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A B S T R A C T

The determinants of local differences in species and functions matter for reservoir management but have seldom
been investigated. To this aim, we explored fish taxonomic, and functional beta diversity between local assem-
blages in a large Chinese reservoir. Taxonomic β diversity was primarily driven by species richness differences
(54%–72%), while functional β diversity was almost equally driven by turnover and nestedness components.
Environmental characteristics of the sites were significant predictors of all facets of fish β diversity. Additionally,
site contributions to taxonomic (LCBD) and functional (XLCBD) β diversity were significantly associated with
human activity variables, suggesting that there is a pressing need to mitigate human-induced disturbances for the
conservation of biodiversity. Species contributions to taxonomic (SCBD) and functional (XSCBD) β diversity
exhibited positive correlations primarily with species occupancy and abundance, suggesting the potential
uniqueness of certain common species. Priority conservation areas in the upstream area and rare but key species
such as Tachysurus and Siniperca were identified based on site and species contributions. We thus propose to focus
on habitat restoration actions to upstream areas by restricting sand mining, as the current mining activities in the
river channel can directly alter riverbed morphology and damage the spawning grounds of fish. We also
emphasize the necessity for increased conservation efforts through the development of sustainable recreational
fishing policies and stock recovery programs for sensitive species such as Pelteobagrus vachelli and Acheilognathus
macropterus. These species have lower SCBD or XLCBD values than others and possess unique feeding habits or
high economic value, making them primary targets for recreational fishing. This research highlights the impor-
tance of integrating taxonomic and functional β diversity to effectively evaluate biodiversity changes and develop
more comprehensive and sustainable conservation strategies for fish diversity conservation.
1. Introduction

Understanding the determinants of changes in species and functions
between assemblages (β diversity) is recognized as a way to assess
ecosystem health and stability (Olden et al., 2010). Historically, studies
of β diversity have often concentrated on taxonomic diversity, which is
grounded in species compositional variability (Mori et al., 2018), but it
can be complemented by consideration of the differences in functions
between species assemblages (Olden et al., 2010). Functional diversity,
as a key component of biodiversity, offers a new perspective on the
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relationship between biodiversity and ecosystem functioning, serving as
a better descriptor of ecosystem services and stability (Vill�eger et al.,
2017). For instance, a study tracking fish communities over three de-
cades noted that while taxonomic structures diverged, trait structures
converged, indicating that environmental changes, such as warming,
lead to convergence towards traits more adapted to new conditions,
regardless of species composition (McLean et al., 2019). Moreover, un-
derstanding functional rarity and the role of functionally rare species in
ecosystems can provide insights into conservation priorities and the
development of effective management strategies (Greni�e et al., 2018).
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Considering together both taxonomic and functional dissimilarities be-
tween assemblages enhances our capacity to elucidate the processes that
shape biodiversity patterns (Jia et al., 2020; Zeni et al., 2019). The
integration of taxonomic and functional diversity provides a more
comprehensive understanding of community assembly and ecosystem
functioning, revealing important patterns for understanding community
responses to environmental change (Duffy et al., 2007). Therefore, when
studying biodiversity, it is not only important to consider taxonomic
diversity but also the functional diversity that underpins the ecosystem's
capacity to provide services and maintain resilience.

Beta diversity can be partitioned into two distinct components: spe-
cies replacement and species richness difference (Baselga, 2010). Species
replacement reflects the interchange of species across various commu-
nities and reveals distinct habitats and/or distinct biogeographic his-
tories, while species richness differences are attributable to natural or
anthropogenic environmental filtering (Vill�eger et al., 2013). In addition,
β diversity can be further complemented with site (local) and species
contributions (Legendre and De C�aceres, 2013; Nakamura et al., 2020).
Site contributions to β diversity (LCBD for taxonomic diversity and
XLCBD for functional diversity) elucidate the extent to which individual
sites contribute to the overall variation in β diversity, with higher values
identifying the most unique habitats (Heino et al., 2022; Martelo et al.,
2024). In addition, species contributions to β diversity (SCBD for taxo-
nomic and XSCBD for functional diversity) reveal the individual impact
of each species to β diversity, and although the most frequent or abun-
dant species tend to present the highest SCBD, other species can still have
a strong contribution due to their particular spatial distribution (Heino
and Gr€onroos, 2017). Moreover, the extent to which these processes in-
fluence functional β diversity remains largely unexplored, particularly
when considering species replacement and richness differences (Frasconi
Wendt et al., 2021). This is particularly the case for freshwater fish
communities, that were to date mainly considered over regional scales
with only rare studies considering local and temporal patterns of taxo-
nomic and functional biodiversity (Camara et al., 2023; Cheng et al.,
2014).

Studying the factors influencing beta diversity and its components is
of great significance for the conservation and restoration of ecosystems.
The beta diversity pattern is generally believed to be jointly determined
by environmental filtering, dispersal limitation, and other unknown
historical processes (Baselga, 2010). Still, the environmental variables
and the processes explaining β diversity appear inconsistent among
studies, regions and aquatic ecosystems. For instance, Lima et al. (2024)
reported environmental filtering as the primary structuring mechanism
of local stream fish communities in the Brazilian Cerrado, regardless of
the spatial scale. This is consistent with results from the Bita River in
Colombia, which found that spatial variables were only weakly associ-
ated with beta diversity and its components (L�opez-Delgado et al., 2020).
Similar results were found in the Chishui River Basin (a major tributary of
the Yangtze River), where fish LCBD was well explained by both envi-
ronmental and spatial factors (Xia et al., 2022a), while Borges et al.
(2020) found that dispersal variables were the main determinant of fish
LCBD in the Neotropical ecoregion. In addition, a study on fish β diversity
and its component patterns of fish in the middle and lower reaches of the
Yangtze River identified river-lake connectivity, extent of riparian wet-
lands and fishing pressure as key drivers of fish β diversity, with the
nestedness component of β diversity being mostly explained by the area
of riparian wetlands and fishing pressure, while the turnover component
was mainly associated with river-lake connectivity (Xiong et al., 2023).

Here we investigated the beta diversity patterns of fish assemblages
from the Zhelin Reservoir, a large (302 km2) canyon-type reservoir
located in the middle reaches of the Yangtze River in China (Meng et al.,
2023). Our aims were first to investigate the spatial and temporal pat-
terns of fish community structure through the measure of β diversity, and
their constituent components between 13 sites sampled at four occasions
(spring, summer, autumn and winter). We then assessed the influence of
natural characteristics and anthropogenic disturbances on fish β diversity
2

and its components. Finally, we built on those results to identify priority
areas and key species for fish diversity conservation in the Zhelin
Reservoir.

2. Materials and methods

2.1. Study area

This study was conducted in the Zhelin Reservoir, a storage type
reservoir located at coordinates 115�040 to 115�400 East and 29�030 to
29�270 North. It is the largest reservoir in Jiangxi Province, China, as
illustrated in Fig. 1. The reservoir encompasses a water surface area of
308 km2 and has a total storage capacity of 7.92 � 109 m3. The average
water depth is 16.3 m and the maximum depth reaches 45 m. The region
experiences a subtropical monsoon climate, characterized by an average
annual precipitation of 1611.8 mm. Fish community surveys were done
from September 2020 through January, April, and July of 2021, spanning
across the four seasons of autumn, winter, spring, and summer, respec-
tively. These surveys were conducted at 13 strategically positioned
sampling sites, extending from the upper to the lower reaches of the
reservoir, as depicted in Fig. 1. Meanwhile, water quality and plankton
surveys were also undertaken at these sampling locations.

2.2. Data collection

2.2.1. Fish sampling
Fish samples were collected utilizing multi-mesh composite gill nets

and unbaited bottom traps. The composite gill net consisted of nine
panels, each measuring 80 m in length and 5 m in height, featuring a
gradation of mesh sizes: 2 cm, 4 cm, 6 cm, 8 cm, 10 cm, 12 cm, 14 cm, 16
cm, and 18 cm between opposite knots. Within a net, the mesh sizes were
arranged in a randomized sequence, yet the sequence remained consis-
tent across all gill nets (CEN, 2015). It should be noted that although we
used multi-mesh composite netting for sampling, small fish may not be
easily captured due to the minimum mesh size of 2 cm. The bottom trap,
measuring 0.3 m in both width and height, was employed to capture
benthic fish, with a trap length of 15 m and a mesh size of 1.2 cm. The
relative abundance of fish at each sampling site during each period was
ascertained by deploying two multi-mesh gill nets and four bottom traps,
which were left in place for a 12-h exposure period, from 18:00 to 06:00
the following day. The collected fish were identified to the species level
and weighed to the nearest 0.01 g. Immediately after measurements, fish
were promptly returned to the water. The scientific name of the species
collected was updated in accordance with FishBase (Forese and Panuly,
2021). The fish community abundance (com_ab) and species richness
(sp_rich) are detailed in Table S1 (see Supplementary material).

2.2.2. Data collection of abiotic and biotic variables
Wemeasured water temperature (WT, �C), pH, dissolved oxygen (DO,

mg/L), and conductivity (Cond, μS/cm) of surface water (0.5 m below
the surface) on-site using a portable multi-parameter water quality meter
(HQ40D, Hach Love-land, USA). Water depth (WD, m) and Secchi disk
transparency (SD, cm) were determined using a Depthmate Portable
Sounder (SM-5) and a Secchi disk (SD20), respectively. At each sampling
site, 1 L of water sample was collected for the subsequent analysis of total
phosphorus (TP, mg/L), Phosphate (mg/L), total nitrogen (TN, mg/L),
ammonium nitrogen (NH4, mg/L), nitrate (NO2, mg/L), nitrite (NO3,
mg/L), and chemical oxygen demand (COD, mg/L). An additional 1 L of
water sample was filtered throughWHATMANGF/C glass-fiber filters for
Chlorophyll-a (Chl-a, μg/L) determination, as described by Yang et al.
(2024). A third 1 L of water was collected and preserved with 15 mL of
Lugol's solution. After 48 h of sedimentation, the supernatant was
siphoned off, and the concentrate was reduced to 30 mL, from which 0.1
mL was used for the identification of phytoplankton species and the
calculation of biomass (P_Bi, mg/L). 10 L of water were also collected and
stored in a PE plastic bottle with a fixed volume of 50 mL containing 4%



Fig. 1. Map of Zhelin Reservoir and location of sampling sites. Inset map indicates the location of the Zhelin Reservoir in the Yangtze River Basin. (Based on the
national standard map with approval number GS (2019)4345).
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formaldehyde solution for the identification of zooplankton species and
biomass (Z_Bi, mg/L). We calculated the comprehensive nutrient index
(NI) using Jin's (1995) method to assess water eutrophication (see
Table S1). Furthermore, we measured and calibrated the longitude and
latitude of Wuning county town, tourist wharf and sampling sites using a
handheld GPS (G138BD, UniStrong, China) during the sampling period.
We then calculated the geographic distances between sampling sites and
Wuning county town (Dis_T, km) and tourist wharf (Dis_W, km) to
quantify the impacts of human activities using the ‘distGeo’ function of
the R package ‘geosphere’. Here we consider that a shorter distance to
town and tourist wharfs indicates a stronger human disturbance. How-
ever, since both the town and tourist wharf are located in the lacustrine
region, the effects of these human stressors may also reflect the impacts
expected in the area due to reservoir construction (Thornton et al., 1991).
Environmental, human activity and biotic variables in Zhelin Reservoir
are detailed in Table S1 (Supplementary material).

2.2.3. Functional traits
Functional traits related to ecological types, including diet, maximum

size, body shape, habitat location, presence of a sensory barbell, life span,
and mobility (see Supplementary Table S2 for detail), were selected for
the computation of functional diversity indices. These traits are associ-
ated with the functions of food acquisition (trophy), locomotion, habitat
preference and life history strategies. For instance, fish size and body
shape are pivotal determinants of fish function. Typically, larger fish
exhibit superior speed and endurance compared to their smaller coun-
terparts (Vill�eger et al., 2017). Diet, which reflects the predator-prey
3

relationship between fish and their prey, plays a crucial role in shaping
the structure and function of freshwater ecosystems by modulating the
abundance of other aquatic organisms (Cheng et al., 2019). Moreover,
habitat location, presence of a sensory barbell, and mobility are crucial
factors that define their ecological niche. These elements significantly
influence the fish's access to potential prey and the vertical transfer of
nutrients between different water layers (Mouillot et al., 2014). Life
history traits are crucial for explaining and predicting how different fish
species respond to environmental stress, which are closely associated
with their extinction risk and recovery potential (Winemiller, 2005). The
trait values for each species were sourced from Fishbase (Forese and
Panuly, 2021). The functional traits of 54 species collected from Zhelin
Reservoir are listed in Table S2 (Supplementary material).

2.3. Statistical analyses

2.3.1. Beta diversity partitioning
Taxonomic β diversity (Tβ) and its components (TβRepl and TβRich)

were calculated using the function 'beta.div.comp' in the R package
'adespatial', based on a species composition matrix (abundance data) that
was previously transformed using Hellinger transformation to mitigate
the influence of extreme values (Dray et al., 2018). Functional β diversity
(Fβ, FβRepl and FβRich) were assessed with the function 'beta' in the R
package 'BAT', using functional trait data. We computed inter-species
trait distance with the function 'gowdis' in the R package 'FD', consid-
ering categorical and continuous traits (Lalibert�e et al., 2014; Maire et al.,
2015).



Table 1
Seasonal variation in taxonomic and functional β diversity and their components.
The percentage of contribution of each component in parentheses.

Autumn (n ¼
55)

Spring (n ¼
28)

Summer (n ¼
21)

Winter (n ¼
28)

Taxonomic TβRich 0.41 � 0.09 a

(69%)
0.33 � 0.10
b (69%)

0.34 � 0.08 b

(72%)
0.25 � 0.07 c

(54%)
TβRepl 0.18 � 0.14

ab (31%)
0.15 � 0.09
ab (31%)

0.13 � 0.10 b

(28%)
0.21� 0.17 a

(46%)
Tβ 0.59 � 0.10 a 0.48 � 0.12

b
0.47 � 0.13 b 0.46� 0.16 b

Functional FβRich 0.24 � 0.15 c

(49%)
0.32� 0.23 c

(49%)
0.62 � 0.26 a

(80%)
0.45� 0.24 b

(59%)
FβRepl 0.24 � 0.12

ab (51%)
0.33 � 0.20
a (51%)

0.15 � 0.12 c

(20%)
0.31 � 0.19
ab (41%)

Fβ 0.48 � 0.12 c 0.65 � 0.19
b

0.77 � 0.17 a 0.76� 0.12 a

Note: Values represent mean � standard deviation. Different lowercase letters in
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We also assessed the contributions of sites (LCBD) or species (SCBD)
to taxonomic β diversity with the function 'beta.div' in the R package
'adespatial' (Dray et al., 2018). Furthermore, the contributions of sites
(XLCBD) and species (XSCBD) to functional β diversity were assessed
with the approach developed by Nakamura et al. (2020). Permutation
tests assessed LCBD and XLCBD differences among sites. To examine the
differences in the components of β-diversity of species abundance and
functional traits among seasons, the normal distribution of the com-
ponents of β-diversity was first tested. For the diversity indices that
conformed to the normal distribution, analysis of variance (ANOVA)
was used to test differences, and the t-test was conducted for pairwise
comparisons. For the diversity indices that did not conform to the
normal distribution, the Kruskal-Wallis rank sum test was used to test
differences, and the Wilcoxon test was conducted for pairwise com-
parisons. ArcGIS 10.5 was used to describe LCBD and XLCBD spatial
patterns.

2.3.2. Explaining variation in β diversity and its components
We assessed the collinearity of explanatory variables by performing

variable clustering using the function 'varclus' in the R package 'Hmisc',
excluding highly correlated ones (Spearman's ρ2 > 0.7) (Harrell and
Dupont, 2021). TN, TP, and SD were both excluded because they all had
high correlations with NI, and they were used to calculate NI (as
mentioned in Section 2.2.2 above). Two variables (WD and WT) with
missing values were both excluded. Thirteen explanatory variables (DO,
pH, Conductivity, TSS, phosphate, NH4, NO2, NO3, NI, Dis_T, Dis_W,
P_Bi, Z_Bi) were retained for the following analysis.

Multiple Regression on Matrix of Distances (MRM) were performed
with the 'ecodist' R package to assess the relationships between β di-
versity variations (Tβ,TβRepl, TβRich, Fβ, FβRepl and FβRich) and explana-
tory variables (Goslee and Urban, 2007). Before MRM, the explanatory
variables distances were converted to standardized Euclidean distances.
The permutation test was used to assess the significance (P < 0.05) of
each variable in the model, with 999 permutations.

Variation Partitioning Analysis (VPA) was executed using the 'varpart'
function in the R 'vegan' package to quantify contributions of explanatory
variables to fish taxonomic (Tβ, TβRepl, TβRich) and functional (Fβ, FβRepl
and FβRich) diversity, respectively (Cristian, 2020). The thirteen explan-
atory variables were separated into three groups including water envi-
ronmental (DO, pH, Conductivity, TSS, phosphate, NH4, NO2, NO3, NI),
human activity (Dis_T, Dis_W) and biotic (P_Bi, Z_Bi) variables. By per-
forming Monte Carlo tests (999 randomizations) with the function
'ordistep', the statistical significance of the pure effects was analyzed.

Beta regression, suitable for response variables with values restricted
between 0 and 1, was applied to identify key factors for LCBD, XLCBD,
SCBD, and XSCBD using the 'betareg' function in the R package 'betareg'
(Zeileis et al., 2024). Four separate models for LCBD, XLCBD, SCBD and
XSCBD were developed. For LCBD and XLCBD, species richness and
community abundance along with the above thirteen variables were used
as explanatory variables. Regarding SCBD and XSCBD, we incorporated
species features such as niche width (i.e., the range of environmental
conditions in which a species occurs), total abundance, and occupancy,
along with their polynomial terms, as the explanatory variables. This
approach is consistent with the methodology of Xia et al. (2022b). The
inclusion of polynomial terms was deemed necessary because the re-
lationships between species abundance, occupancy, and SCBD/XSCBD
are unlikely to be linear, and polynomials can more effectively capture
the complex nonlinear relationships between these variables. We utilized
the classic Levins (1968) and Hutchinson (1957) framework, defining
niche width as the range of resources or environmental conditions a
species utilizes in a community. Although environmental variables were
not directly measured, this approach is widely accepted in community
ecology (Kraft et al., 2015). Niche width was calculated using the
‘niche.width’ function in the R package ‘spaa’, based on the species
composition matrix (Zhang, 2013).
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3. Results

3.1. Temporal variation of β diversity and its components

A total of 5440 individuals, representing 54 fish species from 5 orders,
12 families and 36 genera, were captured in the Zhelin reservoir during
the survey (Table S2). Cypriniformes, with 38 species, accounted for
70.37% of the total number of species, followed by Perciformes and
Siluriformes, with eight and six species, respectively. Considering sea-
sons, the highest number of species was captured in autumn (34 species),
and the lowest in summer (29). Fourteen species from 13 genera, 3
families, 2 orders were present across all four seasons, among which 12
species were Cyprinids. In contrast, 14 species, belonging to 4 orders, 8
families and 12 genera, occurred only in a single season.

Overall, the mean value of Tβ was higher in autumn (0.59 � 0.11)
compared to Fβ (0.48 � 0.12), as illustrated in Table 1. Conversely, in
other seasons, Fβ exceeded Tβ. Throughout the four seasons, taxonomic β
diversity was mainly driven by the richness difference component, which
accounted for 69%, 69%, 72% and 54% of the β diversity in autumn,
winter, spring and summer, respectively. In contrast, the values of FβRepl
in autumn and spring were notably higher. The TβRich values were
significantly higher in spring (0.33 � 0.1) and summer (0.34 � 0.08)
compared to winter (0.25 � 0.07), while all of them were lower than
those recorded in autumn (0.41 � 0.09). Significant differences in TβRepl
values were detected between winter (0.21 � 0.17) and summer (0.13 �
0.1), whereas no significant differences were observed when compared
with spring and autumn (P > 0.05). Notably, FβRich in summer and FβRepl
in spring reached the highest levels across all seasons, with values of
0.62 � 0.26 and 0.33 � 0.2, respectively.

3.2. Spatiotemporal patterns of sites and species contributions to β diversity

The contributions of species to β diversity, as measured by SCBD,
XSCBD, and XLCBD, did not exhibit significant seasonal differences, as
illustrated in Fig. 2 (P > 0.05). However, the LCBD values show signifi-
cant seasonal variation, with the highest values observed in summer
(0.14 � 0.06) and the lowest in autumn (0.09 � 0.04) (P < 0.05), as
shown in Fig. 2c. Species including Hemiculter leucisculus (Basilewsky,
1855), Acheilognathus taenianalis (Bleeker,1859), Aristichthys nobilis
(Richardson,1845), Hemiculter bleekeri (Warpachowski, 1887) and
Squalidus argentatus (Sauvage and Dabry de Thiersant, 1874) exhibited
SCBD values exceeding 0.1, as detailed in Table 2. Notably, H. leucisculus
was the most significant contributor to taxonomic β diversity across
spring, summer, and winter, with respective values of 0.22, 0.31, and
0.14. In autumn, the species Acheilognathus nobilis (Günther, 1868) dis-
played the highest SCBD value of 0.13. Mirroring the SCBD findings, the
same two species (H. leucisculus and S. argentatus) had XSCBD values
the same row indicate significant differences between seasons (p < 0.05).



Fig. 2. Seasonal variation in species and site contribution to taxonomic (panel a and c) and functional β diversity (panel b and d). Boxes represent interquartile ranges
(25% and 75%), solid blue lines within boxes present median values, and whiskers above and below represent 1.5 times the interquartile range. Different letters
indicate significant differences in ranks based on pairwise Wilcoxon-tests.

Table 2
Species contributions to taxonomic (SCBD) and functional (XSCBD) dissimilarity among different seasons.

SCBD XSCBD

Autumn Winter Spring Summer Autumn Winter Spring Summer

Hemiculter leucusculus 0.074 0.140 0.218 0.308 0.279 0.270 0.398 0.323
Parabramis pekinensis 0.095 / 0.027 / 0.100 / / /
Acheilognathus gracilis 0.084 / / / 0.083 / / /
Pseudorasbora parva / / / 0.071 0.069 / /
Xenocyopris davidi 0.075 0.101 0.074 0.044 0.060 0.047 0.028 /
Hypophthalmichthys molitrix / / / / 0.059 0.026 / 0.019
Aristichthys nobilis 0.131 0.067 0.057 0.047 0.059 / / 0.019
Hyporhamphus intermedius / / / / 0.044 / 0.069 0.079
Carassius auratus 0.053 0.080 / / 0.038 0.030 / /
Megalobrama amblycephala / / / 0.026 0.032 / / /
Channa argus / 0.082 / / / 0.139 / /
Acheilognathus taenianalis / 0.171 / / / 0.073 / /
Xenocypris argentea / 0.035 / / / 0.047 / /
Acheilognathus chankaensis / / 0.044 / / 0.031 0.025 /
Hemiculter bleekeri / / 0.137 0.035 / 0.031 0.081 0.056
Saurogobio dabryi / / 0.048 / / / 0.041 /
Acheilognathus macropteru / / 0.083 0.038 / / 0.040 /
Chanodichthys mongolicus 0.039 / 0.061 0.048 / / 0.032 /
Acheilognathus barbatulus / / / / / / 0.024 /
Leporinus punctatus / / / / / / 0.023 /
Tachysurus fulvidraco / 0.021 / / / / / 0.141
Squalidus argentatus / 0.042 / 0.103 / / / 0.126
Silurus meridionalis / / / / / / 0.044
Culter oxycephaloides / / / 0.112 / / / 0.019
Gnathopogon imberbis 0.034 / / / / / / /
Cultrichthys erythropterus 0.049 / / / / / / /
Pseudobrama simoni 0.087 / 0.027 / / / / /
Rhodeus sinensis / 0.025 / / / / / /

Note:The top 10 contributing species for each season are listed. Contributions with values greater than 0.1 are highlighted in bold. A forward slash ('/') indicates that the
species was not captured during that particular season.

Z. Meng et al. Water Biology and Security xxx (xxxx) xxx

5



Z. Meng et al. Water Biology and Security xxx (xxxx) xxx
above 0.1 during winter. Furthermore, H. leucisculuswas identified as the
species with the highest XSCBD value across all seasons, underscoring its
consistent influence on β diversity.

As depicted in Fig. 3, LCBD and XLCBD values ranged from 0.04 to
0.29 and 0.01 to 0.33, respectively. Three sites exhibited significant
LCBD and XLCBD values across spring, summer, and autumn. The pro-
portion of sites with LCBD values exceeding the average contribution was
highest in winter (62.5%) and lowest in summer (28.6%). By contrast,
42.9% of sites in summer showed a larger XLCBD value than average
contribution, marking the highest percentage across all seasons. In
contrast, only 25.0% of sites in winter had an XLCBD value above the
average. In addition, sites located in the middle and lower regions of the
reservoir contributed substantially to both taxonomic and functional β
diversity compared to those in the upper region. This suggests that the
middle and lower region sites harbor greater taxonomic and functional
uniqueness.

3.3. Key drivers of β diversity and its components

The MRM models revealed a significant correlation between taxo-
nomic and functional β diversity and environmental and human activity
variables (Table 3 and Fig. S1). However, no significant link was detected
between β diversity and Phytoplankton and Zooplankton biomasses).
Taxonomic β diversity (TβRepl and Tβ) significantly increased (P < 0.05)
DO, pH and Dis_W. In contrast, conductivity showed a significant nega-
tive correlation with TβRepl. Functional β diversity (Fβ and FβRich),
increased significantly (P < 0.05) with Dis_T. Similarly, FβRich increased
with Dis_W whereas FβRepl decreased.

The relative importance of three variable groups (i.e., environ-
mental, human activities and biotic variables) varied among diversity
facets and components (Fig. 4), with a contribution ranging from 0.02%
to 14.34% per considered variable. For taxonomic β diversity, the
environmental, human activities and biotic variables collectively
explained 10.84%, 12.70% and 15.92% of the total variation in Tβ,
TβRich and TβRepl, respectively (Fig. 4a, b and c). The explained variation
in FβRich was 18.18%, nearly double that of Fβ, which was 9.33%. In
terms of pure effects, environment variables were generally more
influential in Tβ and Fβ, accounting for 8.14% and 7.36% of the
explained variation, respectively (Fig. 4a and d). Human activities
variables contributed nearly equally to FβRepl (7.90%) and FβRich
(6.67%) (Fig. 4e and f). Biotic variables had a weaker contribution,
explaining less than 1.5%, except for TβRich, which accounted for 7.57%
of the explained variation (Fig. 4b).

The outcomes of beta regression analyses indicated that the collective
set of variables accounted for 58.5% and 56.3% of the variation in the
contribution of sites to taxonomic (LCBD) and functional (XLCBD) beta
diversity, respectively (Table 4). Among the environmental variables
considered, phosphate and pHwere significantly and positively related to
XLCBD, while conductivity exhibited a significant negative relationship
with LCBD (P< 0.05). Furthermore, a significant positive correlation was
observed between the distance toWuning city (Dis_T) and both LCBD and
XLCBD (P < 0.05). Community abundance was found to have a signifi-
cant negative relationship with LCBD (P < 0.05). Considering the species
contribution to beta diversity, all predictors jointly explained 78.6% and
46.5% of the variation in SCBD and XSCBD, respectively. SCBD was
significantly associated with total species abundance, occupancy and
their second-order terms, while XSCBD showed a significant positive
correlation only with total abundance and its second-order term. There
was a strong but non-significant relationship between SCBD and niche
width, as was the case with XSCBD (Table 5).

4. Discussion

4.1. Taxonomic and functional β diversity and its components

The distinct seasonal patterns we measured in both taxonomic and
6

functional β diversity were linked to temporal changes in species richness
that led to functional diversity turnover throughout the year, indicating
that variations in species composition have a distinct influence on the
functional trait structure of the fish community. This divergence may be
attributed to variations in species functional traits that do not necessarily
align with fish taxonomy, highlighting the importance of considering
both taxonomic and functional perspectives when assessing biodiversity
(Vill�eger et al., 2012). Seasonal fish migration may indirectly enhance
TβRich and reduce TβRepl, influencing the spatial distribution of homo-
geneity of fish stocks throughout the reservoir, aligning with findings
from other lakes in the middle and lower reaches of the Yangtze River
(Jiang et al., 2020). Environmental and human activities variables were
also a significant predictor of taxonomic and functional β diversity
indicating that human activities are contributing to shape the spatial and
temporal patterns of the fish assemblages in the Zhelin Reservoir, as
already reported by Liang et al. (2024) in five Chinese impounded lakes
(Gaoyou Lake, Hongze Lake, Luoma Lake, Nansi Lake, and Dongping
Lake). We nevertheless report a non-significant correlation between
functional diversity and eutrophication (NI, see Table 3 and Table S1)
that contrasts with previous studies (Feng et al., 2023).

4.2. Species and site contributions to taxonomic and functional β diversity

Our findings indicate that the contribution of species and sites to
taxonomic and functional beta diversity exhibit predictable patterns ac-
cording to environmental and anthropogenic characteristics. For
instance, the sites MDS, MJ and DX contribute the most to taxonomic and
functional beta diversity, suggesting that fish species composition at
those sites was significantly different from the other sites and support
unique functional traits (Heino et al., 2022). The functional uniqueness
of those sites may be linked to their situation within the core area of a
National Reserve, where fish communities are less subjected to distur-
bance than in others sites. LCBD was found to be significantly and
negatively correlated with conductivity, consistent with the results from
the Chishui River Basin, located upstream in the Yangtze River, indi-
cating that fish community structures may be more unique at sites with
lower conductivity. This may be related to the specific environmental
conditions of these sites, which may limit the distribution of certain fish
species, thus affecting the composition of fish communities (Xia et al.,
2022b). Sites with low conductivity therefore host unique biological
communities, which may be more sensitive to environmental changes
and should thus be considered in biodiversity conservation plans.
Moreover, the LCBD value was correlated with water conductivity, which
can be considered as a link between LCBD and water quality. Within a
region, conductivity is supposed to be mainly influenced by human ac-
tivities such as urban effluent and agricultural practices, and thus rep-
resents a synthetic measure of water quality degradation (da Silva et al.,
2020; Wang et al., 2013). Moreover, high conductivity levels can also
filter out sensitive species, thus reducing species diversity in high con-
ductivity areas (Cheng et al., 2024). At the same time, species adapt to
different conductivity levels by occupying distinct ecological niches,
increasing differences in species composition (Chen et al., 2014; Liu
et al., 2016). Furthermore, human activities, such as urbanization, may
affect the relationship between species richness and LCBD by reducing
ecologically unique assemblages (Camara et al., 2022). Despite in-
consistencies in the literature on the link between LCBD and species
richness (Borges et al., 2020; Hill et al., 2021; Legendre and De C�aceres,
2013; Ngor et al., 2018), lower LCBD or XLCBD values here suggest a
higher degree of human disturbance, with closer proximity to towns
(indicated by smaller Dis_T values in our study) associated with smaller
LCBD and XLCBD values. Therefore, the structure and type of data used
and the combined effect of other factors should be fully considered to
better understand the potential relationship between LCBD and species
richness.

Regarding the species contributions to β diversity (i.e. SCBD and
XSCBD), the pivotal species for maintaining both taxonomic and



Fig. 3. Spatiotemporal variation in site contributions to taxonomic (panel a) and functional β diversity (panel b).
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Table 3
Results of the multiple regression analysis on matrices analysis (MRM) for taxonomic and functional beta diversity with environment, human activities and biotic
variables.

Taxonomic β diversity Functional β diversity

Tβ TβRich TβRepl Fβ FβRich FβRepl

R2 ¼ 0.13 R2 ¼ 0.15 R2 ¼ 0.19 R2 ¼ 0.11 R2 ¼ 0.20 R2 ¼ 0.17

Environment variables DO 0.12 �0.11 0.16 * �0.02 0.01 �0.04
pH 0.18 * 0.04 0.08 0.06 �0.02 0.09
Conductivity �0.15 0.27 ¡0.32 * �0.08 �0.04 �0.02
TSS 0.01 0.03 �0.02 0.05 0.07 �0.06
Phosphate 0.06 �0.11 0.13 0.17 0.23 �0.17
NH4 �0.07 0.07 �0.1 �0.15 �0.22 0.17
NO2 �0.10 �0.06 �0.01 �0.05 0.03 �0.08
NO3 �2.79 �1.39 �0.53 �2.27 0.04 �2.14
NI �0.01 0.04 �0.04 �0.01 �0.04 0.05

Human activities variables Dis_T 0.18 ** 0.00 0.11 0.15 * 0.14 * �0.06
Dis_W �0.01 �0.03 0.02 0.08 0.25 * ¡0.28 *

Biotic variables P_Bi 0.09 0.03 0.03 0.03 �0.08 0.14
Z_Bi 0.05 0.16 �0.1 0.06 0.03 0.02

Note:The variation (R2) of beta diversity that is explained by these variables. The partial regression coefficients and associated P�values of the final model are reported
from permutation test (nperm ¼ 9999), *P < 0.05, **P < 0.01.

Fig. 4. Variation Partitioning Analysis assessing distances for taxonomic (panel a–c) and functional (panel d–f) β diversity and its components, and selected groups of
environmental, human activities and biotic variables. The values shown represent the adjusted R2, indicating the proportion of variance explained by each variable set.
Negative values, which would indicate a decrease in explanatory power, are omitted from this presentation.
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functional β diversity varied across seasons. Hemiculter leucusculus
consistently showed high values in contributing to taxonomic and func-
tional β diversity. This species is indeed characterized by opportunistic
strategies and a rapid generation turnover rate (Gu et al., 2022), as its life
history traits, such as growth, sex ratio, and maturation rate, also play a
role in its ecological success and contribution to β diversity (Huang et al.,
2022). Other species, like A. nobilis, Acheilognathus taenianalis, also
played significant roles at different times. Interestingly, species with
8

higher contributions to taxonomic diversity did not always have higher
contributions to functional diversity, indicating that different factors
influence these aspects (Le~ao et al., 2020). As anticipated, our findings
corroborate the idea that SCBD is predictable from species characteris-
tics, especially for species occupancy, which is an important concept in
ecology and is commonly used to assess the presence of a species within a
particular area and is one of the key indicators for biodiversity moni-
toring and conservation (Liu et al., 2024). For instance, high SCBD values



Table 4
Beta regression analyses of LCBD and XLCBD with community metrics (i.e., community abundance (com_ab) and species richness (sp_rich)), environmental, human
activities and biotic variables. N ¼ 34 sites. Significant p values (p < 0.05) are indicated by bold font.

LCBD, Pseudo�R2 ¼ 0.585 XLCBD, Pseudo�R2 ¼ 0.563

Estimate SE z p Estimate SE z p

Environmental variables DO 0.04 0.059 0.68 0.494 0.029 0.091 0.32 0.749
pH �0.067 0.138 �0.49 0.625 ¡0.428 0.206 ¡2.08 0.038
Conductivity ¡0.017 0.008 ¡2.05 0.040 ¡0.029 0.011 ¡2.5 0.012
TSS �0.013 0.049 �0.27 0.790 0.107 0.076 1.41 0.159
Phosphate �0.315 0.489 �0.64 0.520 ¡1.600 0.788 ¡2.04 0.042
NH4 �8.225 7.386 �1.11 0.265 �11.80 11.90 �0.98 0.325
NO2 �0.089 0.287 �0.31 0.756 �0.417 0.432 �0.97 0.334
NO3 �1.205 3.246 �0.37 0.711 �7.530 5.18 �1.45 0.146
NI �0.011 0.008 �1.27 0.205 0.003 0.012 0.23 0.819

Human activities variables Dis_T 0.022 0.008 2.83 0.005 0.028 0.012 2.31 0.021
Dis_W 0.003 0.011 0.25 0.800 �0.018 0.018 �1.02 0.310

Biotic variables P_Bi �0.003 0.019 �0.15 0.879 �0.009 0.029 �0.32 0.747
Z_Bi 0.118 0.118 1.00 0.318 0.239 0.174 1.37 0.170

Fish community variables com_ab ¡0.003 0.001 ¡3.63 0.000 �0.001 0.001 �0.65 0.519
sp_rich 0.025 0.020 1.27 0.204 �0.036 0.029 �1.27 0.204

Table 5
Beta regression analyses of SCBD and XSCBD with species metrics (i.e., species occupancy and total abundance) and niche width. N ¼ 54 species. Significant p values (p
< 0.05) are indicated by bold font.

SCBD, Pseudo�R2 ¼ 0.786 XSCBD, Pseudo�R2 ¼ 0.465

Estimate SE z p Estimate SE z p
Occupancy 0.300 0.058 5.190 0.000 0.032 0.076 0.420 0.670
Occupancy2 0.010 0.001 8.290 0.000 0.002 0.002 1.460 0.140
Total abundance 0.014 0.002 8.220 0.000 0.011 0.002 4.510 0.000
Total abundance2 0.000 0.000 7.960 0.000 0.000 0.000 4.080 0.000
Niche width 0.298 0.256 1.170 0.240 0.234 0.300 0.780 0.440
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are associated here with species that do not need conservation measures
owing to high abundance and wide distribution, thus paralleling Gavioli
et al. (2019) results on fish faunas from an Italian river.
4.3. Implications fish diversity conservation

LCBD and XLCBD could serve to identify distinct assemblages within a
region or a lake, and guide the design of protected areas (Hill et al.,
2021). Here we underscore the practical value of these metrics for
conserving fish diversity. We observed that sites with higher LCBD and
XLCBD values are predominantly found within a Natural Reserve, sug-
gesting that the protected area plays a role in safeguarding unique hab-
itats. Concurrently, the upstream sites showed lower LCBD or XLCBD
values, possibly due to the significant impact of human activities in these
areas. Therefore, we recommend implementing more protection mea-
sures in upstream areas, particularly by enforcing restrictions on sand
mining to prevent habitat degradation and loss (Cao et al., 2024). In
addition, a combined approach to the protection of sites with high
uniqueness and those rich in species may not only preserve a significant
proportion of regional species diversity but also safeguard functional
diversity, which is crucial for ecosystem function and the provision of
ecosystem services. Furthermore, we underscore the importance of
assessing and conserving species with restricted distributions, such as
those belonging to the genera Tachysurus and Siniperca, whose XSCBD
values, along with their abundance and occupancy, are significantly
below 5% (Acreman et al., 2020). Despite the Yangtze River Basin's
10-year fishing moratorium, these initiatives are not widely imple-
mented. Rare species like Tachysurus and Siniperca, with low XSCBD
values, require targeted conservation, including habitat restoration and
captive breeding programs, as experienced with Gymnocypris przewalskii
in Lake Qinghai (Weng et al., 2023). Although the Chinese government
has established nature reserves and a 10-year fishing ban in the Yangtze
River Basin to protect and restore fish populations and their habitats,
9

recreational fishing for Tachysurus persists, necessitating a balance be-
tween fishery development and biodiversity conservation by developing
and implementing a sustainable recreational fishery development plan.
Last but not least, it is undoubtedly critical and essential to obtain
continuous, long-term monitoring data to enable a more comprehensive
assessment of biodiversity conservation policies and strategies. This is
particularly important in the face of growing demands and impacts on
ecosystems and the services they provide (Iacarella, 2022).

5. Conclusions

In conclusion, our research advocates for the concurrent use of
taxonomic and functional traits to better understand fish community
dynamics. This integrated approach helps in identifying spatiotemporal
patterns and informs conservation strategies. Our findings suggest that
prioritizing conservation in distinct areas and for unique species could be
an efficient conservation strategy. Moreover, it is necessary to undertake
habitat restoration and implement protective measures, including
enforcement of restrictions on sand mining in upstream areas. For key
species, targeted conservation measures such as stock recovery programs
for Tachysurus and Siniperca, along with sustainable recreational fishing
policies, need to be developed to ensure the preservation of biodiversity
in the Zhelin Reservoir. We anticipate that our findings will progress
collective understanding of fish diversity conservation and will help in
developing targeted and pragmatic conservation and management stra-
tegies for fish diversity under the 10-year fishing ban in the Yangtze River
Basin. To do that, incorporating both taxonomic and functional β di-
versity into the assessment of biodiversity would help gauge the dy-
namics of fish diversity and, in turn, devise sustainable strategies that are
not only more comprehensive but also sustainable in the long run. This
integrated approach is essential for the effective preservation of fish di-
versity, ensuring ecological integrity and resilience of aquatic
ecosystems.



Z. Meng et al. Water Biology and Security xxx (xxxx) xxx
CRediT authorship contribution statement

Zihao Meng: Writing – original draft, Visualization, Investigation,
Funding acquisition, Formal analysis, Data curation, Conceptualization.
S�ebastien Brosse: Writing – original draft, Methodology, Conceptuali-
zation. Miao Xiang: Methodology, Investigation, Data curation. Feifei
Hu: Investigation, Data curation. Xinye Wang: Investigation, Data
curation. Xuejun Fu: Resources, Methodology, Investigation, Data
curation. Deguo Yang: Supervision, Resources, Project administration,
Funding acquisition, Conceptualization. Xuemei Li: Writing – review &
editing, Writing – original draft, Resources, Project administration,
Funding acquisition, Formal analysis, Conceptualization.

Ethics statement

This study strictly adhered to China's Regulations on the Management
of Yangtze River Aquatic Biological Conservation. Field sampling was
approved by the Ethical Committee for Institute of Yangtze River Fish-
eries Research, Chinese Academy of Fishery Sciences. Non-lethal
methods were prioritized to minimize ecological impact. All fish were
released after data collection. Data handling followed IUCN ethical
guidelines.

Funding

This work was financially supported by the China Agriculture
Research System of MOF and MARA (CARS-46); the Central Public-
interest Scientific Institution Basal Research Fund, CAFS (grant
2023TD61, YFI20240102 and YFI202418); the Key Research and
Development Program of Jiangxi Province, China (grant
20223BBF61010).

Declaration of competing interest

The authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a
potential conflict of interest.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.watbs.2025.100407.

References

Acreman, M., Hughes, K.A., Arthington, A.H., Tickner, D., Due~nas, M.A., 2020. Protected
areas and freshwater biodiversity: a novel systematic review distils eight lessons for
effective conservation. Conservation Letters 13, e12684.

Baselga, A., 2010. Partitioning the turnover and nestedness components of beta diversity.
Global Ecol. Biogeogr. 19, 134–143.

Borges, P.P., Dias, M.S., Carvalho, F.R., Casatti, L., Pompeu, P.S., Cetra, M., Tejerina-
Garro, F.L., Suarez, Y.R., Nabout, J.C., Teresa, F.B., 2020. Stream fish
metacommunity organisation across a Neotropical ecoregion: the role of
environment, anthropogenic impact and dispersal-based processes. PLoS One 15,
e0233733.

Camara, E.M., de Andrade-Tubino, M.F., Franco, T.P., Neves, L.M., dos Santos, L.N.,
Araújo, F.G., 2022. Multiscale mechanisms underpin the ecological uniqueness of
local fish assemblages in tropical coastal seascapes. Mar. Biol. 169, 17.

Camara, E.M., de Andrade-Tubino, M.F., Franco, T.P., Neves, L.M., dos Santos, L.N., dos
Santos, A.F.G.N., Araújo, F.G., 2023. Temporal dimensions of taxonomic and
functional fish beta diversity: scaling environmental drivers in tropical transitional
ecosystems. Hydrobiologia 850, 1911–1940.

Cao, L., Shao, W.H., Yi, W.J., Zhang, E., 2024. A review of conservation status of
freshwater fish diversity in China. J. Fish. Biol. 104, 345–364.

CEN, 2015. Water quality–sampling of fish with multi-mesh gillnets. European Standard
EN 27, 14757.

Chen, L., Mi, X.C., Ma, K.P., 2014. Niche differentiation and its consequence on
biodiversity maintenance in forest communities. Chin. Bull. Life Sci. 26, 112–117.

Cheng, L., Blanchet, S., Loot, G., Vill�eger, S., Zhang, T., Lek, S., Lek-Ang, S., Li, Z., 2014.
Temporal changes in the taxonomic and functional diversity of fish communities in
shallow Chinese lakes: the effects of river–lake connections and aquaculture. Aquat.
Conserv. Mar. Freshw. Ecosyst. 24, 23–34.
10
Cheng, R., Zhou, X., Zhang, Y., Li, Q., Zhang, J., Luo, Y., Chen, Q., Liu, Z., Li, Y., Shen, Y.,
2024. eDNA reveals spatial homogenization of fish diversity in a mountain river
affected by a reservoir cascade. J. Environ. Manag. 361, 121248.

Cheng, X., Tao, J., Wu, R., Chen, L., Ding, C., 2019. Functional ecology of freshwater fish:
research progress and prospets. In: Cheng, X., Tao, J., Wu, R., Chen, L., Ding, C.
(Eds.), Acta Ecol. Sin. 810–822. Acta Ecologica Sinica. 39. Functional ecology of
freshwater fish: research progress and prospets.

Cristian, C., 2020. BioGeoAmazonia [Code].
da Silva, F.L., Stefani, M.S., Smith, W., Schiavone, D.C., da Cunha-Santino, M.B.,

Bianchini, Jr I., 2020. An applied ecological approach for the assessment of
anthropogenic disturbances in urban wetlands and the contributor river. Ecol.
Complex. 43, 100852.

Dray, S., Blanchet, G., Borcard, D., Guenard, G., Jombart, T., Larocque, G., Legendre, P.,
Madi, N., Wagner, H.H., Dray, M.S., 2018. Package ‘adespatial’. R package 3–8, 2018.

Duffy, J.E., Cardinale, B.J., France, K.E., McIntyre, P.B., Th�ebault, E., Loreau, M., 2007.
The functional role of biodiversity in ecosystems: incorporating trophic complexity.
Ecol. Lett. 10, 522–538.

Feng, K., Deng, W., Zhang, Y., Tao, K., Yuan, J., Liu, J., Li, Z., Lek, S., Wang, Q.,
Hugueny, B., 2023. Eutrophication induces functional homogenization and traits
filtering in Chinese lacustrine fish communities. Sci. Total Environ. 857, 159651.

Forese, R., Panuly, D., 2021. FishBase.
Frasconi Wendt, C., Ceia-Hasse, A., Nunes, A., Verble, R., Santini, G., Boieiro, M.,

Branquinho, C., 2021. Local environmental variables are key drivers of ant taxonomic
and functional beta-diversity in a Mediterranean dryland. Sci. Rep. 11, 2292.

Gavioli, A., Milardi, M., Castaldelli, G., Fano, E.A., Soininen, J., 2019. Diversity patterns
of native and exotic fish species suggest homogenization processes, but partly fail to
highlight extinction threats. Divers. Distrib. 25, 983–994.

Goslee, S.C., Urban, D.L., 2007. The ecodist package for dissimilarity-based analysis of
ecological data. J. Stat. Software 22, 1–19.

Greni�e, M., Mouillot, D., Vill�eger, S., Denelle, P., Tucker, C.M., Munoz, F., Violle, C., 2018.
Functional rarity of coral reef fishes at the global scale: hotspots and challenges for
conservation. Biol. Conserv. 226, 288–299.

Gu, Q., Zhong, H., Sun, Y., Yuan, H., Li, S., Shen, Z., Wen, M., 2022. Reanalysis on
phylogeographic pattern of sharpbelly Hemiculter leucisculus (cyprinidae: cultrinae)
in China: a review and the implications for conservation. Frontiers in Ecology and
Evolution 10, 865089.

Harrell, F.E., Dupont, C., 2021. Harrell miscellaneous. R package version 4, 6-0.
Heino, J., García Gir�on, J., H€am€al€ainen, H., Hellsten, S., Ilmonen, J., Karjalainen, J.,

M€akinen, T., Nyholm, K., Ropponen, J., Takolander, A., 2022. Assessing the
conservation priority of freshwater lake sites based on taxonomic, functional and
environmental uniqueness. Divers. Distrib. 28, 1966–1978.

Heino, J., Gr€onroos, M., 2017. Exploring species and site contributions to beta diversity in
stream insect assemblages. Oecologia 183, 151–160.

Hill, M.J., White, J.C., Biggs, J., Briers, R.A., Gledhill, D., Ledger, M.E., Thornhill, I.,
Wood, P.J., Hassall, C., 2021. Local contributions to beta diversity in urban pond
networks: implications for biodiversity conservation and management. Divers.
Distrib. 27, 887–900.

Huang, Y., Liu, L., Yang, C., Yang, W., Zhou, Y., Wu, M., 2022. Life history traits of the
sharpbelly Hemiculter leucisculus in a dammed tributary of the middle Yangtze
River, China. Fish. Sci. 88, 751–765.

Hutchinson, G., 1957. Concluding Remarks Cold Spring Harbor Symposia on Quantitative
Biology, vol. 22, pp. 415–427. GS SEARCH.

Iacarella, J.C., 2022. Fish zeta diversity responses to human pressures and cumulative
effects across a freshwater basin. Divers. Distrib. 28, 830–843.

Jia, Y., Kennard, M.J., Liu, Y., Sui, X., Li, K., Wang, G., Chen, Y., 2020. Human disturbance
and long-term changes in fish taxonomic, functional and phylogenetic diversity in the
Yellow River, China. Hydrobiologia 847, 3711–3725.

Jiang, Z., Dai, B., Wang, C., Xiong, W., 2020. Multifaceted biodiversity measurements
reveal incongruent conservation priorities for rivers in the upper reach and lakes in
the middle-lower reach of the largest river-floodplain ecosystem in China. Sci. Total
Environ. 739, 140380.

Jin, X., 1995. Chinese Lake Environment. China Ocean Press, Place.
Lalibert�e, E., Legendre, P., Shipley, B., Lalibert�e, M.E., 2014. Measuring functional

diversity from multiple traits, and other tools for functional ecology. R Package FD.
Le~ao, H., Siqueira, T., Torres, N.R., de Assis Montag, L.F., 2020. Ecological uniqueness of

fish communities from streams in modified landscapes of Eastern Amazonia. Ecol.
Indic. 111, 106039.

Legendre, P., De C�aceres, M., 2013. Beta diversity as the variance of community data:
dissimilarity coefficients and partitioning. Ecol. Lett. 16, 951–963.

Levins, R., 1968. Evolution in Changing Environments: Some Theoretical Explorations.
Princeton University Press, Place.

Liang, Z., Guo, C., Gozlan, R.E., Park, Y.S., Wen, F., Kuang, C., Ma, Y., Liu, J.,
Jackson, D.A., 2024. Temporal variations of the multifaceted biodiversity and
assembly mechanisms in lake fish assemblages. Ecosphere 15, e4760.

Lima, L.B., Oliveira, F.J.M., De Marco Júnior, P., Lima-Junior, D.P., 2024. Local
environmental variables are the best beta diversity predictors for fish communities
from the Brazilian Cerrado streams. Aquat. Sci. 86, 19.

Liu, W., Zhang, Y., Gao, X., Jia, X., Ma, S., Liu, S., 2016. Variation of fish community
structure and water system conditions from 2010 to 2014 in Hun River of Liaoning
province. In: Liu, W., Zhang, Y., Gao, X., Jia, X., Ma, S., Liu, S. (Eds.), Acta
Hydrobiologica Sinica. 40. Variation of Fish Community Structure and Water System
Conditions from 2010 to 2014 in Hun River of Liaoning Province. Acta
Hydrobiologica Sinica, pp. 968–977.

Liu, Y., Yan, Y., Lin, L., Wang, L., Zhang, Y., Kang, B., 2024. Prioritizing the multifaceted
community and species uniqueness for the conservation of lacustrine fishes in the
largest subtropical floodplain, China. J. Environ. Manag. 363, 121301.

https://doi.org/10.1016/j.watbs.2025.100407
https://doi.org/10.1016/j.watbs.2025.100407
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref1
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref1
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref1
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref1
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref2
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref2
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref2
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref3
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref3
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref3
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref3
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref3
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref4
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref4
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref4
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref5
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref5
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref5
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref5
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref5
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref6
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref6
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref6
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref7
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref7
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref7
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref8
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref8
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref8
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref9
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref9
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref9
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref9
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref9
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref9
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref9
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref10
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref10
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref10
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref11
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref11
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref11
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref11
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref11
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref12
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref13
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref13
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref13
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref13
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref14
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref14
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref14
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref15
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref15
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref15
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref15
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref15
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref16
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref16
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref16
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref17
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref18
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref18
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref18
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref19
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref19
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref19
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref19
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref20
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref20
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref20
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref21
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref21
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref21
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref21
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref21
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref21
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref22
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref22
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref22
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref22
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref23
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref24
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref24
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref24
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref24
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref24
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref24
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref24
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref24
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref24
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref24
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref25
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref25
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref25
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref25
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref26
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref26
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref26
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref26
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref26
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref27
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref27
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref27
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref27
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref28
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref28
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref28
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref29
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref29
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref29
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref30
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref30
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref30
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref30
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref31
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref31
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref31
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref31
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref32
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref33
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref33
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref33
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref33
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref34
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref34
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref34
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref34
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref35
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref35
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref35
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref35
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref36
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref36
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref37
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref37
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref37
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref38
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref38
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref38
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref39
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref39
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref39
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref39
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref39
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref39
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref39
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref40
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref40
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref40


Z. Meng et al. Water Biology and Security xxx (xxxx) xxx
L�opez-Delgado, E.O., Winemiller, K.O., Villa-Navarro, F.A., 2020. Local environmental
factors influence beta-diversity patterns of tropical fish assemblages more than spatial
factors. Ecology 101, e02940.

Maire, E., Grenouillet, G., Brosse, S., Vill�eger, S., 2015. How many dimensions are needed
to accurately assess functional diversity? A pragmatic approach for assessing the
quality of functional spaces. Global Ecol. Biogeogr. 24, 728–740.

Martelo, J., Gkenas, C., Ribeiro, D., Alves, M.J., Ribeiro, F., Cucherousset, J., Gago, J.,
Magalh~aes, M.F., 2024. Local environment and fragmentation by drought and
damming shape different components of native and non-native fish beta diversity
across pool refuges. Sci. Total Environ., 172517

McLean, M., Mouillot, D., Lindegren, M., Vill�eger, S., Engelhard, G., Murgier, J.,
Auber, A., 2019. Fish communities diverge in species but converge in traits over three
decades of warming. Glob. Change Biol. 25, 3972–3984.

Meng, Z., Yang, D., Hu, F., Chen, K., Liu, L., Xiang, M., Li, X., 2023. Fish resources
spatiotemporal distribution patterns and controlling factors in Zhelin Reservoir, Lake
Poyang Basin during early fishing ban period. J. Lake Sci. 35, 2071–2083.

Mouillot, D., Vill�eger, S., Parravicini, V., Kulbicki, M., Arias-Gonz�alez, J.E., Bender, M.,
Chabanet, P., Floeter, S.R., Friedlander, A., Vigliola, L., 2014. Functional Over-
redundancy and High Functional Vulnerability in Global Fish Faunas on Tropical
Reefs, vol. 111. Proceedings of the National Academy of Sciences, pp. 13757–13762.

Nakamura, G., Vicentin, W., Súarez, Y.R., Duarte, L., 2020. A multifaceted approach to
analyzing taxonomic, functional, and phylogenetic β diversity. Ecology 101, e03122.

Ngor, P.B., Legendre, P., Oberdorff, T., Lek, S., 2018. Flow alterations by dams shaped fish
assemblage dynamics in the complex Mekong-3S river system. Ecol. Indic. 88,
103–114.

Olden, J.D., Kennard, M.J., Leprieur, F., Tedesco, P.A., Winemiller, K.O., García-
Berthou, E., 2010. Conservation biogeography of freshwater fishes: recent progress
and future challenges. Divers. Distrib. 16, 496–513.

Thornton, K.W., Kimmel, B.L., Payne, F.E., 1991. Reservoir Limnology: Ecological
Perspectives. John Wiley & Sons, Place.

Vill�eger, S., Brosse, S., Mouchet, M., Mouillot, D., Vanni, M.J., 2017. Functional ecology
of fish: current approaches and future challenges. Aquat. Sci. 79, 783–801.
11
Vill�eger, S., Grenouillet, G., Brosse, S., 2013. Decomposing functional β-diversity reveals
that low functional β-diversity is driven by low functional turnover in European fish
assemblages. Global Ecol. Biogeogr. 22, 671–681.

Vill�eger, S., Miranda, J.R., Hernandez, D.F., Mouillot, D., 2012. Low functional β-diversity
despite high taxonomic β-diversity among tropical estuarine fish communities. PLoS
One 7, e40679.

Wang, R., Xu, T., Yu, L., Zhu, J., Li, X., 2013. Effects of land use types on surface water
quality across an anthropogenic disturbance gradient in the upper reach of the Hun
River, Northeast China. Environ. Monit. Assess. 185, 4141–4151.

Weng, C., Xu, M., Lei, F., Rose, K.A., 2023. Management strategy of the naked carp
(Gymnocypris przewalskii) in the Qinghai lake using matrix population modeling.
J. Environ. Manag. 336, 117596.

Winemiller, K.O., 2005. Life history strategies, population regulation, and implications
for fisheries management. Can. J. Fish. Aquat. Sci. 62, 872–885.

Xia, Z., Heino, J., Liu, F., Yu, F., Xu, C., Hou, M., Zou, X., Wang, J., 2022a. Interspecific
variations in fish occupancy and abundance are driven by niche characteristics in a
monsoon climate river basin. J. Biogeogr. 49, 2231–2242.

Xia, Z., Heino, J., Yu, F., He, Y., Liu, F., Wang, J., 2022b. Spatial patterns of site and
species contributions to β diversity in riverine fish assemblages. Ecol. Indic. 145,
109728.

Xiong, F., Infante, D.M., Olden, J.D., Gao, W., Wang, L., Chen, Y., 2023. River–lake
connectivity, wetland, and human stress factors shape fish diversity (alpha and beta)
patterns in the middle and lower Yangtze River, China. Landsc. Ecol. 38, 3809–3824.

Yang, B., Qu, X., Liu, H., Yang, M., Xin, W., Wang, W., Chen, Y., 2024. Urbanization
reduces fish taxonomic and functional diversity while increases phylogenetic
diversity in subtropical rivers. Sci. Total Environ. 908, 168178.

Zeileis, A., Cribari-Neto, F., Grün, B., Kosmidis, I., Simas, A.B., Rocha, A.V., 2024.
R Package: betareg.

Zeni, J.O., P�erez-Mayorga, M.A., Roa-Fuentes, C.A., Brej~ao, G.L., Casatti, L., 2019. How
deforestation drives stream habitat changes and the functional structure of fish
assemblages in different tropical regions. Aquat. Conserv. Mar. Freshw. Ecosyst. 29,
1238–1252.

Zhang, J., 2013. Package ‘spaa’. R Package Version 1.

http://refhub.elsevier.com/S2772-7351(25)00050-2/sref41
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref41
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref41
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref41
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref42
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref42
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref42
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref42
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref42
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref43
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref43
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref43
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref43
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref43
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref44
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref44
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref44
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref44
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref44
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref45
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref45
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref45
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref45
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref46
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref46
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref46
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref46
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref46
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref46
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref46
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref47
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref47
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref47
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref48
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref48
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref48
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref48
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref49
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref49
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref49
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref49
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref50
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref50
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref50
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref51
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref51
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref51
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref51
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref52
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref52
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref52
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref52
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref52
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref52
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref52
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref53
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref53
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref53
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref53
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref53
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref53
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref54
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref54
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref54
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref54
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref55
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref55
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref55
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref56
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref56
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref56
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref57
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref57
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref57
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref57
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref58
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref58
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref58
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref58
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref59
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref59
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref59
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref59
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref59
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref60
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref60
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref60
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref61
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref61
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref62
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref62
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref62
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref62
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref62
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref62
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref62
http://refhub.elsevier.com/S2772-7351(25)00050-2/sref63

	Assessing fish taxonomic and functional β diversity to inform effective conservation strategies in a large reservoir of the ...
	1. Introduction
	2. Materials and methods
	2.1. Study area
	2.2. Data collection
	2.2.1. Fish sampling
	2.2.2. Data collection of abiotic and biotic variables
	2.2.3. Functional traits

	2.3. Statistical analyses
	2.3.1. Beta diversity partitioning
	2.3.2. Explaining variation in β diversity and its components


	3. Results
	3.1. Temporal variation of β diversity and its components
	3.2. Spatiotemporal patterns of sites and species contributions to β diversity
	3.3. Key drivers of β diversity and its components

	4. Discussion
	4.1. Taxonomic and functional β diversity and its components
	4.2. Species and site contributions to taxonomic and functional β diversity
	4.3. Implications fish diversity conservation

	5. Conclusions
	CRediT authorship contribution statement
	Ethics statement
	Funding
	Declaration of competing interest
	Appendix A. Supplementary data
	References


