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Fig.1 Schematic diagram of apparatus for
testing fish swimming capability
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Fig.2 Critical swimming speed vs. body length for juvenile silver carp (A) and bighead carp (B)
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Fig.3 Relative critical swimming speed vs. body length for juvenile silver carp (A) and bighead carp (B)
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Comparative Study of Critical Swimming Speeds for Juvenile Silver and Bighead Carp
LIU Hui-jie' , WANG Cong-feng'”, ZHU Liang-kang' , CHEN Ming-ming'

(1. College of Hydraulic and Environmental Engineering, China Three Gorges University,
Hubei Yichang 443002 ,P. R. China;
2. Collaborative Innovation Center for Geo-hazards and Eco-Environment in Three Gorges Area,

Hubei Province, Hubei Yichang 443002,P. R. China)

Abstract; Fish passageways are an important means of maintaining wild populations when rivers are dammed. De-
signing hydraulic conditions in passageways to match the swimming ability of target fish species is critical for suc-
cessful migration. To better understand the swimming behavior of two of the four major Chinese carp species and
provide data for fish passage design, the critical swimming speeds of juvenile silver carp ( Hypophthalmichthys moli-
trix) and juvenile bighead carp (Aristichthys nobilis) were measured using a stepped-velocity test (20 £1)°C and
differences in swimming performance were analyzed. Three groups of silver carp (16.2 —17.7 ¢cm, 12.5 - 14 cm,
9.8 —=10.5 c¢m) and bighead carp (18 =22 ¢m, 14.5 -16.5 cm, 9.3 —12.5 cm) were tested and swimming was
recorded during testing with a video tracking system. Results show; (1) The absolute critical swimming speed of
juvenile silver carp and bighead carp both increased linearly with body length, according to the equations:
Y, =0.10X7 =0. 11X, +55. 86 (R* =0.85) and Y, =0. 03X; — 1.29X; +21. 04X, —29.21 (R* =0.85), but
there was a negative linear relationship between relative critical swimming speed and body length: y, =0. 02x} -
0.87x, +12.86(R*>=0.94), y, =0. 02x; —0. 87x, + 14. 81 (R* =0.98); (2) The critical swimming speed of
bighead carp (80.89 £4.03 cm/s) in the body length group (10.78 +1.34 ¢cm) was significantly higher than that
of silver carp (65.50 £2.08 cm/s) with similar body length (10.11 £0.24 c¢m) , while the difference in critical
swimming speed of juvenile silver carp (16.90 £0.55) c¢m and bighead carp (15.39 £0.62 cm) was not signifi-
cant (83.92 £3.03 cm/s and 91.62 £3.54 cm/s, respectively) ; (3) The burst swimming speed of juvenile sil-
ver carp was faster than that of bighead carp, while the critical swimming speed of juvenile silver carp was slower,
indicating a trade-off between aerobic and anaerobic swimming for the two species. Results also indicate a negative
correlation between burst swimming speed and critical swimming speed for silver carp and bighead carp. Our results
provide information necessary to match fish swimming capability with hydraulic conditions in fish passageways.

Key words: Hypophthalmichthys molitrix ; Aristichthys nobilis ; critical swimming speed ; fish passage facilities



