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Abstract: To investigate the spatiotemporal dynamics of fish resources downstream of the Wudongde Hydropower Station, hydroacoustic
surveys were conducted using a Simrad EK80 echosounder (200 kHz) from May 2024 to April 2025. These surveys were integrated with
fish catch sampling carried out in May and November, as well as monthly monitoring data from a fixed fish aggregation station located

on the right bank downstream of the dam. The fish catch surveys collected 250 individuals, representing 31 species belonging to 24 genera
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and 6 families, with Carassius auratus dominating the assemblage (44.4%), followed by Coreius guichenoti (5.6%) and Hemiculter
leucisculus (5.2%). Both species richness and abundance were higher in May than in November. The fixed aggregation station recorded a
total of 35,026 individuals, representing 55 species from 40 genera and 11 families. The assemblage was numerically dominated by
Hemiculter leucisculus (54.90%), Culter alburnus (32.98%), and Lepturichthys fimbriata (5.11%), with daily catches showing pronounced
seasonal peaks between June and September. Hydroacoustic target strength corresponded to fish body lengths ranging from 10.1 to 117.4
cm, and monthly fish densities varied from 3.07 to 53.43 individuals per 1000 m?. Temporal trends in fish length and density derived from
hydroacoustic data were consistent with those from catch surveys and exhibited significant monthly correlations with aggregation station
data (density: R = 0.73, p <0.01; body length during May—October: R = 0.82, p = 0.047), indicating strong complementarity between the
two monitoring approaches in terms of spatial coverage (hydroacoustics) and temporal continuity (aggregation station). Hydroacoustic
observations further revealed distinct seasonal spatial patterns of fish distribution downstream of the dam. During spring and early summer
(March—June), spawning-driven aggregations prevailed, with spawning grounds of different species shifting longitudinally within 1.8—
12.0 km downstream of the dam across months. In contrast, during autumn and winter (September—March), fish distributions became
increasingly dispersed, characterized by downstream diffusion, low-density conditions, and intermittent return movements. Overall, the
dynamics of fish distribution downstream of the dam can be summarized as a seasonal cycle involving reproduction-driven aggregation,
dispersal, low-density persistence, and return migration. These findings provide a scientific basis for optimizing the operation of fish
aggregation systems and ecological regulation downstream of large dams, and highlight the value of integrating hydroacoustic monitoring
with fish tracking, hydrological observations, and environmental data to further elucidate the underlying driving mechanisms.
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Fig.1 Survey Area of Fish Communities Downstream of Wudongde Hydropower Station
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Fig.2 Layout of the fixed fish aggregation station on the right bank downstream of Wudongde Dam
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Tab.2 Individual characteristics of fish catches in the section below Wudongde dam

2024 4£ 5 A 2024 11 A
. K (em) ) K (em)
F% L (%) - — Fik %) —— -
i ] ¥ifE Fe | Sl
O fa. Coreius
#l Carassius auratus 53.9 12.0-30.8 19.2 25.6 31.5-41.1 36.5
guichenoti
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6.3 13.6-19.7 17.6 25.6 32.8-42.0 377
leucisculus Schizothorax. prenanti
SHMESA Chanodichthys AL G Vb Jinshaia
6.3 17.2-36.0 23.6 16.3 12.5-20.7 16.0
erythropterus sinensis
SRIK
i Cyprinus carpio 5.8 15.0-63.0 41.8 Pseudogyrinocheilus 7.0 16.1-20.9 18.3
procheilus
LR it fit Hypophthalmichthys
5.8 51.0-39.4 17.8 4.7 46.2-54.5 50.4
Pelteobagrus vachelli molitrix
D1 G 4%& Hemiculter HH JEfifi Leiocassis
39 10.2-24.1 15.4 4.7 13.6-14.5 14.1
bleekeri crassilabris
fi¥ Hypophthalmichthys K (R & Hemiculter
39 40.6-59.0 46.9 4.7 12.8-14.3 13.6
molitrix tchangi
TR SV Percocypris
24 4.8-7.8 5.6 2.3 423 423
Rhinogobius giurinus pingi
Ul H F . Onychostoma
2.3 423 423 23 37.0 37.0
Percocypris pingi sima
YRS 0
1.9 27.9-40.3 33.7 W Saurogobio dabryi 23 13.8 13.8
Schizothorax chongi
JELEZE S:)
1.5 32.5-40.2 359 B3 f8 Garra pingi 23 30.9 309
Oreochromis niloticus
14l £, KAEWf) Rhinogobio
L.5 31.8-39.8 34.6 2.3 22.7 22.7
Oreochromis niloticus ventralis
P18 Mean 22.5+10.5 F-¥){H Mean 32.5+13.7

212 B2k 202445 HAE 2025 4F 4 H, T RE e LML HREMIS 11 L 40 J8 55 Fh, Rl 35026
B HsRFii 2 (33 M, & 60.0%) , HUCHFEESHEL (5 F, 5 9.1%) . fEEE L, & (54.90%)
TRE (32.98%) . BV (5.11%)  SR/KM (3.94%) . BB (1.27%) . EFif (0.41%) FAZE



fE (0.36%) At b, R IIRETE 2024 4F 6-10 A J 2025 4F 3 A 4R AR, St tsilis
i 75%; HAEEVPIHTE 8-9 AANE I, SKAFEHIIE -9 A, HEaREETT 46 A, FOMMAFEE
HEIES .

HEOHEEMELEFIHERS) (R3) . 2024 F 5 AHERIK (92 B , 6-8 HIiE LTH+7E 8 A
FIEME (13,058 FB) - 9-11 AFEFE: N4, 12 H EWREE 2 ABHEE/KF. 2025 4£ 3 HilgfER T, 4 A
WE 1,537 B. RERINEREE., LR HRETHRRE. BREOA 0 , WmIRYEREs
Gy 12.5-41.0cm, L 2024 4F 8 HiAK, 2025 4 1 A HAERNZ, 2024 4 6-10 H LK
2025 4E 3 A, PR KMEAR, WHEDN 12.5 ~18.5 cm; HA& A M EKASLIRE XA, JEHE7E
22.9 ~41.0 cm 2 [,

3 Ly TRAEI R A R ] A 0 D B 0 O KRR E

Tab.3 Abundance and body length characteristics of fish collected at the fixed fish aggregation station downstream of the

Wudongde Dam
K (em)
VEE g (B

Vi M
2024 %5 H 92 7.1-50.1 229
2024 F 6 H 11116 5.3-48.6 18.5
2024 £ 7 A 5656 6.0-62.6 15.2
2024 £ 8 A 13058 5.8-58.7 12.5
2024 £ 9 A 2577 8.5-45.6 13.7
2024 £ 10 A 939 7.6-55.6 18.4
2024 £ 11 H 6 14.3-48.9 244
2024 12 A 0 0 0.0
202541 H 3 36.5-49.2 41.0
202542 H 0 0 0.0
202543 H 42 10.6-48.8 152
20254 A 1537 8.2-50.1 254
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Smirnov A4 F R R ZAEIES A (p<0.05) , KUILRAH PRI S48 (IQR) fiidHEF A 5H
BOREFENO, % H TS W 305-47.9dB %£-42.11dB, HH1 2024 42 8 A (Wi #=-47.90dB, IQR=8.24) F19
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Fig.3 Distribution of acoustic target strength (TS) values in the section below Wudongde dam
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Fig.4 Temporal variation of fish body length
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Fig.5 Monthly variation of fish density and catch numbers at the fixed fish collection and transport system
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Tab.4 Spatial autocorrelation of monthly fish density distribution in the section below Wudongde dam

Hby Moran'sI #5% Z pfi 23[R SRAEE
2024 45 F 0.209 2.046 0.04 BERE
2024 4 6 f 0.111 2.286 0.02 BERE
2024 47 A 0.087 6.36 <0.01 ATE S 2 S
2024 4 8 f 0.148 5.07 <0.01 LETE S 5 3
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Figure 6. Spatiotemporal distribution of fish density in the section below Wudongde dam
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Tab.5 Monthly Fish Density (ind./1000 m?) and Relative Deviation (%) in Sections S1-S5

S1 S2 S3 S4 S5
EE
Dy, Ps; D> Ps2 D3 Ps3 D4 Psy Dys Pss
2024/05 18.18 220.07 3.44 -46.3 3.05 -12.32 4.98 -39.44 0.10 -98.24
2024/06 4.41 -49.71 11.77 5.13 9.22 159.06 22.72 34.21 0.10 -98.86
2024/07 323 5.21 3.55 26.38 3.88 -96.74 0.10 15.64 0.86 -71.99
2024/08 62.28 16.56 41.53 -40.07 32.02 145.14 130.98 -22.27 15.11 -71.72
2024/09 6.34 48.83 3.14 -46.95 2.26 473.23 24.41 -26.29 16.61 289.91
2024/10 4.17 29.5 4.48 -51.86 1.55 -13.98 2.77 39.13 7.04 118.63
2024/11 6.54 54.98 3.28 3.32 4.36 -86.49 0.57 -22.27 0.36 -91.47
2024/12 7.61 56.58 4.58 7.41 522 33.74 6.50 -5.76 2.08 -57.2
2025/01 6.07 -1.14 11.56 -11.89 5.41 -54.23 2.81 88.27 9.25 50.65
2025/02 3.25 -41.96 3.78 107.32 11.61 -96.61 0.19 -32.5 6.40 14.29
2025/03 4.26 -2.29 7.52 -25 3.27 -97.71 0.10 72.48 0.10 -97.71
2025/04 6.64 38.62 4.81 37.16 6.57 -97.91 0.10 0.42 1.42 -70.35
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