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i} (Cyprinus carpio) & T8 H, S8}, 2K H
HERBRKATTHEIEZ — A RYUE 7 oA
1 A3 2% B HR SO R O R, A sy
FE VAR A4 N JUE 2% B AR EOEPOCHRFAIE AR AL,
WA W T Je o LAY i Dy SEIR T R, W FEAN A
TV T JHG A1 4% P T 258 B 4R B EPOCHRFAIE 1) 52
Wi, DL & VAR B2 B0k}, I 9 H AR 77 Sk
PR 00 B () SRR

1 #R5ERE

1.1 KM

i 2y 0 0+ E R T bR X B B fldg . fE=
WG K 2 48(2000 L)y IIFR4H . YIF= 3 18] AR
T val ARG ) 138 A A, AR ) T RE R 09:004117:00 %
MR PR IR LR, WK BEA R O (41.2+0.9)%FH & H
i~ (8.5+0.5)% RN« (25.7+1.2)%H5 KAk A4 AN
(12.320.4)% K 57« FRHE KB R E#10% 75 47, 7K
TR A 3% 1) E (25+0.5) 'C ABZIT M A1(8 mg/L
A7), 6 B R E N 1201 12D.
12 IHWHE

TEYNFR IS G, Bhidk KN 5) B e i 4))
35 [1RHE (21.34+0.42) g, 41+ (9.39+0.08) cm],
BE AL 254> B S 2, B XHEEZH(S0). 1A YLk A
(S1)~ 2 YVHk.(S2) 4/ YLk (S4)FI8 YLk 2
(S8) (B 7B Sin fh), 4 JFE SR i 43 7| TRUE T 5
(B TR N YLERALFRO. 1. 2. 4F08JH . TEYLIHkAL
HEHAIE], S5 A FRLH BT A S0 fa 34705 . SR (A1 K
PR BE SRR O R B A5 2% 1 S 57 A TR — 2

TEAH R IL IR AR B EE 3R 5, 5 556 fa BN
1 8 K I A A B E IR 2.(0.2 L) N 9Il4k
1d. FH# A 2 1 (HQ404, Hach Company, Love-
land, CO, USA)I & HAEE A NI g ar i 2
(I 5E 7S5 ) o B J5 228 R DG SRR 14100 52 5256
1 EPOC R B, J7 VTR IR AN R+ 1 Sk S 56 £ B
TN — NI JEIKTE (A FLZ)120 L, JitiE 2965 cm/s)H
F F AT B 2—3min, 24 A 5% 25 ~F 17 5l A Al
1 R B S A B S 3 S . R ) s Lk 3 g o
RAS, B G 37 BDKs S8 a1 K SR AR 843 1
WP 2 o), £E I B ) 3RS J5 B AT 10min Y
B4 b o3 I E — IRFESEER, f£10—60min N &F
Smin3 I E — R, B e TR S AL B

i)yt NIEFE . I A 4RI ERE A TR
1.3 ERNESSHITE
KRR AR i AU R IR AR, ZHAH K
SCHR[201H B F= A 1 £ 28 PR A & 52 B
SEIG AR [mg O, /(kg. WTHHE AR T
R y=AOxf (1)

A, Ry, (mg O,/h) R S50 A AR 22, AO, (mg
O,/L) KI5 A7 S 56 1 I 35 R0 HRE IR =5 (O
SEIG ) 2 A A E ZE . f(L/h) RN PRI A T
IR RE o N T ¥ B 2% 2H S50 i AR il 2 R ROK
I 2, FH0.754F A4 i & 5 80K S5 A T
KRR kgt B, RIE AR A
Awr:

Rs:(l/W)O'%XRm (2)
A, RImg Oy/(kg. h)|F R bl ik EARHI 2, w &
RS K (kg) o

719832 F A1 Ja i AR R R S
()iz BT [mg O,/(kg-h)]: L4t )13z R
PIAETER; (2)i2 BTG [mg O,/(kg-h)]: SE46
15 779538 3 i Pk 52 ik 72 oW 8% B 1 e AR 2R
(3)UEEAE ] B] (min): 32 B4R B UEAE BT 8] (4)4%
R E [mg O,/(kg-h)]: JJ3@iz s BT AR 20 /) 35
iz s JE R E 2 [ 1 224 (5)VEME L% Jiiiiz
B AT AR T 2 1 7y v 32 B JE AR 0 {8 2 TR ) EAE
(6)IL A FE(mg Oy/kg): SLI A TE 1518 3 Ja Tk 2
b AN ) A IS B AR R ) 2 A AR B
B R o H BRSO S A RS 2 S0k
[13, 14].

i} 2)) 1 PN E 2% B 8 B TE B, S EPOCH E 45
TR 11 B R S 56 £ TSN BRI F1)(MS-222, 200 mg/L)
W RSB . FRF AR T B S A1) 0 ok
RS BEL PYRER . FFREARTE 1 IE 43 ) e B B,
R P HREREHZE0.0001 g). AN IF2S 5
ot A R P

CM=BM —(HM+GM +VM) 3)
CI=(CM /BM)x100 4)
VI = (VM /BM)x100 (5)
LI=(LM/BM)x100 (6)
DI=(DM/BM)x100 7

HI=(HM /BM)x1000 (8)
GI=(GM /BM)x1000 9)
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A, CM(Carcass mass) 77~ AR TS 5T H (g), BM
(Body mass)# 7~ f{4E # (g), HM(Heart mass)3 7~
O TR FE (g), GM(Gill mass)® /R~ EIE FH(g), VM
(Visceral mass)Z# 7~ N JIE 4112 # (g), LM(Liver mass)
FoR VR # (g), DM(Digestive tract mass)#& 7~ 7H
HIEWRH (g). Cl(Carcass index)& 7~ Z 7o 48 50(%),
VI(Viscus index) 7 N JIE 146 %1(%), LI(Liver index)
KR EFE$(%), DI(Digestive tract index) K 7~ 7H
118 F8 H0(%), HI(Heart index) 3 7~ O I 18 £ (%o),
GI(Gill index) &/~ 52 (%o0) -
1.4 HURLIBFGIT

S 6 $dfs K FHEXCELL(2007)#E4T % M54,
ST 5 {H £ h5 HE 1% (Mean+SE) 1A, SR FHSPSS17.0
WA AT G e YL BT A S 500 52 R
BRI EN, HERRENHATZ HILE
(LSDiZ), it #E /KN P<0.05.

2 4R

2.1 HAE=REEH

M 1A, S2. SAFISSYLIK A 4t BM T
/N T SO AMS1YL K 4 (P=0.020), SZ4; fa i1 BLYE
BN SLIGH 2 [6] 22 SN B 35 (P>0.05). S4AIS8TLIK
HE %) CM 3 /N T S04(P=0.039), S2. S4F

S8k 4H i 4 . CTE. 3% K T SO A S 1YL 4L (P<
0.001). S1YLHRA I L VM E 2 /N T X R 4H, (HE)
WERKTS2. S4RMISSYLMRA, S2. S4FSSYLIHKA
(1) %)) VIR 2 /N T SO FS 1YL 4 (P<0.001)
S2LR L 4l 1 LM 25 /N T-SOZH A S 1L 4, 1
HIE 3 KT S4MS8YLIkA, S2. S4FIS8YLIHKL 1
St L1 2 /N T SOH S 1YLk ZH (P<0.001). S19L
WAL 4t DMAI DI, 2 /T SO, (HAN B35 KT
S2. S4MISSYLIHKLL (P<0.001). S2. S4FISSYLIKLA
f &t HM 5. 2 /N T SO4L(P=0.006), {2 HITE fiT 45 52
U4 2 6] 75 A B3 (P>0.05). S84 A4
GM 2.3 /N T- SO FIS 1YLk 4H.(P=0.038), {H GI{E Ft
A L5 AH 2 18] 7 AN .3 (P>0.05)
22 SIBEEIBIMKEE

M 20151, STYLHRZH ¥ %)) f 18 B ET AR U 26
FARTSOH, (HE & TS2. S4FIS8YLik4 (P<
0.001); S2YLKL 1) %))tz 2 A A g R B KT
SO SR A, 5 & 2 & T S4F S8 YLk 4H (P<
0.001); SAFISSYLHRLH 1 4 135 S RTAR T 2 22 J A
3 (P>0.05), (HE E LT S04 . STAIS2YLIK A
(P<0.001).
23 EEERIEERSFIE

M VRIS, BT R4 0 )92 3 Ja AR %

®1 FRIYUHEETE X84 & MR B 5 BRI (n=7, P EHRER)

Tab. 1 The effect of starvation on the index of visceral organs in juvenile Cyprinus carpio (n=7, Mean£SE)

Z ¥ Parameter MRS LAYUREST 2R S2  4fIVUIZHS4 8 VLIKkZHS8 B 3E 1 Significance
1/ # Body mass 21.34+0.97°  19.18+0.42"  18.85+0.98"  17.87+0.98"  17.24+0.75° Fy 34=3.432;

y mass (¢) P=0.020
4 KBody length (cm) 940:0.18  936:013  934:0.19  930+032  924x014 a0
%% 72 5 Carcass mass (g) 20.45+0.96°  18.41£0.40"  18.28+0.94" 17.37+0.96"  16.74+0.72° F 4;;3%?37;
2 45 $ Carcass index (%) 95.79+0.17°  95.944021°  97.0120.14"  97.16+0.11°  97.17+0.06" T4 13502362136;
P JIE 135 2 Visceral mass (g) 0.89+0.02°  0.78+0.04°  0.57#0.05°  0.50£0.02°  049£0.03°  fu 135023(51110;
P Uk 5 % Viscus index (% 42140.17°  4.06£021°  2.99+0.14"  2.84+0.11"  2.83+0.06"  F43721.236;

) P<0.001

JFFUE Y Liver mass (g) 033+0.01°  030£0.03°  02120.02°  0.16£0.01b° 0.15:0.01°  F4 ]gfozg(-)";m;
JFFUE 5 $( Liver index (%) 1.5740.07"  1.57+0.14"  1.07£0.09"  0.90£0.07"  0.85+0.05°  ° 4,13501 3(-)";68;
WALIM IR Digestive tract mass () 0.29£0.02°  0.23£0.02°  0.17£0.01°  0.16£0.01°  0.15%0.01° T 4’1317)1866146;
WAL IS B Digestive tract index (%) 1.38£0.06'  1.17£0.07°  0.91£0.04°  0.90+0.03° 084003 T 4,135028(-)7139;
A0 I 5 Heart mass (g) 0.03£0.00'  0.03£0.00”  0.03£0.00°  0.03x0.00°  0.02:0.00° F 41,;;13‘:)-3;‘2;
D AF # Heart index (%) 145:004 1475004 1415006 1396004 1424005 Taae 0305
83 FGill mass (g) 0.50£0.02"  0.47£0.02"  045:0.04°  044x0.04°  037:005° L 4};;13%‘;);8;
BEFEEUGill index (%o) 23.56£0.68  24.29+0.94  23.45+1.36  24.46+139  21.37+0.93 F4,$;‘313'§§ ’

T EARTREANE B A — 4T BUE 2 7 2 (P<0.05); T IH]

Note: Values in each row without a common superscript indicate significant difference (P<0.05). The same applies below
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ORI N IRGE T, 18BN A f5 SRR 5 I EIZ Pk
523 7153 B HT AR K. R 270 %0, STYLHE
A 1R 2 032 B ARG A AN ARG R 4 2 5 S2 YLK
ZEF AN (P>0.05), (HE 3 /= TS04H . S4F1S8TL
RAL(P<0.001, P=0.003). WAL I [A] £E SOZH AN &4
DURALEE2H 2 8] 22 7 A i3 (P>0.05) . &MLk AL
T ZH 1R A LU ZR A0 5 2 v T S04H(P=0.002) . S17JL
Tk i AR AR S SO M S2Y Uk A 2 181 2 S A B
#(P>0.05), {H 123 = T S4RISS YL LH (P=0.043).
3 iTig
3.1 BRI E AR B IR AR

AT I, YU T B L)) AR RSN 2R
AN EE )R N, X5 R (Silurus meridio-
nalis)™. F143(Acipenser transmontanus)”™ . 4T
(Carassius auratus)”" g B B £ (Oreochromis
niloticus)™” 2 0 25 (RIBF 52 45 AL . ARFAREH,
i )y £0 7% SEAREL A L [R] 0 A8 I 251G, T
MR TR 200 2 25 TR . X R LS AR R 4
1A I 2H 23 4 B E A A ek SR T B UL
B PG, X A0 IR AE (635 R0 85 Oncorhyn-
chus mykiss)” PR Do AE 9 A T A B ) L
HES 5, BRTHA RGO LA B A A B S Xt
YU R . A T LIRS 1 £ 20 A
5 KL 28 40%—60%, 5 K B AT LUIA |
74%> Y, AWK I, 400 1 8 J [ Lk A 1 3
1 TE PR > T 48%, IX 5K 2 B 7T 45 AL .
PEVAR Tl B R B N v 02K, B 7 B LIRS A
Ja HAH A TE R 2 T R, (HIH A TE 4R EAD 3
0, W FCE AN A0 2R G855 46 AN DD RE I AR G (R 45 ]
RE S A M T HAE R 35 B e DROd T A B (i ik AR
KU ARHF ST R I, B840 £ F 0 Ak TR R L

FEYL I R AT 5 25 PRI, IR L AL R G 45 H A
Dhfie P is R R, X n] B BN IR B B A
& SIPEA G . ARy — A AR
WA 22 B G PR VE AR BN F . A I< ih E
P SRR B (316.39+15.73) g]HIBF 7T R B0, YLk S5
R EC R I TR AR R I, )
[ EE (21.34+0.42) g] AT F5 bt 6 DU R fr 2E
7T 2 PR AR, 3 ] B 5 IE A R A o 1) T FE AN
FFIEA I 4 5. X ST aE . g, ar
5% B fily(Sebastiscus marmoratus)” FI#i(Latero-
librax japonicas)” BB 7545 HEAHABL o Lo 0 1L
1 AP AT 5 40 B B ARG g7, HOR ST
B 2 B % Ff 9 78 AN AR R B B e 2
A 7 i 75 28 3 8 Jo] R H LA A B i JHG o T AR 888
BERMC, ABRRIL, KL B %A
of 851 41y o U R B8 0 A il 2 e, H O I R B
FERE R 7N Ko FL Ty e () 4 45 AT R A AT FLUie Ok 55 H
FAEENM I IKF IR AE Petersen’ il I 08 )
WEFE R R I SRS, FEYVURIA R 251 T
FKEN A EFRECEMHIA L, X 0] Re 5 H A
BN EIRERML.
32 YUEXTEREY & S E s AT SRR 20
BT A B i b A, Ry
) — RS H, BAKRE BRHEAT L
e, EWIER . ERRER. BT EELERES
TR AR fE sh i H # RE R AET . K
BRI, BRSNS M AR D e, FRACH F
F) 24 F AR IR S LUSE L ARBR S a1 2, —
L6 1 S LE T I LR PR 358 I FL i b AR 2 R I HH By
BEVE N BEIRAAE o bU a0 m 7 i i 1B AR 2R AR UL
B 35 BRI, (HAE DL 1 5—32d 3R] 2 A 4ERFA
AR % B 8 (Lepidogalaxias salamandroides) T

®2 AREIUEREN 8468 HiBEEfE R HS RN (=7, FIEHTEIR)

Tab.2 Excess post-exercise oxygen consumption (EPOC) response in juvenile Cyprinus carpio after starvation (n=7, Mean+SE)

Z$Parameter YIRS LAVUKZEST  2JAYUES2 4 LRAES4 8JALIKEHS8  B3E 1 Significance
BRI . , . 4 a F 34=35.227;
Pre-exercise metabolic rate 59.14+2.11 52.50+2.69 42.33+2.40° 35.34+1.09 29.59+1.48 4»}3,4<_0 0(')1 >
[mg Oy/(kg h)] ’

ZE A , b 4 4 F 34=8.089;
Peak post-exercise metabolic rate  247.28+9.88™ 290.32+18.94" 266.78+17.77" 210.44+9.56™ 195.90+8.85 41,)3;16 o1
[mg O,/(kg'h)] ’

2 ERing|] F, 3,=0.585;
Time to MO, peak (min) 1.86+0.34 2.00+0.22 1.86+£0.26 1.71+£0.29 1.434+0.29 41’33;10.676
M IES e . ab ¢ s F, 34=5.008;
Increment of metabolic rate 188.14+8.72" 237.82+19.52" 224.45+18.58" 175.10+9.63° 166.3149.01° 4]53:16 0'03 >
[mg Oy/(kg-h)] o
gt L. % Factorial scope 419:0.14°  5.63:0.50" 6442057  5.99:0.32"  6.73+0.46" Fy 34=5.490;
M P=0.002
L EFRE ab a ab b b F, :2805,
EPOC magnitude (mg O,/kg) 44.53+4.23 61.42+9.57 50.65+9.65 39.98+4.66 31.1442.53 4153;‘0'043
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B 1) 0 1A QU R AE YL IR 20—40d 39 18] th 5 A 3 2578
WP, b (Siturus asotus)TEYLRL. 2. 4. 8JE 5
TEAR U 20 ) 42 25 K 26% 26% 35%F155%.
EVVHR S 1—4 8 i AR 2 0 3 22 5, B —
AN R R B & 11U WU H AR RE A
(1 24 5 T e BN E R T 0 2 B S 5 AR BTy A
(P B 5. AHE R B, M4 mAEYLRL. 2.
4. 8JH Ja i AU Z o ) B PR 12% . 29%
40%F150%, b AU A X A2 e 1P & B H I
TEA—8JH o LT A H AU FE BR 2 35 R B T R
AT PR b s> O BEE T FE, X T AR B4
LA el A FR 8 f AE B RS 2 — o AN ARE )
Pt RAE YU AT N B R AR T B A

fRigt

Metabolic rate [mg O,/(kg-h)]

FHIF, 1% e e HA 8 28 o il B ) [ = 300 55 1) % i
R S (1 2 57

1A 773612 B Ja AU 6 (i A AR 22 0 22
HARRW RS I EER MR Y AR
IR, — 1 238 B AR U 0 (B FT AR T 2 3 B 7R LT
(AR A S IIE 0 AR I b 35, s Hoi KA A
AR RE 711 B AT S8 AU 225 1) (%) e 4, 3 17 IR 1)
ol vkiz 2h 5 A B RE AT, L e B B 4R fa
FE TG A TR, WA LRI 1A AE K, 6
iz g ARG E AR R G &M 2T "5
TR ER . BRI EEYIRIF2E 5
3 IEIN T 17%H18%, YLI&kAFNS J& 5 W) 7373 B 1
14%F120%. AR 238 2 7E YLK UFI2 & J5 43 31386 n

S1

300
250
200
150
100

50

20 30 40 50 60
[} Al Time (min)

S4
300

250
200
150

(N7 ES
Metabolic rate [mg O,/(kg-h)]

100
50

20 30 40 50 60
fif (] Time (min)

60

50

30 40

fit 1] Time (min)

S0
= 300
=
2 250
S
200
i g
=150
;\} -
S
o 100
3
g 50
5
2 O 1 1 1 1 1 1
0 10 20 30 40 50 60
fif 1] Time (min)
S2
= 300
=
2 250
# g
_=
=150
o 100 }
)
T S0e
Q
E 0 1 1 1 1 1 1
0 10 20 30 40 50 60
fif 1] Time (min)
= 300
=
2 250
S 200
# g
=150
o 100
3
g 50
Q
= . .
0 10 20
K1

Fig. 1

A [RIVERINT [0 8880 £ 3 38538 5 Je A QB BRI 2R (=7, T P (AR )

Excess post-exercise oxygen consumption (EPOC) in juvenile Cyprinus carpio after starvation (n=7, Mean+SE)
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S0. control group; S1. 1 week starved group; S2. 2 weeks starved group; S4. 4 weeks starved group; S8. 8 weeks starved group
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EFFECTS OF STARVATION ON INDEX OF VISCERAL ORGANS AND EXCESS
POST-EXERCISE OXYGEN CONSUMPTION OF JUVENILE
COMMON CARP (CYPRINUS CARPIO)

LI Xiu—Mingl, FU Shi-Jian' and ZHANG Yao-Guang2

(1. Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology, Chongqing Normal
University, Chongqing 401331, China; 2. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of
Education, Southwest University, Chongqing 400715, China)

Abstract: To investigate the effects of starvation on visceral organs and excess post-exercise oxygen consumption
(EPOC) of juvenile common carp (Cyprinus carpio), the body mass and body length of 35 fish with (21.34+0.42) g and
(9.39+0.08) cm were randomly divided into 5 groups, i.e., control group (S0), 1 week starvation group (S1), 2 week
starvation group (S2), 4 week starvation group (S4) and 8 week starvation group (S8). The results indicated that body
mass, carcass mass, visceral mass, liver mass, digestive tract mass, heart mass and gill mass of juvenile C. carpio signi-
ficantly decreased with the increased starvation period. Starvation have no effect on the body length, heart and gill in-
dexes of C. carpio (P>0.05). Carcass index significantly increased in S2, S4 and S8 groups compared to those in SO and
S1 groups (P<0.001). Viscus and liver indexes significantly decreased in S2, S4 and S8 groups compared to those in SO
and S1 groups (P<0.001). The digestive tract index in S1 group was significantly lower than that of SO group, but was
significantly higher than those of S2, S4 and S8 groups (P<0.001). Pre-exercise metabolic rate in S1 group was signifi-
cantly lower than that of SO group, but was significantly higher than those of S2, S4 and S8 groups (P<0.001). The peak
post-exercise metabolic rate and increment of metabolic rate in S1 group were significantly higher than those of SO, S4
and S8 groups (P<0.001, P=0.003). There was no significant difference in the time to MO, peak of C. carpio among
group (P>0.05). Factorial scopes in starved groups were significantly higher than that of SO group (P=0.002). The mag-
nitude of EPOC in S1 group was significantly higher those of S4 and S8 groups (P=0.043). Our results suggested that
organs/tissues responded differently to starvation due to the different physiological roles, and that short-term starvation
significantly increased aerobic and anaerobic capacity to improve feeding and escaping ability in juvenile C. carpio.

Key words: Starvation; Index of visceral organs; Excess post-exercise oxygen consumption; Metabolic rate; Cyprinus
carpio



