 C L AE 24 h BB 5 %) IR OC 2 22
S (P>0.05),
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Fig. 5 Changes of MDA content in Crassostrea nippona
exposed to acute temperature change

SCEZE R WoR, M LA, A4tWE AKP I
PER % EFHE TR EHEE 6), 19 T, 23 CH
31 C4 AKP itE# R, #E2h. 12h. 24 h il 144 h
B EE T 15 CHl 35 ‘CZH(P<0.05), 15 C4l
R 12 h 4k, 3558 5K F X B4 (P<0.05), 35 C4l
AKP {GPETE 12 h 5 I IR AL F AR, e
i E KT X R 40 (P<0.05).
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Fig. 6 Changes of AKP activity in Crassostrea nippona
exposed to acute temperature change
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I E|IE(E(49.99 U/mg prot)Ji i & & T HAR LI 4H
(P<0.05), ifii 12 h AR 2= /K F(10.01 U/mg prot)
(E 7). RIE 19 CH4 LSZ i MEAE 12 h Bk E
KAE(58.99 U/mg prot), ZJ& & itk =E 2w 457K
W, 23 °CH 31 CZH LSZ Wtk R e THE R,
e 21 55 0 BR2H TG I 3% 2% 5 (P>0.05), 11 35 C4
1E 96 h F1 144 h i} LSZ % PEXMK T X HEL .
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Fig. 7 Changes of LSZ activity in Crassostrea nippona
exposed to acute temperature change
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2.3 EHESMERE XA R I FRAI RN

R 28 136 2 2 h i SOD J& P ED 2 3% & T
HASLIR A (P<0.05)(F 8), s ILFIFEE I S x
8 22 53 g 35 (P<0.05), 1fij 16 R 4 SOD jif 28 1k
ZE1L, 48 h NG U E A 1 A TR, 7E 144 h
P 40 20 T X0 BRI LA B2 56 2 (P<0.05) . $hJE 40
2H SOD {H PR ARl i WA e, TEREA Sy
5%t FEZH TG 3 25 7 (P>0.05)

5 SOD & MR LAY, ERAE 24, 28 F136 4H
CAT M 2 h Bl BTy, IF5 X0 BRI A 5250
20 22 57 52 (P<0.05)(I 9), ZJR¥IBHiKkE =4
AR, T 16 41 CAT JEPERAK, 7EdE S0t

TRER 28 T AR (P>0.05), 4 h 5 5HASE
AR, TR 40 41 CAT G0, 1aA 2% 5
TXF BRI AR S 56 20 (P<0.05).
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Fig. 8 Changes of SOD activity in Crassostrea nippona
exposed to acute salinity change
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Fig. 9 Changes of CAT activity in Crassostrea nippona
exposed to acute salinity change
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Fig. 10 Changes of MDA content in Crassostrea nippona
exposed to acute salinity change
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(11, £R8F 20 40 AKP iGMEZH L7, T 12 h
Af A e K {H (4.38 Ulg prot), ZJa 5 Tk,
B4} 25 5 T % B 4H.(P<0.05), R 24, 28 i1 36
HTE 96 h BFPKRE BEXFHRKF . R 40 454t
15 AKP {5 PE7E 4 h B IR £ (4.02 U/g prot), Z
JGTE 48 h, 96 h 1 144 h W} B EET X BAH
(P<0.05),
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Fig. 11 Changes of AKP activity in Crassostrea nippona
exposed to acute salinity change
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£ 96 h Fl 144 h B (R T HASZ 540 . #hEE 20,
24 F1 28 4 LSZ iE AL AR E, I RES
T) BB A H Ay S 4 (P<0.05) .8 h IF$h 40 2H il
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Fig. 12 Changes of LSZ activity in Crassostrea nippona ex-
posed to acute salinity change
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R W BR M, O — AN TR Va R, A
REZR L PR B A HI A O R, AR S2 i i
KB —AR g R vk, B — A~ R R
FEIEH G R, AL RE % S e s 3 88 R R 132 43 i) xof
WL DU 5
3.1 REMERESMERE T AR RN

FE L S T IC I R HR AL = RR A, BE
ok 85 72 WG B 3 R, W A T 3R 34 T R AR,
X5 0 S B DL A ST 4 AR i aa s BT
S TINTRIF LRI | F5 B RN s A T RE A AR R,
FEARHLA R B R fE S, HEEBIRET-> 1,
J— 5, FHRAAERHLARTRRA, R
A R R AR T SRR E . AEE AN,
o 23 B DU ST S L AR T R B TR
A, g ESET-I0, i Wang 2RSS B,
A WEHE DUAE = T AT R TR, SR
FELERARNE . 8 FL R A AT RS A B AR, TR
J 575 1] i #5728 Ak B X 25 A 0 7 0% 23R A R i) B
K, Hu 2275712 (Apostichopus japonicus) )
FE P R X — A LR S I MR A 22
235 WA A LA G L RE BT A2 v, A 95 B 2 4
W[5 25 M (38.27+4.74) mm] MAR K, BF5E kI
INAME FIREFLEE DL (Chlymys farreri) b RN B i 55
RN BRI, 15 °C . 19 CHI23 CHIAETR
RETE T 80%, X AR (LT 57 Mo, (H &
IS FHA R R AT — Lo

TERR W a T R B, AT 20~36 41 E
AT BAE TG R, E A A R, R 16
HIIAFIE R T 40 41, UL A b xR h A8
Tl i 32 PR A o MR E AR AR T ) i X
2 e TR R 7K 25 R W) 28 52 9 K R JEE 1 KR B
DR e 1 I T AR R Y AR T K
i a I AE G, FhIEE 36 ZHA 40 LHAFETR 22 5 i
PR, 10 HH B 36 55 R Ak B (7] 34 25 5 1) S 4 5
Xt R B AT 52 22 D02 e e AR AR A R
SRR AR A 3B B, Wt
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Je BEAR 5 B b T T RE 2 ik — AL X B 4 g
MIVEFE, dEsEm DIAEis . DR B B 3k B Al H
P A AR b I A5 ) A B A R A s 1) A
ik,
32 BREMBERUEMEXESHFRELER
A

0B a8 2 5 BUE W iR 1T R (ROS) K
HMZR, 20 ROS S AW AR i 2 A
W ABR BT BR, 51 RR it 4k, 25 i K 40 A 1)
RelY. Bk SOD Fl CAT A8 1% % 3 iy A
i ROS, FHEF ROS 18- 46 A i 4 Ak 4
Yt 25 B ) A MDA R LA AR 5
it E AR, KT AR o R A i AR A
AL R DY

AWEgE IR S FERAL B SOD Ml CAT i
PEAF AT AE W B 22 5, T RS TR A0 A TR X
W 47 R AR I T T P TR ML S [, AR LAY B G AE
HR 33 3 01 VRN 24 32 i (Haliotis discus hannai Ino)!®!
(IR AR . 15 CHI 35 CAlHi A LG E
PSR, MDA & i AR, UL R 37 A
ROS B HALIAMHEREE S, S kiifimE &5
R LR A B0 Il B BB, R TR i A K A T PO,
XAl HEHIE 15 CHI 35 CLHLETR RIIRAYIRA .
5 0F 3 b D IRSEAE AR, ABFSEE 19 T
23 CHI 31 CHPLALLEFEYER MDA & &%
STt a3, MDA & 5 R ARAR 5 5 AL W % 2R
B A PO JEH 19 CL 23 CHIZL CHl
TR R, 2 P A %o e Y R AR AR 1Y
S VAT 1WA R ST N

ERESEH, 20~36 41 MDA & & &g -t
2 G B AW BN IROKOE, R AR L
RSN RE T . DFSEIAh, MDA &AL S
oA L AEXT ROS M3 RRAE 1A 0, 0 16 4
WP AR B TE PEAIR, MDA 5 i i A8 B i
KAH; 40 APrA bR R, (H MDA &
RS E S TR, ISR
EhAb B, A ER B AR AR A ) ROS H 0 H PR
PRl R AE 1T AL I R B4 3L
DU PR A AL T AR RO BB, 5 A AR K A% O

3.3 BEEE MG A YR EEE Y
EEA

FEDUR R PRI e R G0, AKP fil LSZ ¥
VS TR, 55 WG A0 M X S 0 1 3 R Bk % D)
U, AN LSZ i A5 S (I AR, i
Vi irk 401 A 200 YR %) JOR RO £ 400 TR o e, PRIE LSZ
PR T A R/ Bl P A B R G G R A P

Liu 22V Chen %P e 3 i 3e # L B3 01 % 31
AKP i& AR RS R K, O HE R 5 AKP
FALME TR G, AWtsEh, 35 ‘C4 AKP 7E 4 h Al
8 h Bfth i & T, iR B E KT K, &
Bl 35 CHIRERZC TR AKP 877 KM, A4t
W 1Y fE 1825 JFEA )¢ LSZ ST, Wang 25B1
WFFE 2 % B, LSZ 1%k BE R B I T i 42 &
Paillard 45" 5% JE A2 4 1 (Ruditapes  philippi-
narum) & 3K, 7 B TG R TR S A OG . A
FEH LSZ TR SR I I B A e, 5k
W I L R —E, X—IHE ] GE S0 5Esh 4
AR S S I ik i 22 A 06, IRE 15 Cdlrp
AKP F1 LSZ il e b S8, WF9% J BRI BE 22 e
AV 2 W07 00 L S XV AR I 12 s P, B T T
R il (0 B Tk B HETR PR, Chu P25 % B,
2415 (Crassostrea virginica) LSZ Pk & &4
PEARE, &M T H 5. AR5 TR
LSZ HE{RTE PR, 3k 3025 52 ma LA i) G T
e, FRAKXHR 2295 o 1 A JCRE g, 1 5 R 4
ElaET

ARG EREELZH AKP Fl LSZ WMt
BEYE LT, X AT RE S 4G ER B A T A B B
IRTEER B TRARRLP SR LR X 35 B 17 3 A
RPN o SR 20~36 £ G0y B P B X 44 R AR
TR AT, Ud B 5 A Ak oK LA B 92 Tl 1)
HRAZ R, 1B A BEER B AR, AKP A LSZ 4
BIfE 16 AR T, BR 16 dhEAa{bnT
RE O 42 10T 2105 S RS2 e 5 S iR
PER) T B 2 5 R 5 A7 05 2R T B R SRR

gE LT, IR B A vk A e A e
WG G BEHE bR AT 2677 AR S, TR 19~
31 CHURERE 20~36 41ARML T A4t G iy
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ARG, AR, R BGRAIE NRETT .
TR AR e ol 2> S A B IR T Z AL, AR
REFENNEE, 70 RGP e e i 77 B A 7™
Hh, R TR R R IR AR A BT X AT,
JEHAE R 1Y, SRS I 5 A 5 B SR A Tl R
PEMHEAE, A BT T LAY S 22 RE 1 M Fe
JE, X IRTE N E BT A MR B T

BB 3k :

[1] Okutani T. Marine Mollusks in Japan[M]. Tokyo: University
of Tokyo Press, 2000.

[21 Li W J. Biology and cultivation of oyster Crassostrea nip-
pona[J]. Fisheries Science, 2007, 26(12): 689-690. [2=3CHii.
TG 0 A 2 R SR B[], KRR, 2007, 26(12):
689-690.]

[3] Itoh N, Tun K L, Komiyama H, et al. An ovarian infection in
the Iwagaki oyster, Crassostrea nippona, with the protozoan
parasite Marteilioides chungmuensisJ]. Journal of Fish Dis-
eases, 2004, 27(5): 311-314.

[4] Durack P J, Wijffels S E, Matear R J. Ocean salinities reveal
strong global water cycle intensification during 1950 to
2000[J]. Science, 2012, 336(6080): 455-458.

[S] Gagnaire B, Frouin H, Moreau K, et al. Effects of tempera-
ture and salinity on haemocyte activities of the Pacific oyster,
Crassostrea gigas (Thunberg)[J]. Fish & Shellfish Immu-
nology, 2006, 20(4): 536-547.

[6] Malham S K, Cotter E, O'Keeffe S, et al. Summer mortality
of the Pacific oyster, Crassostrea gigas, in the Irish Sea: The
influence of temperature and nutrients on health and sur-
vival[J]. Aquaculture, 2009, 287(1-2): 128-138.

[7] Jiang W W. Effects of temperature variation on physiologi-
cal activities of scallops and abalone[D]. Qingdao: Institute
of Oceanology, Chinese Academy of Sciences, 2017. [ZZ2
Y. DU 2 0o it B A A ) A= B RS (D).
By: PIEBREBE R TR, 2017.]

[8] Shi S K. Studies on the immune parameters of mollusc
stimulated by environmental factors[D]. Shanghai: Shanghai
Ocean University, 2013. [I/b3j FR5E K -XF DI LA e
PEDIFREMRIMIE[D]. i R, 2013,

[9] Jiang W W, Li J Q, Gao Y P, et al. Effects of temperature
change on physiological and biochemical responses of Yesso
scallop, Patinopecten yessoensis[J]. Aquaculture, 2016, 451:
463-472.

[10] An M I, Choi C Y. Activity of antioxidant enzymes and
physiological responses in ark shell, Scapharca broughtonii,

exposed to thermal and osmotic stress: Effects on hemo-

(1]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

lymph and biochemical parameters[J]. Comparative Bio-
chemistry and Physiology Part B: Biochemistry and Mo-
lecular Biology, 2010, 155(1): 34-42.

Chen M Y, Yang H S. Molluscan Ecological Immunology
Review and Prospect[M]// Studia Marina Sinica. Beijing:
Science Press, 2007: 140-152. [BF5ME, #20:. DIZSAEDS
SRS IR M)/ R E AT Ut Bl AL,
2007: 140-152.]

Wang T, Li Q, Zhang J X, et al. Effects of salinity, stocking
density, and algal density on growth and survival of Iwagaki
oyster Crassostrea nippona larvae[J]. Aquaculture Interna-
tional, 2018, 26(4): 947-958.

Wang T, Li Q. Effects of salinity and temperature on growth
and survival of juvenile Iwagaki oyster Crassostrea nip-
pona[J]. Journal of Ocean University of China, 2018, 17(4):
941-946.

Wang T, Li Q. Effects of salinity and temperature on growth
and survival of juvenile of Kumamoto oyster (Crassostrea
sikamea)[J]. Oceanologia et Limnologia Sinica, 2017, 48(2):
297-302. [E ¥, 2L, AS[E] Hh B2 A X AR AR H 5
(Crassostrea sikamea)#fk D12 K 542 IE WREM[I]. 1S
5174, 2017, 48(2): 297-302.]

Hao Z L, Tang X J, Ding J, et al. Effect of high temperature
on survival, oxygen consumption, behavior, ammonia-N ex-
cretion, and related immune indicators of the Japanese scal-
lop Mizuhopecten yessoensis[J]. Aquaculture International,
2014, 22(6): 1863-1876.

Tettelbach S T, Rhodes E W. Combined effects of tempera-
ture and salinity on embryos and larvae of the northern bay
scallop Argopecten irradiangJ]. Marine Biology, 1981, 63(3):
249-256.

Ben Y, Hao Z L, Ding J, et al. Effects of high temperature on
the immuno-enzymetic activity in coelomic fluid of Mizu-
hopecten yessoensig[J]. Journal of Fisheries of China, 2013,
37(6): 858-863. [BTH, MRk, TH, 55 xR I
DU JE VR S B G T2 A (], K724k, 2013, 37(6):
858-863.]

Yu J H, Song J H, Choi M C, et al. Effects of water tem-
perature change on immune function in surf clams, Mactra
veneriformis (Bivalvia: Mactridae)[J]. Journal of Invertebrate
Pathology, 2009, 102(1): 30-35.

Paillard C, Allam B, Oubella R. Effect of temperature on
defense parameters in Manila clam Ruditapes philippinarum
challenged with Vibrio tapetis[J]. Diseases of Aquatic Or-
ganisms, 2004, 59(3): 249-262.

Wang R C, Wang Z P. Science of Marine Shellfish Cul-
ture[J]. Qingdao: China Ocean University Press, 2008. [ £l



%5 3 4]

T i Y A5 IR RE IR BE 2 M 0 X W A TG S S A B Y S

293

(21]

(22]

(23]

[24]

[25]

(26]

A, EMSE. WK VEZEFRIAM]. T 8 IR
At 2008.]

Hu M Y, Li Q, Li L. Effect of salinity and temperature on
salinity tolerance of the sea cucumber Apostichopus japoni-
cus[J]. Fisheries Science, 2010, 76(2): 267-273.

Yuan Y X, Qu K M, Chen J F, et al. Adaptability of Chlymys
farreri to environment-effects of temperature on survival,
respiration, ingestion and digestion[J]. Journal of Fishery
Sciences of China, 2000, 7(3): 24-27. [=ZA %, ML, Bk
Rk, S5 ML DU P58 IS R A AT T IR XA |
WP, B MOHAR IR M [I]. H EAKERRE, 2000, 7(3):
24-27.]

Tirard C T, Grossfeld R M, Levine J F, et al. Effect of os-
motic shock on protein synthesis of oyster hemocytes in vi-
tro[J]. Comparative Biochemistry and Physiology Part A:
Physiology, 1997, 116(1): 43-49.

Ma X L, Zheng L W, Ye C X, et al. Effects of ghrelin on
immune indexes of black seabream Acanthopagrus schlegdlii
under different salinity stress[J]. Oceanologia et Limnologia
Sinica, 2018, 49(3): 692-699. [Th4H>%, FRRhEL, MHE, 45
B K #E ghrelin 78 AN [5] £5 B W0 F X 22 6 (Acan-
thopagrus schlegelii)#B /- felEFa i sEma[J]. -5 W,
2018, 49(3): 692-699.]

Guo X M, He Y, Zhang L L, et al. Immune and stress re-
sponses in oysters with insights on adaptation[J]. Fish &
Shellfish Immunology, 2015, 46(1): 107-119.

Dominguez M, Takemura A, Tsuchiya M. Effects of changes
in environmental factors on the non-specific immune respo-

nse of Nile tilapia, Oreochromis niloticus L[J]. Aquaculture

[27]

(28]

[29]

[30]

[31]

[32]

Research, 2005, 36(4): 391-397.

Park M S, Jo P G, Choi Y K, et al. Characterization and
mRNA expression of Mn-SOD and physiological responses
to stresses in the Pacific oyster Crassostrea gigas|J]. Marine
Biology Research, 2009, 5(5): 451-461.

Xu Y J, Sun B. Effect of salinity stress on the growth, body
composition and enzyme activities of juvenile Hippocampus
kuda[J]. Oceanologia et Limnologia Sinica, 2012, 43(6): 1279-
1285. [#hokfiEt, P, & BE 38 X5 K 5 (Hippocampus
kuda) Bl i A 4 | 21 4 KRG 1 RS2 D). YEVE S 1A,
2012, 43(6): 1279-1285.]

Liu S L, Jiang X L, Hu X K, et al. Effects of temperature on
non-specific immune parameters in two scallop species: Ar-
gopecten irradians (Lamarck 1819) and Chlamys farreri
(Jones & Preston 1904)[J]. Aquaculture Research, 2004,
35(7): 678-682.

Chen M 'Y, Yang H S, Delaporte M, et al. Immune responses
of the scallop Chlamys farreri after air exposure to different
temperatures[J]. Journal of Experimental Marine Biology
and Ecology, 2007, 345(1): 52-60.

Wang F Y, Yang H S, Gao F, et al. Effects of acute tem-
perature or salinity stress on the immune response in sea cu-
cumber, Apostichopus japonicus[J]. Comparative Biochem-
istry and Physiology Part A: Molecular & Integrative Physi-
ology, 2008, 151(4): 491-498.

Chu F L E, La Peyre J F. Effect of environmental factors and
parasitism on hemolymph lysozyme and protein of American
oysters (Crassostrea virginica)[J]. Journal of Invertebrate
Pathology, 1989, 54(2): 224-232.



294 [ K R 2 %2745

Effects of acute temperature and salinity stress on the survival and
immune indexes of Iwagaki oysters, Crassostrea nippona

HU Yiming', LI Qi"?, LIU Shikai', KONG Lingfeng'

1. 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 266237, China

Abstract: In this study, we evaluated the effects of acute temperature and salinity change on the survival and im-
mune function of Iwagaki oysters (Crassostrea nippona). We measured the oysters’ survival rates, superoxide
dismutase (SOD), catalase (CAT), alkaline phosphatase (AKP), and lysozyme (LSZ) activities, and their malond-
ialdehyde (MDA) content after they were transferred to environments with five different temperatures (15 C,
19 °C, 23 'C, 31 C, and 35 ‘C) and six different salinity levels (16, 20, 24, 28, 36, and 40). In the temperature
experiment, the minimum survival rate (34.44%) was observed at 35 ‘C and the survival rates of C. nippona were
higher in other treatments. At 15 ‘C, the SOD, CAT, AKP, and LSZ activities were at low levels and the MDA
content reached its highest value (46.93 nmol/mg pro). By contrast, the SOD, CAT, AKP, and LSZ activities and
the MDA content in the treatment groups, reached their highest levels after acute temperature stress, then they
decreased gradually to the control group level at 19 C, 23 C, and 31 C. In the salinity experiment, the minimum
survival rate (71.11%) was observed at a salinity level of 40, which was significantly different from other treat-
ments (P<0.05). The 20, 24, 28, and 36-acute treatment salinity levels were suitable for the survival of C. nippona.
The SOD, CAT, AKP, and LSZ activities were significantly lower than the control group (P<0.05) and the MDA
content reached its highest value (45.76 nmol/mg pro) on salinity level 16 for 144 h. The results demonstrated that
acute changes in temperature and salinity had significant effects on the SOD, CAT, AKP, and LSZ activities as
well as on the MDA content and survival rate of C. nippona. Iwagaki oysters could adapt to seawater temperatures
of 19°C, 23 'C, and 31 ‘C-acute treatment and 20, 24, 28, and 36-acute treatment salinity levels.

Key words: Crassostrea nippona; temperature; salinity; survival rate; immune indexes
Corresponding author: LI Qi. E-mail: qili66@ouc.edu.cn



