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growth, superoxidase dismutase (SOD) and catalase (CAT) enzymatic activity of juvenile
Paralichthys olivaceus were investigated at 20°C and salinity of 30. Five concentrations of Ca?*
and Mg®" were set as follows, 700 (group A), 1 100 (group B), 1 600 (group C), 2 200
(group D), and 2 800 (group E) mg/L, respectively. It was found that stress response oc-
curred including bend of fish body and reduction of ventilation rate and food intake in juvenile
fish under high Ca’™ and Mg?* concentrations and the fish recovered after a week., After 60 d
experiment, the survival rates of all groups were over 90% , and there were no significant differ-
ences in food conversion efficiencies (FCE) among different groups (P>0.05). However, the
effects of Ca’t and Mg?" concentrations in artificial seawater on specific growth rates (SGR)
and food intake (FI) at 0~20 d were significant (P<C0. 05). After 20 d, there was no signifi-
cant difference in FI (P>>0. 05). During 40~60 d, the SGRs in low Ca** and Mg?* concentra-
tions groups were lower than that in high concentrations groups. The SGR and F1I of all groups
decreased when Ca?" and Mg®" concentrations increased. At 60 d, the SGR and FI of group A
were 1. 13 and 1. 04 times as that of group E, respectively. Significant influences were also ob-
served in immuno-enzymatic activity of liver among these groups (P<C0.05). The activity of
SOD and hepatosomatic index of group D were significantly higher than those of other groups .
However, the activity of SOD of group E was lower than other groups. The activity of CAT of
group E was also lower than other groups but no significant difference (P>>0. 05). The results
indicated that the concentrations of Ca?" and Mg?" hindered the growth of juvenile P. olivaceus
by changing their food intake. The fish in low Ca*" and Mg®" concentration groups grew fast
and those in high Ca?' and Mg?" concentration groups grew slowly. There were no significant
differences in the SGR of all the groups except for group E after 60 d rearing experiment. High
Ca®** and Mg®" concentrations could restrain immuno-enzymatic activity of juvenile P. oliva-
ceus. It is suggested that high concentration of Ca** and Mg?" should be avoided in the culturing
of juvenile P. olivaceus.
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MET) hFafRERE REZB T EE Paralichthys olivaceus \ RZZWE Scophthatmus maximus JEFE
R Al BRI A TOK KR H TR B R S RABAKEFNRK, ERBERABKKEAEEEN
FUEEAY SRR E FRME A B (Boyd 2003;Saoud et al.  2003), RARMWKFHEFZMELHIES
fiE Mgt 5 Ca* Y& B AN 3. 14(ZFEH 199D, Hib F Rk KT Mg %5 18 8% 8 K% (Boyd
etal. 2003), %R EFW = AWK — 3L b XA T ok Cao" & B BMBIREIRAE  2002),

Ca®™ it Mg™" St - BN EE R B E M, B, IF Z ¥ BN W HT THXHFR . Winkler 5£(1986) F
Furriel 4 (2000 B 5% T 45 86 8 F 3¢ H 5628 Na-K-ATP BEIE J1 #9220 ; Silva S5 (2003 BI5T T 85 B & B X4
888 Rhamdia quelen 5P 834k B 5 W ; Roy % (2007) F1 Davis 4 (2005) B 5% 7 4% #h 7K v 8 F FL 43 32 % #F
Litopenaeus vannamei 3G MAKKEN , R REERBKFIFPAEFEEMFEM. BR—B2EMHIRAKR
FRMEBFONTHKCREES 2002;BREE% 2004;F H% 20000 @38 Ca¥* f1 Me™" , BFRX T
Ca?* 1 Mg?* Xt of E Xt #F Fenneropenaeus chinensis WIFEIFEMARKB R, HEYEBHE X Ca27 KM REK
B BAERT AR IFEKBECSE 2008, MiJkMEQ9S)ME) FEH(2002) B 5T R, Ca® 1 Mg™*
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mEK.
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A .SOD F1 CAT 1% 71 W T8 F SEX i K F BB F 45 BB TR E R HLE, i T K &
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1.1 KB

LI T 2007 4 12 A 25 HIWH WARSE CE T /ML IR 5 . 6 o B W3 K2 297 0 SRR E 95 3R K8
% 20 d, HFEME, KB 20+0.5 C,pH 7. 8040. 40,2 30, BLE A, B R H B I+ & B F 6F 50k
ARG IR (8 5 00 1 18 : 00),

1.2 ZigitEkEE

RHERR A B F L AR T, SE R FK DI K R R B okoKECHl . MAKRERPEEBRERFEKE
BT AR TS KR, RIEHAME TR R &8 30 AR, 445 CaCl, \MgSO; + 6H,0
8 MgCl, » 7TH, O BRARFIE 55 B & B, HEEM /i B8 Bl K E# . Hd SOI™ i MgSO, » 6H,0 #
fit, it Z 4 Mg B MgCl, « 7TH,O 24t , ASLE AR LI EIRE T 5 MEBA 45 B 1 3 thElR
A5, BB R 700 (A 4H) .1 100 (B#H) .1 600 (C41).2 200 (D%H).2 800 (E #H)mg/L, H,CH
BUBEATRANEFEKE EARLRHXTRHAGE D, C° Mg EH EDTA £ &4 HBTHIE.

BHRERG, LRAER 24 h, APIEIR 450 BR/NHAS 2 KH 5.12:450. 45 cm W8 F S 4 FIELE .
MR T aiERAKD HFEHRESD 0.01 g, BH 3 M7, BN PITHFIRMA 30 2.

x1 BFRABAATHEAPSE BEFRE(mg/L)

Table 1 Concentrations of Ca?* and Mg?™ in artificial seawater in different experiments

A B C %} BB 41 Control group D E
Ca?t = Mg?* 1:2.94 1:3.11 1:3 1:3.05 1:2.92
Ca?t 178 280 413 560 708
Mg?t 523 872 1 240 1710 2 066

1.3 HEEM

LR R AR 1 YR(8 £ 00,18 : 00), i 20d R MBHAR K S8 1HKL, )5 40d B IR HAE K Pl /K
(MARARFFFFRIREED . BREYFHITWERHMIEMBHR R KR, 5~7d HAKEFH (80 cm X 40 ecm X 40
cm, /K& 12000 1/3~1/2 B#: 1 KK, R AR L 141 ¢ 10D, DO 4+ £E 7. 30+0. 41 mg/L,NH,-N
<C0. 05 mg/L, KR EEFE 20£0.50 C,

1.4 ERBEEENE

SRR, BRBRA ARG HARE. BRIEMIEEARR 2 h ARk, e A5k 1 26 28 A b
L2 ETO CHRTEEE., R 20dELHALIMKE 1 K HKELYRIER. 60d LREHG . BHN I BA
FFREARFFAE —35 CokA ., MFAHALRSTE 4 CTHAER, . 1: I WERBEBEW/ V) INATA £HEEK,
RIGH IKA B4 A FH A3 (15 000 r/min, 2 min ), SEBE 4 CE.L (3000 r/min, 10 min )5, B E
BEWAH ., ME SOD EHA FER#HEBEE 1%, CATHE 10%.

SOD.CAT BEIEH:4r ik st R AW TR A A A7 K SOD Rl & (HE KL Al CAT i &
HREB B BELSBETNE@® 8% 2008, #LEIHE2RA&FERERAEY LRAR FE
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EINHAOEBREASTE, IONWHALORBEASTEA INNALROXBRESSER 103HE.
1.5 #HEAKX

B K E(SGR, % /day) B R HE(FI, %BW/day) . &M L3 (FCE, %) MiiF L & (HSI, YO 8 A
KT .

SGR=100X (InW,—1nW,)/T  FI= 100XC/[ TX (W,+W,) /2]

FCE=100X (W,—W,)/C HSI=W,/W, X100

AW, W A RIRRTFHBATEBERE(Q W ALREREHFEE (0 . TERERKRE.CERRT
BERTE R BN TR E (2,

1.6 BETEMEITHH

xR SREESATRE TR AN, MR EREE, X AL EAHEFT Duncan ZEEE, U P<
0.05 kA ERBENFHE. BARMLGIT AR SPSS 13. 0 #17.

2 HR

2.1 ARAB.GRETEBFANTARE FEMRFREL

BEHRIMAHEBARERES (D AM E 4D ALK, BT A MBR N, k5], Tk
BREME BEAFR.EN 7dEFKEER. NR2 R, SEALRAK TN HREEERABE, 2 60d
FELLE S R EN N TEHRETER.COSEHAEFARE (MABHAVFHARERESTEH, &%

554 BUE R #T 90%, B 4G BB, N 91. 11£1.92%,
%2 TRVBRNERNSTEHENTHRBRAE R

Table 2 Initial and final fish weight and survival percentage in experiment

b FA C xR 4l

Treatment group A B Control group b E
£

.ﬁlﬁéfi(g.) 1. 88+0. 032 1.89+0.01¢ 1.85+0.01° 1.84+0.01® 1.86+£0.01¢
Initial fish weight

R M

.rn;ﬁ.——‘i(g.) 31.45%2, 49¢ 28, 6612, 33b¢ 25.4241, 81 25,2641, 062 22,5241.07°
Final fish weight

3 0,
TR 100 91.11%1,92¢ 98. 8941, 60 97, 78+1. 92> 97,1142, 02b

Percentage of survival

2.2 AEABGREMNBFAFEERKZNZMW

WME 1 fiR,.20d B, KR BE4H A B9 SGR(6.59+0.55%) B EH T D4 (4.37+10.29%) M E 41 (4. 35+
0.55%) ;40d B}, A AL B4 I SGR 9 5. 48+0.22% ,B4H SGR 2} 5. 06+0. 16 %, BE R T E 4H(4. 44£0. 17%);
60 d I, & 4b A M 8 R KR (SGROBEAS B M LA B TRE#E %, A 41 SGR B (4. 69£0.11%0) , KK A B
H(4.5240.14%) FBZEETF E 44 1620.05%) (P<<0.05), {H 20~40 d it , R ALFRAZE T AR B E;40~60 d
At , A 41 SGR(3.103:0. 11%) 8B Z% T D(3. 59240. 04 %) Hl E 41 (3. 5940. 21%) (P<0.05),

2.3 FAEBGREMBTHRRENRM

WE 2 w20 d B, KA EE 2 E K FI 25 83 (P<<0.05) KK EH A K FI &R 3.83£0.21%,
BEET B4(3.0310.06%).C 240(3.0240.23%) . D4 (2. 714+0.24%)F E 24 (2. 634+0.17%) ;40 d B,
R H A FI(2.85+0.05%) BB T D 4(2.631+0.10%) (P<C0.05);60 d i, A RMS EEEE
FHEE TS, AL FHZE B B9 FIC2.1940.02%) B & F E 41(2.0940.01%) (P<0.05), 20~40 d i 40~60
d B &AEA FI1 ERHAEEP>0.05),
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Fig.1 Specific growth rate of P. olivaceus during the experiment
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Fig. 2 The food intake of P. olivaceus during the experiment
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20 d # 4 LT & B YRR (FCE) i

A
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Fig. 3 The food coversion efficiency of P. olivaceus during the experiment
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2.5 FAG.$REMNETHHAGFENEMR

i 4 iR, BRI DA  E LR AT ILERE S TXHAP<0.05,AB.CEZHERABE
(P>0.05),

2.6 TEB.EREXNBFELE SOD BEE HHIR M

WA 5 FrR RS AL A 41 BB C# SOD BJE K 58~60 U/mg B, HEZRFABEE(P
>>0.05); B45 B EE D4R SOD iJE A4 78.90+8.06 U/mg BH, B 2B TFH/4HH (P<0.05),/H E
IS S B, R 49. 95+0. 61 U/mg & 4 (P<<0.05),

6 E90r ¢
st ab ° be R2s80} =
JEL 2 a s E70F b b b
i B CERMI
=82t |z
s = 2 30¢
ot 320
1 B 10}
4] - L o + a 0
A B C D E A B C D E
2 HGroup 28 HGroup
B4 R[ASS VB E XTAE I AT LL E B Bl 5 RIE4E .88 7 81 SOD BB iE 1 2 e
Fig. 4 Effect of different Ca’* and Mg’* concentration Fig.5 Effect of different Ca’t and Mg?* concentration
on hepatosomatic index of P. olivaceus on the SOD activity of P. olivaceus
2.7 FEHBBERENEFHLE CAT BFE KXW _. 250
&
P 6 FFR B 45 BERE DAL CAT S I RE =8 27 © L e
H196.69£15.68 U/mg & 1.1 E AAME HERENS  5E 150}
15598+ 13.66 U/mg & (1, ¥4l C wmE sy 8% |
175.95+7.40 U/mg B H. RERFEMEN, 54 §3
7] 22 5 R B 3 (P>0.05), g
@)
0 1 2 1 2
1<t 3 A B C D E
3 rj.tt 41 HGroup
3.1 B HBRENEBFFEEMNERKOTM Bl 6 NS BEVRBEXTIE T 8T CAT B TR

Fig. 6 Effect of different Ca’* and Mg®*

concentration on the CAT activity in P. olivaceus

KREBEEGEFH T KMERKEE, X KA
BEBEETHTEMLAZIERA, RESHIEFbT &
FMAA R RE RSN E. SHEREGENPLTH LR, BHRE & B EPEHEERS EEHH
F S5 RSE R EEE AT BB R E R EE U R e R AR S g S
ER(ZEEA 1996). HAEILE XS EE T KEEMBHNHRALS AR RKEZAHIER, Bk
AR . MRS KM BRI Z mB YIRS MBL, T C BRKAREBHFA, X
Mg* K IEm I BT, T EHFQOO LM, PEXMIF(LK 1.9~5.5 ecm) BB A TG TEE5 LR
BBAREAK P 7 Mg® &8 34.5~344. 9 mg/L 1 Ca®" & 24. 92~280. 6 mg/L JEH N FE YK (HB
o Y B RE R B T M, #E Ca®t >793.5 mg/L Ml Mg”" >1 034. 7 mg/L B B FAKTF 25% , HREE R E Y
TR BWRE Ca® WA T o E IR A K MR E . BREES%(2004) F McGraw 45 (2003) & B JLGY & XAFAF
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#F (A 2~3 om) W REFE RS W B 1) Y A 7 T Ca®* 8K Ca® oK rP . 2945 R LU(EOR 1 ¢ 3 i, FLATIE N AR
B A7 95 A0 AR 1 B 45 L B R BE RO N T B, 35 %) 600 me/L G ITHA T RE. ARG REYN, &K Sem HET
B 4 0 7E 45 R VR 700~2 800 mg/L YK Mk v i SR I AR R , UL AR OF 67 4l £ X 45 B e B AR AL R i 52 ) 3K
Ko A 8% , L 7E R R I 45 B K A Th BT R B R T R SE

TRMPETEHEIMAERKABZ RS BERENEW., MERKR BT FHAPHEARF G BEKE
I K A PR R AT AR B MR AU AL S AR R B, R AR RN
BR,LRAFLE 7 d ERIREHNBREEAREER . HEEREKSCGROBEE BEEWE LT T &, KREH
BERTFEHKREAR. FE60dEZRNMBE. HAWRHTE 20~40 d B PN B, 4B H K SGR KB #F
E5340~60 d BYSCH T I BL AR AL SGR B3R T Rk B 40 , Ud W i o 45 VB O AFE S8 303 PO 40 4 48 2F
SFamAERK, BEREDRMAE KRR BEME,(HAE 20~40 d T 40~60 d BB PIRHH Bas b BA
BEFLERYABE., MEWHAIEFCEELZRBEZRFABE, EIIF 2005 KK, Ca’ HER
AL W LN EXT AR A AU RS B AR KRB R M . TR K% (2005) A28, Na™ /K He(H R idE i
WA LA X R X R ) B R A R (FCE) AR KRB R BERI I L B R K AE Ry . AR SLI AR R,
BT E AR LR 6 R REE, AR A TR amER.

3.2 5. 8RB XTE I &F SOD Fn CAT B iF R & m

kR AR ERAHWEERE WEARE E I IEAE RS T M aRMEREREE
Rl HRMEM. BEAYERESOD) S8 LEMCADHEINEAREXEHAENEER, L 2/
AETFFEMWEEDEEHL P, FH, it S 1k SRR S0 Bk 8 B I M A8 10 7T 52 B & 28 F0 R 7 26 X 36
B ME N (B W% 2000, EARBFRRY, MAYRZ B R B B I a e, SOD EHAATA R Mm%
P BT, SOD 15 MR8 % FEAR, AR MR N B Rl B 19 16 v, I 53 B0 W 44 /9 3845 (N A7 B 5%
2007; B XURSE  2002; 4R 4F  2003), WHARSB B AT IRIE MG 22 SOD.CAT 1§ J1 % Cu®" [ Zn*" \Cd™" &
W 2 (B AR AL, MR B A R BUNRHEAE A, WAL A MEE R BB H S 2000, XTEJLEIIF(RARE
Z 2005) M1 H A 43 Charybdis japonica (LA ESH 2006 WA M LK M., £ E X i K8 Acipenser
schrenckii AREIZHZ1H SOD FI CAT & 1 G M VE A (AR & 5 B 91 SR 6 [A] (4 £, SOD & CAT W& 1 &
AAFBEMKE R 5 2008), ALKRLERY FRGIDAR Rk B 48 5T 68T I bt S 0B85t
WAL R E LS, IR Bk X8 2F 61 1T BE U S AL BR 2 oA B 38 B 45 BEVR I D 4 048 F 1 iF Al
SOD.CAT BTG 11 R IF LU B 30 T &AL SRAR , 5y BTk Ry 48 2F 8 52 B 52 B 45 (B I3 e BT O 8 5 1T 24 /K A o
5 B R (E DI BEVE W Z 8 e i .

BRI KPP EEMHET, B BXKEAY LRI, HERE, KR P RIEERE T RLEEYE
H ) (Kline et al.  2000;Pillard er al.  1999), H 45 BB T R4 B £ 81 1E L X A= ¥ (4 7 (Douglas ez
al. 1996), E H%H(2000) K I H EXFIRXF AR Ca®" Flig Mg i 32 88 Sy A e @, $6 8 Ca®" 55 Mg®"
Z A — W EAME HE Ca®" X8 Mg® W= £ HEM . 4505 B & 4048 F 6F BUIE 38 & F 902, Ui B
FEABZEHKETENS 8 T EBMNB T AR RAFTN, HE . BLESS SAEEMNBRKIE A
MBER XN LR AT EREMBE I E—EFm, TUER . A5 EKAER BRLBRANERSR
e AT LS B A B S AR A M i R TR RS BV & S B LR AKRIEVLREIRT , 448
O R SR AR R . B DL, SR AR AN E R BE FAH RN L, . A EEHE FREAB L FEE
YT 32 S .

SEHY B, M B X K A A | R A AR A BT SR R BB T . 24 KA P L BE BR B LE 700~ 2 800
mg/L B, T SRR G, XRHALR ALK ZE SEWRERW, B2 60d FHEIL, REKELE
Sh B BARMERKCEREZES . R, K85 B0 &, X8 2 F ) S0 % B T M — 52 IO I 6 1
. B, B SR T o BF i Nk S oK (R4S B B
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