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Fig.1 Experimental device for flow velocity preferences of fish
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Fig.2 Schematic diagram of the combined flow field in the low-medium-high flow velocity area for case III

The letters in the figure represent the flow velocity measurements at the outlets of different flow areas.
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Tab. 1 The average flow velocity in different flow velocity areas under three working conditions m/s
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I (fik-#-=) 1T (low-medium-high) 0.23 +0.08 0.43 + 0.09 0.91+0.19
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Tab.2 Morphological indexes of C. idella
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condition water temperature  body length  total length body weight condition factor  experimental fish
I (&%) T (high-low-medium) 27.34+2.81 20.63+1.53 23.63+1.43 146.50 +34.10 1.63+£0.12 30
II (fi&-m-"1) 1T (low-high-medium) 26.62 £ 0.40 19.45+1.40 22.85+1.34 125.30+34.44 1.67+0.16 30
I (f%--w5) 1T (low-medium-high) 26.40 £ 0.82 18.34+0.83 22.19+£1.22 103.63+17.48 1.65+0.10 30

TE: * IR RE= 1R/ <100,
Notes: *. condition factor = body weight / body length * x100.
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Fig.3 Schematic diagram showing flow velocity distribution under three conditions

(a) condition I (high-low-medium), (b) condition II (low-high-medium), (c) condition III (low-medium-high), the same as Fig 4.
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Fig. 4 Schematic diagrams showing superimposed flow velocity and fish trajectories under three conditions
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Fig. 6 Probability density distribution diagrams of flow velocity and turbulent kinetic energy under three conditions

(a) I (high-low-medium) flow velocity probability density distribution map, (b) II (low-high-medium) flow velocity probability density distribution
map, (¢) I (low-medium-high) flow velocity probability density distribution map, (d) I (high-low-medium) flow preference curve, (¢) 1l (low-high-

medium) flow preference curve, () III (low-medium-high) flow preference curve.
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Stabilized preferred flow velocity of Ctenopharyngodon idella under
complex dynamic hydraulic conditions

SHI Xiaotao '’, BAO Chunpeng >, WANG Yan ', XU Xu'?, SU Xinyi "?, WU Shuai ',
SONG Nianxiong *, CHEN Xiaolong ?,  SUN Junjian ',  WANG Yuanming >, LI Minne ">
(1. Engineering Research Center of Eco-environment in Three Gorges Reservoir Region, Ministry of Education,
China Three Gorges University, Yichang 443002, China;

2. Hubei International Science and Technology Cooperation Base of Fish Passage,
China Three Gorges University, Yichang 443002, China,
3. State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, China)

Abstract: This study investigated whether Ctenopharyngodon idella exhibits a consistent range of preferred flow velocities
under complex dynamic hydraulic conditions. C. idella, a commercially important species in the Yangtze River Basin (total
length: 20.5-25.5 cm), was selected as the research subject. Laboratory experiments were conducted in an open recirculating
flume with variable-frequency control, where three characteristic flow scenarios were established. Each scenario consisted of
three parallel flow areas of equal width arranged along the streamwise direction. These areas represented all possible combina-
tions of three velocity levels (low, medium and high): Condition I (high-low-medium: 0.65-0.32-0.47 m/s), Condition II (low-
high-medium: 0.27-0.78-0.48 m/s), and Condition [II (low-medium-high: 0.23-0.43-0.91 m/s). The upstream swimming
behavior of C. idella under three complex hydraulic conditions was comparatively analyzed by coupling fish trajectories with
background flow fields, and Boolean operations on probability density functions were applied to quantify the preferred flow-
velocity ranges of C. idella. The results showed that: (D fish residence time increased with decreasing flow velocity, indicating
a clear tendency to avoid high-velocity areas and prefer low to medium flow regions; @) under all conditions, C. idella predom-
inantly occupied areas adjacent to flume sidewalls where lower velocities prevailed, with preferred ranges identified as 0.40-
0.45 m/s and 0.60-0.67 m/s in Condition I, 0.41-0.50 m/s in Condition II, and 0.18-0.31 m/s in Condition III; and 3 when
background flow distributions were similar (Conditions I and II'), fish exhibited a stable preference for 0.41-0.45 m/s, whereas
under distinct flow regimes (e.g., Condition III different from Condition I and Condition II), preference shifted toward areas
with higher probability density and lower velocities. These findings indicate that C. idella consistently prefers low to medium
flow regimes, and C. idella has a stable preferred flow velocity under complex dynamic hydraulic conditions. This study
provides scientific reference to support the ecological design of fishways and flow restoration strategies tailored to the behavi-
oral responses of native fish species.

Key words: Ctenopharyngodon idella; complex changing flow field; preferred flow velocity; swimming behavior; fish conser-

vation
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