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The effects of fasting andacclimation temperature on the resting metabolism and
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Abstract: Long and/or short periods of fasting are common for aquatic species, because of the temporal and spatial
patchiness of food availability that is a consequence of environmental and seasonal changes. It is generally accepted that in
the temperate zone, the food supply for fish displays strong seasonal oscillations due to seasonal temperature fluctuations.
Fish species must face two exogenous stresses in the winter: low temperatures and insufficient food resources. The aim of
this study was to test whether fasting affects the maintenance metabolism and swimming performance of fish and whether the
possible effects varied with acclimation temperature. To achieve our goal, we measured the resting metabolic rate (MO,, )
and constant acceleration test speed (U,,,) of juvenile gingbo ( Spinibarbus sinensis) after O (control), 1, 2, and 4 weeks
of fasting at both low and high acclimation temperatures ( 15 and 25 °C ). Both fasting treatment and temperature acclimation

had significant effects on MO, and U, (P < 0.05). At the higher temperature, fasting had a negative effect on MO
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and U,,, after 1 week (P < 0.05). However, when acclimated to the lower temperature, fasting had a negative effect on

MO,,., and U, until up to week 4 (P < 0.05). The values of the MO

and U_,, in the lower temperature treatment were

2rest 2rest

significantly lower than those in the higher temperature treatment, in groups experiencing identical fasting periods (P <

0.05) . The relationship between MO 2resi(15) = -1.96t*~ 5.39¢ + 117.02 (R’ =
767, P < 0.001, n = 24) and MO = 11.36/°= 76.59¢ + 246.55 (R*= 0.505, P < 0.001, n = 24) at 15 and 25

rest(25)

seq and fasting time () was described as MO
°C, respectively. Both U.,; and MO, showed similar decreases in response to fasting, in either the lower or higher
temperature treatments. The relationship between U, and fasting time (1) was described as Ugy5,= = 0.91:7+ 0.89: +
54.16 (R*= 0.343, P < 0.001, n = 32) and Ugy s = 1.18:°= 8.48t + 74.14 (R’= 0.532, P < 0.001, n = 32) at 15
was found in both the low and high temperature
et 0.23M0,, + 28.99 (R*= 0.961, P =
0.020, n = 4) and U5 = 0.12MO,,  + 45.59 (R*= 0.980, P = 0.010, n = 4) at 15 and 25 C, respectively. The

and 25 °C, respectively. A positive correlation between U,,, and MO

2rest

treatments. The relationship between U, and MO, was described as U

CAT(15) —
slope value of the regression equation in the low temperature treatment was significantly greater than that in the high
temperature treatment (F, ,= 14.595, P = 0.019). Swimming performance decreased less in the early stage of fasting, but
decreased more in the later fasting stage in the low temperature treatment than in the high temperature treatment. This might
be related to differences in resting metabolism, biochemical reaction rates, energy stores, enzyme activity in muscle tissue,
and energy substrate utilization between fish subjected to low or high acclimation temperatures. The divergent responses of
swimming performance to fasting in gingbo at different acclimation temperatures might be an adaptive strategy to seasonal

temperature and food resource variations.
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SRR B HIAE 0.025 mg/L LA, H K 20 KR B8 19 10% , BROEE BN LD = 12h:12h, £ 2
FERIINFE 5 K S BEAL A A BLH 5 SR 5 LABE RS 1 °C 114728 T8, 180 50 19 2H A 3081 43 9 4 0 4 7 A 9 £ 7L P
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AR BE Ak 2H S 06 £ 43 S AT R TR Bst 1] B30 (0 1.2 A4 ) BOLRAL B . S 1 T BR X S 06 £ 8 1B AR
HANITE DK AE T A5, 0 JE) (X R ) WL b BHL2H S8 i A HEATSC 00 22 BTAR B 24 24 b0 oAb UYLk A B 2 56
AR R 43 B0 1 K, IR DAL AU AL HR [R] | oA R84 R 5w R IR A A A R — K
1.2 R PRI E

I 5 FE SR SR P LK SR AL 0 PR S 00 £ RS AR 28 ( B .3 em; 258120 mL) , fF 3
TERFI 2 NS I 12 h J5 I AR 030 B SR AR o AR /KR 5 DI I 7K DR B — B, 4 WP 25 3 oy
30—40 mL/min, 735 FHAE %L (HQ20, Hach Company, Loveland, CO, USA)F 9:00.15:00.21.:00 3 il &%
AR, RS AAEA R mg/ (kg - h) | LA AT

MO,= A 0,xv/ m

Kb, MO, Ry B R A AR EAESAR, A 0, 0 SEYR I I 28 FGT BRI % (A ) 8 22 {6 (mg/L) v AT
W A (L/h) 3l e K TR 1 min R 7K T HOKR IR B, m MBI 0 IR E (ke) . K
3 PRI AR AR 25 SR T R S S 1R B R A L AR R (MO, ) B8
1.3 AThnss R KTk R Bl

U e 5E B8 28 R 22 00T I 0 £ 28 T A 22 A, 1226 B ) 32 B2 D B AN 5 F 1 L Skt 5 Rl 22
A2b S VAT A 1) Ty O A 3 A A VA T R AR T AR F LA A AR AN RS
ATERAGE I A T IALIE B 1 h (RN 6 em/s) ; PIAEEE A 8500 AT /K S B LA 0. 167 em/s” [ BP
10 em/ (s » min) ] 4 IR BERFEE A5 S0 308 3 206 400 7 oy st F10 7K S50 88 BID A sk ik o B g s (i 5 0 o 1Y)
TEFARR v Ry S8 40 PR AR BEHEHT /K 0 B ivp 22 00K A5 1 B e i A EL 52 25 R
1.4 ¥ 5500

FH Excel (2003 ) X BT A7 52 B85 4 #0353, B A STATISTICS 6.0 AR {4047 7 22 /0 A A s T 404, TR
FVLEAT A S H R, FXUR 007 2200 (MO, R Uy 53 ) A FEAR B IR K R P AR B ) O 2240 M i
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FALF 1 YU MO, (P < 0.05) {H 2 YUK S HALY LR RIS A B2 R (R D), KIRFMERT,
MO, SYVHRETE] () Z B 0 5¢ R o ALtk BB G 43 590 0 - MO, (15, = — 1.9667= 5.39t + 117.02(R* =
0.505,P < 0.001,n = 24) I MO, ,5,= 11.36:°= 76.59¢ + 246.55(R*= 0.767,P < 0.001,n = 24) (K 1), &
TR R 5 R IR IR R (1,,= - 3.253,P = 0.002) ,—RIAEREE (1,,= 4.032,P < 0.001) K% KW (1, =
-9.311,P < 0.001) 5 =4l 1= 7 R ) g AR S S 4 2 22 5

F1 YRR EYML RS BRS040 £ 5% 1 E KISR0 ( FHEAREIR, A =6)

Table 1 The effects of fasting and acclimation temperature on the resting metabolic rate in juvenile qingbo (Mean = SE, n = 6)

S8 Parametors Ten;i Cﬁ;um : I’ULT?%J;I] 1 Fasting pcrzmd/ w -

K& 15C 5.3020.40 5.83+0.50 4.1420.30 4.90+0.52
Body mass/g 25 C 5.40+0.30 5.26:0.30 4.8420.24 4.47+0.23
LSS 15C 6.4020.12 6.51+0.17 6.16+0.13 6.48+0.21
Body length/cm 25 C 6.31x0.20 6.45+0.10 6.3220.11 6.35+0.08
e 15C 20.0120.39* 19.89+0.45° 17.530.38"" 17.68+0.23"
Condition factor/ ( g/cm?%o) 25 C 21.0120.39° 19.50+0.66" 19.12+0.23 17.37£0.40°
AR 15 C 114.16£10.10** 117.29+9.36"" 92.49+7.62°* 65.06+7.39" "
Resting metabolic rate/[ mg/ (kg + h) ] 25 C 250.89+16.60° 169.78+21.13 147.48+7.23% 120.51£10.37°

#: LW E = 10005/ A4C7 0, b, 0 IR Rl — I BE T A RIS (8 26 (8] 2 55 0.3 5 o R0 (7] — DUk (AR TR B 4L ) 22 53 3 (P < 0.05)

2.2 AP RIEIKEE (Uey)

VIR B Yo rh AR B R 4h 40 U A BE 0 (P < 0.05) 5 =i (25 °C) P&k U, 8385 T1E
MRIR (15 °C) F&X YL E I A (0.1 .2 Al 4 YRS 955 39 .18 .23 F136% ) (P < 0.05) ;fKiE T 1
2 JAYURA Uey 5 0 AR Uy A B E 2257 0 4 AYURA U, BEIRT 0(h 0 AR 81%) .1
2 JAHM Ugyy(P < 0.05) ;5 F A IURAM U, BEMRT X RA (1.2 F1 4 JE4H 0 0 4% 90 .84 Fl
80%) H 4 BV U, BEMLT 1 VUKL Uoyy(P < 0.05) 1B 2 FYLERAL 5 HABY Lk 40 7] A 3 35 2%
(R 2)  ARBAE T, Uy SYVRET R (¢) Z [ 5C RB T AR M B IUE 53000 : Ugarg s, = — 0917+
0.897 + 54.16(R*= 0.343,P < 0.001, n = 32) Fl Ugypps,= 1186 8.48¢ + 74.14(R*= 0.532,P < 0.001,,n =
32) (FE2), MRIRA B HFE “KIMNAEL (15,= - 3.362,P = 0.001) ,—KINAEK(15,= 2.508,P = 0.015) %
R (1= - 6.762,P < 0.001) 5 =4 [ A 77 R T 6 R AR S BRI I B 2R

300

o
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f=}

s 40 R?=0.343@ P<0.001 n=232)
MOZresl(lS) ==-1.96/2- 5.39¢+117.02 [ ]
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Fig. 2 The relationship between the constant acceleration test
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Fig. 1 The relationship between the resting metabolic rate speed (Ugyy) and fasting time (¢) in juvenile qingbo

(MO,,.,) and fasting time (¢) in juvenile gingbo
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Table 2 The effects of fasting and acclimation temperatureon the constant acceleration test speed in juvenile gingbo (Mean + SE, n = 8)

44 Parameters T erji%lure 0 ;ﬁlmﬁ/ﬂ;ﬁ Lo pen;d/w 4
{SEiS 15 C 4.88+0.56 5.25+0.35 4.90+0.30 4.68+0.31
Body mass/g 25 C 5.47+0.43 4.86+0.26 4.77+0.31 4.57+0.36
LSS 15 C 6.18+0.22 6.44+0.15 6.4620.10 6.44+0.13
Body length/cm 25 C 6.430.17 6.4120.10 6.35+0.13 6.36+0.18
JIE s 15C 20.23+0.51° 19.48+0.19° 18.00£0.36" 17.41£0.29"
Condition factor/ ( g/cm’%o) 25 °C 20.37+0.30° 18.33+0.38" 18.44+0.40" 17.54+0.33"
A3 T A AR 15 C 53.29+1.35%" 56.44+2.61"" 50.56+2.90** 43.43+2.10"*
Constant acceleration test speed /(cm/s) 25 °C 74.22+2.18° 66.64+1.62" 62.07+1.72" 59.14+2.44°

#: LW HE = 10005 T/ 743 2, b, ¢ IR Rl IR EE T S ROV ) 2115 22 57 8.2 5+ FRom (7] — DUk IR) R TR R BE LR 22 52 .3 (P < 0.05)

2.3 AR (MO, ) 5N R KIFKEEE (U, ) BIER

IR (15 C) T, AR E Il iR 4) 1 MO, 5 Ugy B 5 83 EASE, HERK R Uy s)= 0.23MO,,, +
28.99(R’= 0.961,P = 0.020,n = 4) ;& (25 C) F, &AM E B EEMHXE, L XRLH  Ugyypns,= 0.12
MO, .+ 45.59(R*= 0.980,P = 0.010,n = 4) (¥ 3) . {HPRAFTEIHE T BRE AR (F, = 14.595,P =
0.019) 5HEE(F, = 46.172,P = 0.001) ¥4 3522 57 AR 025 T iR R AR R 2 80 0 2
INTF A A (1 3)

. \A _
3 'LTJ-'LB 90 ® 15°C
025°C
80+ R*>=0.980

UCAT(ZS) =0. 12M02res\ +45.59
P=0.010

n=4

3.1 DU LA R K BE 77 B 52 R
AR R VIR T A LA Al P 4k

PR TE—E TR | RE S M i SR AR e i TH AR R AR A

HARBL S ABEIE R IAEARIR S5 1F T, S LR o

70+
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B T3 dpe R e ko JEE

Constant acceleration test speed/(cm/s)

UCAT(]S) = 0-23M02rcst +28.99

A5 ) ) £ i 1 AR RE MR DS | BB A A2 A K I ] 40r RE=0961 P=0020 n=4
YUk (4 J) Ja  Ho A A B2 N R e R A T 30 ‘ ‘ : ‘ ‘ ‘
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AL v Ao R ) S e 1A QOB R e, T A B 119
YUERR Bt (2—4 J&) He (A QI A /M EE R T, A
WFFE 7 U b (8 0] S s i DK RE 952 Wi -5 %
FU LA AR R A — Sk, B AR AR, 4
AL ST E 7 DK BE F1 S MBI | B R B LR
WA BR s fE R AR A T I Z R 5 2 A, WS H A,
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Resting metabolic rate/(mg-kg™'-h™")
B3 rreeERIsE 4 & 5 1L IR (MO, ) 5 9 NiE & Kk
EE (U ) IXEFR
Fig. 3

(MO,, ) and constant acceleration test speed ( Uc,y ) in

The relationship between the resting metabolic rate

juvenile gingbo

SR AR IS R 2 A BRI RE 1Y /N A
PIRSCRD 20 FEARIISE , TCi A FARTRSCE & A F T, v A (0 60 4 00 1) e 11 AR 35 55 50 Jin 3 Dk g
TIBIRIEADC (B 3) o LG40 HT, i A 0 S i Uk 12 B e 7 — 8 FR T AR T B AR A BIUR B, T /s %
PE T HUAZERRRE 1 T BRI LAY AR

10 2522 Iy F Uk ik 75 1 55 L vk iz sh e B BT AA4+ie . EA & B4 £ ( Carassius auratus)
FEE ( Cyprinus carpio) 76 17 CCE M1 1 YUK U, 3% A B TS b em e e 15 4 1 FLkH
U, WARA BEAAEY R 7t ( Silurus meridionalis ) FIFp AR @R 7L 25 C 405 1 RAYUREH U, /39 F
B 14 F17%2Y ) ARPFSTAEARIR ST LR (1 5 2 J8) X A8l i & £ hin sk i vkas shie f s B3
oM, A ST HE B4 05 ( Macquaria ambigua) 832 FHNYUERS | Hoaz S AR DG RS (40 . B2 LR 106 | 4
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L G R AL PR 5 A ) TS AT A RIS PRI, £ DRI LR A 5 v 1 B UK 2 3 B A A
TR AR R A G, BREEUR RS ARIE 4 A DURZE At T A LR 2 A v e {5 SR 62 3k 95
UKiZ ShRE S B TR, B YVES Hlirkis shae o R Bl e LU I . 15 26, AR BRI RE 0 T 96 S 2L
s SR (LA A AR RE DT B, 1 1T 5 | RS £ 28 Tk a2 shRE 7 9l 58 5 K, £ By R RE 476 (L
VRRIILP LR PP AR | =58 T il R B IR I PR 258 ) 2 MR L BT R 2 5 10, £ 3 2 2 400 D SR8 7 1 Dok
555 WU LT A S84 SR RO TR BTG E TR | e Al x0Tk 2R ) 28 43 AR OIS I
3.2 AR T M2 YUE RS 5o 5k

T RARRIR B R AR E T | rh AR BRI 4t 1 AR DK AE D fE VLA B B R B R 2 1L
HAEMRIRAAME T, FIIUEE Y BOGH i 1A QBRI oK B8 7R M 850N | i 7 B R DUEREY BOW A B ; 78
R AR T AT BRI IR S AR, R IR XS MO, M Uy SYURET R (0) B9 5C R BEFTHLE 00T, 6F
FARAUG TR BEA TSR G R B : MO, N Uy BT 58 SR A ARG L B DL G ST [0 228 < T 38 00 5 A v PR B 1) 32
kb o 38R OL T, 78— R T PR PN B IR T s A2 a3 -5 A QOB A DG RS 1 1 ik HL A= A S R R 23 i
P, B LA S LA T B SR 2R 0 TS BRSO AR AR 2 S B B R AT
FERIHE TN, DA e il A 1 T Uk 22 SR, 0 2R ik oz Bl RE g 22 A 3t 1 1 5 B DL e i) Py S 4, 4
REEIFAE AN A BRI BE 2 T O, LIRS BE AR N sss |, WP oKz s BE ) T M AR ARXT G248 . e, (0287 ARl i
JE SOV B BT FH 4 BE IR AS S ) T B 235 e e vk iz 2 ik ) i R R 120

AT S UIRAS F X A B A7 e 19 M T L HA P T A IE 0 ELAR o 258 . — 5 TR QK7
AT 2958 22 i RERETHAE ; I3 — 07 DU AT RERF AR IR — RE 7K F 2 b, DUORAIE BT 4R A5 2 40 436 7 v s JHG
AL FRIFE A6 B 7 A AR R A IS RS R R TR AR A, R AR f 20 8 T I B ) e Y B 2 0 ELE 2 TN
PRI R B 1 RO DURCIRES R AR S (W vk S RE 0 A R T B Rk, AR i A AR
B AR , AR AR HAT AR A, R B 2 TR RO, 1 52 Uk S N R R A A RE A 1Y
LY Z R RERNHAE . AN, JOIE R AR B L, AR R EE A DU B MO, 5 Uy Z I IEARSG  (H 5
I 2 75 R PR R SR TR T R AR (P 3) o R ol A 1R T IR L A ek i 30 i 7 A
FRS /N, AR 2 PE X ik iz S RE T AR AR, TR Ik, v A {1 A 3 1 52 00 L P SR I A R
TRV B RE T X SR 5 8 R TR A2 A SO DU MR B R R 4R R R, SR IBCTY 29 RE S THAE AN 3 2T TR
T B2 T 52 I A SR IBCAN [] Fr) A U NS 5 T BE 2 2 KA 1 R P 0 1 P 5 Tk B2 P P B RS AL R 45 2R
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