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(a): Schematic diagram of experimental apparatus; (b): Photograph of experimental apparatus

Fig.1 Experimental apparatus for simulating hydrological conditions of fish habitat
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Fig.2 Basic structure of the fuzzy logic method used

to analyze experimental data
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Tab.2 Migration statistics of adult grass carp

at different flow rates
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0.40 18 191 105 163 55.0 85.3 7.9
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0.60 15 144 76 107 52.8 74.3 7.2
0.70 15 138 67 104 48.6 75.4 6.8
0.80 9 93 52 64 55.9 68.8 5.6
0.90 7 48 40 43 83.3 89.6 4.5
1.00 8 80 70 72 87.5 90.0 4.8
1.10 6 47 21 21 44.7 44.7 3.5
1.20 7 77 29 29 37.7 37.7 2.5

b o w0 N T e L NS0V M s L 1S & o Nl ) R 72
I ] £ 7 249 4 5 P 0 52 36 vl s SRR A 1 9 00 95 T 5 I T 2% 1
S50 v R B 0 1 6 AR AR R R 9 B 4 S X B

Note: * The average migration time refers to the average time
for test fish to swim through the migration channel at a given flow
rate. The time for a test fish in a single experiment refers to the time

required for the fish to swim through the migration channel.
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Tab.3 Suitability index for adult grass carp migration at each flow rate
Wik /m e s 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
NI R 0.000 0.162 0.407 0.412 0.771 0.804 0.689 0.698
M /m + 57! 0.55 0.60 0.70 0.80 0.90 1.00 1.10 1.20
I CH AR 0.739 0.662 0.636 0.694 0.765 0.802 0.188 0.062
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Fig.7 Suitability index for adult grass carp migration
for each flow rate
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Suitable Flow Rate and Adaptive Threshold for Grass Carp
(Ctenopharyngodon idellus) Migration

YANG Qing"?, HU Peng’, YANG Ze-fan*, CHU Li-min*, YANG Jing®

(1.North China University of Water Resources and Electric Power Hydraulic
Institute, Zhengzhou 450045,P.R.China;
2.China Institute of Water Resources and Hydropower Research State Key Laboratory of Basin Water
Cycle Simulation and Regulation, Beijing 100038,P.R.China;
3.Water Authority of Taicang City, Jiangsu Province, Suzhou 215400,P.R.China)

Abstract: Connectivity and hydrological conditions in migratory channels are the key factors limiting fish
migration and spawning. Existing studies on ecological flow focus on simulating spawning habitat rather
than the importance of hydrological conditions. In this study, we simulated the fish migration channel and
explored the effect of flow condition on migration behavior. Grass carps of average length (554+£5) cm were
selected for testing and their swimming behavior at different flows was recorded by camera. To determine
suitable flow rates and migration threshold for grass carp, fuzzy logic was used to analyze fish migration
rate, average migration time and migration persistence. The key findings are as follows: (1) At flow rates
below 0.20 m/s, test fish did not display migration behavior. (2) In the velocity range 0.25 —0.80 m/s.,
70% of the fish completed the migration channel within 15 minutes, but were not persistent at 0. 25 —
0.30 m/s. (3) In the velocity range 0.90 —=1.00 m/s, more than 80% of the fish completed the migration
channel in 5 minutes. (4) The rate of successful migration decreased significantly at velocities above
1.1 m/s. Thus, the optimum velocity range for grass carp migration is 0.40 —1.00 m/s and 0.20 m/s is the
threshold for stimulating migration behavior. These results provide information to support hydraulic simu-
lation, river ecological restoration and ecological regulation of water conservancy projects.
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