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As key indicator species for aquatic ecosystem health under cascade hydropower development, shifts in fish diversity directly
reflect the cumulative impacts of hydropower projects on river connectivity, hydrological regimes, and habitat integrity, providing
critical evidence for assessing ecological equilibrium and formulating conservation strategies. To assess the effects of hydropower
development on the fish community structure and resource status in the mid-reach of the Beipan River and optimize the
ecological sustainability of cascade hydropower operations, a field survey was conducted between the Mamaya hydropower station
and the Dongqing hydropower station from 2020 to 2023. The results revealed that 2776 fish samples were recorded during the
survey period, representing 38 species from 31 genera, 9 families, and 4 orders. Analysis of the relative importance index revealed
Onychostoma sima as the dominant species, with a significantly higher index than those of the other species. Across the study
period, the Margalef richness index (D,,,), Shannon-Wiener diversity index (H'), Pielou evenness index (J), and Simpson index
(C) ranged from 4.790 to 5.758, 0.064-0.083, 0.822-0.895, and 0.908-0.950, respectively, with peaks observed in 2021. The
abundance-biomass comparison curve (ABC) suggested an undisturbed fish community structure in 2020, transitioning to
moderate disturbance from 2021 to 2023. The length-weight relationships (LWRs) of 28 fish species were analyzed. The LWRs of
the four species in the Beipan River Basin have not been previously documented, and the maximum lengths of the seven species
were recorded for the first time. When a value in the LWR associated with fish fertility was used as an indicator to assess changes in
fish status and nutrition between 2020 and 2023, the 10 largest species presented the highest A values from 2020 to 2021, followed
by a decline from 2022 to 2023. The construction of cascade hydropower stations is considered the main driving factor of fish
habitat change, fish diversity, and fish resources in the Beipan River. The establishment of aquatic germplasm resource protection
areas, strengthening law enforcement, controlling the sand mining period, and monitoring, rescuing, and breeding rare and
endemic fish in river basins are suggested. This study supplemented the basic data of fish resources in the middle reaches of the
Beipan River. It proposed suggestions for enhancing fish diversity protection to provide protection measures and a basis for the
protection of fish resources for power stations and river basin managers.
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1. Introduction

The Beipan River, a major tributary of the upper Xijiang
River in the Pearl River Basin, traverses Yunnan and
Guizhou Provinces with substantial hydropower potential.
To exploit this resource, a cascade of 11 hydropower stations
has been planned along the river’s mainstream. However,
the construction of these stations has profoundly altered the
aquatic ecosystems of the Beipan River basin by disrupting
longitudinal connectivity, altering natural flow regimes, and
degrading critical habitats essential for fish life-history
processes. These changes severely disrupt the migratory
corridors necessary for feeding, overwintering, and
spawning, thereby posing major challenges to the survival of
migratory species [1, 2]. The Mamaya hydropower station,
the second facility in the midstream cascade (downstream of
Maokou), links the upstream Guangzhao and downstream
Donggqing hydropower stations. With the commissioning of
the Mamaya hydropower station, the entire midstream
cascade has become fully operational, further intensifying
hydrological alterations and permanently obstructing nat-
ural fish migration routes, with cascading ecological con-
sequences [1, 3].

In the context of ongoing hydropower development
along the Beipan River and the contemporary emphasis on
integrated clean energy initiatives that combine water, wind,
and solar energy, understanding the current status of fish
resources, their diversity, and community variations is
critical for developing effective conservation strategies and
optimizing habitat spatial configurations. Length-weight
relationships (LWRs) of fish serve as a crucial parameter for
assessing fish physiological conditions, facilitating the esti-
mation of length or weight for unmeasured or endemic
species, and are vital for evaluating fish population health,
which underpins fisheries management and conservation
efforts [4-7]. However, the limited data on fish growth
characteristics within the basin limit the ability to provide
robust theoretical support for habitat conservation and
ecological restoration. Despite relatively extensive data on
fish resources in the midstream region of the Beipan River,
analyses of fish species before and after the construction of
the Mamaya hydropower station are limited due to the
predominantly qualitative nature of available datasets fo-
cusing on fish ecological habits and the lack of systematic
continuity in research processes [1, 8, 9]. Research typically
focuses on specific periods; for example, between 2009 and
2010, Zhou et al. conducted four surveys in the Dongging
Reservoir, identifying 13 species and highlighting severe
habitat fragmentation in the lower Beipan River, where
conditions no longer supported the reproductive cycles of
fish species laying drifting eggs [8]. In July 2014, Mo et al.
systematically surveyed fish resources in the Dongging
Reservoir, documenting 20 species and noting that, despite
reduced fish density linked to cascade hydropower stations,
the population growth structure remained stable [1]. Be-
tween 2013 and 2015, Feng et al. conducted six sampling
campaigns in the Dongqing Reservoir, capturing 668 fish
from 3 orders, 8 families, 29 genera, and 39 species [9]. Their
findings identified dominant species and revealed a shift in
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the fish community, with species adapted to still or slow-
moving waters increasingly dominating the reservoir eco-
system. In general, existing surveys and research materials
provide only a cursory description of fish species compo-
sition in the mainstream of the Beipan River, with no
specialized studies focusing on the structure of fish com-
munities and their diversity within this reach. Evidence
suggests that investigations into the current status of fish
resources can yield essential data on species composition
and resource abundance, which are crucial for the man-
agement, conservation, and sustainable utilization of fishery
resources. Therefore, research on the present state of fish
community structures in the mainstream of the Beipan River
is imperative. Furthermore, against the backdrop of hy-
droelectric development, which has obstructed fish migra-
tion pathways, compiling current data on fish resources and
identifying the principal anthropogenic factors impacting
these resources are vital for understanding compensatory
habitat functions in the mainstream of the Beipan River.

To elucidate the status of the fish resources in the wa-
tershed encompassing the Mamaya hydropower station and
the Dongqing hydropower station reservoir area following
the operation of the Mamaya hydropower station, this study
conducted a fish resource survey from 2020 to 2023. This
study compared and analyzed the current status and com-
munity structure characteristics of fish populations down-
stream of the Mamaya hydropower station nearly a decade
after its operation, evaluating the impact of cascade devel-
opment on fish resources along the mainstream of the
Beipan River. Additionally, this research established the
LWRs of fish in this watershed for the first time. The findings
of this study will provide information on the ecological
impact of hydropower projects and contribute to the de-
velopment of strategies for fish population protection within
the mainstream of the Beipan River.

2. Materials and Methods

2.1.Study Area. Fisheries surveys were conducted from 2020
to 2023 during July through October each year in the
mainstream of the watershed below the Mamaya Dam and
the Dongqing Reservoir (24°07'-25°31'N, 105°30'-105°46'E).
By integrating historical fishery resource survey methods,
specifically the requirements for fishery resource survey
points outlined in the “Standard for the investigation of
reservoir fishery resources,” it is recommended that sampling
sections and points be comprehensively arranged based on
river length, width, and shoreline configuration, with the
option of selecting sampling points on one or both sides. In
accordance with the requirements for fish survey points in
the “Technical Code for Investigation and Assessment of
Aquatic Ecosystem for Hydropower Projects,” it is suggested
that for fishery resource surveys in the open waters of
reservoirs, survey points should be rationally established in
the mainstream or important tributary flowing water areas
of the reservoir. To ensure spatial representation along the
longitudinal gradient of the river and to increase sampling
efficiency, this study established 17 fishery resource moni-
toring points across 10 fish resource monitoring transects,
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with 1-3 points per monitoring transect determined by
actual channel width profiles and each transect spanning
a 1km radius (Figure 1).

2.1.1. Survey Sampling and Data Collection. To catch a wide
range of fish species of different lengths and to comply with
local fish protection policies, fish sampling employed
a combination of fixed-size ground traps (0.2 m high, 0.25m
wide, 8 m long, mesh size 5mm, 10 traps per site) and fixed
gill nets (10-30m long, 1.5-2.5m wide, mesh size 20-
60mm, 10 nets per site). Collection was conducted twice
daily, at 7:00 a.m. and 5:00 p.m., with a total trapping du-
ration of 10h per day. During the survey, each fish caught
was measured by an electronic balance and ruler to de-
termine total length (TL), standard length (SL), and body
weight (BW) onsite. The lengths and weights were recorded
to the nearest 0.1 cm and 0.1 g, respectively. Species iden-
tification and recording were performed following Wu
(1989), with species names verified through FishBase [10].

2.2. Data Analysis and Processing

2.2.1. Index of Relative Importance (IRI). The IRI was cal-
culated to determine the dominance of fish species in the
study area, utilizing the percentages of abundance, biomass,
and frequency of occurrence. The calculation was performed
using the following formula [11]:

IRI = (N% + W%) x F%. (1)

In this formula, N% represents the percentage of the total
number of individuals of a specific species among the captured
fish, W% denotes the percentage of the total biomass of that
species, and F% indicates the frequency of occurrence of the
species across the sampling sites. Fish species with IRI values
exceeding 1000 were classified as dominant species. Species
with IRI values between 100 and 1000 were categorized as
important species, those with values between 10 and 100 were
considered common species, and species with IRI values below
10 were identified as rare species [12].

2.2.2. Fish Diversity Analysis. This study employs the Mar-
galef richness index (D,,), Shannon-Wiener diversity index
(H'), Pielou evenness index (J), and Simpson index (C) to
evaluate fish diversity, providing insights into the diversity
characteristics of the studied watershed. The specific details and
formulas for these indices are as follows [13-15]:

1. Margalef richness index (D,,): This index reflects the
species richness within a biological community and is
calculated as:

(8-1)

= 2
M= N (2)

where S represents the total number of captured fish
species, and N represents the total number of in-
dividuals captured across all species.

2. Shannon-Wiener diversity index (H'): This index

reflects the complexity of community structure,
combining species richness and evenness in a com-
prehensive manner. The formula for this index is as
follows:

S
=-Y PInP,
i=1

(3)
N.
p, = 100%(—’),
N

where H' is the Shannon-Wiener diversity index, P; is
the proportion of individuals of species i relative to the
total number of individuals, and N; represents the
cumulative number of individuals of species i.

. Pielou evenness index (J): This index quantifies the

evenness in the distribution of individuals among
species within a community and is calculated as
follows:

J= (4)

where § is the number of captured fish species and H'
is the Shannon-Wiener diversity index.

. Simpson index (C): This index measures the proba-

bility that two consecutive individuals sampled from
the community belong to the same species. It ranges
from 0 to 1, where lower values indicate higher
community diversity, and higher values reflect lower
diversity:

C=1-)P. (5)

In this formula, P; is the proportion of individuals of
species i relative to the total number of individuals
sampled.

Origin 9.0 software was used to analyze the LWRs of
the fish, the IRI, and the fish diversity metrics. Sta-
tistical significance was determined at p < 0.05 for all
analyses.

. The abundance-biomass comparison curve (ABC),

derived from k-dominance curves for biomass and
abundance plotted on the same graph, was used to assess
community disturbance levels [16]. In an undisturbed
community, the biomass curve lies above the abundance
curve. For moderately disturbed communities, the
curves overlap or intersect, with the abundance curve
predominating. The ABC value, which quantifies the
difference between the two dominance curves, was
calculated using the following formula:

‘Z (B, - A,) ©

(50 x (S-1))
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FIGURE 1: Survey area and locations of the Mamaya and Dongqing hydropower stations.

where S represents the number of fish species, B; represents
the cumulative biomass percentage of species ranked 7, and
A, represents the cumulative abundance percentage of
species ranked i. In this study, the percent mantissa rep-
resents the abundance, whereas the percent weight corre-
sponds to the biomass.

2.2.3. LWR. To ensure adequate sample sizes for LWR
analyses, species with fewer catches were excluded. The
natural logarithm transformation was applied to estimate
the LWR between SL and BW. The 95% confidence intervals
(ClIs) for the regression parameters a and b, as well as the
coefficient of determination (R?), were also calculated.

Log(BW) =loga + blog(SL), (7)
where BW represents the wet weight of each fish (g), SL
represents the SL of the fish (cm), a represents the intercept,
and b represents the slope.

Before conducting linear regression analysis, a log-log
plot was used to identify and remove outliers, minimizing
the fitting error of the data. Data analysis and individual
figure processing were carried out using Origin Pro 2021 and
SPSS 25.0.

3. Results

3.1. Current Status of Fish Resources. According to the sta-
tistical results of the fish resource survey conducted from
2020 to 2023, 2776 fish, weighing 353.89kg, and

representing 4 orders, 9 families, and 31 genera were cap-
tured (Table 1). Among these were 35 native fish species and
3 nonnative species (Oreochromis mossambicus, Leiocassis
longirostris, and Ictalurus punctatus). The Cyprinid family
dominated the samples with 2182 individuals belonging to
26 species and a total weight of 314.36 kg. This accounted for
68.42% of the total species, 56.44% of the total abundance,
and 88.83% of the total weight, respectively. The Bagridae
family dominated the samples with 134 individuals be-
longing to 4 species and a total weight of 3.94kg. This
accounted for 10.53% of the total species, 4.83% of the total
abundance, and 1.11% of the total weight, respectively. The
Siluridae family dominated the samples with 55 individuals
belonging to 2 species and a total weight of 15.30 kg. This
accounted for 5.62% of the total species, 1.98% of the total
abundance, and 4.32% of the total weight, respectively.
Cobitidae, Cranoglanididae, Gobiidae, Serranidae, Cichli-
dae, and Amblycipitidae had 1 species each.

Following the construction of cascade hydropower
stations in the Beipan River Basin, the number of fish species
gradually decreased, although the rate of decline slowed.
Before the construction of the cascade stations (before 1989),
there were 91 fish species in the study area [1, 9]. Between
2009 and 2011, this number decreased to 45 species, a re-
duction of 50.55% [8]. From 2013 to 2015, the number
further declined to 39 species, representing a 13.33% de-
crease from the previous period [9]. From 2020 to 2023, the
number further decreased to 38 species, a 2.56% reduction
from the previous period. The fish resource survey from
2020 to 2023 revealed a slight decrease in the number of fish
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TaBLE 1: Statistical analysis of catch composition: taxonomic distribution, species proportions per family, and numeric/gravimetric metrics

across fish families.

Families of Number of Species percentage

Total individuals

Number percentage Weight percentage

Weight (kg)

fish species (%) (%) (%)
Cyprinidae 26 68.42 2182 78.60 314.36 88.83
Cobitidae 1 2.63 29 1.04 0.10 0.03
Siluridae 2 5.26 55 1.98 15.30 4.32
Bagridae 4 10.53 134 4.83 3.94 1.11
Cranoglanididae 1 2.63 20 0.72 3.65 1.03
Gobiidae 1 2.63 121 4.36 0.51 0.14
Serranidae 1 2.63 19 0.68 4.67 1.32
Cichlidae 1 2.63 182 6.56 6.95 1.96
Amblycipitidae 1 2.63 34 1.22 4.40 1.24
species. In four consecutive years, 34 fish species, or 89.47% 100 — 04 3 .y
of the total fish population, were detected together. The
highest species number was in 2021, when 37 species were 1 301 -
monitored, followed by 36 in 2020 and 2022, whereas only 80 0 ]
30 were detected in 2023 (Figure 2). |
10 4
60 —
3.2. Fish Diversity. As shown in Table 2, IRI analysis revealed 5 04
f‘}‘ 7 2020 2021 2022 2023

that the dominant species in the study area was Onychos-
toma sima, with an IRI value of 4729.23, representing 7.46%
and 25.00% of the total number and biomass, respectively.
Three important species were identified, with IRI values
ranging from 108.32 to 210.06, which primarily included the
species Spinibarbus sinensis, Hemibarbus maculatus, and
O. mossambicus. The survey additionally identified 10
common species (10<IRI<100) and 24 general species
(IRI< 10), collectively constituting the majority of the fish
assemblage.

Opverall, fish diversity in the section of the Beipan River
from below the Mamaya hydropower station to the
Dongging Reservoir is relatively low, with the Margalef
richness index (D,,) varying between 4.790 and 5.758, as
presented in Table 3. The highest values were recorded in
2021, followed by 2022, 2020, and 2023. The Shannon-
Wiener diversity index (H'), Pielou evenness index (J), and
Simpson index (C) all displayed a decreasing trend over the
years, nearing parallel, with peak values observed in 2021,
ranging from 0.064 to 0.083, 0.822 to 0.895, and 0.908 to
0.950, respectively.

The ABC curve illustrates that in the survey area from
2020 to 2023, the starting point of the biomass advantage
curve was significantly greater than that of the abundance
advantage curve, with W values being positive and slightly
greater than 0. In 2020, the biomass-dominance curve was
consistently above the abundance-biomass curve, indicating
an undisturbed fish community structure with slow-
growing, large individual species. From 2021 to 2023, the
intersection of the biomass dominance curve and the
abundance-biomass curve suggested moderate disturbance
to the fish community, with increased disturbance and an
unstable state (Figure 3).

From 2020 to 2023, both the cumulative abundance and
cumulative biomass curves exhibited an overall increasing
trend that gradually decelerated. However, when the cu-
mulative curve rate reached 90% (indicated by the black

40

20

0 T T
Before 1989 2009~2011

Year

2013~2015 2020~2023

FIGURE 2: Number of fish species collected in different sampling
years and the number of common fish species captured across
different years within the study area. Note: Histograms represent
the number of fish species in different sampling years; Venn di-
agrams represent the number of fish species captured in common
across different sampling years.

dashed line in Figure 4), the cumulative abundance curve
presented the highest number of fish species in 2020 and the
lowest number in 2023. In contrast, the cumulative biomass
curve peaked in 2021 and was lowest in 2023. In the cu-
mulative abundance curve, the curve for 2023 rose more
rapidly at lower species abundances than did the curves for
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TaBLE 3: Margalef richness index, Shannon-Wiener diversity index, Pielou evenness index, and Simpson index of fish species in

different years.

Year Margalef Shannon-Wiener diversity index Pielou Simpson index (C)
richness index (D) (H) evenness index (J) P
2020 5.536 0.080 0.854 0.930
2021 5.758 0.083 0.895 0.950
2022 5.706 0.072 0.826 0.922
2023 4.790 0.064 0.822 0.908
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F1GURE 3: ABC curves and W statistic values of fish catches in the lower reaches of the survey area from 2020 to 2023.

2020-2022, which showed a more similar rate of increase. In
the cumulative biomass curve, the curve for 2020 rose more
slowly at lower biomass levels, whereas those for 2021-2022
accelerated, indicating an increase in biomass distribution.
In contrast, the curve for 2023 flattened at both lower species
ranks and higher biomass levels but overall remained below
the biomass distribution levels observed from 2020 to 2022.

3.3. Samples and LWRs. As shown in Table 4, the LWRs for
all the fish species were significant (p < 0.05), with R* values
ranging from 0.9749 to 0.9999. The parameter b for the
LWRs of the 28 species ranged from 2.308 to 3.793, which is
consistent with the expected range (2.5-3.5) reported by Ma
et al. [18], Yang et al. [19], and Wang et al. [20] in natural
environments.
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F1GURE 4: Dominance curves of cumulative abundance and cumulative biomass from 2020 to 2023.

An analysis of the 10 fish species with the highest cu-
mulative catches from 2020 to 2023 and comparisons of
changes in their LWR revealed significant differences in the
LWR across the species (p < 0.05), as shown in Table 5. The
results indicate that the a value in the LWR decreased an-
nually, being largest in 2021 and smallest in 2023. In con-
trast, the b value gradually increased, reaching its lowest
value in 2023 and its highest value in 2024. Notably, the body
length and weight of these 10 fish species tended to decrease
over time, with the smallest measurements observed in 2020
and fluctuations in the a and b values reflecting these
changes (Figure 5). These patterns suggest potential corre-
lations with alterations in the age structure of the fish
population within the study area. A reduction in average
body length and a shift in dominant age groups were noted
annually, which may pose increasing risks to the population,
potentially leading to severe outcomes, including extinction.

4, Discussion

4.1. Composition and Diversity Changes in the Fish
Communities

4.1.1. Status of Fish Resources. A comparison with historical
data revealed significant changes in the fish community of
the Beipan River, primarily characterized by (1) a reduction
in species. Historical records document 91 fish species in the
river [9, 21]. Surveys conducted in September and November
2009 and March and May 2010 revealed 45 species [8]. From
2013 to 2015, the number further declined to 39 species,
representing a 13.33% decrease from the previous period [9].
However, during this four-year continuous survey, only 38
species were collected. Despite the limited number of
specimens in this study, the general principle that a greater
number of species is associated with higher collection fre-
quency supports the conclusion of a sharp decline in fishery
resources throughout the Beipan River system [21]. (2)
Changes in dominant species. Historical data indicate that

the dominant species in the Beipan River are primarily
Schizothoracids and Acrossocheilus beijiangensis. However,
the dominant species is now primarily O. sima [22]. While
silver carp remain common in the Beipan River Basin,
species such as Mylopharyngodon piceus, Ctenopharyngodon
idellus, and Aristichthys nobilis have become uncommon.
Compared with previous studies on the fish species com-
position at the confluence of the Pearl River and the Beipan
River, our study revealed a broadly similar taxonomic
structure at the family level but fewer species within these
families [23]. Apart from endemic species to the Beipan
River, all other species can also be found in the mainstream
sections of the Pearl River, indicating that the fish com-
munity of the Beipan River represents a nested subset of that
of the mainstream of the Pearl River [24]. Li et al. (2014)
similarly reported that higher-order streams are nested
subsets of lower-order stream fish communities in their
study of spatial patterns in fish assemblages in mountain
streams of the Wanhé River [25]. The observed phenomenon
can be attributed not only to the differentiation of local
habitat characteristics but also, critically, to the isolating
nature of riverine habitats, which is a key factor in the re-
duction in fish species diversity within families in the Beipan
River [15]. In this study, the Beipan River, as a principal
tributary of the Pearl River, shares significant similarities in
its midstream fish species composition with adjacent sec-
tions of the Pearl River. This similarity stems from its direct
connection to the Pearl River. However, differences in local
habitat conditions such as water depth and flow rate, along
with the construction of hydropower stations in both the
Pearl River basin and the Beipan River basin, create barriers
that limit the migration of certain endemic Pearl River
species into the Beipan River [2, 8, 9]. Consequently, species
such as Siniperca chuatsi, Parabramis pekinensis, and
Schizothorax yunnanensis are rarely found in the Beipan
River, leading to notable differences in species composition
between the two rivers [26]. Compared with previous
studies, the progressive contraction of fish species within
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FIGURE 5: The variation trends of coefficient a and coefficient b in the LWRs from 2020 to 2023.

surveyed river segments likely stems from reservoir im-
poundment at bendway reaches, where elevated water levels
and altered flow velocities eliminate original fish habitats,
degrade spawning conditions and food resources, and ul-
timately decrease fish population abundance [27, 28].

Furthermore, studies have demonstrated that riverine
phytoplankton, as primary producers in aquatic ecosystems,
play vital roles in energy flow and nutrient cycling. Phy-
toplankton biomass is strongly correlated with fish pro-
ductivity and serves as a major food source for fish within
this basin [29, 30]. During hydropower operations, turbine
discharges alter reservoir flow dynamics and vertical strat-
ification, thereby modifying hydrodynamic processes and
inducing water quality transformations. For example, res-
ervoirs prioritizing power generation typically employ deep-
water releases, generating conditions characterized by rapid
drawdown, high discharge rates, and shortened retention
times. While such conditions increase self-purification ca-
pacity, they simultaneously suppress the growth of phyto-
plankton, zooplankton, and algae by limiting resource
availability [31]. Consequently, reduced phytoplankton taxa
available as fish prey decrease fish dietary diversity, ulti-
mately degrading fish species richness [32, 33].

4.1.2. Fish Distribution and Community Structure. Over four
consecutive years of fish resource surveys, a consistent decline
in fish species was observed from the Mamaya hydropower

station dam site to the Dongqing hydropower station dam
upper section. From an ecological standpoint, the majority of
fish species in the lower reaches of the Beipan River are
omnivorous [34] and primarily occupy the middle and lower
water columns. This distribution likely reflects adaptations to
limited food availability and fast-flowing river conditions. The
development of the integrated hydropower and solar energy
base within the Beipan River cascade basin has caused sig-
nificant water level fluctuations in the Dongging Reservoir and
irregular discharges from the Mamaya hydropower station.
These dynamics have resulted in frequent and unpredictable
transitions between rapid, slow, and still water zones, influ-
encing the spatiotemporal distribution of fish and severely
impacting spawning conditions [35].

In terms of community structure, the dominant fish
species were limited to a few, predominantly Cyprinidae,
including O. sima, Onychostoma gerlachi, and H. maculatus.
This represents one additional dominant species compared
with the findings of Feng et al. [9]. The dominant species
composition in this section of the river appears to be shaped
by specific ecological pressures. Following the completion of
the Mamaya hydropower station, the number of down-
stream habitats gradually decreased, leading to increased
competition for scarce food resources and increased in-
terspecies competition. These ecological constraints have
contributed to the observed decline in the dominant fish
species within the basin [36].
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4.1.3. Current Status of Fish Biodiversity. The species di-
versity index serves as an indicator of biomass levels within
an ecosystem [37]. The Margalef richness index (D,,) and
Pielou evenness index (J) reflect fish species diversity and
distribution patterns within aquatic systems, where higher
values typically indicate greater structural complexity and
stability in fish communities. This study’s results align with
the findings of Wang et al., with both Dy, and J values falling
within documented baselines, suggesting that moderately
complex community structures and ecological stability
persist in the investigated watershed [38, 39].

In this study, the Shannon-Wiener diversity index (H')
for the fish in the surveyed river segments exhibited
a consistent annual decline. It was significantly lower than
the values reported by Feng et al. between 2013 and 2015 [9].
Based on Magurran’s benchmark for diversity indices
(1.5-3.5), the diversity index in the study area has experi-
enced notable changes over the past decade [40]. Compared
with other reaches of the Pearl River Basin, the investigated
watershed has relatively low levels of fish diversity [41, 42].
Various factors may influence this variation, including
reservoir operation duration [43], habitat characteristics
[44], and tributary conditions [45]. During the initial stages
of reservoir operation, rapid habitat alterations often lead to
significant reductions in fish population diversity. Over
time, as fish species adapt and invasive species establish
themselves, diversity may gradually increase [45]. For ex-
ample, at Brkopordo Dam in Suriname, fish diversity and
evenness decreased sharply during the first 4 years of op-
eration, but after several decades, diversity and evenness,
while not reaching predam levels, exceeded those observed
in the early years [46].

The persistent decline in fish diversity observed in this
study may be attributed to nutrient limitations, reservoir
capacity, and human engineering activities. Although a se-
ries of fish habitat protection measures were taken after the
construction of the Mamaya hydropower station, the im-
provement in fish diversity was not significant, which may
have been due to the sharp decline in the fish population and
the reduction in biodiversity caused by overfishing before
the completion of the dam [47, 48]. Additionally, extensive
hydropower development across the Beipan River Basin has
profoundly altered the ecological environment, hindering
the adaptation of native species and resulting in population
declines. Despite ongoing habitat restoration initiatives
along the Beipan River mainstream, recovery is expected to
be a lengthy process. As fish gradually adapt to the altered
environment and invasive species proliferate, fish diversity
may increase over time. Future research will focus on ex-
amining the relationships between fish diversity and envi-
ronmental factors in the basin, identifying key influencing
factors, and providing recommendations to enhance current
fish habitat restoration efforts.

4.2. LWRs. This study represents the first report on the
LWRs of 28 fish species in the Beipan River Basin. Based on
FishBase [17] and the literature, the LWRs for Acrossocheilus
iridescens longipinnis, Pseudohemiculter dispar, O. gerlachi,
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and Cranoglanis bouderius in the Beipan River Basin have
not been previously documented (Table 4). In addition to the
maximum TL in FishBase, this study records the first
maximum lengths for species including O. sima, Acrosso-
cheilus longipinnis, Hemiculterella sauvagi, Rhodeus ocella-
tus, Discogobio yunnanensis, Spinibarbus hollandi, and
Acrossocheilus yunnanensis. Parameters a and b in the LWR
equation (BW = a x SL?) generally fall within 0.001-0.05 and
2.5-3.5, respectively, as noted by Froese [49]. The param-
eters estimated in this study align with these typical ranges.
When b exceeds 3.0, it reflects populations dominated by
well-nourished adult samples; b at 3.0 indicates consistent
growth patterns across sizes, whereas values below 3.0
suggest faster growth in length relative to weight among
smaller samples [7, 50]. However, deviations in b were
observed compared with findings from other studies
[51, 52]. Such variations can result from environmental
factors (e.g., habitat, seasonality, and spawning periods),
anthropogenic influences (e.g., sample size and measure-
ment accuracy), and physiological factors (e.g., feeding rates
and maturity), leading to seasonal fluctuations in LWR
parameters [20]. The variations in b among the studied
species likely reflect differences in fishing methods, species,
and timings of postcapture measurements. For example, the
b value for O. gerlachi closely matches the findings of Kuang
for specimens from the same river basin [53, 54]. Con-
versely, discrepancies were noted for other species due to
differing environmental conditions at capture sites. For
example, H. maculatus captured in various basins by Yang
and Liu presented both b >3 and b < 3 outcomes, reflecting
site-specific environmental impacts [19, 55].

The condition factor is a commonly used metric derived
from LWRs to evaluate the body condition and nutritional
status of fish populations within a specific region. The a value
in LWRs correlates with the richness of fish populations,
with increases in this parameter often reflecting a more
suitable habitat environment [20, 56]. Studies have dem-
onstrated that the condition factor is directly proportional to
the a value, with fish populations in regions offering superior
nutritional conditions exhibiting higher condition factors
and a value [57]. In this study, the analysis of the 10 most
abundant fish species revealed higher a values from 2020 to
2021, followed by a decline from 2022 to 2023. This trend
coincided with a reduction in average body size, indicating
a shift toward smaller fish populations. Such changes may
compromise ecosystem functional diversity and resilience,
potentially through habitat alterations or overfishing. The
construction of hydropower stations in the middle and lower
reaches of the Beipan River has fragmented aquatic habitats,
significantly impairing conditions for floating eggfish to
complete their breeding cycles, thereby exerting severe
impacts on fish populations and their structure [8]. Al-
though habitat restoration measures have been imple-
mented, their effectiveness remains limited, likely because
there is insufficient time to achieve stable improvements in
fish diversity [58]. Additionally, the release of cold water
from dams during power generation may reduce condition
factors and, consequently, a values. Increased fishing
pressure can further influence fish populations by
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accelerating growth rates, thereby reducing conditions.
Environmental variables, food availability, and physiological
conditions also play critical roles in shaping the condition
factor and LWRs parameters [59]. Variations in fishing
intensity, food resources, or environmental conditions can
alter growth patterns and significantly affect fish
populations [60].

4.3. Influencing Factors and Protection Suggestions for Fish
Populations After Reservoir Construction. The abundance
biomass curve (ABC) indicates that the catch structure of the
middle reaches of the Beipan River has been in a moderately
disturbed state since 2021, suggesting significant human
impacts on fish resources in this region. Anthropogenic
activities such as hydropower construction, overfishing, and
sand mining have been shown to severely affect fish com-
munity structures [15, 61]. Eleven cascade power stations are
planned along the mainstream of the Beipan River, with five
already constructed and operating [9, 22]. These hydropower
cascades fragment the continuous river ecosystem into
reservoir-river systems, significantly altering the hydrolog-
ical conditions in the reservoir and downstream areas. This
fragmentation obstructs migratory fish species, disrupts
their reproductive cycles and life histories, and hinders
communication among fish populations [2, 21]. Further-
more, dam construction damages the specialized habitats of
rare and endemic fish species adapted to the unique envi-
ronment of the Beipan River, exacerbating their endangered
status. Cascade development in the Pearl River, for example,
has led to notable declines in migratory and sticky fish
species, increases in slow-flow and static fish, an increase in
alien species, and a heightened risk of extinction for rare and
endemic species [62]. In terms of water pollution, although
certain sections of the Beipan River have historically been
affected by industrial and agricultural nonpoint source
pollution, intensive industrial pollution remediation efforts
by governmental and local authorities between 2000 and
2015 significantly improved the water quality within the
basin. The water quality now generally meets Class II-III
standards, resulting in a less pronounced impact of pollution
and water quality on fish resources [63]. With respect to
artificial sand mining, some areas of the Beipan River basin
experience illegal rock and sand mining activities, which
degrade fish habitats and directly harm fish populations.
Consequently, sand mining in the lower reaches of the
Beipan River is likely to severely impact fish resources in this
region. The data presented in Table 2 indicate that the
majority of large- and medium-sized fish captured in the
middle reaches of the Beipan River are juvenile, highlighting
the severe consequences of overfishing in the surveyed area.
Field investigations and interviews with fishermen revealed
a high frequency of electric fishing within the Beipan River
basin, with reports of 2-3 groups of electric fishing per-
sonnel operating simultaneously in river sections spanning
2-3km. Thus, overfishing in the middle reaches of the
Beipan River is identified as a significant factor contributing
to the depletion of fish resources in this area.
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The construction of the Mamaya hydropower station
obstructed fish migration routes, decreased habitats for both
target and nontarget fish species downstream, modified the
hydrodynamic conditions of numerous historic spawning
grounds, and ultimately led to a reduction in the re-
productive capacity of mainstream fish [45]. Research on the
biodiversity of the Porto Primavera Reservoir of the Amazon
River suggests that tributary habitat substitution and arti-
ficial ecological restoration are crucial strategies for restoring
fish diversity in the main river channels [57, 59]. The Beipan
River benefits from two strategically positioned tributaries,
the Dali Tree River and the Ximi River, which enhance
tributary habitat substitution and ecological restoration,
vital for improving fish diversity in the main channel. The
Pearl River, a vital water source and aquatic biodiversity
hotspot in China, provides excellent living conditions and
breeding grounds for rare and endangered species as well as
important aquatic economic species [15]. As a significant
tributary of the Pearl River, the study of fish diversity in the
Beipan River is crucial for restoring fisheries resources and
protecting the aquatic ecosystem within its watershed.
However, due to factors such as dam construction, sand
mining, and overfishing, the fish resources in the Beipan
River have shown a declining trend, characterized by re-
duced proportions of economically valuable fish, minia-
turization, and juvenilization of fish populations. To increase
fish diversity conservation, we suggest that the managers of
the Mamaya and Dongqing hydropower stations and other
cascade managers pay attention to the following aspects:

1. Establishing aquatic germplasm resource reserves is
an effective approach to fish resource protection and
plays a significant role in fisheries conservation.
Currently, there is the “National Aquatic Germplasm
Resource Reserve for Endemic Fishes in the Jiuwan
Section of the Beipan River.” We suggest further
designating ecological red lines based on the unique
habitat characteristics of the Beipan River, targeting
rare and endangered endemic fish species in key
habitats to prevent habitat loss and degradation.

2. Fisheries regulatory authorities should enforce fishery
laws (“Regulations of the People’s Republic of China on
the Protection of Aquatic Wildlife,” “Fisheries Law of
the People’s Republic of China”) and fishing morato-
rium regulations strictly, intensify law enforcement,
severely crack down on illegal fishing practices such as
poaching and electrofishing, and eliminate unlawful
fishing activities.

Research should be conducted on fish migration
corridors and the restoration of spawning grounds to
promote river connectivity, hydraulic regulation, and
the ecological restoration of spawning grounds.
Existing cascade hydropower stations with fish pas-
sage facilities should be retrofitted, or collection and
transportation fish systems should be added to fa-
cilitate fish population exchange. Hydroecological
scheduling is implemented according to the needs of
fish reproduction.
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3. For rare and endangered endogenous fish species,
such as Semilabeo obscurus, Ptychidio jordani Myers,
C. bouderius, and O. gerlachi, fish conservation cen-
ters should be established, while scientific research,
monitoring, rescue, and breeding programs for these
species should be conducted.

4. Given that the main breeding season for most fish
species in the Beipan River is from April to September,
sand mining activities should cease during this period.
Sand mines should be located on the basis of eco-
logical surveys and analysis results, avoiding estab-
lishment within spawning grounds. Where possible,
sand mines should be placed upstream of concen-
trated spawning areas to minimize impacts on fish
populations.
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