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The matebolize response of different physiological performances to decreased

temperature in Spinibarbus sinensis
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Abstract: To investigate the matebolize response of different physiological performances to decreased temperature of long-
term high-temperature-acclimated juvenile qingbo ( Spinibarbus sinensis) , the experimental fish were reared at 15 or 25°C
for 8 weeks, respectively; then the temperature of the 25°C group was decreased to 15°C ( treatment group ), and the
temperature of the 15°C" group remained the same ( control group). The thermal tolerance capacity ( critical maximum

temperature, CT,, and critical minimum temperature, €7, ), maximum sustainable swimming speed ( critical swimming

speed, U . ) Spontaneous activities ( percent time spent moving ( PTM) and total distance moved (TDM) ), specific
dynamic action ( peak postprandial metabolic rate (PMR) ), and growth performance (feed rate, feed efficiency, and
weight gain) of fish in both temperature groups were measured at 1, 2, 4, and 8 weeks after the temperature was decreased.

There was no significant difference in cold tolerance capacity as suggested by CT . between the treatment and control

min

groups, whereas the heat tolerance capacity, as suggested by CT__ of the treatment group, was significantly higher than that

of the control group one week after the temperature decrease, and thereafter there was no difference between the groups. The
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temperature decrease resulted in a significant improvement of spontaneous activities suggested by higher PTM and TDM than
those of the control group (P < 0.05), and such differences persisted throughout the experimental period. The U_, of the
treatment group was significantly lower than that of the control group at 1 and 2 weeks after the temperature decrease, and
the impaired swimming capacity disappeared after 4 weeks of temperature acclimation. The PMR and SDA duration did not
show any differences between the treatment and control groups from 1 to 4 weeks after the temperature decrease. The food
efficiency and weight gain of the treatment group were generally lower than those of the control group, although the treatment
group unusually showed a higher food rate. This suggested that there were profound differences among response speeds of
different physiological performances to decreased temperature, which were possibly related to differences in their ecological
correlations and underlying mechanisms. The temperature decrease in the treatment group resulted in impaired growth
performance, which was mainly due to the additional energy expenditure involved in thermal stress responses, regulation of

physiological functions, and elevated spontaneous activities.

Key Words: temperature acclimation; thermal tolerance; plasticity ;locomotion; growth performance
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Fig.1 The effect of thermal treatment on thermal tolerance in gingbo (Mean+S.E, N=10)
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Fig.2 The metabolic rate of experimental fish swum under different swimming speed ( Mean+S.E, N=12)
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Fig.3 The effect of thermal treatment on swimming performance in gingbo ( Mean+S.E, N=12)
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Table 1 The effect of thermal treatment and acclimation period on measured variables based on the results of two-way ANCOVA

A WAL LR YA LHAEH
Variables Covariate effect Group effect Period effect Interaction effect
i 5% lr s Cr F,3,=0.454 Fy 7, =2.005 Fs 4,=3.581 Fy 5, =18.923
Thermal tolerance " P=0.502 P=0.161 P=0.018 P<0.001
i SR T, F, 7 =1.038 F,7,=0.136 F3 .71 =9.969 Fy,(=1.534
P=0.312 P=0.713 P<0.001 P=0.211
H&iz3) o o Fy 55=0.836 Fss=12.412 F3 55=1.140 Fylss=3.947
Spontaneous activities P=0.365 P=0.001 P=0.341 P=0.013
A F, 55=0.452 F, 55=13.572 F; 55=0.972 F; 55=0.499
P=0.504 P=0.001 P=0.413 P=0.685
ke vk g F| 4 =8.266 F| 5 =0.935 F3 =15.05 Fy4=17.63
Swimming performance Ui P=0.005 P=0.006 P<0.001 P<0.001
e AR F =1.992 F, ¢,=20.20 Fy57=6.968 Fy4;=4.914
MMR P=0.162 P<0.001 P<0.001 P=0.003
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TR REZE {H PTM 1% 22 5 Bl 9 Ak s 1) 79 S8 KA i v hn (22 BAEFH, P=0.013)
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Fig.4_The effect of thermal treatment on spontaneous activities in qingbo ( Mean+S.E, N=8)
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X SDA B W EF 5 2 YL IR 41 SDA R B0 8 2 /N TR IR AT 1841 ( P<0.05) .
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ik JEE A BN 1A S S 0T 18 i AR KA R E R (P <0.05 ), G AP Rl o IR 4 98 R it e S 400 A L
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AR R R AR TR TR (P<0.05 ), Bl Ak e T 0y S <A1t o 8 2 55 £ 3 W 5 1 7 i o 9 4 {5 7284k
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Fig.5 The postprandial metabolic response of qingbo
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Table 2 The effect of experimental treatment and acclimation period on postprandial metabolic response in qingbo (Mean + S.E.)

IR (CF I EAREDR )

LS Acclimation period

WHE T 250045 E Results of two-way ANOVA

A yLsiidi| VAR ARER OMERIER  sCTEAEA
Variables Treatment 1) 2 A 4 4 8 Ji Covariate Group Period Interaction
effect effect effect effect
N ERGRTEE 9 8 8 8
Wil 9 9 10 10
FRifEfLig % ARG IRA 99.4+11.4  72.9¢64  80.8#5.1  93.5#3.3  F, =1850 F, ,=0.122 F; ,=1.586 F; ,=26.61
SMR/(mg0, kg™'h™") /=8 79.5+4.1 77.5£52 922433 81445  P=0.179  P=0.728  P=0.202 P=2.710
B fEAG A 0.16£0.00d  0.22:0.0lc  0.40£0.01 b 0.93+0.02a F, =22.87 F| ,=1937 F; ,=2183 F; ;,=64.40
Meal size (%{ATE) [E3E 0.93+0.02b* 1.43+0.03a* 1.43+0.04a* 1.49+0.04a* P<0.001 P<0.001 P<0.001 P<0.001
FEEEI ] fEAR IR 8.44:0.70  6.63x0.77  6.50+0.94 825:1.02 F, =0.000 F| ,=0302 Fy,=0.344  Fy =2.242
Duration/h Rl 6.11£0.95  6.671.17  8.80+1.01  6.60£0.06 P=0.990  P=0.585  P=0.7% P=0.092
HA R fEARIEZH 157.0£20.5  164.0210.6 138.1x10.0 177.2¢7.2  F, ,=0.187 F, ,=0.309 F; ,=1.932 F; ;,=4.451
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WAL Acclimation period WIHZE 7 R Results of two-way ANOVA
AR AbFRA Vs RAER  AEER YIEBER  KEAER
Variables Treatment 15 2 1 41 8 J Covariate Group Period Interaction
effect effect effect effect
PMR/(mgO, kg™'h™") R4 209.7421.1a 156.3x11.8bc 172.3+11.3ab 129.1+6.5¢* P=0.667  P=0.581 P=0.134 P=0.007
SDA 2% JESIE] 11.35+3.81  8.24+3.75  4.96x1.43h 3.91:0.56 F, =0317 F, ,=12.823 F; ,=1.849 F; (,=0.616
SDA coefficient/% R4 2.80+0.60a * 2.27+0.41ab 1.25+0.43bc * 0.62+0.16¢c * P=0.576 P<0.001 P=0.149 P=0.608

# Fon =YL PSR A A U BOR WE 2SR a, b, ¢ FoRFA—SLRA AR ECE W25 SMRARMEAH 2 Standard metabolic rate; PMR ;
FEE LA Peak metabolic rate ; SDA ; Rk 1ER Specific dynamic action

R 3 SLIGALIRANYIL AT A Bl R B A K I BE RS

Table 3 Effect of experimental treatment and acclimation period on growth performance in qingbo (Mean + S.E.;, N=3)

BIFLJEH Acclimation period WHE T4 R Results of two-way ANOVA
At yLsiddil PVERIER  AURER. IR ScEER
Variables Treatment 18 2 47 8 i Covariate Group Period Interaction
effect effect effect effect
SEE fEAGIRAH 0.08:040b  0.35:020ab 0.33x0.09ab  090:0.07a F=1267 F| 15285200 By 5=4561  Fy 5=1537
Weight gain/ (%/d) [FarEil 013:033  -0.08:0.15 0282010  0.37+0.09%. P=0.003 P=0.011 P=0.018 P=0.246
e fEAGIRA / 037+003 ¢ 061:007b 1030052 F=5244 Fyy=12192 Fy =210 F; ) =15458
Feed rate/ (%/d) k] / 0.85£0.07*  093+0.05*  0910.1 __ P=0.043 P=0.005 P<0.001 P=0.001
BWRAECR fEAGIRAH / 097+044  056:007 071003  F=0.002 Fy=12430 F;,,=0180  F; ;=230
Feed efficiency FIRAL / -011£0.17*  028+0.09* 035:0.04*. P=0.966 P=0.004 P=0.838 P=0.145

* FW R — AR SR L F A W R a, b, o RIS F LR B35 %R

3 e

KERSE A E P T B A A S N A4 i DR A 3 R R P e 3l T B4 10 A PN AR K A A )
FER IR A R A T AR A AL BT 55— 2R 5 (4 38 LML, LAAR B A Az 25008 538 1 AR 2 19 A2 A7 36
¥ KRR B 8 WIE S 0 R A A LAMERE AN 70 A1 A 4 B B 3 ) T 2R i LA 32 B8 T A
FEAE G2 S RE ) B A K MR S PR LI, A S0 & LAAAT S AR B BE O B 50 R B, v TR (25°C ) Wk S £
1 2R BT REYS 2 TR IR R SE 50 6. (15°C) 1 o IASHIFSE 9 322 E RS20 56 1o TR DIk 1) S0 56 £ 26
WL | SIS0 9 A Y A B 25 ST IR B | LR is v B A A [R] R BRI RE 6] A C 22 5 . AP R L&
A PR RIS | P AR R B RO I 52 R el i 52 B8 77 0 3 TR 9 1—2 SRR BIARSE |, 5 TE ARk X IR 4 T
F RS MEIKIE S RE TR 4 JRABIFEGE s LD RE T RETE AL (1 RN A3 LAREARE . 3 0h, Bl Ak PR 5 3
BUA A R A2 BH, SRR RT REJE: T 0 6 PRI 728 3l b 58 b A= PRI BE IR 8 LI K ) 2 135 sl g i BT 5 20
REHLTHAE LIRS R R RAK,

3.1 AR (B AN AT 52 0 A i 14 ) 7 T A

WIS 52 B R Tt L A 0 2 B S £ AR AR BE AN 2 S M X LS 1) AT 52 R AT A 25 Y
MLt N SR s AR IR XA SZ F5 AR AN €T, 1 CT,, W95 M 7E A5 A8l B 7 P A 22 85 £ 2
PRENUESE ™ 5 DR TAEARIF R A5 3 5 OG TE DRt b R 5 OB 35 A 52 A 0 78 P9 i A JL e 28 AL i

FaE iR Ry i 5 AR IR X BB AN B 2255 ) . Jemi AR ST & B 25°C 414 T 94k i rp A 20 3] 6 4 44 )
CT, M CT,. YT 15C2 ) AR LI, RIS, CT, R CT,. ZF9I7E 2 JHF1 1 JH 5% AR A b 35 %

S RTINS0 T B IR AR I SR AE 2000 T 2 JRL A 1 RN DL BR . 380, PR AL CT,,, KR
PR TR]AE A 5 T R 3, T RE PR o B 3 S92 9 A S 6 £ R o 24 5 BBGHL BE T 52 B T O e
3.2 v R ] K R X AR Y i B R

DAFERIIRIE R BR 25°C 5 1F F YL rh A B EE i) U, b 15°C Y4 R i 24 30% 2, ifi Ak
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FERI,FEREIRIG 1) 1—2 JA  BRIR AL U, SO i 2B T TR AR X R ZH 108 BH v A2 451 ) 02 14 AT 1 3R A5
Ja , AMUSERTTEIEK RE 1 L A YIARAR 358 40 B, i ELBLAA Ay o Xt 735 et Joik a6 X6 A= 0 AL RE 10 5% i) 5 B0 L2 B g
JIF R, X 5H MMR i8035 —3, Ul IR R I i T R E shae I TR B2 RN Z — SR TTE
FEIR A 4 F1 8 JE T, BRIRALA U, ASFHAR TE AR IR R 4 130 BH ir 30 s 1R 9 Ak A A8 18 i3 i 2 e 7 4 8 N A5
DITEBR . 5540, 94k 4 1 8 JEIFEIR AL MMR ARSRARFFE AR BT, 1 U, = F (4 J8) 3% A 2257, X R
R T2 B PR AP ) R 4 EL AT B i A T Uk R % ( BIVAR TR it B AR R BB AR ) , AL 2 WT DL Y X R IR RR
)22 55 B YIRS TR 2 T 46 7N

EAS — 2 AR X IRAL U, A~ 200 ) O 52 1 o e 35, i e TR 2 Ve A AR Ak, 33 T R PR Ry S 06 25 PR {75 a0
A TERAIA AR P SIS S HE 1R B 18 AR IR T B ZH A A BN ; 7 A T 20 % A A8 Ak 2 e HE AR IR 9
AR U UK BE 7 1R8PS 55 1 P R DAL B 380 AR BT 3
3.3 AR IR 7 S Sl R TR ) M N R

H A& 32 )2 s A S MRS R RS 5 R 036 31y, 2 AR B ES AT N AHIE R B R B, AIGIR 2%
P U BEIIBER T Iz Y v IR w2 0 B K mEh ST REIRAME T, X
PR VG PEAEEAD ( Salmo salar) ZEHIBFE PAFRINESE > ABF 58 ML A 3¢ Bkiz D B4 PTM Al TDM ¥ & 3%
KT ARG A, Yk AT IR LA T 10 B iz shn] DU N H T e il e el A5 AT N R A I R 1 B 1 5
BRI B (R B T > SR I 4 31 8 J& IR 4 A G HE AR AR SR 1= T X IR 4H . X T B/, wt H &
BN, 8 A B IREE YIRS 2 LI bR e i s iR 2e Dy s, AHOCHL R EAS 2 — 20 i oY, (EREIR A1 = 1Y
H % iz 3 Al e AR KPR BE R A IR PR (BB & v T B AR 3
3.4 PR R A PR RE X A T A e

AHIFFE A B, AR T A A A K T A I T PR PR R G R A AR R 2L 1) B 1 5 R AR R R 4 25 BN R
(55 2 AR 2 AR R ) o Ui AR A E KRR T % R 22 B AL BOR T R s, XA mT
AEJE 1 T AR 4 0 N B 0 B i3t | LA B A AR B A Al o) 2 26 1 T A S B A A Y R R T RE AT B L B
A B B &1z sk B4 R I S 20 H A G b2 B YRR SR TR EZER N Z —, B THEAR R
R X — A R T A B NGRS 2—8 FA B9 AR K BE TT LAE ol 3 0 0 B A i A= BRI
FE &1 30 Bir S 300 i 10 TH FERE & I AL TR] 1 2B FT BT BT T I

FH TS0 0 45 B R A, AN TR E KA 8 i, AFSY SDA SEESR B 3R 5 50, FRIRAL AR K
R TE AR R, R /KX SDA &S50 B T TR A B RN 0k JE 0 %
AT RERZ R A S AT 4 SR o SRR e LU B Ak SR J) I X6) SDA R 252 1) (5] 349 TG {25 52 1), 938 Y0k 2L R0 0T L2 1)
PMR 7 1—4 JA YA 25 5, DA 9058 & S9IAL I BE X A (3] 60 ) SDA £ 240 B &5, X R
AEAE B0 ) 8 AL D e AT RE AR LR AR AL 5 i I R R

AT A 3 A ) 00 7 28 R B 1) R TR N e R e B el e O AR S, AR BRI T O R E R I e AR LA
1 AT MR AR (HO R Dy RE ] B S S R AR 25 57, X AT 5 AN [R] D g (14 A 28 2 ORI BOAS [R] T g v K 1)
INFEBILH 225 A OG0 BV L IH AL TR R AT 52 BE ) IR 38 A2 e 1Y e B, eV RE D Re e s R 312, S3 ks,

SR S SO I 2 LR 25 0 T 0 I T/ 1 SRR R 5 77 4 T 1S .
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