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Fig.1 Swimming ability test flume
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Fig.2 Relationship between flume flow velocity

and propeller motor speed
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K “Is B9 E IR 7E 1.0 BL/s i R ad M 1 h LAY
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Fig.3 Relationship between the burst swimming
speed and body length of H. nobilis

2.2 IESRnEkiEE

A KN 5.0~9.0 cm il %) £ I LI bR B HEAT
5E I T E (23°C) M (0.468+0.161)m/s , 4%t
e 5 Ui Dk Tk 5 i A A K %) 38 I T 19 B (P<0.05)
D23 TG 5 A X s 5 Ui Dk 34 82 5 X # Ak K TG B
2R 15 2 (P=0.372>0.05), W& 4.

U...=8.4278BL~8.0728(R*>=0.5976,P<0.05) (5

® i3I SR fomes™ @ AN I S VKOE B /BL-s™!

) g 90 112 B -‘3'3
o & 80 110 o &
o E 70 18 = E
=2 E o
22w o ZZ
B 2 50 14 & g
& g & 9
w3 40 12 & z
S £ 3

230 - - - - - - . 0 &

60 65 70 75 80 85 90 95

#K/em
Body length

B4 fFiFiskEESERIPXR
Fig.4 Relationship between the critical swimming
speed and body length of H. nobilis
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Tab.1 Maximum swimming speed of juvenile
H. nobilis for each body length group

LGS & VN ST RRIHE &RIFRS U, W E
/em /& LTI /em-s™! 1% o
FIMB 165+13 31.5+0.6
E2MBL 355+1.5 65.8+0.8
5.0~6.0 10 .
HEIMEL 48.1+1.2 92.4+0.7
WARMEL  525+32 100
BIME 16.0+1.8 284+1.2
OB 46.5+32 78.6 £0.8
6.1~7.0 13 o
HBIMEL 59.8+2.5 98.2+0.6
FANBL 61.2+1.43 100
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OB 56.5+3.2 75.6+0.8
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BIMEL 69.8+2.5 93.2+0.6
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BIMEL  309+1.6 354408
F2MBE 68.8+2.6 77.8+0.7
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I — Swimming forward against the flow; Il — Static under the flow; Il = Swimming backward against the flow; IV — Swimming with the current
Fig.5 Swimming mode during each of the four stages of the swimming test
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Four Swimming Modes of Juvenile Hypophthalmichthys nobilis

LI Hong!2, GUO Wen-tao?, HE Peng?, LIU Xuan-chi?, GAN Jian-zheng?,
TAN Hong-lin''2, CHEN Lei!*2, SHI Xiao-tao', TAN Jun-jun'

(1. Hubei International Science and Technology Cooperation Base of Fish Passage,
China Three Gorges University, Yichang 443002, P.R. China;
2. College of Hydraulic and Environmental Engineering, China Three Gorges University ,
Yichang 443002, P.R. China;
3. Hubei Key Laboratory of Three Gorges Project for Conservation of Fishes,
Chinese Sturgeon Research Institute, China Three Gorges Corporation, Yichang 443100, P.R. China)

Abstract: Hypophthalmichthys nobilis (bighead carp) is one of the four major Chinese carps and data
shows that their populations have declined sharply because of hydraulic projects. Fish passages are often
incorporated into hydraulic projects that interfere with fish migration and their design is based on fish
swimming behavior. In this study, we explored the swimming ability of juvenile H. nobilis (5.0 — 9.0 cm,
2.5-11.5 g) and analyzed the relationship of swimming behavior to flow velocity. Swimming behavior
was studied in a flume (300 mmXx5 mmX75 mm) using stepped—velocity tests at a water temperature of
(23+0.5)C. The mean absolute critical swimming speed (U.;,) of the test fish was (0.468+0.161) m/s and
the average burst swimming speed (U,,.) was (0.672+0.154) m/s. Both speeds increased linearly with
body length while relative burst swimming speed, measured as body lengths per second (BL/s), decreased
linearly with increasing body length. The relationship between absolute burst swimming speed and

absolute critical swimming speed was described as U,,,=1.922U;+56.726. During the burst swimming

Tit
test, the fish used four swimming modes: swimming forward against the flow, swimming backward
against the flow, static (not swimming) and swimming with the current. In fishways targeting bighead
carp, we recommend a flow velocity range 16.0—46.5 cm/s in fishway pools and slot and orifice velocities
in the range 46.5—85.4 cm/s. The results of this study add to our knowledge about the swimming charac-
teristics of bighead carp and provide a reference for protecting the four major Chinese carps and construc-
tion of fish migration channels.

Key words: Hypophthalmichthys nobilis; burst swimming speed; critical swimming speed; swimming

characteristics



