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Tab.2 Migration suitability for grass carp in the downstream area under different water level

and discharge scenarios during the migration period
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Impact of Reservoir Operation on Grass Carp (Ctenopharyngodon idella)

Migration in the Hanjiang River Basin
LIU Hong-rui'*, LIU Yu-fang®, WANG Jie-liang', YIN Xin-an®

(1.Chinese People’s Liberation Army 32182, Beijing 100042,P.R.China;
2.School of Environment, State Key Laboratory of Water Environmental Simulation,
Beijing Normal University, Beijing 100875,P.R.China;
3.Beijing Uni-Foundation Environment Technology Co., Ltd.

(Hebei Branch), Tangshan 063000,P.R.China)

Abstract: Danjiangkou reservoir is located at the confluence of Hanjiang River and Danjiang river and is the
key water control project for water resource development and utilization in the Hanjiang River basin. Res-
ervoir operation alters the riverine hydrological regime and has significant negative impacts on fish migra-
tion and reproduction. In this study, grass carp (Ctenopharyngodon idella) were used to explore the im-
pact of Danjiangkou reservoir on the migration of grass carp in Hanjiang River. A three-dimensional hydro-
dynamic model (Environmental Fluid Dynamics Code, EFDC) was used to simulate hydrodynamic condi-
tions in the reservoir and discharge outlet under different operating scenarios, and a nonlinear autoregres-
sive neural network with external input (NARX) was established to predict hydrodynamic conditions
downstream of the dam. The relationship between grass carp migration and hydrological conditions were
obtained using laboratory experiments, and a formula for grass carp migration suitability was established
to evaluate migration suitability upstream, within and downstream of Danjiangkou Reservoir. Eight repre-
sentative sites were selected to evaluate grass carp migration. Results show that the operation of Dan-
jlangkou reservoir significantly changes water temperature and flow velocity in and downstream of the res-
ervoir. The highest flow velocity in the reservoir was less than 0.20 m/s, and the downstream velocity
ranged 0.26 —0.47 m/s. Higher water temperatures primarily distributed in shallow water areas where resi-
dence time was low. Temporally, water temperatures increased slowly and flow velocity was low in April,
so conditions for fish migration were less suitable in April than in May, June and July. Spatially. suitabili-
ty for fish migration was lower in the reservoir and downstream than in the upper Hanjiang River, which is
not affected by Danjiangkou reservoir. The extremely low flow velocities in the reservoir limit upstream
movement of grass carp, and low flow velocity and water temperature below the dam hinder upstream
movement and gonad development of grass carp. During the migration period, decreasing the reservoir wa-
ter level and increasing the discharge will improve flow velocity and water temperature conditions in the
middle and lower reaches of Hanjiang River, thereby improving fish suitability for migration. Under the
existing reservoir operating scheme (with an initial water level of 153 m), when the initial water level
drops to 142 m or the water discharge is increased by 20% , the average migration suitability in the reser-
voir increases by 6.5%, and downstream suitability increases by 22.0%.

Key words: Hanjiang River basin; Danjiangkou reservoir; Ctenopharyngodon idella ; migratory character-

istics; hydrological changes



