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Fig. 1 The relationships between metabolic rates and swimming
velocity in juvenile crucian carp
MMR=15 KK % AS=AUH# 7 8]; RMR=# (EACH 5 ks
5 AR B U 5 AL IR : MMR=10.678xU,,;,+219.677,
R=0.445, P<0.001; AS=10.898x Ui+3.823, R=0.443, P<0.001

MMR=maximum metabolic rate; AS=aerobic scope; RMR=resting
metabolic rate. Regressions equations between swimming
velocities and metabolic rates as follows: MMR=10.678x U+
219.677, R’=0.445, P<0.001; AS=10.898x U,,;+3.823, R°=0.443,
P<0.001
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Fig. 2 The comparison and relationship in aerobic capacities induced by two methods in juvenile crucian carp
MMR=3 KA ZE; AS= 2% [A]; U= FFIKHE B, EPOC=123)) 5 1 8%, FAS=AHX AR i = H]

MMR=Maximum metabolic rate; AS =Aerobic scope; U,;=Critical swimming speed; EPOC=Excess post-exercise oxygen consumption;

FAS=Factorial aerobic scope

*1 AMEEPEgEREERES B EREXME
Tab. 1 Correlations among parameters of metabolic rate induced by two exercised methods in juvenile crucian carp
Wl %E J7¥5Method  SEUS S #{Parameter A M Correlation
UericM €2 BRACHEMMR R HIAS FIXHC 25 B FAS
# LA FERMR r=0.043 P=0.820 =-0.197 P=0.298  1=-0.630%* P<0.001
i KAUIFEMMR r=0.971%% P<0.001  7=0.711** P<0.001
AR AIAS =0.850** P<0.001
EPOCH & 7 R RABIFEMMR A AS FRXF AR [AIFAS I FEFEEEPOC
FrEABIERMR 7= —-0.326 P=0.079 r=—0.581** P=0.001 r=—0.800** P<0.001 r=-0.470** P=0.009
BRI ZEMMR r=0.959%* P<0.001  r=0.775** P<0.001  r=0.544** P=0.002
R HAS r=0.908** P<0.001  r=0.610** P<0.001
AHX AR 2% [HIFAS r=0. 519** P=0.003

7E: RMR=F# IEACSTAE; MMR=F R AR 2, AS={RM 22 [W); U=l VKR, EPOC=123) J id BEFE S ; FAS=HHX AL 25 1]

*RINP<0.05, **FKIRP<0.01

Note: RMR=Resting metabolic rate; MMR=Maximum metabolic rate; AS =Aerobic scope;

U,;=Critical swimming speed;

EPOC=Excess post-exercise oxygen consumption; FAS=Factorial aerobic scope. * means P<0.05 and ** means P<0.01

W ARG A B Re AL T B K AR A, I oK
H AT, # RN 25 (04 Rz shag 1™
AHE TR IR, S 2)) F (138 B4 T 2R il itk T 4
i 28650 I, H HAMMRMASH U, 3 2
L IEAR DG, B S8 A ) RE 77805 R AR mT DLS 43 58
SEACE A RIE 3, RZIMA X PG AAFAE

Tl e 2K ) A i) AP, TG L BT R
(Rl g ACET Y. AHIE TR & BLEIS) 1 I RMR 5
U, N, 1% 5#(Cyprinus carpio Linnaeus)!
58 (Mylopharyngodon piceus Richardson)"” [ 1FAH
KRG FEA . FEU M SRR, 8 4 £ 1
Uerie 5 Ug B IEARSR, B U, 5 A HLIIMMR . AS I
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Fig.3 The comparisons between parameters of swimming performance in juvenile crucian carp under two exercised methods
Usi= I VKR L 5 Uq=SI VKB 5 Uyt D 10 i FE
U.i=Critical swimming speed; U ,=Acceleration swimming speed; U,=Gait transition speed
*2 WHBRXIFKENSHERREERNEGIE

Tab.2 Regressions (+SE) of gait transition speed (x) as a function of swimming velocity (y, U, or Uy, y=a x+b

pIip:9i53 R

W52 7% Method Accelerate rate (cm/s’) a b P
Uericl®: / 0.198+0.080 16.380+5.250 0.177 0.021%*
Usals 0.083 0.367+0.062 11.244+5.120 0.552 <0.001%**

0.167 0.514+0.141 22.784+11.637 0.335 0.001%*
0.250 0.489+0.181 22.925+15.336 0.212 0.011*
0.333 0.773+0.120 -3.907+9.835 0.608 <0.001%**

VE: U= W5 TR, U= ST DRI . * F12P<0.05, ** £33 P<0.01
Note: U;=critical swimming speed, U ,=Accelerated swimming speed. * denotes P<0.05, ** denotes P<0.01
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Fig. 4 Relationships between acceleration swimming performance and anaerobic metabolism in juvenile crucian carp at different

accelerated rates
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Fig. 5 Relationship between aerobic metabolic capacity and
anaerobic metabolic capacity in juvenile crucian carp
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INDIVIDUAL VARIATION AND PHENOTYPIC CORRELATIONS IN
SWIMMING PERFORMANCE OF JUVENILE CRUCIAN CARP

ZENG Ling-Qing, FU Cheng and FU Shi-Jian

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

Abstract: The swimming ability is a fundamental organismal trait to influence growth, survival and even the Darwi-
nian fitness of fish. Energy metabolism involves oxygen uptake, locomotor capacity includes aerobic swimming perfor-
mance and anaerobic swimming performance, which exhibits great variations in these two physiological functional
traits. Trade-off may occur when these two traits can not be optimized simultaneously since aerobic and anaerobic
swimming performance pose conflicting demands on the same morphological feature of design. The present study ex-
amined the intra-individual variations and phenotypic trait correlations of swimming ability of the cyprinid fish, and in-
vestigated the effects of different acceleration speed on the constant acceleration swimming capacity in the cyprinid
fish. Swimming performance of the juvenile crucian carp (Carassius auratus) including critical swimming speed (Uy;,),
and gait transition speed (Uy) was performed in a U test. The metabolic rates including resting metabolic rate (RMR), maximum
metabolic rate (MMR), aerobic scope (AS=MMR-RMR) as well as factorial acrobic scope (FAS=MMR/RMR) were
measured by both of the U, test and the test of excess post-exercise oxygen consumption (EPOC). A constant accelera-
tion test (U, ) was employed to examine the U, and Uy, in the juvenile crucian carp at four acceleration rates (0.083,
0.167, 0.250 and 0.333 cm/sz). Our study found that U, were correlated with MMR and AS with the exception of
RMR while U, was not related to any parameters of metabolic rates (MMR, AS and RMR) in the juvenile crucian carp.
There were no significant difference in parameter average of metabolic traits (MMR, AS and FAS) between two in-
duced exercise methods, and high repeatability was detected in intra-individual level between the two methods. Dis-
tinct correlations were found among traits of metabolism. The U, and Uy, conducted by U, test were smaller than
those conducted by U, test. The acceleration rate had a determinable influence on U, but not Uy. Uy correlated positi-
vely with either U or U, and the constant acceleration swimming capacity had repeatability among four acceleration
rates. U, was positively correlated to the anaerobic metabolism contribution (Ug,—Uy) by the acceleration swimming
test at three acceleration rates with the exception of 0.333 cm/s’. However, the aerobic metabolic capacity (U,,) was
negatively related to the anaerobic metabolic capacity (Ug,—Uy) in the juvenile crucian carp by the U, test. The study
suggested that no methodological difference could be found in aerobic capacity by the test of U, and EPOC, and that
correlation among traits of energy metabolism and constant individual difference in acceleration swimming perfor-
mance could be found in the juvenile crucian carp. Performance trade-off was detectable between aerobic metabolic ca-
pacity and anaerobic metabolic capacity in this species.

Key words: Swimming performance; Trade off; Energy metabolism; Individual variation; Phenotypic correlations;
Carassius auratus



