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B A AR TR,
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1.1 SEEMRIFEZERNE

SIS FH I G (.40 8 T-20224E 1 W S5 T F T
AKNIXIKF=F2 53 T A SE56 X R38R I T — Xt
RARLTHM R —HUE . KRG 4 B T 15
IKFEHE RGP I FE14d, 7K IR A 4 ) 4 R L
(25+0.5)°CF18 mg/L A4, TR 78 7 IR S /KB
e FRFE KR 10%, 6 BAGI B 120 12D FH4L 2R
P PR H U 2909 001118: 00), $50H
1h/5E AR (AN FRIH .

TEYNFE IS G, Phikfa i H /N EAR —E01
S 44 (3.2620.64) g, (5.32+0.32) cm]BENL 7> A
3 PR, 1AM ESE A, a9
A T W — B K IR &R G0 N B
3ANFEBE B I6(500 mmx800 mm), £S5 5E L T
TR 36E . A A AL E A B T A TR
DAAR, oAt S50 2% A5 YN 37 HIAH [ o
1.2 SWHE

BRIERBIR, BEkEENMAESHENE
S0 1 TS0 AR G A2 PR AR e A8 A
i 1L AL % (Resting metabolic rate, RMR), &1/ 4b
PR REASONS R, 5 4 18] S 56 0 44 57 & AR K 8
TREEZESEE ). BIEDERN: BRELKMA
RN 8 I 2 v N 12, 6 5 43 FH VA 2 (HQ30d,
5 [ WA A o> F]) I 8 S2 06 A4S MR R, BT 8
fHAE NRMR. ARMHM 2 73 3%8, B A 3h 1%
S 5 15min, 10s1E3% A EME, Iminth & 1K
WL K sz B S ]S 1 5Smin N A B (4R
FEREOMEEME . LI AU 2 [mg O,/(kg h)]H1T
AW/l

VO, =(M,—M ) x0.15%x60/(G x 1000) (1)

A, VOARE L6 A 2R, M, I mindl (8] 15 45
1L B P 1) A8 Ak (R 26 M 4 T AR S v B AR Ak
FER, 0.15 HACHHUARYL), 60 860min. GFERN5KE
36 £ AR 2 (g) o

SR FH << i 0 kAR I s A0 I S S5 )
Upid o WE J7VETRTAR R - 5286 L RMR I 5T 45 3
Je B HL A 28 v B 6h (KR E N6 em/s). BE &
PLEE20mind N6 cm/s 9 ik B 45 SLIG ik ) /78
ARAS, 38 J W7 bR oy 52 56 £ 9 25 i 1t vk R
A5 B AE W AR 38205 A o Uy HITHE

AR
Uit =V+(t/T) AV ()

N, Uy N SE56 I FH VKOE FE (em/s), Ve S
1 735 BT — RS AR I FE (em/s), A VA S35 HI
I B (6 cm/s), THE1E & RE T 15 € 1 JE A I [R]
(20min), 772 7 S50 1 7E ) S R T 1)U T I
(min). N T EBRRK XS SEEG 8 U 52, K5 R
S £ A2 06T U (cm/s) 55 DAAH S (R4 K A5 3]
FHXT Ugpig (b1/s)o FEMIE LI U, IS FEH,
2minic & — IR AR R U, S50 ik
i e A VO, MR T R VA B 5, A s P

VO,=60x Slope x3.5/(G x 1000) 3)

3, Slope 7 Ak A4 I 1 T~ ST 1 Y1 6 175 4801
#[mg Oy/(L-min)], IR Z . 607%7~60min, 3.5
ARUACT IR = 1R AR FA(L), GRS S i R o i
(8)o TEME Uy FErh, Bl 2] i) e KAE E SN
KA F[Maximum metabolic rate, MMR, mg
0,/(kg-h)], MMR 5 RMR ] Z2 18 5 A 1T 4 1]
[Metabolic scope, MS, mg O,/(kg-h)]. COT(Cost of
transport, B HE BV FE) T SRR SR DL AR

COT=MO;,;x0E /v 4

X, MO, [mg O,/(kg-h)] A S8 7E 25 52 IR 7K It
FE N RIFEE R, OEZ A A Y & 2413.54 J/mg O,),
w(m/h) 2 B em/s 45 FRIAR T 7K 038 RS o
TE Uy 5 45 5, 5 5256 f8 BLH R FIMS-222
(3-FHEOR R T8 LR TR 21, 50 mg/L)4% 5 BRI,
F1 THENEREMEK(EHESDES)

Tab. 1 Body mass and body length of the experimental fish in the
present study (mean+SD)

| A2 2 i 4l
1+ AS 4] as as
AR 1 week 2 weeks
fasting fasting

group group

Control
group

Z¥ Parameter

I S Ui K T P A A 284 Critical
swimming speed and body shape
& 7 B Body mass (g) N=8
A+ Body length (cm) N=8
e i 52

Thermal maximum

{45 #Body mass (g) N=8
fA¥KBody length (cm) N=8
IR 32

Thermal minimum

& 7 B Body mass (g) N=8

A Body length (cm) N=8
HKIZ3)

Spontaneous activity

&5 EBody mass (g) N=10 3.3120.54 3.15£0.52 3.20+0.53

f&£Body length (cm) N=10 5.37+0.32 5.12+0.30 5.22+0.35

3.244+0.64 3.25+0.67 3.21+0.62
5.30+0.20 5.22+0.31 5.15+0.36

3.39+0.71 3.25+0.40 3.18+0.47
5.39+0.24 5.24+0.21 5.10+0.31

3.254+0.69 3.39+0.44 3.11+0.53
5.29+0.30 5.34+0.18 5.13+0.34
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EHARTE (). kFi(em). kK (cm). 1A F(cm)
AAK: (em), T H kL m kK AR S AR K HAE .
i 5 BE I ZE M AS Lb B 2H Bk ik
165 S 56 #1147 AR 52 R R i 32 A R i 32
-8, i 2H IH] S 56 0 4 T S AR R TG B 35 M
SR ). B LI E T3 A 78 B SRR 2
A5(50 L)H @ B Th, B R SIIG fa il B 7E 25 48 HH B
(R A (5 em>8 cm)FEAT & BRI, 7K A4 i
25°C, RS EIO%MALL b, 783E N 4G,
K FH I FACES R O T 28 B4 K ML XS S8 K A4 DA
0.3°C/min 13 & T il B I, 42 i R e (R B AR 1k
WK B IR R A .
TR AR 2 P18 s )8 FEE A2 A I 3 i L (C T ) BRI T
RIR(CT ), 24 H8 2K 2547 HL 88 56 0 IR ) P
LA B IR (LT ) BRI (L T i)
BREHMMK N T HERI-2FEEX
SEEG 0 ORI B IR, TEAR R SR aG 45 TR 2405, #
B S0 TR T BELAR30 em MR A TR 5256 25 gs vh
1E M 1h, KIS cm, 7Kif(25+0.5)°C. FARZE IR
B S u6 5k B DU ], N B LEDI & IR . & N Y
25 W5, HLogitechB A% Sk 1% 4210 5% 20min 3L 56 1 [
HRIGENAT A . 1&HEthovision®X {F4 BT 5256 1)
123 (TMD). P332 3118 5 (AMS) Fliz Bl i}
8] 5 4 L (PTM) . A b B RE A B A 102,
5 2H B) SE 6 fa AR EAVA K TC R EMEERGR 1),
it o8 iz FExcel 2003#1SPSS 17.0%F Fr
BRI EIE AT AT AT SEI BRI AT B

Wi P
U.., (bl/s)

0 1 2
HEEH
Fasting duration (week)
1200  C

a

1000 I

800 b b
T

600
400
200

I FN WIS

MMR [mg O,/(kg-h)]

0 1 2

ARECIR IR]
Fasting duration (week)

4 (Shapiro-Wilks f56) Fl 75 72 7 HEAG 36, an FLim it
For 56 ) K FH 5 R R 7 22 0 BT (ANOVA), 45 22 7
F BT 2 EHER(LSDIE). Ik Tk E. Ak
183 ZHAVME T S HOR AR KAE N i A28 Stk AT 43
wr, AR 2 AH S S HORN I 2 S 4R A T EAE N
AR HAT M. AP {E A5 HE 22 (mean+SD) 3R
ARSI, Giit B E K E 8 P<0.05.

2 R

2.1 IR HERE RER SR

1A 25 S AN2 AR B R U, FIRMR 5 %6 8
AT EEZRE VML 2). 1R a2 2k
B FIMMRAIMS & 2 /N T H 20 (P<0.001)

TEAR ) B PKGE R, 1 2R e a2 e 25 e 4
(1 FE S 26 DL RS A7 % i o Y AR AT S 25 I T ) R
ZH(P<0.001; I 2. K 31 3),
22 {(FREIBH

2R A E . R HT KT R
W, K AE A B %257 (E 4A—D). 1
SN2 A A Sk Ak KR B E R, H
HB R F N T RHRL(P=0.041; % 21K 4E). 182k
THAE/ A EERT A, HEERT2H
AR (P=0.004; % 281K 4F).
23 FAMZEES

1) 25 6 4R RN 2 J8 25 4 28 1 I PR iR A BB AR
RS MHAZERAEEGR 2. B SARIE 5B), H
I 7+ 151 L (P=0.009) F1 S = il (P<0.001) 2. 2 1 T

= 250 rB
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EZ 150 [
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Fig. 1 Effects of fasting on U, RMR, MMR and MS in juvenile Chinese sucker
NENGFRFRZER R E
Different lowercase letters indicate significant difference
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XTHRAH (R 2. K] SCHIE] 5D).
24 BXIEL)

1A AN A2 EANEsaEE. T
& Bl 5 R ia By i ) B 43 b ) B 22 0
PEZ 5 (3R 21 6).

®2 ZeNRELEkEN. ATNZMELXEHESHNARE
EMHEGIT IR

Tab. 2 Effects of fasting on several variables related to swimming
performance, thermal tolerance and spontaneous activity in
juvenile Chinese sucker based on the results of One-way analysis

of variance
{Ep %‘%% %{5

fithrindex Covariate effect Fasting effect
W S dite vk ik i F, 23=0.859, F,53=0.421,
Critical swimming speed (bl/s) P=0.367 P=0.663
AR F13=0.002,  F,,;=1.088,
Resting metabolic rate [mg ’ ’
0,/(kg'h)] P=0.966 P=0.359
BCKACHR . F15=0.571,  F,,3=25.796,
Maximum metabolic rate [mg ’ ’
0,/(kg'h)] P=0.460 P<0.001
AR IR Fi23=0554,  F,,,=19.250,
Metabolic scope [mg
0,/(kg'h)] P=0.467 P<0.001
%E/%ﬁ F1)23:0.366, F2’23:3.761,
Head height/Head length P=0.552 P=0.041
RE MK F3=0.412, F,53=7.278,
Body height/Body length P=0.528 P=0.004
Ilﬁﬁgyﬁ F] ,23:2.203, F2’23:5.974,
Critical thermal maximum (C) P=0.153 P=0.009
ﬁ%ﬁ'}?ﬁ F1)23:2.945, F2’23:29.972,
Lethal thermal maximum ('C) P=0.102 P<0.001
W SR IR F 23=1.658, F, 53=0.885,
Critical thermal minimum (‘C) P=0.213 P=0.428
ﬁﬁﬁ{f&yﬁl F],23:2.157, F2’23:3.285,
Lethal thermal minimum (‘C) P=0.157 P=0.058
E@AE\EE% F1)29:0.050, F2’29:1.156,
Total movement distance (cm) P=0.825 P=0.330
SFIE sk Fi50=0.660,  F,,5=0.325,
Average movement speed ’
(cm/s) P=0.424 P=0.725
j\ﬁ_ijjﬂ?]’ I‘E]JE%H: F1)29:0.409, F2,29:O.815,
Percent time spent moving (%) P=0.528 P=0.454

3 Wig
3.1 EZaxBERE A& E R FhTKEE NI
FE G BB = I, #0208 i iod PR AIG R At A Qi
KR, gk B 5 RE R AR, DLYESR 5K A AR I
B Eean, 2562 (e 77 il (Silurus meridionalis)-
il (Silurus asotus)FEE(Cyprinus carpio) ) LA
AT 4%, 26%F120%" >4 (HART IR I,
A G 1 4 £ R AR R 2 S I AR B S ORI B3
AR, X 50 Carassius auratus) I 5125 5 AL,
M B SRR AT () 4 47 SRS BARANE T
KA RI YLk e, BT R A T E 12 Bk =

1200 _e— Hﬁ@éﬂ a
& 1000 | - 1EEEE4L .
a= 3o
. £ = 300 = D JHER I
¥ £ 600
o
B2 400
27 200
S ' 1 G
0 " " n
6 12 18 24 30

WikE & Swimming speed (cm/s)

2 BEECFIIEDROE T AR AR &)y £ FE SR KL
Fig. 2 Effects of fasting and swimming speed on the oxygen
consumption (MO,) in juvenile Chinese sucker
FEM R VKOE ARG FREOR Z 57 2 T IR
Different lowercase letters indicate significant difference at same
swimming speed. The same applies below

7B . - g
¥ g 30 — UEE a4
m= 2 = 2R
g:gg‘é 20
B2 5
&g
@5—'6 10
#2005
o
@]

WkaE & Swimming speed (cm/s)

K3 ARk od xR g f 40yt 50 A7 (o 7 BE BT AR V520
Fig. 3 Effects of fasting and swimming speed on the cost of
transport (COT) in juvenile Chinese sucker

®3 BEMPKRENEREEREERMAMABEEERNNERNAELR T IR

Tab. 3 Effects of fasting and swimming speed on oxygen consumption (MO,) and cost of transport (COT) in juvenile Chinese sucker based

on the results of Two-way analysis of variance

EIELIY AR s TR ZHAFH
Index Covariate effect Fasting effect Swimming speed effect Interaction effect

Oxygen consumption
[mg Oy/(kg-h)]
BN e FE
Cost of transport
[J/(kg-m)]

F),105=9.680, P=0.003

Fy105=5.672, P=5.020

F5105=76.975, P<0.001

F5 1905=48.910, P<0.001

Fy105=97.804, P<0.001  Fy0s=2.568, P=0.015

Fj105=48.631, P<0.001  Fy,05=4.041, P<0.001
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WA BRI, 7E18.9— 24.3°C, R
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T, 3RS 7R B IR A A %t (PR K 4 N304
4.0816.51 cm)U,; 7> 7 911.14. 9.05F17.45 bUs' ",
WA TR, 7E25°C oA, FRAEMR G B 4 f (1
-4.59 cm)ff1 U, 2 97.46 bl/s™" . AWF58 KR IN, BF
JIE a4t (1A K 295,22 em) U, Z£195.39 bl/s, iX 54+
AU S AL R RV 5T BT 3 A5 1 R S
U B ZE TR 5 E AR . e A4
P MERTYNFREEAE . SE0 X G R U B M 45 [
7K.

DLAE BRI 98 IR, 1V 22 B K (M) S Uk BE 1
Y Z A5 Nl R B T REs. tha,
2 JE AR B S B R 2R Carassius auratus) FITE:
fi.(Ctenopharynodon idellus) 1 U, 73753 T %
24% 119%™, iAol 461 S 77 fuli R Aol £ 24/
fid(Acipenser ruthenus)i] U, 155582 J5 1.5 51

E )
S s A, N S 15 (B
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= Ll 5 12
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< 05 230
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Fig. 4 Effects of fasting on body shape in juvenile Chinese sucker
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11 28 ) AN 52 BE 7 32 3 5 R BE R R 10 2. 35
B, —EHR B kT whk
L, MBI A I (0.25% 48 5 & /d), ) id
(Acipenser medirostris) %) 7] R IL B & AE HL T g
VR 7 — A R b RS2 g 1 2
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LT 52 i 7 35 3 M R, BF 78 3 NI AT e S LR
T B W I NG R AR 4R T e e 55 S R A
KL R RR I, RG2S AR e BUM R 1
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MR R ER . HILERR, 12 %E S8

_ 10 (A 10 (B
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EL RN
0
0 1 2 0 1
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a a
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FASTING ON SWIMMING PERFORMANCE, THERMAL TOLERANCE AND
SPONTANEOUS ACTIVITY JUVENILE MYXOCYPRINUS ASIATICUS

HUANG Ti-Ji, LI Xiu-Ming, FAN Mei-Xia and FU Shi-Jian

(Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology,
Chongqing Normal University, Chongqing 401331, China)

Abstract: To investigate the effects of fasting for 1—2 weeks on swimming performance, thermal tolerance and spon-
taneous activity juvenile Chinese sucker (Myxocyprinus asiaticus), the body mass and body length of 108 fish with
(3.26+0.64) g and (5.32+0.32) cm were randomly divided into 3 groups, i.e., control group, 1 week and 2 weeks fasting
group. Then, relevant parameters of swimming ability, thermal tolerance and spontaneous activity of these fishes were
measured after different fasting times. Fasting for 1—2 weeks has no effects on the rest metabolic rate and critical
swimming speed of M. asiaticus. Maximum metabolic rate, metabolic scope, cost of transport, head height/head length
and body height/body length significantly increased in 1 week and 2 weeks fasting groups compared to that in control
group (P<0.05). Fasting for 1—2 weeks has no effects on the critical thermal minimum and lethal thermal mini-
mum of M. asiaticus. Critical and lethal thermal maximum significantly increased in 1 week and 2 weeks fasting groups
compared to that in control group (P<0.05). Fasting for 1—2 weeks has no effects on the total movement distance, ave-
rage movement speed and percent time spent moving of M. asiaticus. Our results suggested that aerobic swimming ca-
pacity and spontaneous activity of M. asiaticus was not affected by fasting for 1—2 weeks, which may be beneficial for
maintaining their daily foraging activities. Moreover, fasting for 1—2 weeks has no significant impact on the low-tem-
perature tolerance, but this stress can improve the high-temperature tolerance of M. asiaticus.

Key words: Fasting; Swimming performance; Thermal tolerance; Spontaneous activity; Myxocyprinus asiaticus
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