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ABSTRACT 
 
Hydrologic changes caused by the Three Gorges Reservoir were 
assessed during the spawning seasons of four major Chinese carps and 
Chinese sturgeon. Hydrologic regimes were characterized by mean 
flow of spawning season, seasonal minimum and maximum 1-day flow, 
rise rate and fall rate. The hydrologic changes were analyzed by 
comparing the post-impact with pre-impact hydrologic regimes, and 
comparing the downstream with upstream hydrologic regimes. The 
reservoir exerted greater impacts on the hydrologic changes during the 
spawning season of Chinese sturgeon than four major Chinese carps. 
More attention should be paid to environmental flow requirements for 
the propagation of Chinese sturgeon. 
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INTRODUCTION 
 
The Yangtze River is the longest river in China with abundant water 
resources, which plays a vital role in ecological environmental 
protection and socio-economic development. Four major Chinese carps 
and Chinese sturgeon are important fishes in the Yangtze River. Four 
major Chinese carps in the Yangtze River, i.e. black carp 
(Mylopharyngodon piceus), grass carp (Ctenopharyngodon idellus), 
silver carp (Hypophthalmichthys molitrix) and bighead carp (Aristichys 
nobilis), are commercially important fish species and also a dominant 
natural germplasm resource, which sustains gene diversity and 
maintains freshwater fish aquaculture of China. Adult carps usually 
spawn between May and June when flow and water level increase 
under natural conditions (Wang, Li, Duan, Chen, Feng, Luo, Peng and 
Liao 2014). Chinese sturgeon (Acipenser sinensis) is a kind of 
maricolous anadromous migratory fish, which is endangered and 
protected in China. It usually spawns in October and its historical 
spawning habitats were distributed at the upper reaches of the Yangtze 

River. But the Gezhouba Dam blocks its migratory route and it is 
forced to propagate in a new spawning ground, which is located at the 
downstream of the Gezhouba Dam (Zhou, Zhao, Song, Bi and Zhang 
2014).  
 
Natural hydrologic regime is of central importance in sustaining the 
ecological integrity of flowing water systems (Poff, Allan, Bain, Karr, 
Prestegaard, Richter, Sparks and Stromberg 1997). Life history, 
behavioral and morphological was identified as three modes of 
adaptation to natural hydrologic regime (Lytle and Poff 2004). Large 
dams often change hydrologic regime and result in fish spawning 
delays and larval abundance declines (Wang, Li, Duan, Luo, Feng, 
Peng and Liao 2014). The Three Gorges Reservoir is a key hydraulic 
engineering in the Yangtze River, which produces enormous economic 
benefits and also some ecological environmental impacts. It affects the 
hydrologic, sediment and thermal regimes of the downstream Yangtze 
River (Huang, Xia, Li and Wu 2013; Li, Li and Yu 2011; Yu, Li, Lu, 
Cai, Xie and Bai 2013). The previous studies have analyzed the 
impacts of the Three Gorges Reservoir on hydrologic alterations 
throughout a year (Gao, Yang and Yang 2013; Jiang, Ban, Wang and 
Cai 2014). The present study aims to analyze the hydrologic alterations 
specifically during the spawning seasons of four major Chinese carps 
and Chinese sturgeon. The results may be helpful for the managers to 
assess the environmental ecological impacts and modify reservoir 
operation to enhance fish spawning. 
 
STUDY SITE AND DATA 
 
The Cuntan and Yichang stations monitor the inflow and outflow 
regimes of the Three Gorges Reservoir, respectively. The Cuntan 
station is located at about 614 km upstream of the Three Gorges Dam, 
draining a catchment area of approximately 866,600 km2. The Yichang 
station is located at about 44 km downstream of the Three Gorges Dam 
and drains a catchment area of approximately 1,005,500 km2. Annual 
flow at the Cuntan station accounts for about 80% of annual flow at the 
Yichang station. Multi-year mean flows of the two stations are 3450 
m3/s and 4315 m3/s, respectively. Daily flow data during the spawning 



 

seasons of four major Chinese carps and Chinese sturgeon was 
collected spanning the period of 1981~2013. 
 
METHODOLOGY 
 
The hydrologic regimes were statistically characterized by five 
hydrologic indicators, including mean flow of spawning season 
(abbreviation is mean value), seasonal minimum 1-day flow 
(abbreviation is 1-day minimum), seasonal maximum 1-day flow 
(abbreviation is 1-day maximum), rise rate and fall rate (Richter, 
Baumgartner, Powell and Braun 1996). Each indictor was computed 
based on the daily flow data. The hydrologic changes were analyzed by: 
(1) comparing the post-impact (2003~2013) with pre-impact 
(1981~2002) hydrologic regimes; and (2) comparing the outflow 
regime monitored at the Yichang station with the inflow regime 
monitored at the Cuntan station. Change magnitude was assessed 
quantitatively by change percentage which was calculated using post-
impact mean value minus pre-impact mean value and then dividing the 
pre-impact mean value. Two-sample t-test was applied to identify 
whether the post-impact mean value was altered significantly compared 
with the pre-impact mean value. The confidence level was set as 95%.  
 

 
Fig. 1 Locations of the Cuntan and Yichang stations 
 
RESULTS AND DISCUSSIONS 
 
Figs. 2~3 display the hydrologic changes during the spawning seasons 
of four major Chinese carps and Chinese sturgeon, respectively. Sub-
figures (a) ~ (e) display temporal variations of each hydrologic 
indicator and sub-figure (f) display change percentages. The straight 
full lines denote multi-year mean values of the hydrologic indicators at 
the Yichang station. The straight dashed lines denote multi-year mean 
values of the hydrologic indicators at the Cuntan station.  
 
Hydrologic changes during the spawning season of four 
major Chinese carps 
 
The hydrologic regime at the Yichang station after 2003 was slightly 
changed compared with that before 2003. The absolute change 
percentages of the five hydrologic indicators were all less than 20%. The 
two-sample t-test revealed that none of the changes were significant. 
Except the fall rate, the change patterns of the other four hydrologic 
indicators at the Cuntan station were similar with those at the Yichang 
station. The fall rate was increased at the Yichang station, but decreased 
at the Cuntan station. The absolute change percentages of the five 
hydrologic indicators at the Yichang station were all less than those at the 
Cuntan station. The two-sample t-test indentified that the changes of 
mean value and 1-day maximum were not significant, but the reductions 
of the other three hydrologic indicators were all significant.  

According to current schedule rules, the Three Gorges Reservoir 
releases water from late May to early June for the preparation of 
downstream flood control (Wang, Sheng, Gleason and Wada 2013). It 
will drop its water level from 155 m to 145 m and release additional 
5.65 billion m3 water to the middle and lower Yangtze River (Dong, 
Liang, Li and Guo 2012). The reservoir regulation may mitigate the 
reductions in the hydrologic indicators of mean value, 1-day maximum, 
rise rate and fall rate. 
 
The previous studies suggested that occurrence of flow increase and 
localized flash flooding at the spawning grounds are needed to trigger 
four major Chinese carps spawning. The necessary minimum flow 
increase should last 1-2 days, with rise rate exceeding 300-500 
m3/s/day (Yi, Wang and Yang 2010). The flow regulation of the Three 
Gorges Reservoir may be beneficial to the spawning of four major 
Chinese carps, especially when the inflow regime may not satisfy the 
environmental water requirement. The Three Gorges Reservoir can 
release the redundant water by artificial flood, which satisfies the 
environmental water requirement of four major Chinese carps and 
triggers the spawning. More attention may be paid to the negative 
impacts of the Three Gorges Reservoir on the thermal regime, which is 
also a necessary environmental factor for the spawning of four major 
Chinese carps (Wang, Li, Duan, Luo, Feng, Peng and Liao 2014). 
 
Hydrologic changes during the spawning season of Chinese 
strugeon 
 
All hydrologic indicators at the Yichang station were decreased after 
2003 and the absolute change percentages were approximately 30%. 
The two-sample t-test revealed that the reductions of mean value, 1-day 
minimum and 1-day maximum were significant. The hydrologic 
changes at the Cuntan station were relative slight and the absolute 
change percentages were all less than 20%. The two-sample t-test 
detected no significant changes at the Cuntan station. The hydrologic 
changes were more obvious at the Yichang station than the Cuntan 
station. 
 
The Three Gorges Reservoir impounds water from mid-September to 
October for supply in the dry season (Wang, Sheng, Gleason and Wada 
2013). It will elevate its water level from 145 m to 175 m and retain 
water of approximately 22.15 billion m3. The reservoir releases water 
steadily during its impoundment, reducing the downstream seasonal 
mean flow, minimum flow, maximum flow, rise rate and fall rate. The 
water contradiction between the reservoir impoundment and the 
environmental water requirement of Chinese sturgeon spawning (Ban, 
Du, Liu and Ling 2011) may be intensified, especially during the dry 
year when the limited water may not satisfy all consumers.  
 
CONCLUSIONS 
 
The hydrologic regime during the spawning season of four major 
Chinese carps was slightly changed after the impoundment of Three 
Gorges Reservoir. The absolute change percentages of the five 
hydrologic indicators, i.e. mean flow of spawning season, seasonal 
minimum 1-day flow, seasonal maximum 1-day flow, rise rate and fall 
rate, were all less than 20%. The Three Gorges Reservoir exerted 
greater impacts on the hydrologic changes during the spawning season 
of Chinese sturgeon than the spawning season of four major Chinese 
carps. All hydrologic indicators decreased obviously in October and the 
absolute change percentages were approximately 30%. More attention 
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should be paid to environmental water requirements for the propagation 
of Chinese sturgeon. 
 

 
Fig. 2 Hydrologic changes during the spawning season of four Chinese 
carps 
 

 
Fig. 3 Hydrologic changes during the spawning season of Chinese 
sturgeon 
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