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Effect of the Jinsha River hydropower development on population viability of

Coreius guichenoti based on the Vortex model
YANG Hongyi, HAN Rui”

State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower Research , Beijing

100038, China

Abstract; Coreius guichenoti is an endemic fish in the upper reaches of the Yangtze River. It is of great significance to study
the population viability changes of C. guichenoti under the construction of cascade hydropower stations in the Jinsha River
for the protection of this species. The Vortex model improved conventional population assessment methods by incorporating
factors like population age structure, reproductive system, sex ratio, and the impact of randomness on populations, such as
environmental factors, disasters, population dynamics, and heredity. The model effectively simulates population responses to
environmental changes, long-term patterns, and the principles governing fluctuations in population size. It is a widely used
model for population viability analysis. This research based on resource survey data of the Jinsha River from 1981 to 2021.
The Vortex model was used to construct the population dynamic model of C. guichenoti before and after the large-scale
hydropower development in the main stream of the middle and lower reaches of the Jinsha River. The model considered the
impacts of changes in water temperature and velocity environmental factors caused by hydropower development on population

characteristics, and compared the population quantities, structures, and viabilities of C. guichenoti between these two
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periods. The results showed that before hydropower development, overfishing posed a significant threat to the population.
Meanwhile, the population quantity decreased by 12.5% in 10 years, and the intrinsic growth rate was 0.085 in 100 years.
The population viability was relatively stable, and the extinction probability was 1%. After hydropower development, the
population quantity declined by 42% in 10 years, the intrinsic growth rate decreased to —0.087, and the extinction
probability increased to 36.1%. The average extinction time of C. guichenoti was 83.7 years. The viability of C. guichenoti to

resist environmental disturbance decreased. The population viability was affected.

Key Words: hydropower development; the Jinsha River; Coreius guichenoti; population viability; vortex model
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Table 1 Information table of hydropower projects in the middle and lower reaches of the Jinsha River
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Fig.1 The distribution map of hydropower projects in the middle and lower reaches of the Jinsha River
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Table 3 The main parameter setting of PVA models in different periods
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Table 4 C. guichenoti mortalities of all ages in different periods
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Fig.2 The comparison of simulation results and survey results in different periods
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Table 5 The characteristic value of C. guichenoti population viability in different periods
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Period Net growth rate First breeding Population L . .
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Fig.3 Variation trend of C. guichenoti population in different periods
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Table 6 The characteristic value of C. guichenoti population viability in different scenarios
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. . Parameter Net growth . . AREE /%  Probability Population L

Scenarios . First Population L. . Mean extinction

setting rate . . Rate of extinction quantity .
breeding time  growth rate time
change r

FLR Basic 0.67 5.60 -0.086 0 36.9 131 82.6

a. 105% 4 faFET- R * 0.42 5.68 -0.182 -110 99.9 0 50.5

b. 95% L FET R 0.93 5.54 -0.019 119 0.0 19145 —

c. 110% %105 5 25 L i 0.74 5.58 -0.068 16 17.6 763 87.4

d. 90% 3% 0.5 5 EHH Hh 4] 0.61 5.62 -0.104 -23 62.9 25 80.8

e. 110% 4 M F1REL 0.74 5.58 -0.068 16 17.7 797 85.5
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g. FAE— R E R 0.67 5.60 -0.084 0 36.4 167 84.2
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Table 7 Comparison of parameters and results of PVA models among different fish species
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Species Effective subalgebra o .

rate rate extinction time
ST [61]
KITILIK . L . 1 15.0—30.0 -0.073—-0.020 40—80 24—94
Neophocaena asiaeorientalis asiaeorientalis
LT YT [63]
KL 30.0—60.0 ~0.622—-0.023 3591 68.4—91.5
Neophocaena asiaeorientalis asiaeorientalis
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AefEl14]
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