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Abstract: The physiological performance of animals can be affected by many factors, of which the body mass is an
important one. In order to investigate effects of body mass on energy metabolism and thermal tolerance in Qingbo
( Spinibarbus sinensis ) , we firstly measured the resting metabolic rate ( RMR), maximum metabolic rate ( MMR),
metabolic scope (MS, MMR-RMR), and excess post-exercise oxygen consumption ( EPOC) of fish with different body
mass (1, 10, 25, and >50g groups) at 25°C. Then the critical thermal minimum (CT,, ), lethal thermal minimum
e ) » and lethal thermal maximum (LT, ) of fish were measured. The RMR,

MMR, MS, and EPOC increased significantly with body mass of Qingbo ( P<0.05). The relationship between In[ RMR
(mg h™' fish™) ] and In[ body mass (g) ] was described as y=0.796x—1.123 (R*=0.983, n=32, P<0.001) , while y=

(LT,,, ), critical thermal maximum ( CT
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0.834x-0.322 (R*=0.985, n=32, P<0.001), y=0.849x-0.030 (R*=0.972, n=32, P<0.001), and y=1.137x-2.099
(R*=0.943, n=32, P<0.001) were adopted to illustrate the relationships between metabolic parameters including In
[MMR (mg h™" fish™) ], In[ MS (mg h™" fish™) ], In[ EPOC (mg fish™) ], and In[ body mass (g) ], respectively.
These relationships indicated that all parameters of metabolic traits were following allometry models with body mass, and
these scaling exponents for metabolic traits (i.e., the slope of equation) were significantly greater than 2/3 (P<0.05).
Moreover, the RMR, MMR, and MS of unit body mass Qingbo significantly decreased ( P<0.05) , however, that of EPOC
distinctly increased with body mass ( P<0.05). The results may be related to the increased metabolic demands of swimming
with the increase of body mass. The relationships between CT,, and CT, (°C) and body mass (g) were described as y,.,
=0.0007x"+0.0459x+9.191 (R*=0.685, n=16, P 00 <0.001) and y,. = -0.0003x>+0.0202x+39.198 (R’ =0.293,
n=16, P ... =0.083), respectively. While those between LT  and LT  (°C) and body mass (g) were described as
Vi = 0.0003x%+0.0351x+6.581 (R*=0.657, n=16, P =0.005) and y,;,=-0.0003x>+0.0204x+40.285 (R’ =
0.392, n=16, P

quadric

qutic = 0-041) , respectively. These relationships indicated that the thermal tolerance of the intermediate

body mass Qingbo was the strongest, which was possibly related to the variant developmental stages and temperature

acclimation period in the experimental fish.

Key Words:; resting metabolism; maximum metabolism; excess post-exercise oxygen consumption; critical temperature;

lethal temperature
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1R YL 32 8 7 5 10 ife A5 3 B 1 B ( Critical thermal minimum, CT,, ) F1ESEHLE T FR ( Lethal thermal minimum,
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HHEF TSR KR (25+0.5) °C o ISR )4 K AR AFRHE 9,00 #3800 1 Uk, 38008 1 b Ji5 P IR A8 v B
BRPERZEAE ; 955 F /K 48 70 43 B S TR R K, 1 78 A3 1) 9N 3R K AR R 38 A 28 R AR K AR AL R
AAEFRTE 7.0 me/L L b KM b S B Mk B 5 HITE 0.025 mg/L VAN . H 457k & 24 gk A S i 14 20% , B 1O A
Wik BSOS, I a2t A 26,1230 JE A I FRALBEJS | RATAS A EE K /NI SE 86 0 (43 1,10,
25.>50 g 4, B4 8 2 ) HEAT R S AU R AR 32 (4 R L A2 FIIGIRL i 32 45 4 ) 8O E . 8 T RIS
T AL XA R BT A2 () R0, S2 00 f0 28 AT SR 2 A AR & 24 h LA RN
1.2 A E
SR LK TR AS ) X S 36 A (Y RE SR UEA T A, 022 S0 A PR FE AR S g S0 £ e B S P I (%
FUR A RFG 8—20 %) , ARG 2 YA L 12 h J5 sz L 1 b A sk i) ) B i) S 56 £ FE 480K 6 Uk, HEF-3
fEAE>D RMR, RMR 5 58 B | 8 5 B 52 50 0 Bl i A SR JE K8 (942 56 em, SMZ 104 em, F K 80
em/s) I FFHATARWHEAE, (I HAE 10 min DL S8 985 37 BIVKE 7 s iR 245 A4 2 56 £ (] 091 22 04 7
YRS FEAER I E W) 52 50 £ AR SR I B ) s 49 )R )iz 8l fs 19 1,23 .14 .5.6.7 ,8.,9.,10,15.,20,25 30,
35.40.,45.50.,60 .90 120 min, 7B KR IR AEHF7E (2520.5) C , 3 48UE FH I %0{X (HQ20, Hach Company,
Loveland, CO, USA) W% , 5256 0 BB FEER (mg h™' ™) SN AR TR FE 4R (mg h™' kg™ ) 20 H DA R 45K
BEATH
MO,(mg h' B )= AO,x v (1)
MO,(mg h! kgfl)z AO,x v/m (2)
KA1, MO,(mg h™' &™) NI RMFEA R, MO,(mg h™' kg™ ) ALK FFEE A, A0,y 5250 T 2 XS R AT
(WA ) AR ZE M (mg/L) v PR 3 (L/h) a2 K 76 1 min PO HR AR K A 333 HOK
TR, m KL R (kg) ., RMR FIE 0 5 9% 52 FE S0 3R A2 I P8 % 7K 378 A2 23 ) 0 I I 28 3R e R 0.5 —
1 A1 3—5 4%/ min , 15553 BT 2 N KR AZ 338 KT 95% , (HER 7 A AR S8 48 258 1 K 2138 99% , BRI XK
S FRE SR TR R A AL I
1.3 A 52 I
RIS HON 2 SE UG, N — KT 32 S 8000 5, FAH 32 00 72 R A S e vk o i — 1k d 4l
4 RBSLE I HIRIR N Z A2, 53 4h 4 R b A7 R mt 22 00 e, s, i e A e S 00 U L B B KR
AR (25°C ) I 52 R R 40 (KR 30 L) 047 il (s ) i 32 iR, Sest e R 4o aE v 1 h
Ji , LA 0.3°C /min"* B TR AR (SR | 7628 A SE 56 3 B v FH TR AR AN T 1) K AR R A S S DA RIE K A
VS SRR E >80% , 1 HLAERR 1 min FRE B /K BRI EETT (A RGEECH 0.01°C 424 s e ER i & A RA ) W
WKL, PRUE R GEKREE 3 min I THE R 2E0E FBFEHI7E+ 0.1°C , RASEES )b o 251 i RS 35 45 11 P g Fsf
R 43 SR M e L RRE (O, B T, ) FNERBE IR (LT, B LT, ),
1.4 ZHSiH 500
MMR 8 75 5256 0Pk A2 1 7 v 0 e KRB 0% AR 25 [a] (MS) 8 MMR 5 RMR 22 [8] 19 22 ; ARk & %
(Metabolic recovery rate, MRR ) 4§ S 5 £ £k & 3o 2 o By Bsf PR AR BRI A LR S EPOC 45 SE 50t 7R PR & ok
il RMR B4 MEE R
JH Excel 2003 i Fir A SC¥6 8 7 o T8, B STATISTICS 6.0 & F#EA 105 2243 M A Bl 347, 1A E %o}
PRI 32 Z 50 e, BRI R 5 22 007 2 e il ad )5, 45 (R S 41 0] 6 47« 2 3 H %K (Duncan's
test) . RIS ECG AR E A 1) R L WAICHEUR , H 7 R B0 R AN YOG R IEAT S M 1A 20 5 I 32
SR PR ] 1 56 R VAT R IR LA AT, A 5000 45 9 25 DL S5 (8 £ AR MEDR ( Mean + SE) o, 137K
FRE N P<0.05,
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KR 1), BEIRE RGN, 525610 8 2 RMR MMR MS 58000, 40K 8 41 0] 22 44 .3 (% 1,P<0.05) ;
i MRR B EFEK, >50 ¢ MR 4 (K T AR T 20 (3£ 1,P<0.05) ; B2 EPOC W E N, 10 g fAHAH 5
1 g F125 o PRH A [A] 22 5 AN i 3 AR S A ) 22 57 1o 3 (3R 1, P<0.05)

PR S £ 4R 35 R AR AE 2280 ( RMR . MMR | MS . EPOC) FIA T 28 BUAUW 05, In (RMR) . In ( MMR) . In
(MS) .In(EPOC) 5 In(f&H) [ 342 B A (K 2,P < 0.001) , fR35 R K, B 7 FEabE (355 N R TE
95% B 5 X 18] B9 B AE 75 Fl) 23514 0.796 (0.757—0.836) ,0.834(0.794—0.872) .0.849(0.795—0.904) ,1.137
(1.033—1.241) ,

BEARE B 3G 0, B0 1A RMR \MMR \MS 2 F PR (K 1,P<0.05) ;1 g A2 LA RMR 2% 5 TH:
AL (K 1,P<0.05) ; FALATE MMR Fl MS 78 10 g (KT 45 25 g (R FA1R] 22 5 (50 90)) R i 2, Hidese
IR 22 5 () ¥R 3% (35 1,P<0.05) s AR 938, SR EPOC 338, 1g 5>50 ¢ FRE 41 1H
EREFE(F1,P<0.05),

F 1 KB R RIS 85 B I B AR R AR P bR FEA R = 8)

Table 1 Effect of body mass on excess post-exercise oxygen consumption ( EPOC) in Qingbo (Mean + SE, n=8)

BE 5341 Groups
Parameters lg 10g 25 g >50¢g
ATE Body mass/g 1.06+0.11 11.030.19 25.60+0.99 79.06+5.26
&K Body length/cm 3.7620.11 8.45+0.06 10.98+0.15 15.54+0.34
#r 1EARII % Resting metabolic rate/(mg h™' &™) 0.37+0.04 d 2.11+0.09 ¢ 3.83+0.18 b 11.90+0.77 a
## 1E1RII Resting metabolic rate/ (mg h™'kg™") 348.28+26.50 a 191.43+8.77 b 149.63+4.06 b 152.21£9.34 b

F KA Maximum metabolic rate/(mg h™' FE™") 1.42+0.17d d 11.01+0.27 ¢ 22.15+1.18 b 48.46+3.21 a

i KACHIZ Maximum metabolic rate/ ( mg h’lkg’1 ) 1348.49+125.41 a 1000.23+26.42 b 863.98+25.34 b 618.41+31.41 ¢
{45 18] Metabolic scope/(mg h™' ") 1.05+0.14 d 8.91+£0.27 ¢ 18.32+1.06 b 36.56+2.91 a
{25 18] Metabolic scope/(mg h™' kg™") 1000.21+120.60 a 808.80+25.70 b 714.35+25.80 b 466.19+33.04 ¢
R B % Metabolic recovery rate/ (% /min) 14.11+£1.66 a 14.15+1.20 a 12.03+4.25 a 6.58+2.46 b
e

HLRFER . . 0.14£0.02 ¢ 2.10+0.28 be 4.90+£0.30 b 19.54+3.05 a
Excess post-exercise oxygen consumption/ ( mg/ &)

T HEFER

LR 137.28+24.23 be 189.99+25.59 ab 195.22+16.27 ab 246.57+34.25 a

Excess post-exercise oxygen consumption/ ( mg/kg)

a,b,c,d Fon AR E L H 2 57 B3 (P<0.05)

HT&P ——1g :il)
: —~—10¢ T
fb ——25g ‘fﬁ
%E ——>50g % E
E: i =
Zs ¥s
2 F3 Py )
S b1 —e =
= °
] 8
5} 5]
= % — =
90 120

I5f ] Time/min
E1 AEGEFLEEREDBEHERGEREME (THELRER AL =8)

Fig.1 The post-exercise metabolic rate curve of Qingbo with different body mass ( Mean+SE, n=8)

2.2 AN SZHRHE

RN AREXS CT,,, LT, YA BEE W, 25 g (ARSI CT,, BET 1 g F>50 g AH LI
CT,.,,10 g (AT SLILHAY CT,, WFMT >50 g KF LI CT,;, (£ 2,P < 0.05) , HAR I 1] 22 57 A
525 g RH SR LT, BEMT 1 g F1 10 g (REH LI LT, ,>50 ¢ R E S/ LT, BEMRT 1 g
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Fig.2 The relationships between metabolic traits and body mass in Qingbo

RE S LT, (£ 2,P<0.05) , HASCIA N RA W, REX CT,, LT, ¥AH B ERI, 10 g AE
SCERAH Y CT,, & = T >50g IRE SR CT,, ,25 g IKESCIAIAY CT,, & F T 1 g f>50 g (RESER 4
) CT, (£ 2,P < 0.05), HASCI A 0] 2 AN 35525 g IR E S 4H i LT, B35 E T>50 g (R S g6 240 1

LT, (%2,P <0.05), HRSKANZERALE,
CT,, A LT, SHE R RS I FU G 2« R M7 B 2k HARZRPE g3 ( B 0 R 80 1 % 1
IIINA P s <0.001 FOP 0 =0.005 (18 3) o CT,, FILT,, SHERIRC R —0Or BG4 Bt B

2 AR WLy B E M BN o P =0.083 FI P00 =0.041 (&1 3)

R 2 REX AR R ST B 32 B S  (CF I e hRE LR AR AR =4)
Table 2 Effect of body mass on thermal tolerance in Qingbo ( Mean + SE, n=4)
el (LE LSS I St EE B A
Groups Body mass/g Body length/cm Critical temperature/°C Lethal temperature/°C

IR 5Z Cold tolerance

lg 1.03 = 0.10 3.70 + 0.12 9.20 + 0.12 ab 6.58 + 0.08 a
10 g 11.10 + 0.27 8.55 + 0.07 8.73 + 0.10 be 6.23 = 0.14 ab
25 ¢ 26.18 = 1.37 11.18 = 0.11 8.38 + 0.06 ¢ 583+ 0.11¢
>50 g 72.30 = 4.91 15.18 = 0.33 9.50 + 0.32a 5.90 = 0.13 be
i 57 Heat tolerance
lg 1.10 = 0.20 3.83 + 0.20 39.03 + 0.24 be 40.25 + 0.23 ab
10 g 10.95 = 0.31 8.35 + 0.09 39.45 + 0.12 ab 40.43 + 0.13 ab
25 ¢ 25.03 = 1.56 10.78 = 0.27 39.83 £ 0.15a 40.80 = 0.11 a
>50 g 85.83 + 8.62 15.9 = 0.60 38.90 + 0.08 ¢ 40.03 = 0.22b

a,b,c FoR ALK 2 5 5.5 (P<0.05)
3 itig

3.1 AR A AR R AR
REJE RSO RIEE N R Z — , E Z A —E B E AR, AR S HAAR R o — Bk
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Yer,,, = 0.0003x2 + 0.0202x + 39.198 @
R2=0.293
n=16
Pquadric = 0‘083

yer,,, = 0.0007x2 - 0.0459x +9.191
R>=0.685
n=16
Pquadric =<0.001

I S0
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9
8 . .
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42
41 [ )
4 °
'e Y1, = ~0.0003x — 0.0204x + 40.282 °
o 39 -+ R*=0.392
S n=16
ms ¥ Prgaic = 0.041
<
w5
BE
® e 9 £
= it =0.0003x2 - 0.0351x + 6.581
T 8t R2=0.657
. n=16
7 Pquagric = 0.005)
6 + ® [ ] ®
5 1 1 1 1 1 ]
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B3 reEfRlsAmIHESEENXER
Fig.3 The relationships between thermal tolerance traits and body mass in Qingbo
CT,,.. : GG B Critical thermal maximum;CT,;, : Ifi BB FBR Critical thermal minimum; LT, : ZFEHE 1M} Lethal thermal maximum;
LT, ;. : BOEHRE TR Lethal thermal minimum

SR AR REOCR (y=ax", y Ao BT RA T 2 8, b A RER ) P, s R 5
WK SE R M0 MNBLE T R F (b) iR/, IR FEIA R 3h i RMR (4 RUEE R 74 2/3 1k 37411177
HIE R sh ) 5 PR Y R 1 A B DL AE e T e R AR (R BV AR R 5 5 38 55 T K 1 S 0 40000 o 42 11 1Y
/4G5 TEEE Y . DU RE L TR EGE R N 43 TE 2 G R 2K (. 1) 32 4 3 4 B 45 4 ZE Ak it
PR ORI AL, I AR AR R -2 374 538 T Sl 0 Q58 1) b oA R 8] S 08 1 b4t < A= 2 AR
2 ( Metabolic theory of Ecology)” YOT RS & B, AR AR RMR B9 R BE IR TR 0.796, 5 8 ( Carassius
auratus ) '* 8 ( Cyprinus carpio) >’ 75 tt. ( Mylopharyngoden piceus)'” RMR #J X K1 (43514 0.776 .0.814
0.833) A 1L ; K F 18 E 4 111 ( Coreius guichenoti) ) RMR #Y KB [H 1~ (0.728 ) ; 1fij £t ( Hypophthalmichthys
molitrix ) 8 (Aristichthys nobilis) 55 .28 RMR 9 RUEE A5 (4351 0 0.868 ,0.860 ) K T+ Hf A 43 3l i (1% LB
T R, X LE S RMR I R R F 2K T 273, B 2K (0 - ARG 57 84K 56 R AR IR IR 79
AR 2/3 R FEE , deAb, « BhARE U ( Dynamic energy budget) ” BLISTA A /IN A 2 A HH X B 55 1)
[l {ERE T7 , 17 ELA R B AR A B R EE AR 2R 0 5« TR MRS B (Organ size) ™ BRI I R/ 1A FLAT B o8 14 346
PR AR AR Cell metabolism ) ™ B IA 41 R A/ N AU SE [/ AT T RMR (9 RO 510, Gk st
FBTE—E B F YRR RMR G A FAROH M 1 S a4 R ke rp AR (5 6 RMR S 3 089 K 9 N 7 2R
BEHLHEA FF it — 2P0
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WF5E K BR, rhAE(R] 60 ) MMR  MS 5 i K REER 743710 0.834,0.849 , i S/ 5 R [H 11
KF 273, “ARFHKFE AR ( Metabolic—level boundaries) ” B IA s #) 69 be Z AR AR AR IL R R & T RE A
F(ATEBREE N 273, )5 HBREE N 1) w1 X A R 7 9 AR X B 22, s iz st LA
B AT AEDRE MMR,, T ULIAL o5 A L B4 A, 3 307E IR B2 it MMR  MS B9 RCBE R4 BT ™), AR 4
TR T2 A S BB, W PR AE A Hh 32 2 B4 Ty 28 5 JHL 3 T BRI % ) 57 Jr 389 2 0 e, i 2 T AR S R R (A
) Z R RER R (RN 2/3) A, HPAEEIRIEE EPOC REE R TR 1.137 KT 2/3, IR fa 2 o R b 1 1)
ROEF TR KT 273, BEVR T 3N, 4028 A Y DK 0 8 0 Bl =2 38600 5 3k e 45 SRR B | £ 28R A8 K eI 5
VDK BE T A Hkatk | BEA A B B AT LA SE B LA i A A E A

W98 KB, AR (R0 A AR T MMR  MS (R F/INF 1) BRI F B, SR & EPOC (RUEE
FRF 1) WIAH P ; 22 BH v A (5 i 0 78 501 A 36 s B B O o) 3 S0 AR A 0y 3t 76 S o B A 1) 1 JE 4R
TR Ak 5T & BB AR T, rh AR R ) MRR R B, 2 BH B {4 5 398 i 45 A 34 i 0 S8 AR
HHAE 77, (Rt i) 55 LA B RE 1, DRI, B 1 2 i 0 SR AE ) 5 K &2 Ak g 18] AT R AF A
3 TR
3.2 RHE XS R A2 AR Y 5 e

X AR Sh ) 8000 5, 76 18 37 L R ZU AR AL, FA A7 54 AE L B A B AR 2 Y B se 4, T
IS R RE R sC e, FRIE L AHr , RIRIR/IN f A B F EL R AN, S i AR RCR AL 5 B R fk
A2 B B AT A2 BE 11 BRI, A R X b A R A g B A2 (T, LT, CT, LT, ) BA
BRI (BN X BE SR AN R AR (6] AR A AR A58, CT,, ZH A 28 AT R g 1.12 °C | JE A4 ] 25 4k 7 il 2 R
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