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(1. KPR U A =B IEAR )R M 510300,
2. EMEREA S F AR EASRE IR HS 266003)

WEXAATEXK ERFEKEEN30 WLAHGHT,RET 8 M4 ,R1,R2,R3,R4,R5,
R6,R7 fn R8, # Mg**/Ca”" t 14 (mg/mg) fn Mg"* .Ca®* 52 il & & (mg/L) £ 4 % 0.11(35,
330),0.53(175,330) ,1. 59(525,330) ,2. 42(800,330),3.36(1110,330) ,4.78(1110,232),
7.87(1110,141),11.81(1110,94) , BF 58 7 A PR3 Mg®* .Ca®* & B 2t JL 44 % 2t 4T 4 3F 4 K fu
BERIWNYHREENH, TRHEL0A(HE T REAEE N ERIFATERFGH RAH#ATT 30
d)o ZRER: ABWEK A ADEAREFMEERIZATEM 1 Ca™ 2 EW Y
HHREE(P<0.05) ; REAEZAKCS REWBHAR(P<0.05), % Mg & & W
BT RE(P>0.05), KR EW, LY R I AHRK Mg™ B W2 80 R5E, fixt
KC™ BT ZARE EAM NI Mg 3 Ca™* 2 BWRRBEAHIATAHI KA, &
WARMMg K Cath, REH Mg RERFARBETEF S EWI5% MU £, RIECa®" %
BERBEEHEE 60% MU b, sHir g dk E¥ £ K,

KR LA A s Mg™ 5 Ca™ R KBRS

PESHES: Q178.1; S 966.1 EkFRIRAL A

XA N B R 2R ENER) 2
U, AREEW = AWK, B2 Y
B R AR T K7 7K S8R 2K B B 3 % 58 ML 4 % MR
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FEI PN B 2 Tk 3188 Mg?* 1 Ca®* R0 B 93tk
D,

ARELE B AREHAREEEFTRK
Hil b, REPEE KR T A E M Al
Ca’* & ¥ FLYS T iR A 4 59 B2 e R e A= AL
B, #E—BEE X Mg™* 1 Ca® " B KA Y P R
KRBT BT XHIF R R3S

1 MRSk

1.1 SCISMREIRIEFIE T

LB F 2004 4F 6 &= 8 A#tfT. JLYEXT
W B B 5 BN £ R AR, oA A R A
YRz RIS E R, ER R E N 30 BRE
KR BEIEM KA (0.6 m*) FE 5 10 d, ELF
R, BRIVIRNG 5 8 X IR BURLR BB IR (8:00 FI
18:00) , ZAA B E L A BE R & B E S
RUNF: K7 8. 74% , FLE H 41. 58% , #LAB I
8.36% , K4 10.75% ,
1.2 LA TEKEE

AT HEBR A F B AP THE, SS i
FKLMgK ZfEEFKEH ., WKERFTSE

MR KEAERAREIIRITAE™, K
Mg fl Ca B & A EL, R R IERER S &
EMASHEEREEATBHERT, 737K
Mg i Ca iy & 8 , HEEH B Na ghabse, By
Na 2 7e¥ KA S E2&R, /OB 3X) Na*
KPR S BASE R KRR, AR
AN T¥gKEE 30 ,pH 8.2, 7ETAF LIS
RORAR) WEM B, ALBLRET 8 M4
3, RIl, R2, R3, R4, R5, R6, R7 f1 R8, H
Mg**/Ca** H.{f (mg/mg) f Mg** . Ca®" 5Ll &
£ (mg/L) 2 51% 0.11(35,330),0. 53 (175,
330), 1. 59 (525,330), 2. 42 (800,330), 3. 36
(1110,330) ,4.78(1110,232) ,7.87(1110,141) ,
11.81(1110,94) , HH 43 R5 g Mg”* i1 Ca™*
BEANEFEEKIE, EAX R, Na* [ K* ¥k
A% 87 & 561 CCD Simultaneous ICP-OES
( VARIAN) Jll 58 ,Mg** .Ca”* ¥k £ Fi§ EDTA %4
TEERNE, SO, A BaCl, ke, Cl K E
A Hg(NO,), Wz (£1),

£1 THRERLHEATHEARMS /Ca LLEMTEEFRSRE

Tab.1 Mg’*/Ca’* ratio and concentrations of main cations and anions of the artificial seawater mg/L

Mg?/Ca®* HifE R1 R2 R3 R4 R5 R6 R7 R8
Mg®/Ca®* ratio 0.11 0.53 1.59 2.42 3.36 4.78 7.87 11.81
Mg?* 35 175 525 800 1110 1110 1110 1110

Ca®* 330 330 330 330 330 232 141 94
Na* 11 135 10 919 10 377 9 956 9478 9591 9 696 9 751

K* 350 350 350 350 350 350 350 350
cl- 16 317 16 383 16 582 16 731 16 899 16 900 16 900 16 903
$0,%- 2 400 2 400 2 400 2 400 2 400 2 400 2 400 2 400
M AT sum 30 567 30 557 30 564 30 567 30 567 30 583 30 597 30 608

BHRERG R 24 h, REERK/D—FH
MFERERE., SATKKETEREKG AEH
B REHRE, EHZE0.001 g, RARERE N
(0.323 £ 0.002) g ("FIHME +ARiER) BISLIRHF
170 &, H o 128 BB ¥ A 32 A 3 3K R A
(45 em x25 ¢cm x30 cm,30 L) , B4 /K IR AR
4 B, #7840 d AR R, KIEF A7
BerEEE O 30 B Mg il Ca”* FEAFEM AT
K, L8 AL, B 4 NEE KRR
BEDLBE . KIEM DY MEAAE, B IESFBk
ERRABEKESEASRRG, BAREK /2,
FKRE SR ETE 6.0 mg/L U b, AEWERELE

0.4 mg/L LIF, &5 b5 A DA IR, K IR #= ]
7£(25.0+0.5) T, BB N 14L:10 D, 3£
15 A ) 48 R 2o B 4% VR 0 I Ko M R A B B YR
(6:00 f116:00) . 55 4 42 BHF7E 65 CTHTZE
{55, RF7E -20 T, FA55 L1 I i B HF 4K
BB o
1.3 HmEEmaE
LR, B RBREEERRE, &
HMZEEAREE 3 h WAL RERE, ERN
BRI AR, 75 65 CHT ZIEF FRAFLE -20
T, RETWERIFB R , Hio F B et e, L
B E , SIS E 24 b, 285 X BN KRR Y B EER 43



14 KB, KIRIE Mg™* (Ca®" & B FLAR IR R A= K A0 AR B ST AR B HC AL 91

HRERE, RS CHTEIEERE, A
BHRERRK 3 S BB TR R ERNBOE N
o FTARHIHSES TN 65 CEIM
Fo AR SREAITE Y Vario EL
IT CHNOS Elemental Analyzer ( Elementar
Analysensysteme GmbH, Germany) Jll i, SR 5 #&
BRHERSE (JURA x6.25) , HmEERE
Fi PARR1281 BIEMMBNE, BMERER
7€ 3 W, BOFHME.
1.4 HEEEES

SEIG H 1] o A 4 384 B 2R (weight gain)) | 45 FZ
2R (moulting frequency) , PAJEE ( wet weight)
e A K 3R (specific growth rate, SGR) fI&
YyiEAL 3 Z (food conversion efficiency, FCE) 43
LT AXHE:

igi%(%) =100 X(Wz -W)/ W,

R SR (% /d) =100 x N,/ (N, xT) ,

s K% (% /d) =100 x (LaW, —LaW, )/
T

b

BRI (% ) =100 x (W, -W,)/C
K, W, M1 W, 2 BIRRFELMEREE (),
N, FRBEWEE, N, BRI E, T R 4%
KELBH R, C RaRXTIF B 5B T YR
HE(2),

SGR 1 FCE L) T-# 5t ( dry matter) . ZE H &
(protein) 71 fE & ( energy content) 3 7R 43 5l A
SGR,.FCE,,SGR, .FCE, #ll SGR, .FCE,, &%
%FE Lk,

PR BE(R, K REXTHFRER L 52 C, =
G.+ F.+ U, + E, + R, PHZILLIT kit
-

BEHE C. = FHREE < FAHEEE,

AR G, = ZRI AR BB - BRI B
fE,

JEREF, = T < 2MEReMHE,

BiRZRE E, = BB TH < B AEMHE,

HEMEE U, = Uy x24.83,

WPIRAER =C. -G -F . -U.-E,,

Uy AHRER, RIS

U= Cy—-Gy—-F\y—-Ey\

KA, Cy Gy Fy M Ey P HIRABRER - EKA.
ZERMBL T B FHL 24. 83 BXTUFHEME 1 g &
(BT kR 24.83 K™, BN
FFkm LB =Y E, RENER S,
XEEREEEE—RNESY.

[F]— 7K B AR B L 48 (318D 1B —A
REAME . BIRBISET 247 A SPSS10. 01 #k 44 1
7o T EBEHEREFEEZON
(ANOVA) ,inREHBZE (P < 0.05) M#—2
S AL E] 4T Duncan (K25 R 1T,

2 4R

2.1 TFiHFIBE

740 d A K B+, R RS 0350, B
RPTA AL IR B S AR AR TS 3R 3N 100% , s
TR (F2), 43 RS WXTIFE LI IH—F
JEREERFET- R4, BB R FIRZRE, H
FHE LR CARSER, IEFEBRK
BRI REEGALARRE SRR TR AAA B R, BTl i
AR R AT T 30 d LR 1E, IR H M4 EdE
WASH5HR 7 MEHEK

R2 AHRNEEXBPEANFERK FRENER

Tab.2 Weight gains, survival and feed consumption of L. vannamei during the experiment

. HIHREE (g) initial weight #KARE (g) final weight EER(%) weight gain  Fa g (o/ind)  HIER
ireatment BE T&E BE T&E BE TE feed (%)

wet weight dry weight wet weight dry weight wet weight dry weight consumption survival

R1 0.321 £0.001  0.077 £0.000 2.110 +0.071° 0.520 £0.024® 556.43 +21.16° 576.91 £+29.61°  2.306 +0.087" 100. 00
R2 0.322 £0.000 0.077 £0.000 2.421 +0.121%° 0.599 +0.029° 650.99 +£37.16™ 677.16 £38.20°  2.388 +0.078" 100. 00
R3 0.324 £0.001  0.077 £0.000 2.514+0.055° 0.628 +0.023° 677.18+16.99° 711.06 £30.35°  2.530 +0.063" 100. 00
R4 0.322 £0.001  0.077 £0.000 2.542 +0.048° 0.605 +0.022° 690.46 +17.52° 686.16 +30.62°  2.504 +0.023" 100.00
R5 0.324 £0.001  0.077 £0.000 2.621 +0.135° 0.623 £0.024° 710.46 +43.58° 705.18 £32.64°  2.497 +0.095" 100. 00
R6 0.324 £0.002 0.077 £0.000 2.581 +0.185° 0.617 £0.038° 695.50 £54.31° 6%4.76 £48.11°  2.408 +0.053" 100. 00
R7 0.325£0.001 0.078 £0.000 1.462+0.057* 0.337 £0.011* 349.49+17.10* 333.57+13.92*  1.470 +0.038* 100. 00
R3*® 0.322 £0.001 0.077£0.000 0.632+0.079 0.131+0.022 96.10+24.09 69.88+28.25  0.543 +0.057 43.75

.« FHARTE RS AT T 30 d, FRLIH4EREARS 5 Duncan [IREE LM . RFIARITFRARARMES B3 (P <0.05)
Notes; # Since treatment R8 only lasted less (only 30 days) than the other treatments, data in this treatment was not included in the
Duncan’ s analysis. Within the same colum different letters indicates significant differences(P <0. 05)
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STURE I R B BN 1 TR . AREE R1 I RT
HIMLE AR 2R AR B & & T B4 RS BB (P <
0.05), Ab¥H R8 FYSEeATH] B4R 8 , (B XTHFZE
BACHET BB R SRR A L B — BB R

20 -
d
516— B ‘I’
33
a
%-QH a a
R 8r
as
g 47
U 1

Bl R2 EKEi B4 E5 RE RFT RSB
SEEESH creaumens

B1 R3S E B A5 i R
HEH EREATERETHBEAEREE P <0.05) 48
R HERRESHE

Fig.1 Moling frequency of L. warmermei

during the experiment

Bars with different letters are significantly different from each

other (P < 0.05), but treatment R8 was not included in the
comparison

2,2 HEi]

HEA K SIS 2 4], 54 SEEG AR B BRI I A
FTEBBR - REBEEF(F2), MELR
SHIRAT, 3Kk Mg®* 5% Ca”* S BAS L B, &5
TN ARE A TEBENEF (P <
0.05), MAh¥E R5 2 R1, % Mg™* RIS
REAR, WHIF AR E B 70/, B2 RA Mg*”
FREMH RL LRI F AT SXTRA
HfEZ= S B (P <0.05) 7 R2.R3.R4 FIR5 Z
I ZEXHIFR SR AR E R B EZF(P>0.05),
M R5 3| R7, /Kikf Ca* & BB MK, SLIAF
B AR A2 08/, T B R7 AbH4 S5
HRA P LR E B2 /N T R5 A1 Ro 4MHE(P <
0.05) ,Ti RS 71 R6 4 i F-¥{H Z A o8& % 7
(P>0.05),

SEEG R 3 B %2 (weight gain, WG) H K
fh Mg™ B Ca** S BABAMGEZR(F2), 4
B R1 71 R7 73 WG B E M TFHELHEA
HI{E (P <0.05) ,MiH R1 f1 R7 A2 Jal7Z WG
MZREAT T BERE (P <0.05),

SRR E £ K (SGR) TR R LK 2,
5 HILIEE (SGR,,) . TE(SGR,) . ZEH (SGR,)
FRER (SGR,) ERM S EE KRN

BEA—F, LIALHEX LB AT SGR i 8
F(P<0.05), Ktk Ca’" FRERMIY RL HKY
SGR {H 5/}, H Rl 1 R7 4 EF¥) SGR A2 %
T XHR4 RS B (P <0.05) , ML #4H R2,
R3 .R4.R5 I R6 Z [HJ7E SGR L#EA BHEEF
(P>0.05), AL, Kk Mg™* S RER R
PR, [ESEH MR ) SGR Y G W B8 HE X R A5 K
P Ca** S RAREARIEE A K, B4R SGR &
B/ IRED Ca® " IR BB IER T Me™*

oBl mR2 =R3 c R4 aB5 =RG aRT oRE

w 6r

It Y Ceet LCheC
il i o
= o e R
= IR B e
o E 4 R HE
o b 3 S
=t B I 2 8
#H e 3 = HEd
HE | = i
i) A HE
-z = 334%

21t e -5;5:%

oUliEE | IR HEES |
SGR-w SGR-d SGR-p

B2 R URFE SR A E IR E £ 1<K SGR
B E EAR KT GRS AR ERBE (P <0.05) ;40
R8 K¥EARS 5 thEE

Fig.2 Specific growth rates of L. vannamei
during the experiment
Bars with different letters are significantly different from each
other (P < 0.05), but treatment R8 was not included in the
comparison

2.3 BRES|RUWELRE

TR AR LE 2, REKKE
Mg** S BHIM RS 3| Rl RWTREAR, & 4 LI 4T
KERIRE R A A, BEALE R TR EZR
(P>0.05), 5, HIFMFHEBEEEZE
T Ca** g B BEFW (P <0.05) ,R7 45t
FRF R R 8 LR RS BE 41%

B3 BRTHHNUTE.EARMEBEERR
B b33 (FCE) 2R L. B EAT
W, &AL FA X HF FCE, .FCE, #1 FCE, {78 {4
#—3, Rl 1 R7 HXH4FH FCE (¥ B & /N F
YHEE4H (P <0.05) ,R2.R3. R4 R5 1 R6 41
FCE {H2 ML B2 5 (P >0.05) , Kk Ca®*
HSEMERINH RS 4 LIHRFE FCE HE A2
R —2F,
2.4 BEBKX

AR ST AR AR B RER IS IB L AR 3 BT
o MEFHRERET  RT MHEK FHBEREDE
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INFHAREAFEA (B R8 4F) (P <0.05) , 1M RL,
R2.R3.R4.R5 f1 R6 4 ¥ F R B [H] JCBH
BER(P>0.05), ERERNSETE,EK
REFNE FZ BB /3 BL 2 L b B S Al ;.25 (P <
0.05) , PR RE & FERE A HE BE W A B B %
M (P>0.05), A3 R7 4K B84 BC il B
fR(B& R8 41) , H Rl F1 R7 B4 K BB R RERY
I @ AR T X B4 R5 (P <0.05), T R2.
R3.R4.R5 1 R6 4 F) 4= K B8 43 Lt 5 2 5] T B
B£R(P>0.05),

Rl mR2 mR3 aR4 RS RS BRV ORS
c

[ Cb_csg

e
(=]
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&

)

== b o e W
[k Y R B Y
| | |
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TrA AL /S
food cunversion el Ticivncy

LTI o

b AT
'

FCEd FCEp

B3 AHMRMNTEXBHEHRWENLLZE FCE
HEE LA FRFEFOR 4R E5R & (P <0.05) ; 4038
R8 W¥EARS 5 L8

Fig.3 Food conversion efficiencies of L. vannamei

during the experiment
Bars with different letters are significantly different from each
other (P < 0.05), but treatment R8 was not included in the
comparison

R7 45 By W5 2 RE 43 BC L) @ 3 K F R1L.R2,
R3.R4.R5 I R6 Z{(P <0.05), R1 ZHHHi 57 RE

SELAIEER, 5 R HEZREE(P<
0.05) ,B5XRANZEFAEE(P>0.05) ,R2,
R3.R4.R5 il R6 21 i 451 7 B8 7 B bh i 2 [R) T B
BEF(P>0.05), BERTIUFIFRBRE 5> EL
BI3Z LA MR A AR B ERE, B2
LIE H RL f R7 B RF IR BB L4 B AL
H(BR R84 Rl aH . 7E43E R8 &M T, XTHF
A K BB EE HLB R 9. 63% , RAR 4Tk ik Ca™*
SRR RT AT A KBB4 Be b Bl — 2k,
TREIR B8 HFHE BB A1 456 B2 BE BT o SR R BB HL il 1
HEHHEZ,
3 iTie

PR R T LA ALEYEE RHIF A K i i
Ca™ ERIEZ NBER . FEHE 30 £ T.C
100 mg/L AT LVE REMIF e ZMERER
B, T AHE Me® e E B0 2 h R 3R, R AR
LATE Mg 3B JLE R ERME 110 B9dE R IE
FREM K, Mograw Z @) 0h K i Mg™
FEMXT RN EIFEE S8 BRI
Mo BB aE %0 TN g FLAN I X AR Xob 7K B 358 v 11
Ca’* (100 mg/L) B KT 32 J1, laEid 543
WS RAR , X T BB R B LR £ AR AR
( RA 3), ik Ca® B3k & (100 mg/L) #%HF %
HEmEHAMEN %N, T2 EdxdE
BASTAF B SE R B 5T , A S A b T K ARG Mg™*
WA KT 32 F7, W XHE Ca®* ¥ BE it 32 Si ik
5, HE W 548 LE 3,

R3 AAENFEEKTBRIEMERKE
Tab.3 Energy budget of L. vannamei during the experiment

P C G/C R/C F/C u/C E/C

treatment (k) (%) (%) (%) (%) (%)
R1 43.72 £1.63°  19.85 +0.61% 62.44 +0.51 10.80 +0.22 5.78 £0.09 1.13 +0.28°
R2 45.26 £1.47°  22.80 +0.56° 60.67 =0. 65 10.25 +0.33 5.46 £0.10 0.81 £0.12%
R3 47.95 £1.20° 22.71 +0. 40° 61.20 +0. 44 9.89+0.35 5.55 +0.07 0.65 +0.09%
R4 47.08 £0.53®  21.95 +0.98% 61.50 0. 45 10. 43 +0.30 5.64 £0.11 0.49 £0.16°
R5 47.32 £1.79° 22.54 +0.20° 61.88 +£0.55 9.13 +0.34 5.58 £0.07 0.87 +0.15%™
R6 45.62 £1.02°  23.20 +1.45° 61.01=1.78 9.67 £0.62 5.40 £0.27 0.72 £0.13"
R7 27.87 +0.73% 18.40 +0. 382 63.78 =0.33 9.70 £0.21 5.93 £0.06 2.18 £0.07?
R8** 10.44 +0.55 9.63 +3.67 69.54 £2.86 10.48 +£0.43 7.27 £0.56 3.08 £0.24

I: CHBRB(HN.K),G/C.R/C.F/C.U/CH E/C irHRmE KR PR 88 2580 R AR A B 8 S SRR BRI LL B (% ) 0 »+ B

A3 R8 H#ATT 30 d, Frl HHE K25 Duncan [KE B L rHr

Notes: Letter C in the table indicates total energy consumed, and G/C, R/C, F/C, U/C and E/C mean the percentage of consumed energy
used in growth, respiration, faeces, excretion and molts. =+ Since Treatment R8 only lasted less (only 30 days) than the other treatments, data

in this treatment was not included in the Duncan’ s analysis
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BrgT U, Mg 1 Ca* A R 4ERr R K
TN AR, kk Mg il Ca* ¥
BEEEE W B S8BT = B KB B
EEB™ T, Holliday™ RBLAZH P FLE
JEHE IR B Mg™ B B R T B T AN Rk
-, Dall 2£7% 3} 4 FxHAREI BTG R B T RREEI AR
2, WRRIERF XA RE, EKFE Mg
BERHAET , LNEXTIMAREIE F A , Ak
LI A R2.R3 7 R4 ALBEETE . SR, Mg™*
=5 a8 Na-K-ATP B 1E H17 M T8 A 1T i
AT o AKERET ) Mg YR AR, B T
Rt L sh ¥ i 9 Mg™ " B B sh ik 4, 4 il Na-K-
ATP BEvE It , SEm PSS Y T R A 732
Bt RE S , I A D REEREL . EARLE R
AbFERE Mg® " ¥k BE AT IE % ¥ KA 1Y 1730, XHEF
F A K Bl B A2 R, T RBEE R X AN R B

FEU R I, + R B R MR B A Ca™t
REREEETEAP C kET ™ BE
Ut B LA o5 HAR P 90% By Ca’* &£ 5%, FTLA
TR B B B AR MK R Rk Ca®t P
H7AESMR Ca®* W F BRI EE/KEE ATP RS
LB R A FE RN Ca¥ AR B X 2
—ANEFERE BRI AR, Hessen & RS RM,
KAk Ca®* i {5 BE 3 3E 22 AU 0% Daphnia magna
B, B Ca* SR I T £ 3R ik Ca**
IEER RN, NLAEIFMARRA Ca**
HITC AR, B T X AR 7 22 A T i M B 35 R Ul
Ca’* =% FEM Ca’* 7K 85 b FLAA IR o MR 3K
B Ca’* At X, B J 5 32 e 5L 2218 . Wi7E Bt
IR RRRE &, L FECHLREEHAER AT
FEHANTE , NTTiAE K 2818 , FIRHE N T Rk &
HIBLL, B Ah, AKIREEHR Ca® IR R4l H
FEEhHI4E Na-K-ATP BEIEHY o BrLd, Lz
SRS K IR B Ca™* ¥ B Y I I Rk, 2
Ko Ca’* ¥R BEREMREIIE ¥ (B A9 1/3 B, HAE K ak
BB Z B, A SCE H R7 Fl RS B 45
£

AW, K FE R Mg®* 1 Ca®* &
BN FLNEXTIF K F BEZm, (B2 LY
TSR AR RS Mg™* & B BT 32 88 ) 558,
HE Ca®* & B MW 2 1R H. AEmEEE
Mg’* /Ca** HABME iy B /K R PE AT 75 B F i /T
FPED T WSS TT LA M, BAE R LG

SHIFFRFE R XA K. ZEFI P9 il Mg®* 8% Ca™*
B RARBK HEAT X HF R FE o, S B Mg #h 5%
Cath, AW Mg B AT A ZEETER &
B/ 15% DL b, RIE Ca™ WF A B IEHHEK
60% LA I, XTHFERBB IE H AR K o

SE 3 Hk:

[1] Boyd C E. Inland shrimp farming[ C]. Beijing:
World Ag-uaculture 2002: Book of Abstracts,
2002 :83.

[2] Boyd C E,Thunjai T. Concentrations of major ions
in waters of inland shrimp farms in China, Ecuador,
Thailand,and the United States [ J]. Journal of the
World Aquaculture Society, 2003 ,34 :524 —532.

[3] Davis D A, Saoud I P, McGraw W J,et al. Con-
siderations for Litopenaeus vannamei reared in inland
low salinity waters [ C]// Cruz-Suérez L E,
Richque-Marie D, Tapia-Salazar M, Eds.
Advances en Nutricién Acuicola V[. Memorias del
VI Simposium International de Nutricién Acuicola.
3 al 6 de Setimbre del, 2002. Cancin, Quintana
Roo , México.

(4]  XU&H. REIEMHB K ITH P EXIF RIS iR
B[], F&i#lr,2001,18(1):13 —-14.

(5] Z8&R,EH54E,KFEDH,% HEBBKAERER
FERSR EXTF AR [T]. FF&al,2002,19(11)
6 -38.

(6] XX, REF,HBXL. BHEBERBEEFEAKFR
TR AR [T ]. AL, 2003, (5) :16
-18.

[7] Samocha T M, Hamper L, Emberson C R, et al.
Review of some recent developments in sustainable
shrimp farming practices in Texas, Arizona and
Florida [ J]. Journal of Applied Aquaculture,
2002, 12(1) :1 -30.

[8] Saoud I P, Davis D A, Rouse D B. Suitability
studies of inland well waters for Litopenaeus
vannamei culture [ J]. Aquaculture, 2003, 217373
—-383.

(9] FhFIRK. Ehpei K IR IR E XA M R 5
HkEEEET]. Fel,2002, 19 (12):5 -
6.

[10] Winkler A. Effects of inorganic sea water consti-
tuents on branchial Na-K-ATPase activity in the
shore crab Carcinus maenas [J]. Marine Biology,

1986, 92:537 —544.
(11] 4R, WA, K%, % PRBEFFHAK



15

KB, KIRIE Mg™* (Ca®" & B FLAR IR R A= K A0 AR B ST AR B HC AL 95

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

B Mg’ 5 Ca®* B Mg®* /Ca®" LB R Hy 3R
RS2 T]. B 5IMYE ,1995,26(5) ;552 —557.
Perschbacher P D, Wurts W A. Effects of calcium
and magnesium hardness on acute copper toxicity to
juvenile channel catfish, Ictalurus punctatus [ J].
Aquaculture, 1999, 172 .275 —280.
EJE MR EEE. Bk G M AR
B Mg** /Ca" LB Xt B A48 0 52 4 00 b R 1Y
ET]. wHERE,2002,26(2) :69 —71.

Silva L V F, Golombieski J I, Baldisserotto B.
silver catfish, Rhamdia quelen
( Pimelodidae ), eggs at different calcium and
[ J]. Aquaculture,

Incubation of

magnesium concentrations
2003, 228.:279 —287.
KB RBIT. RARBE A Ca® 5 Mg™ &
BWEXRANIFAEROZ®IT]. Rk,
2002,32(6) :46 —48.

WRB 4, B4, 25, %. Ca¥ Mg™ T ILAER
SUMFE R ERRWLT]. K=%R,2004,28
(4) :413 —418.

EE, B4, RFFE. KFEH Ca* Mg™* X
EXIFEFRERPEWEIT]. BEAFMZE,
2000,7(1) :82 —-86.

Clesceri L S, Greenberg A E, Eaton A D. Standard
methods for the examination of water and
wastewater[ M] . 20™ edition. Washington, D. C. :
American Publec Health Association, 1998.
B AREYRBENERETEI]. KE
Y% ,1989,13(4) :369 —381.

Waterman T H. The physiology of crustacea [ M].
London ; Academic Press, 1960 670.

SPSS Inc. SPSS for Windows, release 10. 0. 1
Standard Version [M]. Chicago: SPSS Inc, 1999.
Mcgraw W J, Scarpa J. Minimum environmental
potassium for survival of pacific white shrimp
Litopenaeus vannamei ( Boone) in freshwater [ J].
Journal of Shellfish Research, 2003, 22. 263 —
267.

Douglas W S, Horne M T. The interactive effects
of essential ions and salinity on the survival of
Mysidopsis bahia in 96-H acute toxicity tests of
effluents discharged to marine and estuarine

receiving waters [ J]. Environmental Toxicity and

(24]

(25]

(26]

[27]

(28]

(29]

(30]

(1]

(32]

(33]

(34]

(5]

Chemistry, 1997, 16:1996 —2001.

Potts W T W, Fleming W R. The effect of
environmental calcium and ovine prolactin on
sodium balance in Fundulus kansae [J]. Journal of
Experimental Biology, 1971, 54:63 —75.
Dharmamba M, Maetz J. Effects of hypophysectomy
and prolactin on the sodium balance of Tilapia
mossambica in fresh water [J]. Gen Comp
Endocrinol, 1972, 19, 175 —183.

Ogawa M. The effects of ovine prolactin sea water
and environmental calcium on water influx in
isolated gills of the euryhaline teleosts Anguilla
Jjaponica and Salmo gairdneri [J]. Comp Biochem
Physiol, 1974, 49A:545 —553.

Holliday C W. Magnesium transport by the urinary
bladder of the crab, Cancer magister [J]. Journal of
Experimental Biology, 1980, 85.:187 —201.

Dall W, Smith D M. Ionic regulation of four
species of penaeid prawn [ J]. J Exp Mar Biol
Ecol, 1981, 55: 219 —232.

Robertson J D. Osmotic and ionic regulation[ M]//
Waterman T H. The physiology of Crustacea, Vol.
I. Metabolism and growth, New York & London:
Academic Press, 1960:317 —339.

Prosser C L. Comparative animal physiology [ M].
3" W. B. Saunders Company, Philadephia,
London, Toronto, edition, 1973 .966.

Robertson J D. Ionic regulation in the crab Carcinus
maenas (L. ) in relation to the moulting cycle [J].
Comp Biochem Physiol, 1960, 1:183 —212.

Graf F. Les sources de calcium pour les Crustaces
venant de muer [J]. Arch Zool Exp Gen, 1978,
119.:143 -161.

Hessen D O, Alstad N E W, Skardal L. Calcium
limitation in Daphnia magna [J]. Journal of
Plankton Research, 2000, 22 (3) :553 —568.
Robertson J D. Further studies on ionic regulation in
marine invertebrates [ J]. J Exp Biol, 1953, 30;
277 —296.

Greenaway P. Uptake of calcium at the postmoult
stage by the marine crabs Callinectes sapidus and
Carcinus maenas [ J]. Comp Biochem Physiol,
1983, 75A (2):181 —184.



96 K =¥ R 34 %

Effects and mechanism of ambient Mg’ " and Ca’* concentrations on
growth and energy budget of juvenile Lifopenaeus vannamei

ZHU Chang-bo"’?, DONG Shuang-lin** , WANG Fang’
(1. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciencies ,Guangzhou 510300, China;
2. Key Laboratory of Mariculture, Ministry of Education, Fisheries College,
Ocean University of China, Qingdao 266003, China)

Abstract ; In order to clarify the ionic regulation methodology for shrimp farming with inland saline waters,
a feeding trial was conducted to investigate the effects and mechanism of ambient Mg”’* and Ca’*
concentrations on the growth and energy budget of juvenile Litopenaeus vannamet using artificial seawater at
salinity 30. Eight treatments were set; R1, R2, R3, R4, R5, R6, R7 and R8, and the Mg®*/Ca’" ratios
and Mg®>* ,Ca®>* concentrations (mg/L) were 0.11(35, 330), 0.53(175, 330), 1.59(525, 330), 2.42
(800, 330), 3.36 (1110, 330), 4.78 (1110, 232), 7. 87 (1110, 141) and 11. 81 (1110, 94),
respectively. The experiment lasted 40 days, but Treatment R8 just continued for 30 days because of shrimp
mortality. During the experiment, the growth, molting, food conversion efficiency and energy budget of L.
vannamei were all significantly affected by both Mg®* and Ca’* concentrations in the water (P <0.05).
However, shrimp food consumption was just significantly influenced by Ca’* concentration (P <0.05) , not
by Mg®*. It indicated that L. wannamei had powerful ability to endure very low ambient Mg**
concentration, but it was vulnerable to low Ca’* concentration. In conclusion, if using Mg** or Ca’*
deficient saline groundwater for shrimp farming, we only need to complement the Mg”* concentration to at
least 15% of its normal level or Ca’* concentration to 60% of its normal level in seawater by adding
magnesium or calcium salt, and the shrimp growth could be normal.
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