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Tab.1 Proportion of four swimming ability test condition schemes
i vk e kR N 36 8 70 35k . . N 3 N I Y7 55 s P B .
WRREIN ey B amagw BRI BITRTANE gy
swimming increasing flow . L. L acclimation flow L/BL fatigue net
flume types : increasing time adaptation time . . references
speed types velocity velocity contact time
JRRL FH: 941% lem/s: 53.3%  S5s: 733%  1h: 71.4% 0m/s: 46.2% 2~5: 73.9% [20-21]
sensed i 5.9%  HAb: 46.7%  Hfh: 26.7% 2h: 21.4% HAth: 53.8% >5: 17.4%
swimming Smin: 7.2% <2: 8.7%
speed
Il 7+ FHA: 93.5% 1BL/s: 54.8% 20 min: 43.8%1h: 73.1% 1BL/s: 38.5% 2~5: 71.4% 20s: 57.1% [22-23]
criticl F: 6.5% 0.5BL/s: 16.1% 15 min: 37.5%2h: 23.1% 0.5BL/s: 34.6% >5: 23.2% 10s: 17.9%
swimming HAth: 29.1% HAf: 18.7% 30min: 3.8%  HAth: 26.9% <2: 5.4% HAth: 25.0%
speed
TR FiA: 958% 1BL/s: 62.5% 20s: 59.1% 1h: 70.0% 1BL/s: 42.1% 2~5: 63.6% 20s: 52.6% [24-26]
burst T 42%  HAth: 37.5% 60s: 182% 2h: 25.0% 0.5BL/s: 36.8%  >5: 31.8% 10s: 36.8%
swimming Hpth: 22.7% HAth: 5.0% HAth: 21.1% <2: 4.6% HAth: 10.6%
speed
it A Fi: 25.0% 1h: 71.4% 1BL/s: 57.1% 2~5: 75.0% 20s: 66.7% [27]
sustained  JFA: 75.0% 30 min: 28.6% 0.5cm/s: 28.6%  >5: 25.0%  Hfth: 33.3%
swimming HAth: 14.3%
speed

T %7 SRR SRR L

Notes: “%” represents the percentage of each type in the total sample.
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[(1:4): 57.1%; (1 :2.5): 28.6%; HAth: 14.3%],
SR AN T (LR 60.9%; ZE: 39.1%).
T8 7 B E] LA 30 min 4 3 [30 min: 38.4%; 15 min:
30.8%; 10 min: 30.8%]. SZHHHKLL 1h 3 [1 h:
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3 Ko R 50 &
x2 BENTEKAEFHRTRE
Tab.2 Preference thresholds of fish for different hydraulic factors
KITE T £ fif it s Bl SCHR
hydraulic factor fish species preference range references
I/ (m/s) F+ %G Schizothorax prenanti 0.500~0.800 [38]
flow velocity "
38 Parazacco spilurus 0~0.200 [39]
fi  Hypophthalmichthys molitrix 0.160~0.400 [40]
Y0 Opsariichthys bidens 0.300~0.350 [41]
% Cirrhinus molitorella 0~0.200 [39]
fiff  Aristichthys nobilis 0.150~0.450 [42]
ZAhfE/(m’/s%) % A. nobilis 0.020~0.043 [42]
turbulent kinetic energy ‘
fi  H. molitrix 0.020~0.035 [40]
S P spilurus 0~0.070 [39]
% C. molitorella 0~0.070 [39]
H VIR 1/Pa Yifti  Ctenopharyngodon idella 0~0.500 [43]
reynolds shear stress "
S8 P. spilurus 0.001~0.004 [39]
% C. molitorella 0.001~0.004 [39]
FHOEM S prenanti 2.210~0.370. 0.200~0.330%10.060~0.230 [44]
JS2Ag/s ! FrORE S, prenanti 0.160~0.140 [44]
strain
fi  H. molitrix 1.800~4.000 [40]
6 A. nobilis 2.000~7.000 [42]
EBNREFERLFE (/s % H. molitrix 0.023~0.042 [40]
turbulent kinetic energy dissipation rate
6 A. nobilis 0.020~0.065 [42]
x3 TEFEERRSY
Tab.3 The main parameters of fish attraction and repulsion techniques
FIR AR ESid) JCHR
fish attraction and repulsion technology type references
K flow WO KBNAE. WIEVIRITT. RIAE. EANREFEHCE [46]
7 sound FIERAD. AEES &M [47-48)
Jt  light JEHEEE ., JRREBRE . SRR [49-50]
H electric Pk kR . Bk TEEE . HUARAE. FRRBERE. AN HUBR B AT R A R [51-52]
Si%:  bubble curtain SIEREALE. FLERRE [53-54]
JKfL  substrate JREEA, Bt [55-56]
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3 FIAREE, S RO TE A RN A0 2R AT R 221 Fo ik fg 50 %
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Tab.4 Thresholds of avoidance and attraction responses for selected fish species
e S
o SRR fa i L ik
ish attraction and . .
. fish species approach-avoidance response references
repulsion technology
KL flow JEZNE S, wangchiachii - B IS B VG H0.410~1.000 m/s, & B 2 B AEIEE 2H0~0.040 m?/s® [57]
— e 5% 5 K DI VE ] 290.160~0.580 m/s. P /KGEIE HE/K L N [58]
0.940~2.420 m¥/shy, ik 0 R IR A
7 sound BRIGH 2t P kaznakovi il $% €0 FE>S5 FA i A [59]
i H. molitrix [E] 38 45 W) 5L HY 75>0~2000 hz 105> T 75 &% [60]
3 light A S heterodon  RlT: JEHRFiE, G>E>SPESWESA, JGIEBREE. W% 0.65~0.80 Ix, 4. [61]
1.50~0.35 Ix
HiERNE A S waltoni GE>WE>LI>H
M electric i H. molitrix HARIAIFE 980 cm. Jikl LR8O Vo kPP 45310 Hz, BkiPFERE30 ms, FHAEHA [62]
100%
¥t C. idella Jikp LR 160 V/m. BkiSiis6 Hz, ke BEEE16 ms, BHAZBCR LT [63]
R HH 0. sima FLEES.0v 10.0+ 20.0 cm, “FIIBHELER D HINTS. 1% 55.4%. 54.5% [64]
bubble curtain , s
et H. maculatus FLEE1.0 cm. FL122.0 mm, FHEL#N95.33%+2.65%
JEBT  substrate FEZIREE S il A RGN AP T>H 5 BN ARG B A7 > 56 18] BE AR B >3 [65]
wangchiachii
FHUEHIRE G MESR: YOUR: HEf: TUNIUESYORRS R B> RO A ORI, BEAR R [66]
przewalskii Mt /NI FEARCR U MER: YORR
e O NBUEBERTRER, RMEM SR,
Notes: "—" denotes the results obtained from numerical simulation, where no experimental fish were employed.
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Fig.1 Methods for monitoring fish passage efficiency
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Advancements in fish behavioral research related to
fish passage facility design

KE Senfan ', SHI Xiaotao ', SUNPan', YUAN Yinhao', PANG Kaiwen', LI Dongging ',
JIANG Zewen', YU Xiaowei', TU Zhiying >
(1. College of Hydraulic and Environment Engineering, China Three Gorges University, Yichang 443002, China;
2. Engineering Research Center of Eco-environment in Three Gorges Reservoir Region,
Ministry of Education, China Three Gorges University, Yichang 443002, China;
3. College of Biological and Pharmaceutical Sciences, China Three Gorges University, Yichang 443002, China)

Abstract: Fish behavioral characteristics serve as fundamental data guiding the design of fish passage facilities in hydropower
projects. This study systematically examines four critical aspects closely related to fishway design: (D fish swimming capacity,
@ behavioral responses to hydrodynamic conditions, 3 techniques for fish attraction and deterrence, @ effectiveness monitor-
ing of fish passage operations. By synthesizing 121 relevant studies across these domains, we establish standardized experi-
mental protocols for behavioral parameter quantification and identify pivotal technical criteria, including critical swimming
speeds, turbulence tolerance thresholds, and optimal flow parameters for fish guidance. The analysis reveals limitations in cur-
rent experimental designs, such as insufficient ecological validity in stimulus simulation and inadequate scaling principles for
engineering applications. To address these gaps, we propose enhanced methodologies integrating multi-scale experiments
(laboratory to field) and data-driven adaptive monitoring systems. These advancements aim to refine the scientific rigor of fish
behavior experiments and optimize the ecological performance of fish passage facilities in practical engineering contexts.

Key words: fish passage; fish behavior; swimming ability; fish attraction and repulsion techniques; fish passage efficiency
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