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AEMREIMEL TN mEEF EERFRREMATE

A

EHE, HEE, B K, N =, FEaC, wREY, 2R

(1. W PE R KRR DA 5 A 0 TR i 900 %, Big 2013065 2. =[JELAROM RN 5, @il 5 M
3171005 3. LifEigAERsy: K™ e i & A rboo BT bR G, 1 201306)

N 7RG (Sinonovacula constricta) TEAR R A SBRIREH B AT ATV , AR AF (B0 0 R A= BRI 7 1T, HEAR
TR I T U Gt IR RCR . BUE 3 MR AR ER DAL 77 SN WA 2 (Da 21 . £R 355 48 h T 3 1Y
SFR I Db 2 Eh A 24 h R RE LS YSF R YIAEAL ; De 41 ERBER T 10 Wh4 48 h R R 3, 2 /T 10 i)
24 h TFRE 1R B MORBIALZE (Ud 21 - 3152 5) K ARERBE A 20 IR 462 S, WML EIH O 10 ds Rl T
A LB AR O AF G R AR AR R SRR P A AR R . SRR A% I 2 4 098 1) 77 1 R Y
BEHT Ud 4(43%) , H De A5 3 (86% ) fiv i ; De ZH 41 I FE 0K V& R AR R 2 235 (K T Da 211 Db
45 De AR AW w5 T Da 211 Db 21 ; De 21400058 A L W) B AL G (SOD) Al % Ak AUl ( CAT) 7 1 ¢ 3l
o RO, SR AR IR A 4 4 70 BEAIR AR 30 25 IR 48 SR O AR K ST i 4 e 9k Al R s 4 it 1

SR

R 4l RERYIAL; Frih R FEAR AR HU LR 1

FESES: S 968.31 XERFRERG: A

250 ( Sinonovacula constricta) 1R FRIG T, A
PR FRAE SRR 2R U A R, TR
TGO AIE K SR B L2 22— 4508 T A
JSTETRT 1 B3 R0 P S e e TR R, 2R KA TR
TKEIEA 6 8 728 Ak I, PR e i 198 % A1 2k 7K 4 2
A —E B R

e R ER R B RS TT A0 M B VA R Y 1 8 A R U E [
VPRV BOK B IR A AR b ARG PR S 19 AN
YA XM LR TR 2 40 A6 o I % ) P i
TR | 1 A B AR A R BRK U K 0 3
Rl T R R A Rk AR — 1 . BRI,
TR - J bl DX S YR R0 T I e A R K
WALEL R 2~5 o/L P L ik . 4ii% i
2T (B ELOAR 3 K A 2 i i i 52 7, 78
RER K IBOT i 8 BAT R A 19T &I .

FEA P ey, FR A AETE R T O R i 4
SROK AR S TE A BB T By prasi ik, R
( Larimichthys crocea) SR ER U AL AT LT

Wis B EE: 2022-12-17 & HER: 2023-04-15

WK o AF s Mg 3E H X EF ( Litopenaeus
vannamei) " UFH ZRALIT , T LATE PO SR B X
3 R B K SO R K SR A R R R
( Exopalaemon carinicauda) " %3353 BE IR )G
AR T 15 AR FRERBRBE AR T 5. 5 mmol/
L (SRR rh 3558 . ABFTEARDT 1A R A
X G AT A PR R e S Ak i O M 1 52
DU E £ A 0 i WS IR ER DA A =X, A LA PN i o
JEK B K S5 AR R BR B Y 3R A T AT M 4
W o
1 MRS Ik
L1 SEmh

SCHSH DL WL ST B R
(2.05+0.16) g, SCYRHT PRI R R4 R F5 7 d,
BRI AR R AR 2 W, K S 0 100 L AR
F RN 2. 5x10°4/mL (152 [ B % ( Chaetoceros
muelleri) , B FEKIAFRL) 0.9 m* BRI B Ky
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202, SIHGHET 24 h ALK 45 R Ab PR
AT R v K R 2 BB R A R KT B AR K
B, O % %5 4R X ( MASTER-q,
ATAGO) %€ .
1.2 WAHE
L2.1 ekt

FAER TR (K 37.5 em, 58 25 cm,
i 20 em) FREAT . ANE 1 R EE 3 FROR IR
T AP (Da: £EEE4E 48 h TFE 3 /Y
SEHYIALA ;Db 4 RS 24 h FRE 1.5 pAR

YL s De  FRBE R T 10 W 48 h R R 3, £h %
/NT 10 4 24 b FRE 1R B ) KR
R (U ERRE S) o AKIAERRE DN 20 IRALZE S, 3l
SR 10 d, YIMEEE R 7 d J5 Gt 45 e g 4
WEAF TG R SCE TR IR 7090 1 0.2.4.6 8 #1110 d
A5 S A 4 I FE R VR R R |
HIFEYMESE UG 2 0.6,12 .24 F148 /NRTE
SERZH P BENLIBU 9 H4a i JEAT RAE, TR
P P I E

x1 FEYMLFTXEEEHEIRT

Tab.1 Salinity gradient design for different acclimation methods

f[A] Time/d ud Da Db De
1 5 17 18.5 17
2 5 17 17.0 17
3 5 14 15.5 14
4 5 14 14.0 14
5 5 11 12.5 11
6 5 11 11.0 11
7 5 8 9.5 8
8 5 8 8.0 7
9 5 5 6.5 6
10 5 5 5.0 5
2.2 AR E=Vx(E,~Ey)/(mxt) (2)

TESCE TR 5 3 5 581t 0.2.4.6.8 A1 10 d
A S5 20 4 W R AL T O, TR FE YL A5 R 7 d
i WIS 5 21 4 408 P 17 8
1.2.3 AR e

FEACR A Z AR I o < 70 % 1 09 HE TR )
PRI 7K 3 X 44 99 9 A 40T AR R 2 R 7Y
WZE . SCHAE | LRI D 34T, B S g 2 %
B3 AT, 1A A A LIHBR KR T U E Y
W T 3 S0 PR 52 T, 512 36 2 v B SRR ORI S 2
Gl 2 I AN S %, SEE RS 2 h, iR
I 7KV V8 A 4R R 2 0o 9 R 0 531 R P
AR R B AL T D E

FEAERIAA

0,=Vx(0,-0,)/(mxt) (1)
o Oy N4t AT RAEE AR, mg/ (g - h);
V RKAARER, L 00 F1 O, 5350 R SE98 FF UG AN ¢ i)
Z| 9 2 052 56 2H KA v RV e S o R MR R
mg/Lym NSRRI, g5t A SCRHFEEIE] b,
Hra R AR AR

o E gt AR T i HE R, pg/ (g - h) 5V
FKARARRR Ly Eg FE, 5357 0 SE596 4R F o B2
YL A S B K R ) B A S ', peg/gsm N
RUEAR T, g5t SRS RFEEITH] b

BESLIERA N 2 LI it 7,
ANV 3 APATAL, 1 A2 LAl DU 5
ISR R I AR KB O, SEB A 5 R4 0%
HHAAN G, LIRS 2 h, AR
N W

Ry=Vx[C,,—~(C%xS,)-C,]/(nxt) (3)

2 Ry S 4 5 B B8] PN T £ 1) AR o
mg/h; VR RKARARR, Lyn S Ga 84050 Sy 5256 6
[B],h;C., \C., 5355256 5 Ui A o B 220 9 PR
IR, mg/L; S, kX BR 41 1H R o = Uk R AR
e3¢
1.2.4 Ui AR s M

Xof 4 158 JHF JBR AR 56 B EBURE J 519K, 8 000 g ,4 °C
B0 10 min, BB, #0K 35 SOD iEPEF CAT
BRI & UL AR (JE e R E R A
FRAHD
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12,5 BdRgitS5 o 81. 14% ,De 14548 B 1715 % 0y 86. 03% (& 1) .

B GE it Bk SPSS 20 #EAT it 40 Hr,
One-way ANOVA TN R T 00, A2 7B
# , ] Turkey #0047 22 8 LU A, 43 M W35 1R K
-k P<0. 05, 1% i #F 1HEy P<0. 01, i ] ik
SigmaPlot 12. 3 {EA

2 giRE0

2.1 AEMREYIML ARG R E RN
12 2 AIAL, 450 56 41 F 45 I Rl BE N 3 A
4R PET- 8, H Ud 445 48T B 4
FFRT4 d N, S YILA 40T R EE T T 6~
10 d P4, YIFEAE Tt 8 05 AiE 28 4 0 A A ER 7K A4 i)
BT Ud ZH4R A1 %00 42.79% , Da 4 45 1% 1Y
206 %k 77. T1%, Db 41 45 4% () 17 1% % N

YL 1Y i 098 A7 175 56 B 3 1 T R 9 Ak A ) 4 088
2GR (P<0.05) , H. De 44501715 R 0 2 5 T
Da 201 Db 41 ( P<0.05)
2.2 FEMEREIIME 340 A B AR m
2.2.1  AN[AMERER 9 T 20 i 098 AR 43 S 2 A
HE T3 119 5 1

A& 2 FIE 3 AT, Ud 24508 7E 0~2 d P,
FEECR A A HE R 208 5 HAESS 2 RT3
& E, Ja 2 2218 AR HOF 5 R e .
Da,Db [ De A7ESZS N 23 13, 78 0~
6d NFEAFMARHMEERARE (P>
0.05) ,7F 6~ 10 d N De 21 F#E 50K A1 & A HE R
I35 T Da ZH A1 Db 26 (P<0.05) ,

=2 AEIMEARTHBHNTETSH
Tab.2 Death distribution of S. constricta under different domestication methods
i [8] Time/h Ud Da Db Dc
2 10 11 10 0 0 0 0 0 0 000
4 13 13 14 0 0 0 0 0 0 000
6 2 3 2 1 2 2 1 1 1 110
8 1 1 1 4 5 5 4 5 3 332
10 0 0 1 9 9 8 6 6 7 455
BET M %% Total number of deaths 26 28 28 14 16 15 1112 11 897

T &SI 3 IR 3 A PATASIR T4

Notes: Three numbers in each experimental group represented the death number of 3 parallel S. constricta.

100

80

60

40

HIE# Survival rate/%

20

Ud Da Db

LU Test groups

AT o R LG 2 AR ] 22 5k . 35 (P<0..05) o

Letters between different test groups indicate significant differences

Dc

between treatments( P<0.05).
E1 FEYMEFXTHEENFEER
Fig.1 Survival rate of S. constricta under

different domestication methods
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—a— [d
— 0.50r
=
& 0.45¢}
~
2 0.40f
<
% 0.35¢}
]
Eg 0.30
B2
%‘ 0.25}
172
§ 0.20}
§o 0.15¢}
9
& o.10}
0 2 4 6 8 10
i 1E] Time/d

R BE R R [ ) AR ] 552 6 2 Ak ) 22 S . 35, /N 57

REFETR AN IR I 18] R [ S 36 28 A 3R] 22 5 W 25 (P<0.05)

Capital letters indicate significant differences between treatment groups

at the same time, lowercase letters indicate significant differences

between treatments of the same group at different times( P<0.05).
B2 AEYMEFXTHEENERE

Fig.2 Oxygen consumption rate of S. constricta

under different acclimation methods
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—-aUd
+Bﬁ
— —h—
= 70 Ab Ac —vDc
)
4 Ad
;‘E 60
s
o o
*’gﬁ 50 =
£ 8§
&S 10 cd
B s
5
=
L 30
E
=
S
g 20
0 2 4 6 8 10

fit /B Time/d

KRG FREF R R] I 18] A [5) 5 96 20 Ak B ) 22 S (083, /DN 7
REFRTRANR] I TA) A [+ S 36 20 b 3t 1) 22 55tk 25 (P<0. 05)

Capital letters indicate significant differences between treatment groups
at the same time, lowercase letters indicate significant differences

between treatments of the same group at different time( P<0.05).

B3 FEYMEFX Tz m it 2

Fig.3 Ammonia nitrogen excretion rate of S. constricta

under different acclimation methods

2.2.2 R[EMEER DI TT 3O 4 30 55 £ A A 20

F & 4 A1, Ud 4087 0~2 d N R A
JIBEAR,2~4 d NEERAT Ir LI I3 ks T
7E o Da,Db J De ZH7E 0~4 d N5 YL TR 2
SREE(P>0.05) 7 4~10 d PN E g 2Pk
5 H De 404 R H% B2 W35 T Da 4181 Db 41

(P<0.05)
-=Ud
5.0 HAa Aa Aa —-o-Da
4.5
= 4.0
N
oo
\E‘ 3.5
)
&F 3.0
%H
2 2.5
o—
3
QL 2.0
1.5
1.0
0 2 4 6 8 10
WAl Time/d

KRG EE R A [ I ) A [) 52 6 2 Ak R W) 22 e . 3, /N 57
B TR AN R B ) A ) S 0 21 Ab 3 ) 22 57 i 35 (P<0. 05)
Capital letters indicate significant differences between treatment groups
at the same time, lowercase letters indicate significant differences
between treatments of the same group at different time( P<0.05).
B4 FRINEAXTHENEIER
Fig. 4 Feeding rate of S. constricta under
different domestication methods

2.3 AEMERYME ARG ERRENEFER
=21

A&l 5 A&l 6 T, 5 Ud A B, 45 9k 2
SOD \CAT {f J7 4k F AKX K. 7£ Da,Db J& Dc
24, SOD 1 CAT 15 PE 25 B TR TR,
H De A RIPLEACE TG P 5 K B F KT Da
411 Db 41( P<0.05) , Da 211 Db 41 (13 5h 7K F
ZR AW E(P>0.05),

I Ud
401 I Da

XX Db

~ [ 1IDc

o 35 L

£ a

e 30

S b

b c

T 25t d

o

S

g 20t

b=

S 151

ﬂ 10 L

HT

[

5 s

0 | —
48

i [E] Time/h
AR B R R SRR A Ab B ) 25 57 i 25 (P<0.05)

Letters between different test groups indicate significant differences
between treatments ( P<0. 05).
5 AEMLFX 4B CAT FHEEWL
Fig.5 CAT activity of S. constricta under

different domestication methods

W
10T S Db
g [ 1Dc
E 120}
= a
> 100t
=
= 8o} td
Q
©
~ 60F
(=]
w2
# 401
Hé;
S 201
w2

48
i [E] Time/h

ANTR) ) R 7R S 50 2H Ak B R] 22 S b 2 (P<0.05)
Letters between different test groups indicate significant differences
between treatments ( P<0. 05).
E6 AEYMLARTEER SOD FEEL
Fig. 6 SOD activity of S. constricta under

different domestication methods
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NI 2%
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3.1 AREYIME 77T 45 8% 4 7 B 52 i
ERFEXIKAE S (0 A AR A, Y
IR AAER B2 o — o 2 A R, 7K AR B 0 A 2
WAL, RE M BT . R Y
Tt , W LA REAR K A= 3l 0% 0 s, A 17K
Al Wy A R B B A B s 4% S B i
( Centropristis ~ striata )™ | L W ( Anadara
broughtonii) """k U1 188 336 5 WA AR R 1 1) A, 48
ANV FR P b /D 1 WSO, B e AR AR ER PR 45
HBIAETG 3. T 35 R IR SR AN ARG R
A HE 7 B ] R B b X AT g D R Y K i A
Too YR FEBRREMT, I 5 FIT 1 XA &R 43 XL5E D
L AR REA , 38 2o IR i P 4t v T
F A R, S R
B SR ARk 90Ah 435 i 7T 12 e 4 408 A ARG R K A4 v
R 3 R 1, LR BB 3 3T a2 A0 R AR A i
f9 53 B Be A ] I 35 4 e A I O AT R
3.2 REYIE 7 45 8% A 28 AR S0
RN R ERK RSN T, 5K AEsh YRy
IR AR 5% 0% B B g 7 A 45 A AR 2o AR
BYIRIET o AR R T LR MK A B 7E A
X REARS T FriEAE R e & , (45 ] T 45 i 1
FNB I FE R 2 1 J5T 205 A8 B 45 RN A 5 Je A 119 A=
ORCEmINiORCR 2oy SN & N 14 20 e Bu R N CIE N
JEE AR SRR AT B B RIS OB TR R A A
5 [F 1 ( Carcinides maenas) "7 {FE S R AR A HE
232 2 Bt £ B (0 R AR T 2 28 4 5 FLAH I X6 R A
TRERAK AR A A7 SRR AR , 32 B 2 R AR SR
AR 8 T8 AR 20 38 - 2 S g s A A
KARERT I H B A o b DL pey 2
B3PI AR K oAb PRI R i
DI SRy 1 3 R PR B, Gl R S — R A Y
L, BRI 0 Az B AME2, X0 T D028 Tk
o7 A BRI s A FAR A 2 L M, 7
Yt A b, 2 DL 2R E AN 3h A B T4
Fe FLAE I 3 N A 3 1E i AR A KRB 4T .
AR, M T R YA, IR A B T
D% fifk 4 R FE SR S R A AR AR A 1 R Zp 3, HL
SR PRt £R B2 T [ 2 20 B AR 9 Ak 328 132 1) 73 [ B
A2, 2 408 A AR 39 R 2 R HE Tl 38 I8 S AR X ey
T, IXA I T 008 A 7 L IE R 1 A= A I B R RE
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AR . X AR IE TR S 4R I 28 5 WIS AR
BT ) fiUE i

BERE IR RN KRB LN EY RS
B, AT LA B e DL 24 52 1) PRI 30 N 1 A 2R
IR AR Lt B il ( Anodonta
woodiana) "™ £ £5 FE 10 it T HE & F T R4
50% ; JaT W ( Corbicula fluminea ) ™ £ T I 25 B 15
JR AT, £ £ 2T B2 58% , Ry TN X I R
38, DU A1 72, DT 3 B0 2 R A i A1
MR RN H Y S0% 0, /R iZEh BE T
DIZRHYARSZIE L o BT DA, 3 8 A AR Sy DL i
ERPERERY B PR AR —, HAR b i S i SR M
A —ERAH I, AU TR &
b i) i 1R AR AR K A b 0 B R TR, 25 B4 20
SIS BT B AR T G2 A%, SR 5 A HF AR X
B YK A T G IR AR AR 5 2 DL 4E R e 1Y)
B S AT Bl S A A= i T3 Bl T T i g
3.3 AREMEERIIE 77 KT 48 B EGE R
A

SOD F1 CAT n] D) sz B e REETVE, W AE N
IERZS T AR IR AR = o 2426 1) 32 2030
T AUAR S 77 A — ZR 4 (18 A 3RS, 2T
g1k B A AE AL 0 M 4 ROS I 8] 3 & 7
AL RTHLA B A T T AT i A A
DNA 259513 ), SOD H AT HE 0k i 1 B 4
AR A R B R i Ak
S A A A S A 5t S e A e A Y 4
ML EEVER BT, 23 X AL S )4 3 , CAT BR A8 fik 1k
b AL S A A K R AR, X A i A B AR A A
FI7 ., SOD Ml CAT JEHLA; 4 48 AL o R 4t
e AN DG SHEE , BE G 00 L T 5 3 1 4R, B Ik 4
JRLPEE R G sk SR A E I Y R A

VFZWE IR R W], KA S W TEAS B R 5 R I
BTG 1 P B A AE 38 fin s 1 7 Al 10 38
A5, WEFHh (Siganus guttatus ) ! 57 B L ER b
5, SOD I CAT {& AR S AR AR EEHLSE ETHR H
K s ZPEMR T % ( Poryumus trituberculatus) > 52 5|
SR EEE i, SOD A1 CAT 15 PR BERT (] 7= A
el T U ( Cyelina sinensis) ™' 52 4 B Wy 361 B
SOD #1 CAT {i V24 & A I shIFTE 24 h i T 1
SE, HERJE R T 35 I, SOD HI CAT 3 14 i 3 il
FUo BUAE ARG G PEoK P AT DL B 2 2R G Y T
ENL . KRR B kA 2 AR AR, KA B )
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THHFE R RE R A RR B B -, 4R 5 0% R 5E
P B D) A R 92D, S B ) R [, RS ER
W, AR TR IR , 45 Db 41 450 SOD [ CAT 1%
PEALFHARAKT , Ut B HEA T DI it S 4 0% FH
e FpB B AR AT RS . [FIAT De 2045
1% SOD | CAT JHPEAR IR /IN, M) T 2%, B R
FHBEEEE T B2 25 BRI Ak 52 14 53 B B 9 4k
B R T 4RI A 1598 15 P A7, ERE 9% R4
s W RE L, T 5 I APk PR 5% X 4 0 A= AF e A=
e 1 B AN FFZ I

ZE L AR RAE A SR A DL 2K, BT
DA B ARG 7K A ) R B 0 T o AR S 1 A
ARG T T 48 R IR AL R, #8678 7RISR 7K
B SR 4 RS B R U B AU ER WA i, HoR
FHERBER T 10 b4 48 h TR 3, 3R EE/NT 10 1)
24 h FRE 1 YIRS, A R TR
AR AR E I AR BRACI KT, 30 T 4a IR 7RI 77
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Effects of different hyposaline acclimation methods on survival, physiological
metabolism and antioxidant levels of Sinonovacula constricta

WANG Xinxing', DU Xinxin', YANG Dong', LIU Qi*, NIU Donghong'*, SHEN Heding'”, LI Jiale'’

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources ,Ministry of Education ,Shanghai Ocean University ,
Shanghai 201306, China; 2. Bureau of Agriculture and Rural Affairs of Sanmen County,Taizhou 317100 ,Zhejiang, China;
3. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding ,Shanghat Ocean University ,Shanghai 201306,
China)

Abstract; To explore the feasibility of developing fishery aquaculture in low salt water, this study compared
and analyzed the desalination effect of Sinonovacula contricta under different domestication methods. In this
experiment, three groups with different low-salt domestication methods were set up ( group Da: isokinetic
domestication group with salinity decreased by 3 per 48 h; Group Db: isokinetic domestication group with
salinity decreased by 1.5 per 24 h; group Dc: segmented domestication group with salinity decreased by 3 per
48 h before 10 and salinity decreased by 1 per 24 h after 10) and undomesticated group ( Ud :salinity 5),
water salinity decreased from 20 to 5, and the desalination period was 10 d. The survival, oxygen
consumption rate, ammonia nitrogen excretion rate, feeding rate and antioxidant enzyme activity of clams in
each experimental group were measured. The results showed that the survival rate of S. contricta in all
domesticated groups was significantly higher than that of undomesticated group (43%), and the survival rate
of group Dc (86% ) was the highest. The oxygen consumption rate and ammonia nitrogen excretion rate in
group Dc were significantly lower than those in group Da and group Db. The feeding experiments showed the
feeding rate of group Dc was significantly higher than group A and group B. S. constricta in group Dc showed
the least fluctuation of activities of superoxide dismutase ( SOD) and catalase ( CAT). In brief, the
segmented desalination mode with a lower desalination rate and gradually decreasing the desalination rate with
the decrease of salinity had significant advantages, which provided a reference for the desalination culture of
S. contricta in low-saline water.

Key words: Sinonovacula constricta; low salt acclimation; survival rate; oxygen consumption rate; ammonia

nitrogen excretion rate; antioxidant enzyme activity
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