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Tab. 1 Morphological parameters of the experimental fish

a K & K Wk R s K.
Fish name Quantity  Body length  Body length range  Fork length ~ Full length Wet weight Water temperature
() (cm) (cm) (cm) (cm) (8 (©)
FLIRAES f 20 10.47£1.22 8.1—11.9 11.63£1.27  12.85£1.39 16.25+5.35 20.93+0.74
Leuciscus waleckii
Dybowski
Of 27 9.53+0.91 7.72—10.99 10.44£0.99  11.42+1.06 10.52+2.94 21.18+0.55
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Fig. 1 Swimming capacity test flume
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Fig. 2 Relationship between frequency and flow velocity
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Tab. 2 Correlation and ranking of six ecological behavior indica-

tors with flow velocity

FLIRHES 1 EARE
VUK BN J1 48 kR Leu%v}fggvysaklieckn Opsariichthys bidens
Swimming

RERRB e KERREC 4

dynamics indicator

Correlation Correlation
coefficient Rank coefficient Rank
1S 0.738 1 0.671 2
Tail beat frequency
R 0.606 6 0.616 6
Tail beat amplitude
e KL A 0.609 4 0.617 5
Maximum head
angle
SRR R 0.672 3 0.683 1
Maximum head
angle speed
I 3 R 0.681 2 0.670 3
Body wave velocity
LS aS 0.608 5 0.643 4
Body wave length
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Fig. 6 Principal component analysis plot of six ecological beha-
vior indicators with flow velocity.
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SWIMMING BEHAVIOR OF TWO CYPRINID FISH SPECIE AT THE GUXIAN
WATER CONTROL PROJECT IN THE MIDDLE REACHES OF
THE YELLOW RIVER

1,2,3

, CAO Hai-Ta04, KE Sen-Fanz, YANG Senz, LI Dong—Qingz, TAN Jun-Junz,
SHI Xiao-Tao’, GUO Hui’ and TU Zhi-Ying'

(1. College of Biology and Pharmacy, Three Gorges University, Yichang 443002, China; 2. Hubei Provincial International Science
and Technology Cooperation Base for Fish Passage Technology, Three Gorges University, Yichang 443002, China; 3. Institute of
Hydrology, Yangtze River Scientific Research Institute, Wuhan 430010, China; 4. Yellow River Survey, Planning and Design
Research Institute Co., Ltd., Zhengzhou 450003, China)

ZHAO Yue-Yue

Abstract: The construction of the Guxian Water Control Project causes blockage of river sections, hindering popula-
tion exchange between fish upstream and downstream across the dam. Fish passage facilities can mitigate this barrier,
and detailed knowledge of fish swimming behavior is critical for their effective design. This study targeted two main
fish species for the project: Leuciscus waleckii Dybowski and Opsariichthys bidens-and tested their induced velocity
and critical swimming speed. The study also analyzed ecological behavioral indicators including tail-beat frequency,
tail-beat amplitude, body wave velocity, body wave length, maximum head angle, and maximum head angle velocity
during upstream swimming at three swimming velocitys (2, 4, and 6 BL/s). The results showed that the absolute
induced velocities of Leuciscus waleckii Dybowski and Opsariichthys bidens were (0.06£0.01) and (0.11£0.03) m/s,
respectively, with corresponding relative values of (0.55+0.11) and (1.11+0.27) BL/s. The absolute and relative rheore-
action velocities of Leuciscus waleckii both exhibited significant negative correlations with body length (P<0.05),
whereas the absolute rheoreaction velocity of Opsariichthys bidens showed a significant positive correlation with body
length (P<0.05). The absolute critical swimming speeds of Leuciscus waleckii Dybowski and Opsariichthys bidens
were (0.99+£0.20) and (0.96+0.14) m/s, respectively, and the relative critical swimming speeds were (9.30+1.14) and
(10.07+1.47) BL/s, respectively. Both absolute and relative critical swimming speeds of Leuciscus waleckii Dybowski
were significantly positively correlated with body length (P<0.05). For both species, tail-beat frequency, body wave
velocity, and maximum head angle velocity increased with flow velocity, while tail-beat amplitude and maximum head
angle decreased with increasing flow velocity. The body wave length of Leuciscus waleckii Dybowski at 2 BL/s was
significantly higher than that under the other two swimming velocitys (P<0.05), whereas the body wave length of
Opsariichthys bidens showed no significant change with increasing flow velocity (P>0.05). Among the ecological
behavioral indicators, tail-beat frequency, maximum head angle velocity, and body wave velocity showed the strongest
correlations with swimming speed, suggesting their central role in propulsion. For fish-passage designs targeting
Leuciscus waleckii Dybowski and Opsariichthys bidens, we recommended an entrance velocity of 0.9—1.2 m/s for
upstream collection vessels and an internal velocity of 0.1—0.9 m/s within the collection chamber. This study quanti-
fies the swimming ability and key swimming behavioral characteristics of two representative fish-passage target
species, providing a reference for the design and optimization of fish passage facilities.

Key words: Induced velocity; Critical swimming speed; Leuciscus waleckii Dybowski; Opsariichthys bidens; Swim-
ming behavior
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