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RE AZBRERAATTISALBUACAFARENRFRAGNANELEK. BWSHHKE
¥k 4 L[(8.7+0.0)g] M[(5.3+0.1)g]fn S[(3.2£0.0)g] =AMAA& , FAM ALK
EREE 1 2RGR EE3BRABARRR(GRE)IBLAHARRR(NAEL), FX
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X FERY HELAK,ER . KE
hEHHES $965. 117

M E 4 K ( Compensatory growth ) 3§ B T 3% &
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138 BIERE  FRKESR T WA (Carassivs auratus gibelio) MAMEAE K 9

#116:00 #MRLK AE S E R (BB T : &85
35% ; K1 26.6% ; BE 3 T 4% 1 B 2% ; 3 47 M
10% ;%) 18% ; 71 4. 4% ;CaHPO, 1.5% ; AR
0.5% ; kL ETIRY 1% ;0 YETIEY 1% . 1
REFRHAR: TYH 0. 1% s EH 41. 2% ; HAk
B 5.0% ;K4 12.3% ) ,,
1.2 XWiGItS5SXRTE
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$2 AR NG KENBILER S BfAas
e @A ;5 8 AR NG /K b BEHLER
VRGN Hefa(s BA) AT (26
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FE(% ) =100 x (W, - W,)/I

VI(%) =100 x W /W,
Hy I AL maEmXFabERBnRE| K
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Fig. 1 Specific growth rate( SGR) and body weight of gibel carp during the experiment
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Fig. 2 Feed intake( FI) and feed efficiency( FE) of gibel carp during the experiment
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PR, LRYERN,EEHM A VI[(16.1 2
0.2)% |S5EMEXEM[(16.0+0.2)% | L8
XX (P=0.66); =/ M S f VI[(16.9 +
0.3)% | 5EIMHEITBM](17.120.2)% | L8
EEL£R(P=0.63),HEAMHM LM VI[(15.6 +
03) ] HHER FRMEX BMA[(14.4
0.4)% (P <0.001), EREM LA TN

MEARSEREUEMTRMAAIBMA (P <
0.05) , KA EBRBTRE(P<0.05);FRK M
memKs BN EARMKS S 'S RME
MNRALEEZER(P>0.05);FRK S At
BERARMRASSBRSAAKRMBALEEESR
(P>0.05) ,HEM & BME TR E (P <0.05),K
SEBEHTRAEP<0.05)(F1),

1 TRYARTRBLE AR CFHE + REIR)

Tab. 1 Composition in whole body of gibel carp during the experiment( mean +S. E. )

o S b 38 FEARE(%) Bl (%) K53 (% ) K5 (%)
L FF B4 6t L 15.5 £0.1* 5.0+0.0° 75.6 £0.1° 3.4 0.0
M 15.10.1° 4.6+0.1° 76.2 £0.2° 3.5+0.0°

S 14.5+0.0° 3.4+0.1° 77.8 £0.2° 3.3 20.0°

%2 Ak LC 15.8+0.1° 6.4+0.1° 74.20.2° 3.1+0.0°
LD 15.0£0.1° 3.6+0.2° 77.4 £0.2° 3.7£0.0°

MC 15.4+0.1° 5.8 +£0.2° 75.0 £0.2° 3.220.1°

MD 14.5+0.1° 3.0£0.1° 78.3 £0.2° 3.8+0.0°

sc 15.120.1° 4.8+0.1° 76.220.1° 3.3+0.0°

SD 13.4+0.1° 1.7+0.2f 80.2 £0.2' 4.1+0.0°

S I 43 7 B LC 16.5£0.1* 8.6+0.1° 70.8 £0.2° 3.120.1
LD 16.2 £0. 1% 7.9£0.1° 71.6 £0.2° 3.1£0.0

MC 16.4 £0. 0 8.0x0.1% 71.5£0.1° 3.1£0.0

MD 16.3 +0. 1% 7.8 £0.3° 71.7 0. 3% 3.1x0.1

SC 16.1 0.1 8.2+0.1% 71.4 £0.2° 3.1+0.1

SD 16.0 £0.1° 7.7%0.2° 72.220.2° 3.1£0.0

L. M.S FR R EMAE;LC . MC.SC 4 51K R L.M.S L A9 %1 B 48 ;LD MD . SD 4} 5% R L.M.S MM B,
PRAEIR N 0 B RRIRMEIR <0.05, RPFHER Duncan B H R, FIAREAFHHRAERTERABE, FHR

REXrERBE, TH

TRERN,EFENLAKTHIEARK.
B oKGMEKSSESRAAEMBOLEELR
(P>0.05), ZEEM AT DIEH K5 HIK
SEBRERABNBALEEER(P>0.05),
HEARSEHBMTEE(P<0.05), £HK
S fa K F o A S B & B W B AR T R AT
B (P<0.05), KAEBHESTFREP<
0.05,%2),

KEERN R E L R AR K

FERESRAMBEMNBALTEEER(P>0.05),
HENSBETREE(P<0.05), kKA TERTF
JE#E(P<0.05), FRKMAANEHKSSE
SRAMAERALEEZR(P>0.05),HFH
RAKSERBTREE(P<0.05), I8 & &K
FR&EMP<0.05), FRKS ANMEHEAR.
Reli Ik MK R ERMAE N Ba X8 EE
H(P>0.05,%3),
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12 i3 # 5 ] bt 8%
£2 ZREFHNBERNEETAR CFHMHE = R ER)
Tab.2 Composition in carcass of gibel carp at the end of the experiment(mean + 8. E. )
SCE fh BLAR EAR(%) B (%) K4 (%) K5 (%)
Lc 17.5+0.1° 7.120.1° 72.2£0.1° 3.5+0.0
LD 17.3 +£0.0* 6.9 0.1 72.5£0.1° 3.5+0.1
MC 17.4 £0.1* 6.9 £0.2% 72.4+0.2" 3.5£0.0
MD 17.2+£0.1° 6.8 £0.1™ 72.5+0.2° 3.6 0.0
SC 17.3 +£0.1% 7.00.1* 72.5£0.1° 3.5+0.0
SD 16.9 +0.0° 6.7+0. 1 73.1x0.1° 3.520.0
£3 TRLZFNBEROABAR (CFHHE HEIR)
Tab.3 Composition in viscera of gibel carp at the end of the experiment(mean t S. E. )
SCG s FLAR EAR(%) B (% ) K45 (%) K (%)
LC 9.9£0.1* 14.7 £0.3° 64.2£0.3° 0.9 £0.0°
LD 9.7 £0.2" 13.4 £0.4" 65.8 £0.5" 0.9 £0.0%
MC 9.4+0.1% 13.7 £0. 4 65.6 0.8 0.9 0.0
MD 10.1 +0.2° 12.5+0.7° 66.2 £0.7 1.0 £0.0°
sC 9.4+0.1% 13.5 £0.3% 66.2 £0. 4" 0.9 +£0.0%®
SD 9.6 +0.1™ 12.7 £0.7% 67.0 £0.6° 1.0 £0.0"
3 it 5.4 R ERMEE 2 AELIMT 2L, B

WHERERKE BRI AEKENAELY
AR AL TR BE M Mz A K o R R 4 M R SE R
WM aaERERBRHBNEKEST
%t B fa , {H i &K B 5 B B (K F *f B A 58 2 b
EHERAZEKERRGAE S BaMF
85 F %t B8 (Jobling et al,1994) . B R IA Fik
HEHIT-6TgHREFHRMER 12 ARERA
H 524 %M (Qian et al,2000; Xie et al,2001) ,{H
BERFEER 2.2 WRFROEG 1 2HF
KFEFHH M EAE K (Cui et al,2006) , Jobling 25
(1994) & FATE K 600—1400g i) K T4 # 85 JL IR
1—=3 e EAEAE K, LR 8 A5t B 58 & %h
2, R ES R EFMEE KT E 69 YL R I (8 A6 XF
Bk, BEHXNO4g A KRKKAER 13 H
EREHRY LA T2 EEK, BER 48
FERE BB R LN 2ME, I HRA T RS
AntEE K 2B TS (Bilon et al,1973), LR
ZERRVIBREREERETARNMEERKERX
AEREAIMEHEE , I RJSEHIVBRYAR
FEELRMEEK, ZLBRP, VHEER

WRIEEN 3.2 M1 8. 7g R HFHRMRIAN T4
2 AMUEL THERFNRFRAAEA ML
KEEN, RURFHRAMZAERKEE SHIHILR
BEAX. A LBERTE—CSBRELBER
frA LR R FHE MR SR R R B 5
BEK,

ALKh IKERBEERN L A SGR RiE
AEHHES TRAST A, HEFH M AS
BEREHRWOE 2 AN SGR SR A
THEER2ARERXO MM S 1 SCR A B
T RIS B, R AL o FAE K B f &R
FTMARKMREHAKERADMEEK. &
LR 89 = Wl B ( Gasterosteus aculeatus) . H fa %
( Phoxinus phoxinus) K VG ¥ ( Salmo salar) F13%
15 &% ( Dicentrarchus labrax) IR BB E G B AR B
FEHL 7 YE SCR & {5 % )5 69 P 2 ( Pastoureaud
1991 ;Maclean et al,2001 ;Zhu et al,2001) ,

LB KA RBEEEN LM M S A
FIBIBE TRARN BE, RARNBEERERF
BWALHMEERNERRE, X—-FRE5UE
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18 BER% . RE&ES T H® (Carassius auratus gibelio) B FMEE K 13

WIE 4 — B (Russell et al,1992;Hayward et al,
1997 ; Wang et al,2000; Xie et al,2001), K HE#
WER 2 ANERMN LA FIBEE T RS
B BERK M AS A FI 5FRAEX EET
HExhH KERR2 AGERK MM S & FI
A B E T R RA X R Z R KK E
MERE MM ERAKRKERER, #
B MM S ARERRE FI R LA
L2 BREHMEAKNTEEARA KX,
KXFaRAENMMEERPEARETREN Y
MAFREBENEA AR MR, OB RY
£ 70 A M2 AR K 1] AT 42 5 X B 4 9 ) A R (Bl
ton et al,1973; Quinton et al, 1990; Russell et al,
1992;Qian et al,2000) , ¥ 439F 55 W 15 i M S 4598
(Jobling et al, 1994 ; Wang et al,2000; Xie et al,
2001), M KSR T A EFMEA KM & Y68
SEEABRAEREVR T (ER,2001), &L
BEhBRTEEHLAEKERBNE T8 A
W FE B 8 & F W 0 X4 BB e 50 (B M I S
BAMEEKME FE REFHB HE, X 4R
K HF Xie % (2001 ) Fl Cui % (2006) KW A, %W
BmBEERREFRALAMEAERKNERRE,
A MR A KR A H A B 5 R A
RARCRE R (BER B H ) KB AN — R/
ARV R, AN SR T HERIE R
HEKKEERKZ— (Jobling et al,1993,1999) ,
ALBP . E/ELMAS aLartiEhinEA
FREEYPRRTRAK BE, X—R 50
BB R LB — B (Wang et al,2000), F62 A
J&,LM Fi1 S ta2 g 5 & B IEFE K LA
AL EF=FMAKARKFIEEK, P H K Y
FEBRM LMD 35%—40% BRI 10% E 5 K
BN BRERRES A BB AMELE K,
Jobling % (1994 ) I\ Jg #8236 2 A K 1 8 v i B
PASh 8 R R BB 0 618 BIIK & o ol b Ak K
JATR] A AR £ K P9 B o o B, T EL AR R B R
H B & & 3% 40 (Quinton et al,1990) ; YLIR ) 4T
I EL 88 ( Pagrus pagrus L.) FE R E 4 K W B i
PR SR R R, BOoNEREERBI RS
T YLK B 1 ( Weatherley et al, 1981 ; Rueda et al,
1998) , ALB AR FEEK LA M & VI 53
RTRARREERM LasahiElng
H RSB R s B A B W B AR T R AL X
Wea RTPEARMENSEURABR S E

HRSESEEAXLEEEZR ERM M AaLfarh
EMEARSESFAAKNBatEEER,
RFHhEARSEHERTESE AEATES
FERETEAENBEVSERTEE:EBHS
aeaP R ERMETHPEARMENSE
7598 B F R HL ks xf R 4, (B A B h 2R 3 B
ENSRESREXLBEER SHERSUMEH
45— 2 ( Quinton et al 1990 ; Weatherley et al,
1981 ; Jobling et al,1994 ; Rueda et al,1998), A
TR, R E A K A2 F R R K
SRBEeA AR THANBERARNZER KB
TREBRMANY EYHRERASHEEZ FEHE
BEERNAKAENSERBE TR, EA
BRAAPEEREERESBHERIEMENE
EFEaREBRENERENEBAHEANE
B, XA S E LA K E B A A iER .

2 £ X W

E OE,2001.EBAFHEF G EERVEYEREN
B G 5 WE ,32(3) :233—239

T & EIEH,2003. ARAEERBIRPHERKIL
AR, EEKFRERR,12(3) :260—264

Bilton H T, Robins G L,1973. The effects of starvation and
subsequent feeding on survival and growth of Fulton
channel sockeye salmon fry (Oncorhynchus nerka). ]
Fish Res Bd Can,30:1—5

Cui Z,Wang Y, Qin J,2006. Compensatory growth of group-
held gibel carp, following food deprivation. Aquacult
Res,37.313—318

Gaylord T G, Gatlin III D M,2001. Dietary protein and energy
modifications to maximize compensatory growth of chan-
nel catfish ( Ictalurus punctatus ). Aquaculture, 194 ;
337—348

Hayward R S,Noltie D B, Wang N,1997. Use of compensato-
ry growth to double hybrid sunfish growth rates. Trans
Am Fish Soc,126:316—322

Hayward R S, Wang N, Noltie D B,2000. Group holding im-
pedes compensatory growth of hybrid sunfish. Aquacul-
ture 183 :299—305

Jobling M, Johansen S J S,1999. The lipostat, hyperphagia
and catch-up growth. Aquacult Res,30:473—478

Jobling M,Mel @ y O H, Dos Santos J et al,1994. The com-
pensatory growth response of the Atlantic cod:; effects of
nutritional history. Aquacult Int,2;75—90

Jobling M, Miglavs 1,1993. The size of lipid depots

a fac-
tor contributing to the control of food intake in Arctic

charr, Salvelinus alpinus?. J Fish Biol 43 ;487—489


http://www.cqvip.com

14

L < S

£ 000 http://www.cqvip.com|

W B

38 %

Maclean A, Metcalfe N B,2001. Social status,access to food,
and compensatory growth in juvenile Atlantic salmon. J
Fish Biol,58:1331—1334

Pastoureaud A, 1991. Influence of starvation at low tempera-
tures on utilization of energy reserves, appetite recovery
and growth character in sea bass, Dicentrarchus labrax.
Aquaculture 99 :167—178

Qian X, Cui Y, Xiong B et al,2000. Compensatory growth,
feed utilization and activity in gibel carp, following feed
deprivation. J Fish Biol 56 :228—232

Quinton J C,Blake R W,1990. The effect of feed cycling and
ration level on the compensatory growth response in rain-
bow trout, Oncorhynchus mykiss. J Fish Biol 37 :33—41

Rueda F M ,Martinez F J,Zamora S et al,1998. Effect of fast-
ing and refeeding on growth and body composition of red
porgy , Pagrus pagrus L. Aquacult Res,29 .447—452

Russell N R, Wootton R J,1992. Appetite and growth com-

( Cyprinidae) following short periods of food restriction.
Environ Biol Fish,34.277—285

Wang Y,Cui Y,Yang Y et al,2000. Compensatory growth in
hybrid tilapia, Oreochromis mossambicus x O. niloticus
reared in seawater. Aquaculture,189:101—108

Weatherley A H, Gills H S,1981. Recovery growth following
periods of restricted rations and starvation in rainbow
trout Salmo gairdveri Richardson. J Fish Biol,18:195—
208

Xie S,Zhu X,Cui Y et al,2001. Compensatory growth in the
gibel carp following feed deprivation: temporal patterns
in growth , nutrient deposition,feed intake and body com-
position. J Fish Biol,58 :999—1009

Zhu X ,Cui Y,Ali M et al,2001. Comparison of compensatory
growth responses of juvenile three-spinedstickleback and

minnow following similar food deprivation protocols. J

Fish Biol,58:.1149—1165

pensation in the European minnow, Phoxinus phoxinus

COMPENSATORY GROWTH IN GIBEL CARP(CARASSIUS AURATUS GIBELIO) :
THE EFFECT OF INITIAL BODY SIZE

CUI Zheng-He, WANG Yan
(Laboratory of Aquatic Ecology and Fish Nutrition, Shanghai Fisheries University Shanghai, 200090 )

Abstract An 8-week experiment was carried out to examine compensatory growth in gibel carp Carassius

auratus gibelio of different body size. Fish in three size groups at(8.7 +0.0)g(large, L), (5.3 +0. 1) g(me-
dium, M), and(3.2 +£0. 0) g( small fish, S) were used. Fish of each size were fed in regime of 2-week depri-
vation plus 6-week satiation ( deprived fish), or fed to satiation throughout the experiment ( control ). At the
end of Week 2, the deprived fish in L, M and S groups exhibited lower body weight, lower whole body lipid
and protein contents, and higher contents of moisture and ash than those of the control. In Weeks 3 to 8 , feed
intake and SGR( specific growth rate) were higher in the deprived fish than that of control. However, no sig-
nificant difference was shown in feed efficiency between the deprived and control fish. At the end of Week 8 .
no significant difference was found in body weight among the M fish, but body weight was lower in the de-
prived fish of other sizes than the control, suggesting the M fish had complete growth compensation and the L
and S fish had partial compensation. There were no significant differences in carcass composition between the
deprived L fish and their control, in whole body composition between the deprived M fish and their control ,
and in viscera composition between the deprived S fish and their control. The deprived L fish exhibited lower
whole body protein and lipid contents and viscera lipid content than those of their control, and the deprived M
fish exhibited lower carcass protein content and viscera lipid content than those of their control, and the de-

prived S fish exhibited lower whole body lipid content and carcass lipid and protein contents than those of their

control.
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