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TE . RSN R BT T AR Ca™ W 30 2y 3% FLAR T AR (Litopenaeus vannamei) HESRISE B2 25 K FTRE R
SRR SIS TEACHEAR A AT, 250 X IR 1400 B 1A 5 2 (1.45940.006) ¢, 5236 7K g N THE7K , 3 BE R 30, 7K
(25.04+0.5) C, SR BEE E Ca™ LUK E 360 me/L A4 HRZL (C360),4 N SEHAH (14 Ca™ T e 4 % 3R 431 4 60 me/L
(C300).120 mg/1. (€240),180 mg/L (C180) F1240 mg/L (C120), SN E W R 4 d, SLHAFEE40 d, FELIEERATT . (DA
7] Ca™ W FEAL BT, SR R0 B R A7 AR — B (22 5. Hir, C120 2R AR E 2 R e e, 38 (11.040.5) 9%/d, . 35 85 T HiAth
AEFRLL (P<0.05), M HAALHEL] 2 [8] 22 AN B3 (P>0.05), (2) AR[F] Ca™ M EEALHE T, XHERAHRE A4 K% (SGR) H K #]
/MECR €360, €300, €240, €180, G120, i, C120 41T IR A4 s A K R B B K T HAB AL BELL (P <0.05), T oAt b 2
HZ 22 R ARIBF i E KT (P>0.05), (3) R Ca®™ WAL XTERAHE 3R (FI) 22548 3, X AR 444k
RO (FCE) AFAE—E M 25 5. o, C120 4IXTIR I S e AL BOR AR, 83K T I A AL BT (P<0.05), T Ho A b #4H
ZIHZEFARE (P>0.05), (4) AN[F] Ca™ ¥ 5 i3 sh FLANIE T ERHERR 194 £ A8 HEZERE RIS STRE o 18 £ BEAY L Bil5E
B3 (P<0.05), FHLERF, /K Ca™ We U Bl 1 3k R S ROt gt i, — e R S ma xR A 4, [Pk 7=
Bl#,2010,17 (3): 536-542]

KBIA: FLYRIEXTIR s Ca™ MR BE D By 5 WM 5 AR RIS

FESES: 96 XERERIRAD: A XERS: 1005-8737-(2010) 03-0536-07

FTER FEsh Y& K K B BB A HE
A FRIRE, R SE S A K A ] A T
o BT RURTES A58 2 5 LA ), i i
FNBE FE AT, B LU 6 0P MR A gt Bz A AR K 2+
SIEEMEM" S ST AR KX AR 2k
KA A ARG . 0T % e T
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], 45 50 R B LA IR AR Ca™ MR 25 1)
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Xt H ASYBER (Macrobrachium nipponense) FNH B X #F
(Fenneropenaeus penicillatus) f{4FA= 4 FI TG F 0 5%
WA SR T —LERFSE . IXEEIFSEN T Ca™ X X I
BB BEE 1A

TEFRBH AR 7 i R v, 22 R o e X IR
AISE R B e, A IR RS . I LRSS
(IBIEFEA A B, 7030 B2 20 5 30 251 T, JET U M b 2l
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50 B AN KRR, LT B 22 M T i Ca® X 4R
gt B AN R B M AR B AKAR .

1 MREFE

1.1 SEIRHRAYSRIRE R YL

S FH LA EE X R A 7 S NSRRI , e
TR, XHRz Rl , Jee R 30 1 F SRR K h
BFE10d, BT, BT 6: 00 F116 - 00FEMEN T
BeA ik 2 U0, TP 7 i 7K 71 (8.41+0.06) %
HL 2K 111 (43.39+0.22) % . i 17 (9.74+0.30) % . JK 51
(9.91+0.05) %,
1.2 EWigit

R T RS HIK B - e R e Ve, A S
FHZK FR 7K AN 78 70 BRSO KBC I I . TRk
BN EEE R K R R TR A P i e
7K ZR , DRARF A 5 -V 32 ) A i o R A8
T I TR I3 HT 4l CaCl, + 2H,0 e i) 5 AR Ca™ ¥ Ji
(N TR K, JRC A B N TR/ A R B 3414 30, 5K
56 1% 15 72 360 mg/L Ca™ g X B 2H (C360), 44~ 52 56 21
Fr B KA Ca™ e B2 U 3 R JE 43 1) 24 60 mg/LL (C300).
120 mg/L (€240),180 mg/L (C180) 1240 mg/L(C120)
(43 S AH 24 F £ B U 351015 F120 A Ca™ Mk FEE A
W Bh IR L), WIAR SE 58 F K o Ca™ [ iR R R X o
360 mg/L, 55 1 k7K RV AIK Ca™ 119 0 Vi J3E 3 3] 2
300 mg/L 240 mg/L 180 mg/L 120 mg/L, &5 2 X 4 7K
Ca™ 1Y o ¥ LT 2360 mg/L, 45 3Rk 54651
AR K AHTR] , 275 4 45K 55585 2 UCHATR] RO, %
HRAH Ca™ W B IR APFAE . FIrffoK MR BT 1 d
DAL, A4 d 3K 1R (FE X SR8 Rz (B 3), K I 42 il 7
(25.0+0.5)°C, 24 hi#EL e OLIRESIN 14 L - 10D,

P NPT B X BR824 b, FR A B AR
35 LY 7K % 46 (45 emx25 emx30 em) N, 454> K JiG
RIS AT, B b P4 E AL, (A, BEAILH 20
IR, T RGBT A S . SE
FHFEP R T 6 0 00 116 : 00 #ME A T AR (I
AR PR 2 K, BRI 2.5 h 5 5 AR T A A
L IFTE65 CHHETORAE. e URTIRIE A2 5, St

W B B 10 BE T DR AT, B R AT SR I R B, S
FREEA0 d, SEHAE R R AL BRZH X0 SRR S 7R
65 °C T HET 48 h, FRHA 5 I H T BE 5t AR 1 BT Y
38T,
1.3 gEENEMKZITE

XU R Al R i e A A Y RE (R 47
65 °C T~ HET 2 fH 5 FH AU (Parr 1281 B4 A4
SETE) W MR (T35 45 E AT REAEL

R R C=G+F+U+E+R"

Hrr, ChREHREER, G AAKEE, FAHE
JERE, U WHEIEE, R IFIREE, £ WI5TEE

HEME : U= (Cy— Gy—Fy—Ey) x24 830 "'

L, C BB YIS, Gy RTIFA
L RMA, FyAZEEP R A, Ey X IRE5E
PR, 24 830 4 s @ A BRI (J/g)o DEL AR
T FE AT TP R E B E .

W fE: R=C—G—F—U—E
14 HES R

AHXT 1 8 (WG) M B2 AT A8 (MF) R A R
(SGR) &3 (FI) FIEWFALACR (FCE) 73 5% T
G

WG (%) =100x(W,—W,) /W,

MF (% - d”')=100xN,,/ (N, xT)

SGR (% + d™")=100x (InW,—InW,) /T

FI(%B-W - d")=100xF/[Tx (W,+W,)/2]

FCE (%) =100x (W,—W,) /F

T W, W S 52 I 238 R ) G o X M ) 38 o
W, W, S IR 28 BRI G B PR () T 5, TR S50
FRELI ], PO R (T ), N, B REL, N,
R RSN

JIT AR AR R B A -7 22 43 Bt 2 Duncan’ s 2
BT AC R, L) 0.05 150 25 53 i E K-

2 HBRE5SH

2.1 R[E Ca™ ik B R B AL 32 T FL 44 Xof R 7 AR £
BREES UL AP
AN [R] Ca™ e B 3 11T PLAIE Xk B 149 B 4 il
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W5t Fz R L2 1, A [R) Ca™ e B 10k B 6 L 498 6 X6 R £ 4 2H 2 [8] 22 AN 12 (P>0.05), A0 FRA 44 KR
I Jg SR p= A T —SE (R, C120 4 X R At 2 2%y HEBET S, C120 XS IR AOAEIE R EAIL, F (75.0£9.6 %6,
(11.0£0.5) %/d, i 3 = T HAh A b B (P<0.05), HH: {HAS b L 2 8] TG e & 225 (P>0.05),

R1 AECa™ iREE AR T LG EX IR AR 7EE B AR ET L

Tab.1 Survival, molting frequency and weight gain of juvenile Litopenaeus vannamei exposed to different calcium

concentration fluctuation treatments n=4;x=ESE

AL PRZH WA /g SRR TR /g A3 H 3 /% TEE R 1% W R (% + d7)

Treatment group Initial body weight Final body weight Weight gain Survival rate Molting frequency
C120 1.464+0.005 3.320+0.135" 126.849.8" 75.04+9.6 11.0+0.5°
C180 1.462+0.008 3.771+0.144" 158.1+10.4" 92.0+4.9 74407
€240 1.45240.006 3.791+0.064" 161.2+5.5" 95.0+5.0 6.8+0.8"
€300 1.462+0.006 3.969+0.186" 171.4+12.4 96.0+4.0 8.5+0.4"
€360 1.457+0.005 3.998+0.088" 174.4+6.5" 96.0+4.0 6.8+-0.4"

T+ €360 M 1E 5 Ca™ W (360 mg/L) X BEZH ; 120, C180, €240, C300 4114 Ca™ J5T 1k J5E % Sl I 1 43 51 M 240 mg/L. 180 mg/L. 120 mg/L,
60 mg/L. [i]—FIAN R F-BER/R G 2 RGO AR B2 7] 25 5 i 3 (P <0.05).

Note: C360 is exposed in constant 360 mg/I, Ca>* concentration as control group. Groups of G120, C180, €240 and C300 are exposed in waters with
different Ca™ fluctuation of 240 mg/L, 180 mg/L, 120 mg/L,60 mg/L on the base of 360 mg/L. Ca>* concentration. Values with different letters within

the same column are significantly different (P<0.05).

22 AECa™ KEHBIAIE T ARSI A 44 AN TR Ca™ M 38 31 %ok ML AN U6 X W FfE R 4 72 A=

AIF] Ca™ e FE P AL IR T LR URRAR BT KR SGRIY SR ULIE 1o P 1 eh ol LUy, % iF
AR 17K, SEERAS RN, CI20 AP HRAGIRAR A GE R R B/ IMK YO €360, €300, €240, C180,
Fri A, AT H AL 4 0 H2H (P>0.05), % HF - €120, C120 ZHXSHRRYHREE A4 KR B & 0T H At 54k

FRAFDRS S o A S IR A S A LA FiL] (P<0.05),
30 ¢
25 b T = T T
- *
TE o20f L
S =
=
W5 15H
WE 10f
05 -
0.0

€360 C300 €240 C180 C120

ALFELH Treatment group

B Ca™ VREE U BAL L FLANFEXTHFHERR ) SGR
€360 418 52 Ca™ ¥ & (360 mg/L) X HR 415 €120, C180., €240, C300 21 1Y Ca® J5it B¢ 10k 1 1343 31 49 240 me/L . 180 mg/L. 120 mg/L .60 mg/L.
R FORZ S AW Z A AE B E M 22 5 (P<0.05).
Fig. 1 SGR of juvenile Litopenaeus vannamei exposed to different calcium concentration fluctuation treatments
(360 is exposed in constant 360 mg/L, Ca® concentration as control group. Groups of G120, C180, €240 and C300 are exposed in waters with different Ca*
fluctuation of 240 mg/L, 180 mg/L, 120 mg/L,60 mg/L on the base of 360 mg/L. Ca™ concentration. “*” means significantly different compared with other
treatment groups (P<0.05).
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2.3 RECa™iRE K 341 T FLYA R 3T iR #E 4R A ANIR) Ca® e I Sl %) LA IEE S R FESR B e 1L
BREMGYHELRE R (FCE) B2 LI 3. 45 A BRA XHIR B B e AL

ANTF) Ca™ We BE B B0 FLATIE X AFRESR SR A% SORAAE—E 22 5, Horh CL20 2 X HR i B e Ak
(FD B2 M WL 20 INIET2 Pl DU, A AR BRAE XS BRI AR, O (14434 1.11) %, 35 A% T HoAt b #4H

IR A B3 O R] (HE 3k 22 57 (P> 0.05), (P<0.05), M HAW AL 2 [8] 22 57 AN .25 (P>0.05),
18 -
16
P T
—.; 12 ;
< é 10 -
£F st
=7 o
4 L
2L
0

C360 €300 €240 C180 C120

AbFRZ Treatment group

12 Ca®™ VR BEI S AL AL FLANIEE RS HRFERR 4 £ 5
C360 M1HE Ca™ #eFEE (360 mg/L) XFHRLH ; €120, C180, G240, C300 414 Ca™ o - e B % SR EE 43 114 240 mg/LL . 180 mg/L 120 mg/L .60 mg/L..
Fig. 2 Feed intake (FI) of juvenile Litopenaeus vannamei exposed to different calcium concentration fluctuation treatments
(€360 is exposed in constant 360 mg/L Ca™ concentration as control group. Groups of G120, €180, €240 and C300 are exposed in waters with different Ca®™
fluctuation of 240 mg/L, 180 mg/L, 120 mg/L,60 mg/L on the base of 360mg/L. Ca® concentration.

25
. 20+
: T T T
S £ T .
ME I5E [
o
SCowp
by ©
s
= 5L
0

C360 C300 €240 C180 C120

AbFRZ Treatment group

13 Ca™ WeBEI BIALHRLR PLAN T ERHENR ) TRD R AR
€360 A fH 5 Ca™ ¥ B (360 mg/L) X BE41; C120. C180. €240, C300 4111 Ca™ [t B ¢ & I 8 4399 24 240 mg/L . 180 mg/L. 120 mg/L .60 mg/L.
7 FORZH S HALH Z A B V2R 5 (P<0.05).
Fig. 3 FCE of juvenile Litopenaeus vannamei exposed to different calcium concentration fluctuation treatments
(360 is exposed in constant 360 mg/L, Ca® concentration as control group. Groups of C120, C180, €240 and C300 are exposed in waters with different Ca*
fluctuation of 240 mg/L, 180 mg/L, 120 mg/L,60 mg/L on the base of 360mg/L. Ca>* concentration. “*” means significant difference compared with other
treatment groups (P<0.05) .
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24 AECa™ RE KA IE T FLEX IR ERAY
BRI

AN T Ca™ e J3E I8 20 %t L4906 Xof A 0 i 2 i
IR L 2, A2 HhRT LI Y AN A Ab BE A X
IFTEA R e LA — e 25 5, b C120
HXTUF FHTEAE K B RE R LR (16.63+1.25) %,

b AR T H AL FEAH (P<0.05), 1M HoAth 45 Ab B4 22
) 22 55 A I 2 (P>0.05); £5 Ab B4 41 %) R FH A W 1
FIHEZS I RE 5 L JC 35 25 5 (P>0.05); 7EHE
Tt AN 5T B8 L 1, C120 40 3 e T H A%
AEFRZH (P<0.05), T H A A Ab HEH 22 7] 22 5 AN W 2%
(P>0.05),

R2 AE Ca™ iREHZHALIE T FLAEX HRHEAR A BE R

Tab.2 Energy budget of juvenile Litopenaeus vannamei exposed to different calcium concentration fluctuation treatments

n=4;x+SE; %
Treaﬁi%jﬂgroup GIC RIC uic FIC E/IC
C120 16.634+1.25" 63.20+1.40 6.49+0.19° 12.08+0.93 1.60+0.17
C180 19.54+1.17° 61.62+1.57 6.03+0.21" 12.18+0.70 0.63+0.08"
€240 20.94+0.50" 60.931+0.73 6.0120.09" 11.65+0.64 0.460.05"
C300 19.70+0.40" 62.83+0.15 6.180.04" 10.62+0.22 0.66+0.11"
C360 21.14+0.54" 61.60+0.38 5.97+0.07" 10.76£0.26 0.520.09"

T2 €360 WIHE Ca™ W (360 mg/L) X IR ; €120, €180, €240, C300 £H A Ca™ W J3 I SR 43514 240 mg/L 180 mg/L 120 mg/L .60 mg/L.
G: "E KA Energy deposited for growth; R: ’EIZAE Energy for respiration; U: HEMEfE Energy in excretion; F: 28 fE Energy lost in feces; E: Bi5E
fiE Energy spent for exuviae; C: & HE . [AF AR FREFRRG L TR, M 2 7] 255 8.3 (P<0.05).

Note: G360 is exposed in constant 360 mg/L Ca® concentration as control group. Groups of C120, C180, €240 and C300 are exposed in waters with
different Ca” fluctuation of 240 mg/L, 180 mg/L, 120 mg/L,60 mg/L on the base of 360mg/L. Ca** concentration. G: Energy deposited for growth;

R: Energy for respiration; U: Energy in excretion; F': Energy lost in feces; E: Energy spent for exuviae; C: Energy consumed in food. Values with

different letters within the same column are significantly different (P<<0.05) .

R

3.1 A[E Ca™ iRk Bk Zhxt ML 4 i Xob iR FE R it iz R
FTEE RN

ARSI R A B R R IR Bl 6T LAV o MR HE R
R 5 R A S 25 AR, Ca™ U 5 0 30 MRS 8 e R
C120 4 X HR A 056 Kz S5 (11.0£0.5) %%/d, 378 T H:
RASALIRLH (P<0.05), HAR A AL B 22 [] 25 S AN Wk 3
(P>0.05) , 3 Ut W K B ) Ca™ W B0 B REASAR 12 L
YR X IR RERR AR e %8, 3 f e NEERB AL AR, 25
A0 Bz FE bR S5 XTI FETE Z e &, MBEREIL
SRS AT DUA W S R R C120 b BRA X6 R
FHAEE R T A RE L o0 2 A A5 4 (P<0.05),

DI 5E 2 B0, v 6 BH S IR 0 LN U5 X IR 7R
Ca™ W FE AT 1E WM /K B KA SR ), JHLR 32 0%
P9 AFTREALY, PFEsh P iR, BASRAR, B
BE JI AR, 1 5 32 B ity ) ELG Rz 5 18U R B

12 W AR B G , e S 55 o0 43 P
HFE B (ECTR AN B MK 3R, Perry
A 5 % (Callinectes sapidus) BIBFIE & I, 7K rP %
Ca® V& 85 T (il W A BT e AR e [ b K A T R
AR RS PGRIRA . ZEARSLE h, C120 41 %R
FENE FAAR, 0BT BB, SET X HR 1 77.8% S F
058 1 J iR B miAET S, I HLH A 88.9% NI S A 7K
i Ca® ¥k J3 Ak F 120 me/L B FE T~ %, Hammond %5 ™
TEXR K /N Jg BT (Paranephrops zealandicus) (RIFFE
% B Ca™ ¥R FEAL B R ATR K /N R MR BET R B B
15, KGR B SR 0T, I S AR AR SEUe TR AR I 4
VAN Bt Ca™ W EE RSN, DR B ik BT A8 T
R/ N A LD, A S5 C120 20 55.6% 1Y
FETXHIR HBRAE S 1 U IE Y Ca™ W BEFA A 120 me/L
WRPEIT, 3K PSS R IK) Ca™ Y S AR 2 TR R £
B2 AR 8 R S AR e A s o Yo G
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BEH S BT E S ik, IR BT AET

ARSI () 25 LI, 305 B A R B I i AR
X UG R X — B4 5 Ca™ sl — B IR R, HN
SRE B J5 R AR AL T AT ok B A K R v, 23 A
FEALTRIMETTFET o PRI, o] KRS K R s i —
I AR AT R A BE S TR ALK AR Y K B, i HLAT Sy
W58 57 JE AT AT R A AL R A 70 R 4, s D iR L 4R
(RO SR TS IE D e N o8
32 AR Ca™ R E K sht MR iR IR & KA
=21

ST K Ca™ e B X Xt AR A 4 S, AT 1)
WFoE A PN E Ca” KT o BRE A%V 4
LN ERTER 2 K5 Ca™ W A )6 &, HiE
1 = B I A8 2 R e L R A e, B DI
i W 58 05 B KA PO e B Ao AT , o T 56 5 PR
s, AR, A KA R, BB S EUET, fE
ARSI, LGN TN R — B AR 7 Ca™ ¥R BE 7 IE # vk
JIE 5 A I B [ 3g 2 () N T3 7K v {H S 1K Ca™
W B S AR, 5 1 IR A £ W R AR ROR, T R
M HE AR, SR AE AU, Ca™ M B8 I 5l I e R i)
C120 410 R B P e AL 303 o (IR T oAb b B A
(P<0.05), XHlFA: Kedpe

MBE B 25 R 1A, BT C120 4 X R i
P R g e, i T B % 40 X R AN R Ay L i
AR R RS BB IR RE i, (A I I A It R SRR
NGRS CIEA O3 =eRip X TN M TNERZS 2 NSO
FRBE 20 TC SR, DRI, €120 4 %6 0 )T I i T
ARt L A e i AR AR T g i L ] B AR
(P<0.05), 35 C120 ZH X R AE KR 2% .

B AT T AR A & B, 18 R 20 F130
T, R T B 4 B R IR AR K B
FEHN [FIER BE AT K2 R SR TEZK R B SR K BE il
G, L B 1A Dk 2l /N T AR S v T A A S
BT ISR EE , AEASCIG b /NI B S B -k Bh
Xof X R A A A R 7 A B 3 S (P>0.05), T 45 5
VA B U ) Ao R R R MR R )t B AR
XTHRA AR (P<0.05), AT UL, £6 B2 I8 2l Xof X iR g6 B

AR BB IRBR T 5858 il sh A b, T e 53
bR S T U St A 6 R, AR FASOR: B HLERA
AT — AT
33 BEEERKHXR

A 248 3 3 5 B 5 B K PR R A
TR O VR BSORI PV it Bz A RIS J 2 f 44 o
Jig O A S (2 SR 5 B R B Y €120 41
SR A 2 K 5 22 . Vijayan 26 78 B 5% B BE B X AR
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R L PTG RS0 7 (FLISE R A% (4 1 AN
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U
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Effects of low Ca’* concentration fluctuation on molting, growth and
energy budget of juvenile Litopenaeus vannamei

HOU Chungiang, WANG Fang, DONG Shuanglin
(Key Laboratory of Mariculture , Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract: Effects of Ca™ concentration fluctuation on molting, growth and energy budget of juvenile Litopenaeus
vannamei with an initial wet body weight of (1.459+0.006) g was investigated. Artificial seawater with salinity of
30 was used in the experiment, and the Ca®™ concentration of the control treatment C360 was 360 mg/L throughout
the experiment, while the treatments C300, C240, C180 and C120 were subjected to different Ca”" concentration
fluctuations, with the amplitudes being 60 mg/L., 120 mg/L., 180 mg/L. and 240 mg/L, respectively. After a 40—day
feeding trial, the results were as follows: (1) The molt frequency (MF) of the shrimps in the treatment C120 was
(11.0£0.5) %/d and significantly higher than the other four treatments (P<0.05), and there were no significant
differences among the other four treatments (P>0.05); (2) The specific growth rates (SGR) of the shrimps in the
five treatments were ordered from high to low as C360, C300, C240, C180 and C120, and the minimal one occurred
in the treatment C120 (P<0.05); (3) There were no significant differences in feed intakes (FI) of the shrimps
among the five treatments (P>0.05), but food conversion efficiency (FCE ) of the shrimps in the treatment C120 was
significantly lower than those of the other four treatments (P<0.05); (4) The percentages of energy deposited for
growth (G ), lost for respiration (R), lost in exuvia (E) to the energy obained from food ( C) were affected by different
Ca”" concentration fluctuations significantly (P<0.05). These results showed that the largest amplitude of Ca®
concentration fluctuation could increase the molting frequency of the juvenile L. vannamet, but it had adverse effects
on the growth of shrimp. [Journal of Fishery Sciences of China,2010,17(3): 536-542]
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