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Fig. 1 Spawning grounds and zoning of Chinese sturgeon under Gezhouba Dam
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Tab. 1 Statistical values of substrate acoustic parameters of Chinese sturgeon spawning grounds under Gezhouba Dam in key years

A Year fifi ¥ Hardness FHKE B Roughness 43 JE 4 £ Fractal dimension
2004 (4.94x10°) + (1.17x10°™) (2.57x10 ) + (.01x10°*" (5.48x107) + (8.87x10 %
2008 (5.35%107) £ (2.09x10°™") (1.02x107) £ (9.41x10°%) (1.20x107) + (2.48x107™")
2012 (4.49%107) + (1.52x10 ™) (8.09%10*) £ (9.51x10™™ (1.11x10 ") £ (2.38x10 ™)
2015 (8.74x107°) % (4.08x10 ) (1.19x107°) + (1.48x10* (1.38x10 ") + (2.25x10™)
2019 (1.88x107) % (8.07x10*) (3.28x10°) + (2.67x10 ) (1.35%107) £ (2.02x10™*)
2020 (9.01x107°) + (4.77x10 ) (1.03x107)  (1.34x10 %) (1.21x10 )+ (2.61x10™)

TE: BREAN R 7 BEROR AN R SE B0 A7 AE 1 25 1 22 53 (P<0.01), il R 7 BER R AN R SC I A ANAEAE 0 35 1 22 53:(P=0.05)
Note: Different letters mean significant difference in different experimental groups (P<0.01), the same letter mean no significant differ-
ence in different experimental groups (P=0.05)

2 PEEORIA KRR A

Tab. 2 Percentage of substrate hardness in Chinese sturgeon spawning grounds (%)

A Y ear 0—0.003 0.003—0.005 0.005—0.007 0.007—0.009 0.009—0.010 0.010—0.012 0.012—1
2004 9.40 43.42 40.48 4.97 0.79 0.36 0.59
2008 12.08 40.36 34.79 7.75 1.16 1.13 2.72
2012 11.82 45.12 35.91 5.18 0.47 0.41 1.08
2015 19.22 8.12 24.88 16.04 5.41 7.36 18.98
2019 6.40 8.26 8.92 6.61 3.17 5.67 60.96
2020 7.71 22.08 27.63 13.49 431 5.70 19.08

F 3 PEEESEONAIR FAERE R S
Tab.3 Substrate roughness ratio of Chinese sturgeon spawning grounds (%)

A Year  0—0.00007  0.00007—0.0001 0.00010—0.00040  0.00040—0.00400  0.00400—0.030000  0.030000—1
2004 47.03 7.58 28.10 16.99 0.29 0
2008 18.08 4.70 25.30 46.70 5.21 0.01
2012 29.21 6.48 27.42 32.80 4.07 0.02
2015 5.16 2.89 17.41 61.02 13.41 0.11
2019 3.23 1.01 8.44 62.96 23.96 0.40

2020 29.87 4.95 21.74 37.27 6.08 0.09
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Tab. 4 Substrate fractal dimension ratio of Chinese sturgeon
spawning grounds (%)

4 Year 0—0.02 0.02—0.04 0.04—0.07 0.07—0.12 0.12—1

2004 0.35 10.40 78.22 10.41 0.62
2008 0.60 2.46 9.58 37.49 49.8
2012 0.29 2.51 14.34 43.34 39.53
2015 0.07 0.82 3.45 28.19 67.46
2019 0.06 0.30 3.92 27.38 68.34
2020 0.20 1.91 12.37 36.68 48.84
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Tab. 5 Percentage of substrate in spawning grounds of Chinese sturgeon (%)

FhYear  BECR gy vimsofpibleandond  bebbe  Coble boulder
2004 0.39 9.89 56.78 17.72 15.22 0
2008 0 291 30.68 20.82 45.42 0.17
2012 0 4.12 42.16 22.52 31.10 0.09
2015 0 0.27 12.18 15.39 71.73 0.43
2019 0 0.07 6.09 8.55 83.74 1.55
2020 0.34 6.68 38.85 20.19 33.74 0.21
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VARIATION REGULARITY OF BOTTOM SUBSTRATE CHARACTERISTICS IN
SPAWNING GROUND OF CHINESE STURGEON DOWNSTREAM THE
GEZHOUBA DAM FROM IMPOUNDING OF
THE THREE GORGE RESERVOIR

LIU Wen-Cheng"’, LI Jun-Yi’, LI Peng-Cheng’, BAN Xuan’, WU Jin-Ming’, ZHANG Hui’,
SHEN Li’, LIU Zhi-Gang” and DU Hao"’

(1. School of Marine Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Freshwater Biodiversity
Conservation, Ministry of Agriculture and Rural Affairs, Yangtze River Fisheries Research Institute, Chinese Academy of Fisheries
Sciences, Wuhan 430223, China; 3. Key Laboratory of Environmental and Disaster Monitoring and Assessment, Hubei Province,
Institute of Precision Measurement Science and Technology Innovation, Chinese Academy of Sciences, Wuhan 430077, China)

Abstract: In order to investigate the changes of riverbed texture characteristics of Chinese sturgeon (Acipenser sinen-
sis) spawning grounds under the Gezhouba Dam, we analyzed the correlation between the apparent characteristics of
substrate and hydroacoustic characteristics. The analysis was based on hydroacoustic data and underwater video images
collected from 2004 to 2020, covering the period since the Three Gorges water storage. The study aimed to analyze the
changes of substrate characteristics and their causes. The results showed that (1) hardness, roughness and fractal dimen-
sion were found to be correlated with riverbed mass congestion, grain size and major composition, respectively; (2) the
characteristic parameters of riverbed substrate at the spawning ground of Chinese sturgeon under the Gezhouba Dam
showed significantly changes from 2004 to 2020. The mean values of hardness, roughness and fractal dimension
showed an increasing trend followed by a decreasing trend from 2004 to 2012 (P<0.01). The three acoustic parameters
also showed an increasing trend followed by a decreasing trend from 2012 to 2019. Between 2019 and 2020, all three
acoustic characteristics mean values exhibited a significantly increase (P<0.01), followed by a significantly decrease
(P<0.01); (3) the proportion of substrate containing sand in spawning grounds decreased by 33.08% between 2004 and
2008, increased by 12.69% between 2008 and 2012, and decreased 33.83% between 2012 and 2015. Subsequently, it
continued to decrease until 2019 and increased by 39.37% during the period of 2019—2020. The substrate changes
during this period were likely influenced by the Three Gorges water storage, sediment scheduling, water storage opera-
tion of newly constructed dams, floods, and the natural reproductive activities of Chinese sturgeon, which were obvi-
ously affected by the changes in riverbed substrate. The results of the study provide basic data for the extrapolation of
the riverbed substrate of the Chinese sturgeon spawning grounds under Gezhouba Dam and the restoration and recon-
struction of the spawning grounds.

Key words: Spawning grounds; Riverbed substrate; Roughness; Hardness; Fractal dimension; Evolution; Acipenser
sinensis
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