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Tab.1 Body length and weight of test juvenile silver carps
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Fig.1 Variation of critical swimming speed

with temperature
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Tab.2 Maximum oxygen consumption (MMR) and standard metabolic rate (SMR) of juvenile silver carp

during repeated swimming tests at different temperatures

R/ C SMR,/mg - (kg-h)’1 SMR,/mg - (kg-h)’1 MMR]/mg-(kg-h)’1 MMRZ/mg-(kg-h)’l
10 376.15 £20.13° 257.23 £10.85* 988.25 +77.84% 827.85 +72.85%
15 645.48 +10. 12" 327.01 £22.60" 1080. 00 +80. 00* 918.50 +81.52°
20 692.29 +10. 90" 561.16 £15.71" 1399.00 +66. 80" 1306. 00 +61.60"
25 1064.22 +30.89¢ 837.15 +16. 80" 1688.00 64,534 1495. 00 +54. 844

o ARNG F8 a b c.d FoREHE R 22 57 0. # (P <0.05) ,
Note : Different lowercase letters (a, b, ¢, d) indicate significant differences (P <0.05).

: w5 R 10°C E1% i~ Aoy
L 1000F s e 10C 2Kk
<= F y L
2 800 L 1
X 600 | .
W 400 | - 1
3 168.99 mg/k
- g8 = : 118.36 mg/kg ia
200 . ‘ . . . ‘
12007 o
I 15C 1K L o A
= - 15C F2R
= 10007 1 -
=z I I 1
< 800 i L 1
5 I
oS L 1
£ 600 T i
i -
#0400 182.94 mg/kg i 5 170.97 mg/kg
L 1 L
200
~1500f .
P 3 20C FLK JUN
< 1300 ; . 20C F2k
" i
= 1100t
.cn S | + 1
g3 900 A
f% 700 1 191.24 mg/kg . [
£ so0r r 197.15 mg/kg :
[ r 1 L
300
- 1700¢ T 25°C H1X [ 25°C H2k
= 15001 H -
& 1300 1 b /
:%025 1100¢ i i
W 900f i
e 700
" [ 269.02 mg/k ! [ )
500 | - g/xXg — r 250.54mg/kg _
300 . N ‘ . . . ‘ . ‘ . N
20 40 60 80 100 120 140 20 40 60 80 100 120 140
B[]/ min Bt (8] /min
Time Time

B2 FAREREHSEEEEFEHTIETHNEEETN
Fig.2 Oxygen consumption rate of juvenile silver carp during repeated swimming tests at different temperatures
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Tab.3 Excess post-exercise oxygen consumption ( EPOC) of juvenile silver carp after repeated

swimming tests conducted at different temperatures

s AR F i EPOC JIlE i/ mg « kg ™!
BRI 10°C 15°C 20°C 25°C
1R 168.99 +28. 85 182.94 +27.91" 191.24 +27.94* 269.02 +10.89¢

52 118.36 +31.32"

170.97 +25.53"

197.15 +£20.42° 250.54 +18.31°

EAF/NG TR a b e FRBdRR2ER BF (P <0.05),

Note : Different lowercase letters a, b, ¢, d show significant difference between the data (P <0.05).
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Effects of Fatigue and Temperature on the Swimming Performance and Metabolic
Rate of Juvenile Silver Carp ( Hypophthalmichthys molitrix )

JIANG Qing'*, HUANG Ying-ping'”, YUAN Xi'*?* | JING Jin-jie'*, GAO Yong*, TU Zhi-ying'

(1. Engineering Research Center of Eco-environment in Three Gorges Reservoir Region, Ministry of Education,
China Three Gorges University, Yichang 443002,P. R. China;
2. Collaborative Innovation Center for Geo-Hazards and Eco-Environment in Three Gorges Area,
Hubei Province, Yichang 443002 ,P. R. China;
3. Institute of Hydrobiology of Chinese Academy of Sciences, Hubei Province , Wuhan 430072 ,P. R. China;
4. Institute of Chinese Sturgeon Research, China Three Gorges Project Corporation,

Yichang 443002 ,P. R. China)

Abstract; Hydropower projects fragment natural river habitat and alter the downstream hydrologic regime, leading
to serious declines, or even extinction, of wild fish populations. Silver carp ( Hypophthalmichihys molitrix) , a com-
mon semi-migratory fish species inhabiting in the Yangtze River basin, is dramatically declining in recent years due
to dam construction, over-fishing, and pollution. To better understand the swimming performance and metabolic de-
mands of silver carp during exhaustive exercise and to provide basic data for the optimizing fish passage design, we
conducted a laboratory investigation of the changes in critical swimming speed and metabolic rate of juvenile silver
carp using a stepped-velocity test. Two trials were carried out in a flume-type respirometer at four temperatures
(10, 15, 20, 25°C) and the critical swimming speed was determined to study the effect of repeated fatigue swim-
ming. Oxygen consumption rates during the swimming and recovery phases were measured. Based on the results,
the effect of repeated fatigue on swimming ability and active metabolic rate of juvenile silver carp were analyzed.
The test fish were randomly divided into four water tanks with ten fish in each group and acclimated for 1 —2 weeks
at the designated water temperature. Fish were then transferred to the respirometer two hours before the test at a low
velocity (0.06 m/s) to acclimate to the swim chamber and the velocity was increased to 60% of the estimated criti-
cal swimming speed (U, ) over 5 min and the flow velocity was then increased in increments of 0. 15 U_, at
20 min. intervals. The DO was recorded every 5 min and the test was complete when the test fish was exhausted.
After a 60 min resting period, another test was carried out under the same conditions. After testing, the length and

increased linearly with water temperature in the ex-

=3.33+0.09T

weight of the silver carp was measured. Results show that U

=3.52 +0.14T (R* =0.98,P <0.05); U

of the juvenile silver carp in the second trial was clearly lower than in the first tri-

perimental range (10 —25°C) in both trials: U,
(R*=0.97,P <0.05). The U

al, but the difference was significant only at 10°C. The maximum metabolic rate (MMR) and standard metabolic

crit, 1 crit,2

crit

rate (SMR) both increased with water temperature, but the MMR and SMR during the first trial were significantly
higher than those during the second trial. The excess post-exercise oxygen consumption ( EPOC) also increased with
temperature and there was significant correlation (P =0.024). The EPOC after the second trial was lower than that
for the first trial, but the different was not significant, indicating that fatigue did not significantly impact EPOC

(P=0.36). In conclusion, higher temperature increases the U_, and MMR of silver carps over range of tempera-

crit
ture in this study. Fatigue affects swimming ability and metabolic activity to some degree, but fatigue recovery is
enhanced. Our results will provide reference data for the design of an effective fish passage for silver carp.

Key words: juvenile silver carp; temperature; swimming ability; excess post-exercise oxygen consumption



