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HAFR A (B TA) REAEFEL(67.76£26.12) g] IR T AREEMAE T EFE,
EKPHEMBEEENEY, Z2RET, R ALAEI REART, EE 21 R AT F R
100% A S A RBAFRE HTEH0%, £HEAENFELERKEREANEEERZR,
EHEFEI0HAKRERET THRE20 B ES 4, 5NBALEFUZR;BESHLKEF
BRTHAELHLEA, JIMA0d 5, A A& 8 FFIE G LA+ 2 A 45 8 (SOD) |
HAMNEH(CAT) HBANEFEmE Ao mAERRNERE R, R ES 440, & F
10,20 41 5 05 F & 8 FFRE HFIE LA & SOD . CAT i A M B T mAMmE g mAESEE
Yl 40 d FHKEEI A BAKT , AB LR EEER;FHE S 4+ & 814 SOD fudy & & &
FHHEFELFSTHEL fodh F 20 4, K E LA F2 & fiE s SOD CAT HiHEAHE T8
mHEMEEEEEEAREE A EAKT, KREFETFELL Y SOD Fn CAT B /1 £ 1 [
HETHUREY RS, FEMERZ MAFRERBEANEFEaEEIUREY RS,
MEEGTHRLALTNEANEFEEHEFEH(P<0.01), LA KR, B EfEERIK; &
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¢, ENAME A ML Br T aE " ST
AR TR A S I A L R A A R T e
TR DR SR GRS o SR, 2R B AR 25 55 AH O 1 5%
MBS IE BN BEZ o AT TR EEXT i 1
A R B BT BES PERRE R, B PRI R
TALEARITR I ET T IR Al REYE, o S T
IR AL BE KN o
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1.1 ##

I N LB F A0 T, 1
PR K (67.76 £26.12) g, FHIKK K (12.59 =
1.48) cm, KEIFIAATE SR JA.

1.2 7Fi&%

B E 5 MR EERERE K B (R 30) |
ERIF 20,10 .5 FIIRIK . AR BERS L IE 3 S F
17, BAEATHEHLTA 30 BBt &R0 20 i1k
D7 EREE 20 10 2 BRI, A G Y, EhEE 5
ZHNERIE 10 HIT 594k, RS 2 d, #5380 44 A3
B 5 TR YL, I 5 do FREEIRER Py 40 d,

RIE IR 0 EHAZ 95 cm 5 95 cm 251
500 L #y BRI SURIET o 12056 7K H B SR 17K R 1,
KR LG BIBC I, I AR AT E . R
2 W, BRI 8,2 d K —IR,
UK B0 2/3 AR FEK i 400 (5. 00 0. 30)
mg/L,pH 2}(8.40 £0.30) , 2 & 5 (0.1 £0.01)
mg/L, SEEGHR] KR 20.5 ~25 C,

G AE S FHIE R AN S A5 o 5 2 £ 1Y)
R R, TR H K F8 SGR (special
growth rate,%/d) FIE5 3 SR (survival rate,% ),

SGR(%/d) = (LnW, —LnW, )/t x100;

SR(% ) =100 x (N, —N,)/N,;

K, WS 25 R R (g) 5 W, S g IH i
WEERE (g) st AR FRIEI(d) s N SERR A R
FEAE N, R S g I i R B

1.3 #HmRXEMUE

RIGG RGBT 2 B, AR
6 B2, T 45 BRI J SBCHC B HE U B AL
P, BT - 80 IR vk AR P O A7, T Tk
it 1 R BETE PRI

RO AR 25 H OB AR, A 9 A T4
ZUH AR BRER K B LT R, ] TYO2- 1T

P AN MO R AL T 200 L 1 R A B[] 2 s, () B
BfE] 8 s, TAEWREL 20 ), F 4 CF 3 500 r/min
B0 20 min, B3I SUE LR RN 3 B S PE

SV BRSBTS AT ) ER S T T e
IR ST

SOD [iff i Jy B 2 S 2w ASUE A TE 1
mL JZ [ Y SOD 41 i #R 3k 50% I} v % i (1)
SOD #&h—4~ SOD [ Jj Hifif

CAT Jfii 71 5 8 S B 22 s 1 8V AR
Bl 1 mmol ) H, O, iy —NE I 54

ol A PR A i 5RE ) BAAE S AE RN
RZEY, B R A AE 37 C I 40 min iy 1)
Tl A B A A T 1 mg 4EA R C
JIr A i) B A BT S B E R AR AR — N T
A

e H BT ) B E S BLE B2 v AR
FI7E 37 CF RN 1 min, i 52 WK & H H,0, [k
FEREAKL 1 mmol/L i — A4 i 2 3 i JE fE
A
1.4 HIEHH

SR TV {8 + 51 22 (mean = SD)
FR . AT ¥ s SPSS 16. 0 #4174 B 43T
FIFAYNJ5 22 53 Bt ( covariance ) K A [] 3 B2 R 54
WA aARKZERNREE(P <0.05) ; F FHHH
2720 M7 (One-Way ANOVA) il A [/ #1 BE H
FHA P E A A B TS P2 R
(P <0.05) ,#|H Duncan [C/r#ribfT 2 58 LA,

2 4

2.1 BEXREFaFERNZN

FRAA R R IOK AN R A R R A
G i R B R B S W LG, A7 T R 100% .
PR RIE T 125 6 RIT IR B ] AR, B
R AR R TR I g R ST M5 5 7 RIT IR 1L
FRLER 9 R i BAE TS, B2 13 REPET-R
o 33% 355 13 RIHAEE 1 i T 5, (2
SR et W R, 25 27 RIBET-HRIL 100% o

RETHAAEARRE ARG ILE 1,
TEAFRIERIE T 94k 40 d ), 4 21 AR R R s A
RARTRFMEZESR . HE 10 4 AARTE R FH e T8
J¥ 20 FIEREE 5 20, SRR T R EVERE ST S
AR e FRTHRSEEH. NrEER
FHRF LI 10 4t Rl $hHE 5 iR 7E
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Tab.1 The growth index of S. guttatus reared at different salinities
Wi H THHE salinity
item %J B8 control 20 10 5
T W E (g) initial weight 63.46 +12.07 75.61 £13.05 66.16 +12.25 63.66 +12.63
body weight K H (g) final weight 75.22 +1.49% 74.08 +0. 87" 77.26 +0.85° 73.85 +0. 80"
Rk #1H (cm) initial length 12.07 £1.5 13.05 £1.42 12.25 £1.53 12.63 £1.37
body length # K (cm) final length 13.45 +0. 13.10 £0. 10" 13.52 £0.10* 12.78 £0.09*
Sk #1H: (cm) initial length 15.13 1. 16.11 £1.80 15.36 £2.11 15.54 £1.75
total length # K (cm) final length 16.18 +0. 16.10 £0. 10" 16.34 £0.10* 15.70 £0.09°
g K% (% ) SGR 0.24 0. 0: 0.20 +0.15* 0.29 +0.02° 0.19 +0.03*

T W=7 25 LI PR R SR BB 22 50 (P <0. 05) s A [l TG 8 35 2 5t

Notes: The different letters on the parameters in one row stand for significant difference( P <0.05) ;otherwise ,the same stands for no significant

difference.

2.2 FEBEETREFEAREARAG SOD BE
I

25t 40 d FREYIML)S , IR AEERE 5 F AN
Tl b SOD i 1 2 i T H AR 4
(P <0.05) , HoAp A5 B2 20 ) JC W 251 22 55 AT JOEE
FERERIILPA o SOD BE PEAEA IR BN 6 i & 1k

257 (P>0.05), ANRIAZUH ) SOD i F K/
JPARYCH FFIE > B > &8 > Lp, VLA H SOD
FERGPE 2R T H AR 45 4 41 b SOD % 1tk (P <
0.05;3%2), £ 40 d WYIFRJEEREE 5 4l At
SOD % P s T HPIE A SOD il 1 1 , H TG i 57k
225 WA RS PEAT B I T H A A 4

R2 FRBETREFERERHALAS SOD FEEH

Tab.2 Changes of SOD activity in different tissues of S. guttatus at different salinities U/mg prot
i H ThAE salinity
item W 7K % HE control 10 5
"B i kidney 51.94 +2.55% 50.06 =8. 38" 49.44 +5.42* 54.91 £1.7°
JHE liver 64.99 +6.36" 63.28 +7.44* 62.09 +6.35% 66.83 +4.63
fiffl gill 45.72 +7.09* 45.27 +3.81° 44.63 £6.90* 67.27 +7.26°
LA muscle 24.08 0. 55" 22.96 +0.39* 21.70 £2.23% 23.25 +0.32%

T W —AT 28 b5 TR R RS AT 3k 22 53 (P <0, 05) A [l LG Wk 3% 22 5=

Notes; The different letters on the parameters in one row stand for significant difference( P <0.05) ;otherwise,the same stands for no significant

difference.

2.3 FEABETRETFEAREAR[AGD CAT BE
e 4

2830 40 d FHIEYIML)E # L CAT i 1 BE
FhBE R L AR 1] i 2 Al a5, RIBE2 £h )3
fREAR , CAT 5 PR mg AT TH i, (H 20 8] JC 2 3% 1k 2=

F(P>0.05), AL R CAT i Jy LU
T P o e, A R 5 e T A& ZH 2L (P <0..01) 5 6
B BER Z LA & s e (% 3) o &l 40 d
HEEYIMLIG , &b A CAT 1E HfEA R 2 4y
A AR A2

x3 FRBRETREFERFARAD CAT FHEL

Tab.3 Changes of CAT activity in different tissues of S. guttatus at different salinities U/mg prot
WH £h P salinity
item V7K %} B8 control 10 5
"B 1 kidney 25.30 £5.57*% 26.12 +3. 36" 26.53 +8.93" 27.20 £1.47*%
HTHE liver 112.70 £9. 14 116.61 £7.79* 117.66 £10. 66" 118.48 £4.90*
il gill 1.33 £0.68* 2.02 +0.39* 2.05 +£0.24*% 2.12 +0.16*
LA muscle 0.77 £0.05" 0.81 £0.17*° 0.93 +0.28* 0.93 £0.49*°

I A=A SRR Ty PR AR A 225 (P <0.05) s AR NITE 235 22 5+

Notes; The different letters on the parameters in one row stand for significant difference( P <0.05) ;otherwise,the same stands for no significant

difference.
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2.4 AEHETRE
BFEHEFEETW

Zeat 40 d EREYIML G A TEEFR R 5 TR
W7 SR A B B B e S e T
HARKHEH (P <0.05) , HAK AN T B
EPEZE SR B IR R LA TR A B A

BARRARPHBER

S PEAEA R $H BN JC E 22 5 (P >0.05) ¢
AN E R AU 2 1 A RS T DU 7
Phdrems , AU R T HAR S ALL(P <0.01) s LA
W, BEANE e P S el (3R 4) o 280 40 d £
FE YL Bk E B 1 A i 3G S FEAN R 2141
(oA R AR A

F4 AEBETREFELRA/ATHESREFEREFETL
Tab.4 Changes of superoxide anion radical activity in different tissues of
S. guttatus at different salinities U/g prot
HH Eh R salinity
item g 7K X 8 control 20 10 5
"B JIE kidney 12.88 +0.84* 13.15 £1.46% 13.21 £1.05% 13.56 £0.55%
HFE liver 189.94 £20. 68" 185.99 +£6.08" 183.95 £32.51* 177.02 £15.3%
il gill 12.47 £1.60* 12.57 £1.14*% 12,17 £2.23*% 21.62 +6.69°
LA muscle 69.18 £1.32*% 69.28 +0.93*" 69.45 +0.73*% 71.19 £0.79*%

I A=A SE e T PR RAUR A 225 (P <0.05) s MR NI TE 35 28 5+

Notes; The different letters on the parameters in one row stand for significant difference( P <0.05) ;otherwise,the same stands for no significant

difference.
2.5 AEAHETREFEaARALAREEHRE
EETe

285 40 d FREZ YL )G A5 AL PR B il RS
P BEER B AR 2 BEAS ] 9 728 A i 4, (H 201 1] T {2
FEZEF(P>0.05) o ARALHE A b T

LU iV dee i, 3 T A R R A
Fh 1 (P <0.05) s B8R Z, FFHEAILIA A &5 5 A
(£ 5). &id 40 d RIS 72 B R T
FEAN R E R B o3 Af R R A e Ak

xRS AEBETRETFELRAR/TZEHEFEEL
Tab.5 Changes of hydroxyl radical activity in different tissues of

S. guttatus at different salinities U/mg prot
Wi [ ThHE salinity
item 137K %F B control 20 10 5
"B IE kidney 92.37 £2.07*° 90.78 +9. 64° 90.15 +13.3* 99.51 +0.31°
HFIE Liver 17.07 £5.21° 17.74 £2.9* 17.97 £3.90* 17.60 +2. 34°
il gill 43.08 +8.31% 45.04 +10.78* 45.29 +6.49* 51.16 +£11.97*
LAY muscle 21.42 +1.13* 22.37 +1.42*% 22.47 +1.81° 23.00 +1.87°*

T W AT 28 b0 R R SR AT 3Pk 22 53 (P <0. 05) A [l I Wk 3% 22 5=

Notes; The different letters on the parameters in one row stand for significant difference( P <0.05) ;otherwise,the same stands for no significant

difference.
3 e
3.1 REMNSEFEaFER.EKNEN

AAIREE R R BRIRAK AN, Hor & R B2
f14 i BT f s R A AR R, ROK AL T £
TES 6 RISk B4, Wbk RE ST AR, R 0 #
PR 08, s FE I, 55 7 KA ISR, 58 9 KIF
i BEAE T, (ER SR 13 I A A7 I 1 #0052 42k
o HEM RN AT eSS : 0 AE TR AR, 217K R
BEH T (AN BE R 25 ) e AR BRI, 2 th
Bk Ui 2l 080 M BB Bl W AR 45 O R R AT

N AT R ARG B AF AR DU T | MK 2 5 1
TR —E B IE N ET AR, HAR R
UK RE I BRAIG, SRS AT IR, £ i AR 2
PR . W ER LE IR K T A T LRI SR A T R i
I AT DASRL R PRI P PR AR A RS, (ELIE 25 2% 58 I ]
HYIEF A7 Ry AN BEORIEBLAIA PN PRI SE BF, 1AC
WA R GE T i A PR W N, 505 A
REL VR RPN e sV T e AT

S ) EEUAR R [ B AT R G2 WIS TR K PR T
HAE T Ko BASU 25 2 T 8 ( Oncorhynchus
mykiss) HEATBIF 5 I3 N Ay #1281 1 B
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FIURATITE I, 7 R0 I — e 2 A 7 A PRV
PRSI Z BT, FEAT A3 WA RE AR UEALAR N IR B AR
SE A — 255 | S A B SR

ST R R 10 4 T
KR immn, 3B 5 el o s A BTG PR A I
RIRERBE 5 2 fafifl v SOD g A4 # S &+ H
BTG PR 3 TR A SR 4L, $h A 20 Fidh
JE 10 A A [R) 2 40 9 45 R i G YK 52 B X E
Ko LR 20 LR 10 2 fa fE 5t 40 d
YL AT LAE S AEG R K, BRI 10 2 5 0 T-f
AR A KRS . — R R 250 5 M A B 05
R R AR KR T A T RS
BRI WARE , T ) SRR A 25 2508 A T
10 ~ 131 (38 SF 6ESE95 5 0h 14, 9711 4l
g 11, 48" ) | MM 5 1 Tt 8 M e R Y
10 ~ 15, AR B 25 5t & BLS 16 T 7E SR 10
IR AR AT, T RS HAEE A G (R BT
HE% S IE A BRIESE . 3R 5 %5t 40 d
YL S5 AR AT AAEG A K, (ELR A 4595 b i SR K
SR, SR T R 58 A 3E AR ER B (3R 5)
IR
3.2 HENBE RS EETL R

DB R AR A R T 1 (E Y I
PR SRS T A0 I B AL T R RE S I R
FEAL A EALHLIR R IR S R T A
DNA, 5 28 3 AL B 40 7 o 8 KT AL F i
BOIRAS , W 8R T Eh e 1A 0 38 B AV RE 1 R0 1 T
W, SR A E A 0 YR A R A R A
i, A 1 P R B A i S R AR AR A LA R B
W2 KA AR S AR AR PR S 2 45107 . TEf2
KRR G T, PR A W BRALIA B 3
AR , X S A ML P TR Ak | 8 75 W 2 I 40 o
FIFIHLIR S e S RE A T B AE . SOD, CAT
NP AAL R E 4 5, SOD &K A4Y)
YA R S A SN sy 2 — , H AT
ALY Y . CAT R H,0, 4554k
S H, O, W T 40 i e T 38 32 5 A Ak AL 1 7
I AP A PR R E

AR R AT 40 d ELE YL )G, £h s
20,10 20 Hh 14 53 005 7 £ 50 A A T P 0 R 2 T
BRI 5 4P 5 0K T A s Y SOD
BEAIHORE B T 1 i v e T AR 2
FELL(P <0.05) , JFHE B FE UL P v 0 A A Tt

PETC BB T 2E R o I LA ] R e e e B
AN TR AR AL, K IR IR & A AR
Ao, i o H 52 252, HAEUE B & I8 Y
1) FEZHN L — S FOK IR v R BE 48 fb ) H:
TR LW R . 220 40 d BRI 4k
o, BAR R AR DUE R AR K SR BT
A GE A ISR B R B, TR A B 7 A AT
B Em TR IR K- (P <0.05), 1 SOD &
S5 T VE A A B ETE IR  RE T B A B
T B s, AP A S 2 B, — B R A
TR AP ALE , EXH R AR 30 0
SREL S MHLIA N A 3 & A8 Ak, SOD
RIS R AL, 16 LT R SRR BRALIA N 2
AR A R DR O 2 b 0 AU B e T
[N, SOD & it B 2 T i RV BR 2 4R 10 5
B DMIEHUA N ERBE IR E o E B X
[l ( Sebastes schlegelii) WF5E R M, 11 G
i L3 SOD (CAT (1435 J Fifi g /K 3 B PR 52 8
ey ZE
3.3 AREAAPHIENEMNBERENFELE

AR S e IRAE R fa I LB D R UL
P, SOD il i VAR I B JIE A S rp i PR
JULIAS PP PR AT s CAT I A4 7 AR A U v AR
e, SEAILPY R B, JE R TE LAY il AR,
TEPUAAALR i R G2 b, SOD 5 CAT By [w] #4 Ji By
IR TEPEE I A BT IR R s
JHFIE A2 AR A R AL S AR Y E A 2, i
SOD (172 1 fi RE A R ML A A By 10 1) 722 Ak
fiE . AIRIG 55 & BUIFAEH SOD Hl CAT 5
T =R L, AT O IS &
FEHUEALB AR T E 22 X S T f AN [
EREE N BYJHIE SOD I kil 45 ] s , 285 40 d
AR EE LIS , #h 3 5 b SOD Al CAT Ry T 14 &
SRR TR BRAH (H AN TG M 2 S, U] R 1
FEFREE 5 AT AT DMETE AR K

SRR S W 0208 38 U 9 Y G B B, 4
BRI A AR AE . A ss R
N AREREEZH ($R R 5) UK fa il th SOD Fih#s
ANTE T A IS R E S T HARSHEH, B
JIiE SOD Fidyii S B 85+ H o B E vk 5 HAR 45 48
FELH TR 1k 22 S, HE N JH D PR 2R ) LR 1
BB A EIMNER AR E o TERER KK
th B 3 AR D RE , 7088 R 1 T AR
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&

PIVE MR T B . ) $h MoK f 28 i /K BR g
FEIEH T E A S A AW HERR 2 R 1Ay
(B Y56 7% B FE AR A i, ARV R 2 5 T K
PR, 35 AR ER B2 7K A 32 B i 2o I HE R 22
RIIKGY  DRAFER S, DR 3 55 ) RE B ATG, '
RERZRERS . AVELLA %5 g 55 s B 4 £y
( Oreochromis aureus ) f 8 & % 4 f ( O.
niloticus ) "1 R B ARER BE K v #8221 SR
TR R A AR 3o s PR g e S A F I 5
WAL R . PLCHE ) Eh Pk K a5 15
FIRER BEKAR G AR5 35 R R 5 5 T A AR AR D Y
YRR, 2L B R AR IE . i SOD R A
[ 7~ B Eh R e v 1) D PR e R PR R IR
AN POV RS FE A =, DUAUL A A H
FETEVE R AT B K A RV AR S | Y

ALAJE T8 15 R i SR A Ry, &
it 40 d A9 ER B DI IS LA bt S A i A ) e
FOTE PERIPR S B0 BEOK -, W] i T e &
B IE N T ARER B

T A BRI FE 45 2%, o] L) A0
FHAEERIE 5 WA T Gad— B A I 1] 14 38 )i
JE TR A HA KR R T . 7EIRK TP RETS
PG AR i — DT A

/
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Effects of salinity on survival ,growth and antioxidant
defense system of Siganus guttatus

WANG Yu'?, ZHUANG Ping'?* , ZHANG Long-zhen'”, LIU Jian-yi*, ZHAO Feng®"*
(1. College of Aqua-life Science and Technology ,Dalian Ocean University ,Dalian 116023 , China ;

2. Key and Open Laboratory of Marine and Estuarine Fisheries Resource and Ecology ,Ministry of Agriculiure ,

East China Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences ,Shanghai 200090, China;

3. Key Laboratory of Genetic Breeding and Aquaculture Biology of Freshwater Fishes ,Ministry of Agriculiure
Freshwater Fishery Research Center ,Chinese Academy of Fishery Sciences,Wuxi 214081 ,China)

Abstract; Rabbit fish ( Siganus guttatus) (67. 76 £26. 12) g were reared under different salinities ( fresh
water , salinity 5,10,20 and control group( the local seawater) ) to study the response of survival, growth and
antioxidant defense system to salinity. The rabbit fish which were fed twice everyday were held in 500 L
conical plastic tank with 95 cm in height and 95 cm in diameter for 40 days and three parallels each group.
After 40 d, six fish each group were taken randomly to collect the samples of the gill, liver, kidney and
muscle. The results showed that the abnormal phenomenon was not found. The survival rate of salinity 5,10,
20 and the control group during the experimental period was 100% . However ,the abnormal phenomenon of
the rabbit fish in fresh water was found ( the food consumption was reduced ) on the sixth day. They fasted
from the 7th day and began to die from 9thd. Feed was recovered from the 13th day. However, death
continued. The fish in fresh water died out after 27 d. Specific growth rate (SGR) in different salinities did
not show significant differences. The body weight in salinity 10 was significantly higher than that in salinity 5
and 20. However, no significant difference was observed between salinity 10 and the control group. The total
length in salinity 5 was significantly lower than other groups. In order to study the response of antioxidant
defense system to salinity, the activity of superoxide dismutase (SOD ) , catalase ( CAT ) , superoxide anion
radical , hydroxyl radical of rabbit fish were measured. The activities of SOD,CAT, superoxide anion radical
and hydroxyl radical in gill, liver, kidney, muscle of rabbit fish, reared under salinity 10,20, returned to
normal levels( the level of control group ) after 48 d. No significant differences were observed among each
group of each index. However, the activities of SOD and superoxide anion radical in gill of rabbit fish under
salinity 5 were significantly higher than that under salinity 10,20 and the control group. The activity of SOD
in liver of rabbit fish was the highest among all groups, and followed by kidney and gill, muscle was the
lowest and significantly lower than that in other tissues( P <0. 05) ;the activity of CAT in liver of rabbit fish
among all groups was the highest and significantly higher than that in other tissues( P <0.01) ,and followed
by gill and kidney, muscle was the lowest;the activity of superoxide anion in liver of rabbit fish among all
groups was the highest, and significantly higher than that in other tissues ( P < 0. 01), and followed by
muscle, kidney and gill were the lowest;the activity of hydroxyl radical in kidney of rabbit fish among all
groups was the highest and significantly higher than that in other tissues( P <0. 05) ;and followed by gill,
liver and muscle were the lowest. The results showed that salinity can affect the activity of antioxidative
enzymes, but did not affect the distribution.
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