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Abstract

1. The combined impacts of anthropogenic activities and global climate changes

threaten native fish communities. Such threats are particularly critical in biodi-
versity hot spot areas with many endemic species, as exemplified by the isolated
Yun-Gui Plateau, China. The risk of biotic homogenization is also expected to be

high in such areas, but this risk and its underlying drivers remain poorly studied.

. Here, we established a database of fish distributions and used environmental fil-

tering for spatial clusters (n=3759) in river basins located at Yun-Gui Plateau.
This database was based on public data sources and a comprehensive review of
relevant literature (n=481) covering the period from 1950 to 2021. We divided
the plateau into nine subbasins for spatial comparison and into two periods for
temporal comparison—before and after the start of rapid economic growth devel-

opmentin 1978.

. We found: (a) a marginal increase in replacement (species exchange in different

subbasins) and similarity index but a decrease in richness difference index, in-
dicating homogenization and the loss of natural barriers across the entire pla-
teau; (b) an increase in species richness accompanied by a discernible decline in
phylogenetic diversity, also indicating homogenization; (c) the increase in species
richness by species loss-gain analyses was associated with climatic variables (tem-

perature and precipitation), elevation and human activities in all subbasins.
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1 | INTRODUCTION

With industrialization and a major rise in the Earth's popula-
tion, we might already have entered the sixth mass extinction in
the Anthropocene due to threats from multiple stressors; no less
than 1million species (accounting for one eighth of all species)
are currently at risk of becoming extinct (Barnosky et al., 2011,
Pievani, 2014). In this scenario, non-native species that have evolved
high competitive, defensive and reproductive abilities may fre-
quently replace native species, causing serious ecological effects,
such as loss of endemic species and biotic homogenization (Olden
& Rooney, 2006; Vermeij, 1991). Biotic homogenization is defined
as a multifaceted ecological process that leads to an increase in
taxonomic, phylogenetic or functional similarity over temporal and
spatial scales (McKinney & Lockwood, 1999; Olden & Poff, 2003;
Olden & Rooney, 2006). Homogenization may in some cases lead to
drastic changes in ecosystems, for example, a collapse of Wallace's
faunal realms happened a century ago due to homogenization in the
region following global human interference (Leprieur et al., 2008;
Olden, 2006).

Biotic homogenization may become uneven, with a skew towards
dominant elements between or within communities (Olden, 2006;
Olden et al., 2004; Olden & Rooney, 2006; Petsch, 2016). Taxonomic
homogenization (the main focus of earlier research studies) is a
process of increasing similarity of species composition at different
spatial or temporal scales due to the establishment of non-native
species and extinction of native species (Olden, 2006; Olden &
Rooney, 2006; Petsch, 2016)—it erodes regional taxonomic dis-
tinctiveness, creating vulnerable ecosystems with reduced resis-
tance and resilience to perturbations (Rosenzweig, 2001; Villéger
et al., 2011). Functional homogenization refers to the replacement
of unique (endemic) functional species with non-native widespread
ones that have similar ecological functions over time (Olden, 2006;
Olden & Rooney, 2006), and may serve as an indicator of ecosys-
tem function and stability and provide a greater understanding of
the impacts of biodiversity change than traditional index (Villéger
et al., 2014). Phylogenetic homogenization is defined as the increase
of similarity in genotypes at the molecular level due to the dilu-
tion and replacement of unique native genes by non-native genes
(Petit, 2004; Petsch, 2016). As closely related phylogeny between

4. Temporal and spatial comparisons indicated that homogenization of fish assem-

blages in the Yun-Gui Plateau was exacerbated by climatic and anthropogenic
5. The observed homogenization of fish species is of great concern, and we call

for systematic assessments and precautionary mitigation actions to maintain the

uniqueness of biodiversity in the Yun-Gui Plateau region.

beta diversity, biotic homogenization, fish assemblages, isolated plateau, species losses and

introduced and native species may not co-occur within the same
communities, phylogenetic homogenization may be scale-dependent
(Lambdon & Hulme, 2006; Winter et al., 2009). Non-native species
can exhibit functional redundancy with native species even when
phylogenetically divergent, increasing phylogenetic dissimilarity
while decreasing functional dissimilarity (Su et al., 2021). Therefore,
homogenization can occur without species invasion, species loss or
addition, species extinction or even a gradually increasing replace-
ment and turnover (Olden & Rooney, 2006; Rahel, 2000).

Biotic homogenization has been extensively examined for vari-
ous groups or organisms, such as fish, plants, birds, amphibians and
reptiles (Britton et al., 2009; Chen et al., 2018; Menezes et al., 2015;
Radomski & Goeman, 1995; Rooney et al., 2004; Xu et al., 2017).
Various strong effects of homogenization have been widely re-
ported, such as the collapse of functions, resistance and resilience
in different ecosystems, and negative economic impacts on tourism,
fishery and recreational activities (Lee, 2002; Olden et al., 2004).
For example, phylogenetic homogenization, representing a loss of
evolutionary diversity, may drive the loss of functional diversity and
uniqueness in species and ecosystems (Cavender-Bares et al., 2009;
Harrison et al., 2018; Winter et al., 2009). In Europe, biotic homog-
enization due to non-native species invasion and local species ex-
tinction reduced the host resources of freshwater species for local
affiliated species, for example, bivalve larvae (Douda et al., 2013).
When loss of regional uniqueness happens everywhere, the travel
demand for adventurers, species researchers and fishers diminishes,
indirectly resulting in economic losses in tourism (Olden et al., 2005).
However, some previous studies on biotic homogenization have
methodological or conceptual problems that bias the outcome, for
example, using political rather than natural units (disregarding geo-
graphical characteristics), and ignoring extirpation and species iden-
tities (Carlson & Daniels, 2004; Olden, 2006; Walters et al., 2003).
Therefore, to quantify biotic homogenization, the establishment of
databases on the historical presence and absence of species, explic-
itly including extinct species, has been recommended (Olden, 2006;
Petsch, 2016; Villéger et al., 2015; Xu et al., 2015).

Rapid uplift of the Yun-Gui Plateau created heterogeneous hab-
itats and geographical barriers, which contributed to the great bio-
diversity and exceptional concentrations of endemic species (Myers
et al., 2000; Xie et al., 2017). However, this ‘biodiversity kingdom' is
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also facing increasing anthropogenic pressure and climate change,
which could lead to biotic homogenization, species invasions and
endemic species loss (Ding et al., 2017; Jiang et al., 2015). For in-
stance, the trend of homogenization and endemic species loss began
to appear following fish species invasions in 15 isolated lakes of the
Yun-Gui Plateau over 1940-2015 (Ding et al., 2017), but so far infor-
mation is limited in space and time (Myers et al., 2000).

We used beta-diversity partitioning, the temporal beta-diversity
index and random forest (RF) on data from a literature data review
(n=481; 1950-2021) to examine the changes and patterns of fish
assemblages in the Yun-Gui Plateau. We tested the hypothesis that
fish communities have homogenized in the Yun-Gui Plateau due to
anthropogenic disturbance and climate change. By analysing the
spatial-temporal homogenization of fish communities in the plateau,
we provide a fresh perspective on the homogenization trends of fish
communities and the underlying drivers, particularly focusing on the
breakdown of natural geographical barriers resulting from increased
human activity.

2 | MATERIALS AND METHODS

2.1 | Studyarea

The formation of the special geomorphology of the Yun-Gui Plateau
with a high level of geographical isolation originating from orogeny
and alluvial denudation dates back to the late Pliocene period (Ding
et al., 2017; Zhao & Chen, 1999). Located in southwest China with
a vast Karst Landform and lower connectivity between subbasins,
the plateau includes 65 isolated lakes greater than 1km? (13 lakes
>10km?) (Ma et al., 2011). According to geographical features and
literature reviews (Kapos et al., 2000; Meybeck et al., 2001), the
baselines of altitude were 500, 800, 1000 and 1500m above sea
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level. The use of the 500 m baseline includes some low-altitude hills,
whereas the use of the 1000 or 1500 m baselines cuts off some
mountains and basins, so 800m is the optimal criterion that main-
tains the topographical and hydrological features of the plateau,
which is essential for our study. Therefore, we defined the bound-
ary of the Yun-Gui Plateau as having an average altitude >800m,
encompassing parts of the adjacent provinces and the entire Yunnan
Province and Guizhou Province (Zhao & Chen, 1999). The Chinese
secondary river basin dataset from National Earth System Science
Data Center takes into account multiple factors, such as the drainage
divide, water flow and river length, ensuring accurate and temporally
stable water resource zoning (Xu et al., 2012). Based on this nation-
ally representative dataset, the Yun-Gui Plateau was divided into
nine subbasins, including the upper Yangtze River Basin (UYR-YRB),
the Mingjiang River Basin (MJR-YRB), the Wujiang River Basin (WJR-
YRB), the Dongting Lake Basin (DTL-YRB), the Yalongjiang River
Basin (YLJR-YRB), the Xijiang River Basin (XJR-PRB), the Yuanjiang
River Basin (YJR-YHRB), the Lancangjiang River Basin (LCJR-LMRB)
and the Nujiang River Basin (NJR-NYRB) (Figure 1). All geographic

analyses were completed in ArcGIS Pro 2.5.

2.2 | Fish database construction

All records of fish assemblages were obtained from published lit-
erature reviews (n=481) for the period 1950-2021. After censoring
duplicate, synonym and erroneous inventories by Fishbase (https://
www.fishbase.se/search.php) and the International Union for
Conservation of Nature (IUCN; https://www.iucnredlist.org/), the
fish database included 4026 non-repeating distributed records. In
this database, detailed information of all fish species were found, in-
cluding ID, the site and time of discovery, latitude, longitude (WGS-

84), synonym and reference. To account for the uneven sampling
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effort across subbasins with unequal original occurrence numbers,
we employed an environmental filtering approach to balance the oc-
currence records (Boakes et al., 2010; Phillips et al., 2009; Shipley
et al., 2022). We first divided the environmental values (shown in
Table S1) for each species occurrence record into a number of bins.
For each n-dimensional bin, we randomly extracted a single occur-
rence record for subsequent analysis (Castellanos et al., 2019). This
filtering method allowed us to reduce spatially and environmentally
oversampled records and balanced sampling effort, while keeping
the representation of full environmental gradients where species
occurred (Varela et al., 2014). Compared to random subsampling or
spatial filtering, this approach improves model performance (Varela
et al., 2014).

After processing, the conservation status of the fish species in
the nine subbasins was determined by the [UCN red list, the world's
most widely used system for gauging the extinction risk faced by
species, to obtain the present number of threatened species in the
Yun-Gui Plateau. The number of records (n=3759 totally) was high-
est from XJR-PRB (n=894), followed by LCJR-LMRB (n=2888), while
only three records existed from MJR-YRB, the least recorded and
smallest subbasin (Figure S1). Among the nine subbasins (Figure S1),
a total of 793 species belonging to 224 genera, 49 families and
15 orders were recorded. The most prominent order among them
was Cypriniformes, representing 74.7% of the total, followed
by Siluriformes at 15.7%; the least orders were Salmoniformes,
(0.13%).  Additionally,
Cyprinidae with 346 species accounted for the most dominant fam-
ily at 43.0%. From 1950 to 2020, the fish community richness of
the Yun-Gui Plateau exhibited an overall increasing trend. However,

Myliobatiformes and Anabantiformes

the beta diversity underwent an overall decline during this temporal
stretch (every 10years) (Figure S2b).

2.3 | Beta-diversity partitioning

The total beta diversity was decomposed into richness difference
(RichDiff) and replacement (Repl) using the Sgrensen and Jaccard in-
dices in the Podani family (Carvalho et al., 2013; Legendre, 2014;
Podani & Schmera, 2011). The equations of the Jaccard index includ-
ing dissimilarity indices (D) and similarity indices (S) are:

Dy=(b+c)/(@+b+c) (1)
RichDiff; = 2min (b,c) /(a+ b+ ¢) (2)
Repl = |b—c| /@+b+0) (3)
S,=1-D, (4)

and the equations of Sgrensen index are:

Ds=(b+c)/(2a+b+c) (5)

RichDiffs = 2 min (b,c) /(2a+ b +¢) (6)
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Repls = |b—-c| /(2a+b+c¢) (7)
Ss=1-Ds (8)

where a is the number of common species in the compared sites,
b is the number of species only present in the first sites and ¢
is the number of species only occurring in the second sites. For
any method, the total beta diversity (BD,,,) was calculated by
replacement and richness difference, and the relationship can be

expressed as follows:

BDtotal: RiChDiﬂ:total + Repltotal (9)
n-1 n
RePligar = D, D,y REPI / [n(n = )] (10)

. . -1 . .
RichDiffyo = 3, 2, , RichDiffy; / [n(n — 1)] (11)

where h and i are any research sites.

Since S+Repl+RichDiff=1, these pairwise subbasins were
shown in the triangular plot, where similarity (S) is on the bottom
line with zero on the left, richness difference (RichDiff) is on the
right edge with zero at the top and replacement (Repl) is on the left
edge with zero at the bottom. This plot is recommended to interpret
the component of partitioning beta diversity and similarity (Podani
& Schmera, 2011). The ‘adespatial’ and ‘vegan’ packages were used
for statistical analysis in R software (https://cran.r-project.org/web/
packages/adespatial/index.html; https://cran.r-project.org/web/
packages/vegan/index.html).

We divided the data into two periods, before and after the start
of Chinese economic reform in 1978, when human activities intensi-
fied rapidly due to the economic and industrial revolution in China.
Consequently, the periods 1950-1978 and 1979-2021 were com-
pared for beta-diversity changes and to elucidate the change of fish
assemblage in the Yun-Gui Plateau. To ensure proper comparison,
richness rather than abundance was used.

2.4 | Phylogenetic diversity

We constructed the phylogeny of fish species based on the phyloge-
netic tree proposed by Rabosky (presenting the most comprehensive
phylogenies of fish species and including all species in our research
except from one unidentified species) using the ‘FishPhyloMaker’
package by R software (Rabosky et al., 2018). The phylogenetic di-
versity was calculated by the Faith index (PD_;,;), mean pairwise dis-
tance (MPD) and mean nearest taxon distance (MNTD) (Faith, 1992;
Webb et al., 2002). Specifically, PD,,,, quantifies the phylogenetic
diversity of a set of species R represented as leaf nodes on a phy-
logenetic tree T as the total phylogenetic branch length spanned
by R; MPD is calculated as the average cost of all phylogenetic
paths between all pairs of nodes in R; MNTD measures the aver-
age phylogenetic distance from each species to its nearest relative
in R, excluding self-distances (Faith, 1992; Gilbert & Parker, 2022;
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Honorio Coronado et al., 2015; Tsirogiannis & Sandel, 2014). T-test
and Wilcoxon-Mann-Whitney test (prioritize t-test when the data
satisfy the assumptions) were used to calculate the difference in
phylogenetic diversity between the two time periods shown by box
plot and scatter plot (grey line).

According to the MNTD value separating two subbasins, which
is a measure of phylogenetic beta diversity, the nearest taxon
index (NTI) was calculated by comparing the difference between
a null model of random phylogenetic community and our subba-
sins to determine whether the basin was phylogenetically influ-
enced by a deterministic process or a stochastic process (Evans
& Wallenstein, 2014; Jiang et al., 2021; Weiblen et al., 2006; Zhu
et al., 2016). Beta mean nearest taxon distance (BMNTD) between
communities was calculated using phylogeny trees. A null distribu-
tion of BMNTD was then generated under a stochastic spatial null
model (tip-shuffling method), which randomizes phylogeny identi-
ties to break down evolutionary relationships (Huang et al., 2022;
Stegen et al., 2013). This approach produces randomized commu-
nity assemblages to compare against observations. Calculation of
the beta nearest taxon index (BNTI) as the standard effect size
between observed and null BMNTD followed after 999 random-
izations. BNTI values >+1.96 or <-1.96 (95% confidence interval)
indicate the dominance of deterministic assembly, because ob-
served phylogenetic turnover exceeds stochastic expectations;
BNTI values between +1.96 and -1.96 suggest phylogenetic turn-
over primarily arising from stochastic factors (Chase et al., 2011;
Stegen et al., 2012, 2013).

All phylogenetic diversity indices were derived by the ‘picante’
package in R (https://cran.r-project.org/web/packages/picante/
index.html).

2.5 | Local contribution to beta diversity

The local contribution to beta diversity (LCBD) represents the
uniqueness of each research site regarding assemblage composition
(Legendre & De Caceres, 2013). The index can also be tested for
significance using random and independent permutations (Legendre
& De Caceres, 2013). In a species (n)x sampling sites (p) matrix, the
LCBD was calculated by:

LCBDi=SSi/SStotaI=Zf:1 (Yij—Vj)z/ Z,ll Zle (yij_vj)z (12)

where SS; is the contribution of site i to the total beta diversity
(SS,oa1)- Yi is the number of the ith site and jth species, and 71 is the
mean value in the column of the jth site in the species-site matrix.
LCBD represents the uniqueness of the study location, providing a
quantitative measure of its conservation value. However, due to the
lower richness, also being a type of ‘uniqueness’, the LCBD and the
number of species were used to preferentially determine the con-
servation value of the subbasins. Therefore, we consider the LCBD
index and species richness for the evaluation of subbasin conserva-
tion comprehensively.

Freshwater Biology BVVs| ]_EYJﬂ

2.6 | Species losses and gains

B-C plots (temporal beta-diversity index) show the detail and whole
process of species losses and gains and reveal the dominant posi-
tion (losses or gains) and relative importance at the research sites
(Legendre, 2019). In a species-site matrix, these variables can be cal-

culated by the following vectors:

1. Aj=min (V1," y2].) where Yy and y, are the numbers of species
at sites 1 and 2, respectively. A can be calculated by the sum of
Aj for all species.

2. If Y1i>Yap Bj=y1j—y2j; Bi=O when Yij and yyare similar to (1), and B
is the sum of Bj for all species.

3. Ifyy;<vyy, =Yy - v4; =0 wheny,; and y,; are similar to (1), and

Cis the sum of Cj for all species.

We used the Sgrensen dissimilarity index (presence-absence
data) for percentage dissimilarity (D), that is, D, =(B+C)/
(2A+B+C). In this equation, the B+ C was the unscaled dissimilarity
and the denominator can be scaled by B and C by division, that is,
=B/
=C/deny, (in the ordinate), rep-

deny, r=(2A+B+C). In B-C plot, coordinates consist of D,

loss
deny, i (in the abscissa) and D,
resenting species losses and gains, respectively. The B-C plot shows
how species gains and losses vary across study sites in two time slots.
The blue line represents equal species gains and losses (slope=1 and
intercept=0). The red line is parallel to the blue line (slope=1) and
passes through the centroid of all points. When the red line is above
the blue line, species gains are dominant, when below, species losses

are dominant.

2.7 | Thedriving factors determined by
random forest

Based on previous studies and four hypotheses (energy availability,
water availability, habitat heterogeneity and intermediate disturbance
hypothesis), we selected four types of 26 environmental variables
to serve as candidate variables in light of the ecological significance
(Table S1) (Kerr & Packer, 1997; Rahbek & Graves, 2001; Tognelli &
Kelt, 2004). To ensure the same resolution for these variables and
to reduce the dimension effects, a bilinear interpolation method
was used to resample the raster variable layers (2.5 arc-minutes, ap-
proximately 4.5km?) and standardize the geographical coordinates
(WGS 1984 datum) (Dong et al., 2020; Fletcher et al., 2016). Then,
the value of different variables was extracted by the unified layers.
To minimize overfitting and multicollinearity, the candidate predictor
variables were reselected by the variance inflation factor (VIF) and
removed step by step if the value was >10 to obtain a brief and scru-
table model (Dormann et al., 2013; Duque-Lazo et al., 2018; Janior
& Nobrega, 2018; Li et al., 2015). Consequently, 10 representative
environmental factors were selected as the final predictive variables:
mean temperature of driest quarter (BIO9), precipitation of driest
month (BIO14), precipitation of warmest quarter (BIO18), elevation
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(Elev), geomorphic type (Geo), global human influence index (Hll),
population density (PopD), aquaculture pressure (AquC), terres-
trial evapotranspiration (TE) and global reservoir and dam (ResDam)
(Table S1). In the 2.5 arc-minute map raster, the species richness of
each cell grid was used as the response variable for RF. We then ran
a RF model to determine the importance of each variable by Mean
Decrease Gini using the randomForest packages in R (https://cran.
r-project.org/web/packages/randomForest/index.html). R software

version 4.0.5 (R Core Team, 2022) was used for all statistical analyses.

3 | RESULTS

3.1 | Assessment information of fish species

Based on assessment information from the IUCN (version 3.1 checked
date by 2022), 69.6% of the present species (793 fish species) were
‘Not Evaluated’ (NE) and ‘Data Deficient’ (DD), and the level of ‘Near
Threatened’ (NT) and above was 9.8% (78 fish species). Due to a lack
of comprehensive data, the IUCN assessment levels of 218 fish spe-
cies remain unknown in the XJR-PRB, followed by YLJR-YRB with 138
fish species. At the evaluated level, the XJR-PRB and LCJR-LMRB
needed to focus on the issues of protection with more threatened
species (classified as ‘Near Threatened’ and above), and the YLJR-YRB
was the following one with the second number of species (only one
less than LCJR-LMRB; Figure 2). Among the assessment information,
Anaboarilius macrolepis and Cyprinus yilongensis were deemed to extinct

in the Yilonghu Lake by IUCN red list category and criteria.

3.2 | Beta-diversity partitioning of fish
assemblages

A marked disparity in the beta-diversity partitioning of pairwise subba-
sins was found between the periods prior to and after 1978 (Figure 3).
Results from the Jaccard index analysis revealed a marginal increase
in replacement and similarity and a decrease in richness difference ac-
cording to the coordinate values (Figure 3a,b). Meanwhile, mean value
of diversity partitioning variables (the red point) moved to the upper
right and each subbasin point became more dispersed compared to
the periods before and after 1978. The total similarity index from 2.6%
to 9.3% between the two periods (Figure 3a,b), and the overall similar-
ity of the pairwise subbasins across the plateau was found to increase
(Tables S2 and S3). A similar trend was found for the Sgrensen index
(Figure S4). However, the similarity of the pairwise subbasin compari-
sons for both indices did not surpass 20% in the triangular plots and
remained a limited proportion (Figure 3c, Figure S4c).

3.3 | Phylogenetic diversity of fish assemblages

Species richness increased significantly from before to after 1978
for all subbasins (t-test results, p <0.05; Figure 4a). A similar pattern

was observed for the phylogenetic diversity as measured by the
PD;i, (0 <0.05, Figure 4b). Compared to the PD_,,,, the MPD index
did not show a significant increase in phylogenetic diversity in pair-
wise subbasins, with some subbasins exhibiting a decreasing trend
(Figure 4c). The MNTD index revealed a larger decrease in phylo-
genetic diversity in most of the pairwise subbasins and a minimal
increase in only two (Figure 4d). Furthermore, the non-parametric
test results, excluding the PD,,, in phylogenetic diversity, failed to
demonstrate significant differences in phylogenetic diversity from
before to after 1978.

A null model was employed to ascertain the underlying deter-
minant of the subbasins within the phylogenetic system. XJR-PRB
displayed a discrete distribution with a minimum median, while MJR-
YRB, with a smaller area and lower species richness, exhibited an
aggregated pattern with a maximum median across all subbasins
(Figure 5). In general, the median of the pNTI index for all subbasins
was outside the 95% confidence interval (the range [-1.96, 1.96]),
and below the -1.96 threshold, indicating that the fish assemblages
in the Yun-Gui Plateau were primarily shaped by deterministic pro-

cesses rather than stochasticity.

34 |
factors

The temporal beta-diversity index and driving

In the B-C plot, the red line was overall above the blue line, and
all the values of species gain were greater than those for species
loss, providing evidence for a preponderance of species gains over
species losses in the Yun-Gui Plateau from before to after 1978
(Figure 6). A more in-depth examination of the subbasin plots and
their geographical locations revealed that when the subbasins were
far away from the middle and lower reaches of the Yangtze River,
which is characterized by higher levels of economic development
and consequent anthropogenic disturbance, the more noticeable
was the decline in the proportion of species gain and the increase
in the proportion of species losses (e.g. YJR-YHRB, LCJR-LMRB and
NJR-NYRB).

According to the richness of each cell grid RF model, the spatial-
temporal fish distribution and biotic homogenization were predomi-
nantly influenced by three abiotic factors: BIO14, Elev and BIO9 (as
displayed in Figure S5; maps of environmental characteristics were
shown in Figure S6). However, nine abiotic and anthropogenic fac-
tors contributed to the construction of fish communities, albeit not

all to a significant extent.

3.5 | Local contribution to beta diversity

In conservation biology, higher values of LCBD are indicative of a
site possessing an ecological distinctiveness with an unusual spe-
cies composition (i.e. endemic species) and high conservation value,
or a site characterized by degraded and poor species pools with
the tide of biodiversity loss (i.e. the species uniqueness whether
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best or worst). We found that the Upper Yangtze River Basin (UYR-
YRB) and the MJR-YRB (significant difference p <0.05) had higher
LCBD values than the other basins due to a lower number of fish
species (i.e. an atypical species composition); thus, they are merely
descriptive but not an in-depth analysis (Figure 7). Furthermore,
most subbasins exhibited high LCBD values. YLJR-YRB subbasins
had a high richness of fish species, but a low contribution to beta
diversity due to the predominance of widespread species. By con-
trast, YJR-YHRB, LCJR-LMRB and NJR-NYRB subbasins had a sig-
nificant proportion of endemic fish species and high LCBD values
(p<0.05).

4 | DISCUSSION

We found a marginal increase in replacement and similarity but a
decrease in richness difference by beta-diversity partitioning from
before to after 1978. This pattern occurred in all subbasins in the
Yun-Gui Plateau, suggesting biotic homogenization across the re-
gion. The observed increase in the replacement of fish species was
accompanied by a discernible decline rather than a proportional
increase in phylogenetic diversity, indicating homogenization also
of phylogenetic diversity. Meanwhile, this increase revealed that

the isolation of the Yun-Gui Plateau had started to erode. Similar
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FIGURE 3 Triangular plots of the beta diversity of fish assemblages in Yun-Gui Plateau based on beta diversity partitioning. Each point
represents a pair of subbasins and the red point represents the mean value for similarity, replacement and richness difference in each
subbasin. (a) Was calculated by Jaccard indices before 1978 and (b) after 1978, respectively; (c) show differences in fish assemblage structure
in the Podani family from 1950 to 2021 between the nine studied subbasins based on Jaccard indices.

patterns have been reported earlier for 15 lakes at this plateau (Ding
et al., 2017; Jiang et al., 2019). Fortunately, about 9.0% and 15.9%
values for the Jaccard and Sgrensen similarity indices indicated a
low degree of homogenization from before to after 1978. The lower
similarity may partly result from the geographical isolation limiting
the species exchange, despite eroding and causing endemism at lake
level, for example, for Sinocyclocheilus grahami. The characteristics
of the Yun-Gui Plateau are similar to those characterizing isolated is-
lands in the tropical Pacific that harbour a rich and local biota shaped
by island biogeography; these are vulnerable to prolonged distur-
bance due to their evolutionary isolation and missing functional
groups (Gillespie et al., 2008; Keppel et al., 2014). In addition, our
results support the suggestion that high environmental heterogene-
ity and dispersal ability at the subbasin level (e.g. LCJR-LMRB) lead
to higher beta diversity and dissimilarity, as also found in previous
similar types of studies (Cordova-Tapia et al., 2018; Soininen, 2014).

Globally, the biotic homogenization marked by the erosion of
unique biodiversity is occurring in freshwater ecosystems, with fish

serving as prime indicators across diverse biogeographical realms
(Brito et al., 2020; Daga et al., 2020; Magalhaes et al., 2020). The
observed homogenization in the plateau ecosystem was consistent
across temporal and spatial dimensions, as indicated by the met-
rics of species and phylogenetic diversity. The results align with
observations from other biogeographically distinct regions, such
as the Neotropical reservoirs, where fish assemblages have under-
gone taxonomic homogenization but functional differentiation at
broader spatial scales (Daga et al., 2020). The unique geological
history of the Yun-Gui Plateau has fostered a distinctive species
pool, highlighting the significance of geographic isolation and evo-
lutionary processes in preserving regional biodiversity. The pivotal
role of geographical barriers in maintaining endemism became ev-
ident when the Itaipu Dam at the border of Brazil and Paraguay
was formed, as it led to a marked increase in taxonomic similar-
ity (more than 50%) between previously separated ecoregions
(Vitule et al., 2012). Despite the overall trend of biotic homoge-
nization, our study revealed the persistence of local variations.
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(c) PD based on mean pairwise distance

These differences may be influenced by habitat modification and
intensifying human disturbance (Figure 6), ultimately contributing
to a decrease in beta diversity over time (Figure S2b). Similar results
were observed in 20 reservoirs in the State of Parand, Southern
Brazil, which might share geographical features with our study
area, including strong isolation (Daga et al., 2015). Human activities
(e.g. aquaculture) have led to an increase in non-native species and
intra-country established alien species in these reservoirs (Daga
et al., 2015; Vitule et al., 2019). The interactions of invasive species
within freshwater ecosystems, particularly predatory and compet-
itive relationships, further aggravated the biotic homogenization
(Bezerra et al., 2019).

Richness difference indices were the main determinants of
beta diversity patterns in the fish assemblages across the Yun-Gui
Plateau. We found a high degree of nestedness among subbasins,
and less diverse subbasins contained subsets of species from the
most diverse ones (Legendre, 2014). Our results challenge the pre-
vailing view that replacement is the dominant mechanism underlying

(d) PD based on mean nearest taxon distance

beta diversity in fish assemblages and other aquatic taxa across var-
ious habitats (e.g. ponds, lakes and wetlands) (da Silva et al., 2021;
Lopez-Delgado et al., 2020). Previous studies have assumed that
both environmental and spatial factors significantly influence the
species turnover while spatial factors alone explain significant vari-
ations in richness difference, possibly reflecting the dispersal limita-
tions of some species (Cérdova-Tapia et al., 2018; Heino et al., 2015;
Su et al., 2024). The discrepancy may stem from the different spatial
scales used as biodiversity is multidimensional and scale-dependent
(Chase et al., 2018). We examined differences between subbasins
with low connectivity and dispersal potential, whereas previous
studies have typically focused on a single basin with high connectiv-
ity and dispersal. In addition, the temporal comparison from before
to after 1978 revealed altered dominance of beta diversity from rich-
ness difference (i.e. nestedness) to replacement, possibly caused by
the broken barrier property and the gain of widespread species and
loss of endemic species with disproportionate effects in all subba-
sins (Ding et al., 2017).
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The causes of biotic homogenization vary and may include non-
native species introductions, climate change and land use changes
(Devictor et al., 2008; Magurran et al., 2015; Winter et al., 2009).
Here, we showed that the phylogenetic diversity of the fish commu-
nities was primarily driven by deterministic factors. Both external
and internal factors were important. The internal factors included
variation in landscape characteristics, for example, NJR-NYRB had
high biodiversity including many endemic species and larger areas,
while the smaller subbasins (MJR-YRB and UYR-YRB) had fewer
and more cosmopolitan species. In addition, geographical isolation
creates heterogeneous habitats and prevents gene flow, which en-
hances biodiversity (Albert et al., 2011). Loss of isolation, mainly due
to human activities, may drive biological invasion and ecosystem deg-
radation (loss of endemic species). For example, Cyprinus yilongensis

and Anabarilius macrolepis, endemic species in Lake Yilong, have
gone extinct, likely due to the impacts of power stations and agricul-
ture developments since the 1950s (the lake dried up completely for
20days in 1984) (Xie & Chen, 1999). Furthermore, the possible rea-
son for the increase in species may be the continuous discovery of
native species always present but undetected in earlier surveys. Due
to the lack of research in the past, the original species pool may not
have been thoroughly documented. Since 1978, based on the avail-
able literature (72 research articles), nearly 120 previously unknown
fish species have been discovered in this plateau, revealing that the
identification of previously undetected native species may be one
of the factors contributing to the observed increase in species di-
versity (Chen, 2013). Thus, we have conducted a sensitivity analysis
(Figures S7 and S8), removing two subbasins where species richness
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FIGURE 7 The number of fish
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increased by more than 150 species. After recalculating beta diver-
sity and phylogenetic diversity, the results were consistent with our
original findings. Even when excluding the subbasins with substan-
tial species growth, we still observed the basin-level homogeniza-
tion. As for external factors, the main drivers appeared to be BIO14,
Elev and BIO9, indicating that the climate variables and geographical
characteristics were those most important for the temporal-spa-
tial distribution of the fish species. The differences in elevation and
landform features create diverse habitats boosting the heterog-
enization at the local scale (Rahbek et al., 2019), while changes in
temperature and precipitation (i.e. climate change) force species to
adapt by migrating or cause their disappearance, leading to biotic
homogenization in both cases (Petsch, 2016; Xu et al., 2014, 2020).
Fish are poikilotherms and thus are highly sensitive to temperature
and precipitation changes (Dong et al., 2020; Perrin et al., 2022).
Moreover, human disturbance, measured by HIl and PopD with high
values of mean decrease Gini, had a significant impact on the spe-
cies distribution in the Yun-Gui Plateau. The index of species gain
increased near economically developed areas (Figure 6), suggest-
ing that human activities contributed to homogenization through,
for example, conscious or unconscious introduction of species (e.g.
aquaculture and aquarium market). In the Yun-Gui Plateau, intensive
human introductions have caused a dramatic loss of endemic species
(Ding et al., 2017). For example, Neosalanx taihuensis, a commercial
fish was introduced in the 1980s, producing eutrophication and
displacement of endemic species (predation on fish eggs and niche
competition) (Qin et al., 2007; Zhang et al., 2005). Eutrophication
can also act as an environmental filter, leading to increasing homog-
enization (Menezes et al., 2015).

We found an increase in replacement (i.e. species turnover from
one subbasin to another) and a decrease in richness difference but
the dominant part still was the richness difference from 1950 to
2022, indicating that the contribution of some subbasins to diversity
had increased (i.e. some subbasins were subsets of others relative

to species richness). Considering their significant uniqueness and
species contributions according to the LCBD and species richness
(Result 3.3), YJR-YHRB, LCJR-LMRB and NJR-NYRB are suggested as
high-priority areas of protection. Among Chinese river basins, LCJR-
LMRB has a high diversity of freshwater fish species (0.76 species per
1000km?; followed by NJR-NYRB with 0.38), endemics and threat-
ened species (0.08 per 1000km? of basin area) (Xing et al., 2016).
Restoration of homogenized ecosystems may be possible if counter-
measures are implemented before invasions or predicted extirpation
of species (Essl et al., 2011; Hanski, 2000; Kuussaari et al., 2009;
Rouget et al., 2016). Fortunately, the degree of homogenization has
so far been relatively modest, and the plateau lakes have retained
large alpha and beta diversity (similarity index from 0.01 to 0.40;
Tables S2 and S3), for example, compared to the Pearl River (from
0.30 to 0.60 over the past few decades) (Zeng et al., 2017).

Based on our findings, we suggest some strategies for biological
conservation. (1) If funding is limited, the focus should be directed at
protecting specific subbasins rather than the whole region. Contrary
to our study, a dominance of replacement processes of birds, lizards
and spiders in Thousand Island Lake, Eastern China, suggests that
an optimal conservation strategy should be directed at all islands
instead of a particular one (Si et al., 2015; Wu et al., 2017). Due to
the dominant richness difference index, YJR-YHRB, LCJR-LMRB and
NJR-NYRB with high biodiversity and uniqueness might, if protected,
become a new national germplasm resource bank for fish species. (2)
Unnecessary human activities should be reduced in some areas to
avoid species invasions. Anthropogenic activities such as overfishing,
excessive sand mining, fish introduction for aquaculture and reclaim-
ing lakes for farming pose significant threats to aquatic habitats and
biodiversity, leading to severe disruptions in native species popula-
tions and facilitating invasive species proliferation (Chen et al., 2024;
Rentier & Cammeraat, 2022; Wu et al., 2008; Xing et al., 2016).
Managers of waters adjacent to urbanized areas (such as WJR-YRB
and DTL-YRB), exhibiting high levels of species introductions, should
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implement measures to minimize human disturbances and mitigate
invasion risks. (3) Coordination and cooperation on conservation and
management among neighbouring countries should be enhanced.
Cooperation on international river basin management can yield sus-
tainable ecosystems, increased food and energy outputs, reduced
tensions and costs and potential economic integration between
states, generating manifold benefits beyond the rivers themselves
(Luo et al., 2024; Sadoff & Grey, 2002). To prevent the collapse of
freshwater fish in international rivers and subbasins such as LCJR-
LMRB and NJR-NYRB, countries should share experiences from their
management practices and develop scientific protection plans.

We found increased species similarity and declined phylogenetic
diversity across the Yun-Gui Plateau from before to after 1978, in-
dicating increasing biotic homogenization. As climate variables and
human disturbance were identified as the key drivers impacting fish
community composition over time, protecting priority subbasins from
further habitat degradation while also managing human activities is
critical to safeguard the exceptional fish diversity, despite the current
relatively low degree of biotic homogenization. By comprehensive lit-
erature integration, we strived for maximal consistency to minimize
inflated diversity from the sampling effort. While providing an im-
portant baseline and guidance for long-term monitoring and devel-
oping targeted conservation strategies in this critical biodiversity hot
spot, further investigation of how climate change may impact biotic
homogenization patterns may add valuable insights. Balancing devel-
opment and conservation is essential to preserve the uniqueness of

Yun-Gui Plateau freshwater ecosystems into the future.

AUTHOR CONTRIBUTIONS

Conceptualization: Haijun Wang, Erik Jeppesen and Ping Xie;
Developing methods: Lei Shi, Tao Xiang, Xianghong Dong and Chi Xu;
Data analysis: Lei Shi, Tao Xiang and Xianghong Dong; Preparation
of figures and tables: Lei Shi; Conducting the research, data interpre-

tation and writing: Lei Shi.

ACKNOWLEDGEMENTS
We extend our deepest gratitude to all individuals who have contrib-

uted their invaluable assistance and insights to this work.

FUNDING INFORMATION

This research was supported by the Strategic Priority Research
Program of the Chinese Academy of Sciences: XDB31000000.
The Yunnan Provincial Department of Science and Technology:
202401AS070119 and 202103AC100001. The Science and
Technology Talent and Platform Program of Yunnan Provincial Science
and Technology Department: 202305AM070001. EJ was supported
by the TUBITAK program BIDEB2232: project118C250. Tao Xiang
was funded by Jiangsu Funding Program for Excellent Postdoctoral
Talent Postdoctoral Fellowship Program of CPSF: GZC20241787.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest and have observed all
ethical guidelines.

DATA AVAILABILITY STATEMENT
The corresponding author can provide the data upon reasonable

request.

ORCID

Lei Shi "= https://orcid.org/0000-0003-3132-2320

REFERENCES

Albert, J. S., Carvalho, T. P., Petry, P., Holder, M. A., Maxime, E. L., Espino,
J., Corahua, I., Quispe, R., Rengifo, B., Ortega, H., & Reis, R. E.
(2011). Aquatic biodiversity in the Amazon: Habitat specialization
and geographic isolation promote species richness. Animals, 1(2),
205-241. https://doi.org/10.3390/ani1020205

Barnosky, A. D., Matzke, N., Tomiya, S., Wogan, G. O. U., Swartz, B.,
Quental, T. B., Marshall, C., McGuire, J. L., Lindsey, E. L., Maguire,
K. C., Mersey, B., & Ferrer, E. A. (2011). Has the Earth's sixth mass
extinction already arrived? Nature, 471(7336), 51-57. https://doi.
org/10.1038/nature09678

Bezerra, L. A. V., Ribeiro, V. M., Freitas, M. O., Kaufman, L., Padial, A.
A., & Vitule, J. R. S. (2019). Benthification, biotic homogenization
behind the trophic downgrading in altered ecosystems. Ecosphere,
10(6), e02757. https://doi.org/10.1002/ecs2.2757

Boakes, E. H., McGowan, P. J. K., Fuller, R. A., Chang-qing, D., Clark, N.
E., O'Connor, K., & Mace, G. M. (2010). Distorted views of biodi-
versity: Spatial and temporal bias in species occurrence data. PLoS
Biology, 8(6), €1000385. https://doi.org/10.1371/journal.pbio.
1000385

Brito, M. F. G., Daga, V. S., & Vitule, J. R. S. (2020). Fisheries and biotic
homogenization of freshwater fish in the Brazilian semiarid region.
Hydrobiologia, 847(18), 3877-3895. https://doi.org/10.1007/s1075
0-020-04236-8

Britton, A. J., Beale, C. M., Towers, W., & Hewison, R. L. (2009).
Biodiversity gains and losses: Evidence for homogenisation of
Scottish alpine vegetation. Biological Conservation, 142(8), 1728-
1739. https://doi.org/10.1016/j.biocon.2009.03.010

Carlson, D. M., & Daniels, R. A. (2004). Status of fishes in New York:
Increases, declines and homogenization of watersheds. The
American Midland Naturalist, 152(1), 104-139. https://doi.org/10.
1674/0003-0031(2004)152[0104:SOFINY]2.0.CO;2

Carvalho, J. C., Cardoso, P., Borges, P. A. V., Schmera, D., & Podani, J.
(2013). Measuring fractions of beta diversity and their relationships
to nestedness: A theoretical and empirical comparison of novel ap-
proaches. Oikos, 122(6), 825-834. https://doi.org/10.1111/j.1600-
0706.2012.20980.x

Castellanos, A. A., Huntley, J. W., Voelker, G., & Lawing, A. M. (2019).
Environmental filtering improves ecological niche models across
multiple scales. Methods in Ecology and Evolution, 10(4), 481-492.
https://doi.org/10.1111/2041-210X.13142

Cavender-Bares, J., Kozak, K. H., Fine, P. V. A., & Kembel, S. W. (2009).
The merging of community ecology and phylogenetic biology.
Ecology Letters, 12(7), 693-715. https://doi.org/10.1111/j.1461-
0248.2009.01314.x

Chase, J. M., Kraft, N. J. B., Smith, K. G., Vellend, M., & Inouye, B. D.
(2011). Using null models to disentangle variation in community
dissimilarity from variation in a-diversity. Ecosphere, 2(2), art24.
https://doi.org/10.1890/ES10-00117.1

Chase, J. M., McGill, B. J., McGlinn, D. J., May, F., Blowes, S. A., Xiao, X.,
Knight, T. M., Purschke, O., & Gotelli, N. J. (2018). Embracing scale-
dependence to achieve a deeper understanding of biodiversity and
its change across communities. Ecology Letters, 21(11), 1737-1751.
https://doi.org/10.1111/ele.13151

Chen, J., Wang, H., Zhang, L., Jeppesen, E., & Xie, P. (2024). A new win-
dow for conservation biogeography. The Innovation Geoscience,


https://orcid.org/0000-0003-3132-2320
https://orcid.org/0000-0003-3132-2320
https://doi.org/10.3390/ani1020205
https://doi.org/10.1038/nature09678
https://doi.org/10.1038/nature09678
https://doi.org/10.1002/ecs2.2757
https://doi.org/10.1371/journal.pbio.1000385
https://doi.org/10.1371/journal.pbio.1000385
https://doi.org/10.1007/s10750-020-04236-8
https://doi.org/10.1007/s10750-020-04236-8
https://doi.org/10.1016/j.biocon.2009.03.010
https://doi.org/10.1674/0003-0031(2004)152%5B0104:SOFINY%5D2.0.CO;2
https://doi.org/10.1674/0003-0031(2004)152%5B0104:SOFINY%5D2.0.CO;2
https://doi.org/10.1111/j.1600-0706.2012.20980.x
https://doi.org/10.1111/j.1600-0706.2012.20980.x
https://doi.org/10.1111/2041-210X.13142
https://doi.org/10.1111/j.1461-0248.2009.01314.x
https://doi.org/10.1111/j.1461-0248.2009.01314.x
https://doi.org/10.1890/ES10-00117.1
https://doi.org/10.1111/ele.13151

SHI ET AL.

2(1), 100052-100053. https://doi.org/10.59717/j.xinn-ge0.2024.
100052

Chen, X. Y. (2013). Checklist of fishes of Yunnan. Zoological Research,
34(4), 281-343. https://doi.org/10.11813/j.issn.0254-5853.
2013.4.0281

Chen, Y., Li, S., Lin, Y., Li, H., & Zhan, A. (2018). Population genetic pat-
terns of the solitary tunicate, Molgula manhattensis, in invaded
Chinese coasts: Large-scale homogeneity but fine-scale hetero-
geneity. Marine Biodiversity, 48(4), 2137-2149. https://doi.org/10.
1007/s12526-017-0743-y

Cordova-Tapia, F., Hernandez-Marroquin, V., & Zambrano, L. (2018). The
role of environmental filtering in the functional structure of fish
communities in tropical wetlands. Ecology of Freshwater Fish, 27(2),
522-532. https://doi.org/10.1111/eff.12366

da Silva, N. J,, Lansac-Téha, F. M., Lansac-Téha, F. A, Sales, P. C. L., de
Sousa Rocha, J,, & Rocha, J. R. S. (2021). Beta diversity patterns
in zooplankton assemblages from a semiarid river ecosystem.
International Review of Hydrobiology, 106(1), 29-40. https://doi.org/
10.1002/iroh.201902018

Daga, V. S., Olden, J. D., Gubiani, E.A., Piana, P. A., Padial, A. A., & Vitule,
J.R.S.(2020). Scale-dependent patterns of fish faunal homogeniza-
tion in Neotropical reservoirs. Hydrobiologia, 847(18), 3759-3772.
https://doi.org/10.1007/s10750-019-04145-5

Daga, V. S., Skéra, F., Padial, A. A., Abilhoa, V., Gubiani, E. A, & Vitule, J.
R. S. (2015). Homogenization dynamics of the fish assemblages in
Neotropical reservoirs: Comparing the roles of introduced species
and their vectors. Hydrobiologia, 746(1), 327-347. https://doi.org/
10.1007/s10750-014-2032-0

Devictor, V., Julliard, R., Clavel, J., Jiguet, F., Lee, A., & Couvet, D. (2008).
Functional biotic homogenization of bird communities in disturbed
landscapes. Global Ecology and Biogeography, 17(2), 252-261.
https://doi.org/10.1111/j.1466-8238.2007.00364.x

Ding, C., Jiang, X., Xie, Z., & Brosse, S. (2017). Seventy-five years of bio-
diversity decline of fish assemblages in Chinese isolated plateau
lakes: Widespread introductions and extirpations of narrow endem-
ics lead to regional loss of dissimilarity. Diversity and Distributions,
23(2), 171-184. https://doi.org/10.1111/ddi.12507

Dong, X., Ju, T., Grenouillet, G., Laffaille, P., Lek, S., & Liu, J. (2020).
Spatial pattern and determinants of global invasion risk of an in-
vasive species, sharpbelly Hemiculter leucisculus (Basilesky, 1855).
Science of the Total Environment, 711, 134661. https://doi.org/10.
1016/j.scitotenv.2019.134661

Dormann, C. F., Elith, J., Bacher, S., Buchmann, C., Carl, G., Carré,
G., Marquéz, J. R. G., Gruber, B., Lafourcade, B., Leitdo, P. J,
Minkemiller, T., McClean, C., Osborne, P. E., Reineking, B.,
Schroder, B., Skidmore, A. K., Zurell, D., & Lautenbach, S. (2013).
Collinearity: A review of methods to deal with it and a simula-
tion study evaluating their performance. Ecography, 36(1), 27-46.
https://doi.org/10.1111/j.1600-0587.2012.07348.x

Douda, K., Lopes-Lima, M., Hinzmann, M., Machado, J., Varandas, S.,
Teixeira, A., & Sousa, R. (2013). Biotic homogenization as a threat
to native affiliate species: Fish introductions dilute freshwater
mussel's host resources. Diversity and Distributions, 19(8), 933-942.
https://doi.org/10.1111/ddi.12044

Duque-Lazo, J., Navarro-Cerrillo, R. M., van Gils, H., & Groen, T. A.
(2018). Forecasting oak decline caused by Phytophthora cinnamomi
in Andalusia: Identification of priority areas for intervention. Forest
Ecology and Management, 417, 122-136. https://doi.org/10.1016/j.
foreco.2018.02.045

Essl, F., Dullinger, S., Rabitsch, W., Hulme, P. E., Hilber, K., Jarosik,
V., Kleinbauer, I., Krausmann, F., Kiihn, I., Nentwig, W., Vila, M.,
Genovesi, P., Gherardi, F., Desprez-Loustau, M. L., Roques, A., &
Pysek, P. (2011). Socioeconomic legacy yields an invasion debt.
Proceedings of the National Academy of Sciences of the United States
of America, 108(1), 203-207. https://doi.org/10.1073/pnas.10117
28108

Freshwater Biology BVVs| LEYM

Evans, S. E., & Wallenstein, M. D. (2014). Climate change alters ecological
strategies of soil bacteria. Ecology Letters, 17(2), 155-164. https://
doi.org/10.1111/ele. 12206

Faith, D. P. (1992). Conservation evaluation and phylogenetic diversity.
Biological Conservation, 61(1), 1-10. https://doi.org/10.1016/0006-
3207(92)91201-3

Fletcher, D. H., Gillingham, P. K., Britton, J. R., Blanchet, S., & Gozlan, R.
E. (2016). Predicting global invasion risks: A management tool to
prevent future introductions. Scientific Reports, 6(1), 26316. https://
doi.org/10.1038/srep26316

Gilbert, G. S., & Parker, |. M. (2022). Phylogenetic distance metrics for
studies of focal species in communities: Quantiles and cumulative
curves. Diversity, 14(7), 521. https://doi.org/10.3390/d14070521

Gillespie, R. G., Claridge, E. M., & Roderick, G. K. (2008). Biodiversity
dynamics in isolated island communities: Interaction between natu-
ral and human-mediated processes. Molecular Ecology, 17(1), 45-57.
https://doi.org/10.1111/j.1365-294X.2007.03466.x

Hanski, I. (2000). Extinction debt and species credit in boreal forests:
Modelling the consequences of different approaches to biodiver-
sity conservation. Annales Zoologici Fennici, 37(4), 271-280.

Harrison, T., Gibbs, J., & Winfree, R. (2018). Phylogenetic homogenization of
bee communities across ecoregions. Global Ecology and Biogeography,
27(12), 1457-1466. https://doi.org/10.1111/geb.12822

Heino, J., Melo, A. S., & Bini, L. M. (2015). Reconceptualising the beta
diversity-environmental heterogeneity relationship in running
water systems. Freshwater Biology, 60(2), 223-235. https://doi.org/
10.1111/fwb.12502

Honorio Coronado, E. N., Dexter, K. G., Pennington, R. T., Chave, J., Lewis,
S. L., Alexiades, M. N., Alvarez, E., Alves de Oliveira, A., Amaral, |.
L., Araujo-Murakami, A., Arets, E. J. M. M., Aymard, G. A., Baraloto,
C., Bonal, D., Brienen, R., Cerédn, C., Cornejo Valverde, F., Di Fiore,
A., Farfan-Rios, W., ... Phillips, O. L. (2015). Phylogenetic diversity
of Amazonian tree communities. Diversity and Distributions, 21(11),
1295-1307. https://doi.org/10.1111/ddi.12357

Huang, L., Bai, J., Wang, J., Zhang, G., Wang, W., Wang, X., Zhang, L.,
Wang, Y., Liu, X., & Cui, B. (2022). Different stochastic processes
regulate bacterial and fungal community assembly in estuarine
wetland soils. Soil Biology and Biochemistry, 167, 108586. https://
doi.org/10.1016/j.s0ilbi0.2022.108586

Jiang, X., Ding, C., Brosse, S., Pan, B., Lu, Y., & Xie, Z. (2019). Local rise of
phylogenetic diversity due to invasions and extirpations leads to a
regional phylogenetic homogenization of fish fauna from Chinese
isolated plateau lakes. Ecological Indicators, 101, 388-398. https://
doi.org/10.1016/j.ecolind.2019.01.041

Jiang, Y., Huang, H., Tian, Y., Yu, X., & Li, X. (2021). Stochasticity ver-
sus determinism: Microbial community assembly patterns under
specific conditions in petrochemical activated sludge. Journal of
Hazardous Materials, 407, 124372. https://doi.org/10.1016/j.jhazm
at.2020.124372

Jiang, Z. G., Brosse, S., Jiang, X. M., & Zhang, E. (2015). Measuring eco-
system degradation through half a century of fish species introduc-
tions and extirpations in a large isolated lake. Ecological Indicators,
58, 104-112. https://doi.org/10.1016/j.ecolind.2015.05.040

Junior, P. D. M., & Ndébrega, C. C. (2018). Evaluating collinearity effects
on species distribution models: An approach based on virtual spe-
cies simulation. PLoS One, 13(9), e0202403. https://doi.org/10.
1371/journal.pone.0202403

Kapos, V., Rhind, J., Edwards, M., Price, M. F., & Ravilious, C. (2000).
Developing a map of the world's mountain forests. Forests in sustain-
able mountain development: A state of knowledge report for 2000.
Task Force on Forests in Sustainable Mountain Development. 4-19.
https://doi.org/10.1079/9780851994468.0004

Keppel, G., Morrison, C., Meyer, J.-Y., & Boehmer, H. J. (2014). Isolated
and vulnerable: The history and future of Pacific Island terrestrial
biodiversity. Pacific Conservation Biology, 20(2), 136-145. https://
doi.org/10.1071/pc140136


https://doi.org/10.59717/j.xinn-geo.2024.100052
https://doi.org/10.59717/j.xinn-geo.2024.100052
https://doi.org/10.11813/j.issn.0254-5853.2013.4.0281
https://doi.org/10.11813/j.issn.0254-5853.2013.4.0281
https://doi.org/10.1007/s12526-017-0743-y
https://doi.org/10.1007/s12526-017-0743-y
https://doi.org/10.1111/eff.12366
https://doi.org/10.1002/iroh.201902018
https://doi.org/10.1002/iroh.201902018
https://doi.org/10.1007/s10750-019-04145-5
https://doi.org/10.1007/s10750-014-2032-0
https://doi.org/10.1007/s10750-014-2032-0
https://doi.org/10.1111/j.1466-8238.2007.00364.x
https://doi.org/10.1111/ddi.12507
https://doi.org/10.1016/j.scitotenv.2019.134661
https://doi.org/10.1016/j.scitotenv.2019.134661
https://doi.org/10.1111/j.1600-0587.2012.07348.x
https://doi.org/10.1111/ddi.12044
https://doi.org/10.1016/j.foreco.2018.02.045
https://doi.org/10.1016/j.foreco.2018.02.045
https://doi.org/10.1073/pnas.1011728108
https://doi.org/10.1073/pnas.1011728108
https://doi.org/10.1111/ele.12206
https://doi.org/10.1111/ele.12206
https://doi.org/10.1016/0006-3207(92)91201-3
https://doi.org/10.1016/0006-3207(92)91201-3
https://doi.org/10.1038/srep26316
https://doi.org/10.1038/srep26316
https://doi.org/10.3390/d14070521
https://doi.org/10.1111/j.1365-294X.2007.03466.x
https://doi.org/10.1111/geb.12822
https://doi.org/10.1111/fwb.12502
https://doi.org/10.1111/fwb.12502
https://doi.org/10.1111/ddi.12357
https://doi.org/10.1016/j.soilbio.2022.108586
https://doi.org/10.1016/j.soilbio.2022.108586
https://doi.org/10.1016/j.ecolind.2019.01.041
https://doi.org/10.1016/j.ecolind.2019.01.041
https://doi.org/10.1016/j.jhazmat.2020.124372
https://doi.org/10.1016/j.jhazmat.2020.124372
https://doi.org/10.1016/j.ecolind.2015.05.040
https://doi.org/10.1371/journal.pone.0202403
https://doi.org/10.1371/journal.pone.0202403
https://doi.org/10.1079/9780851994468.0004
https://doi.org/10.1071/pc140136
https://doi.org/10.1071/pc140136

SHI ET AL.

ﬂl—WI IB2A® reshwater Biology

Kerr, J. T., & Packer, L. (1997). Habitat heterogeneity as a determinant of
mammal species richness in high-energy regions. Nature, 385(6613),
252-254. https://doi.org/10.1038/385252a0

Kuussaari, M., Bommarco, R., Heikkinen, R. K., Helm, A., Krauss, J.,
Lindborg, R., C")ckinger, E., Partel, M., Pino, J., Roda, F., Stefanescu,
C., Teder, T., Zobel, M., & Steffan-Dewenter, I. (2009). Extinction
debt: A challenge for biodiversity conservation. Trends in Ecology
& Evolution, 24(10), 564-571. https://doi.org/10.1016/j.tree.2009.
04.011

Lambdon, P. W., & Hulme, P. E. (2006). How strongly do interactions with
closely-related native species influence plant invasions? Darwin's
naturalization hypothesis assessed on Mediterranean islands.
Journal of Biogeography, 33(6), 1116-1125. https://doi.org/10.
1111/j.1365-2699.2006.01486.x

Lee, C. E. (2002). Evolutionary genetics of invasive species. Trends in
Ecology & Evolution, 17(8), 386-391. https://doi.org/10.1016/5S0169
-5347(02)02554-5

Legendre, P.(2014). Interpreting the replacement and richness difference
components of beta diversity. Global Ecology and Biogeography,
23(11), 1324-1334. https://doi.org/10.1111/geb.12207

Legendre, P. (2019). A temporal beta-diversity index to identify sites that
have changed in exceptional ways in space-time surveys. Ecology
and Evolution, 9(6), 3500-3514. https://doi.org/10.1002/ece3.4984

Legendre, P., & De Caceres, M. (2013). Beta diversity as the variance of
community data: Dissimilarity coefficients and partitioning. Ecology
Letters, 16(8), 951-963. https://doi.org/10.1111/ele.12141

Leprieur, F., Beauchard, O., Blanchet, S., Oberdorff, T., & Brosse, S.
(2008). Fish invasions in the World's river systems: When natural
processes are blurred by human activities. PLoS Biology, 6(2), e28.
https://doi.org/10.1371/journal.pbio.0060028

Li, R., Xu, M., Wong, M. H. G., Qiu, S., Sheng, Q., Li, X., & Song, Z. (2015).
Climate change-induced decline in bamboo habitats and species
diversity: Implications for giant panda conservation. Diversity and
Distributions, 21(4), 379-391. https://doi.org/10.1111/ddi.12284

Lopez-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(2),
€02940. https://doi.org/10.1002/ecy.2940

Luo, L., Wang, H., Chen, Z., Wang, X., & Guo, H. (2024). Biodiversity
co-benefits of world heritage protection. The Innovation Life, 2(1),
100051. https://doi.org/10.59717/j.xinn-life.2024.100051

Ma, R., Yang, G., Duan, H., Jiang, J., Wang, S., Feng, X,, Li, A., Kong, F.,
Xue, B., Wu, J., & Li, S. (2011). China's lakes at present: Number,
area and spatial distribution. Science China Earth Sciences, 54(2),
283-289. https://doi.org/10.1007/s11430-010-4052-6

Magalhaes, A. L. B., Daga, V. S., Bezerra, L. A. V., Vitule, J. R. S., Jacobi,
C. M,, & Silva, L. G. M. (2020). All the colors of the world: Biotic
homogenization-differentiation dynamics of freshwater fish com-
munities on demand of the Brazilian aquarium trade. Hydrobiologia,
847(18), 3897-3915. https://doi.org/10.1007/s10750-020-04307-w

Magurran, A. E., Dornelas, M., Moyes, F., Gotelli, N. J., & McGill, B. (2015).
Rapid biotic homogenization of marine fish assemblages. Nature
Communications, 6(1), 8405. https://doi.org/10.1038/ncomms9405

McKinney, M. L., & Lockwood, J. L. (1999). Biotic homogenization: A few
winners replacing many losers in the next mass extinction. Trends
in Ecology & Evolution, 14(11), 450-453. https://doi.org/10.1016/
S50169-5347(99)01679-1

Menezes, R. F., Borchsenius, F., Svenning, J.-C., Davidson, T. A,
Sgndergaard, M., Lauridsen, T. L., Landkildehus, F., & Jeppesen, E.
(2015). Homogenization of fish assemblages in different lake depth
strata at local and regional scales. Freshwater Biology, 60(4), 745-
757. https://doi.org/10.1111/fwb.12526

Meybeck, M., Green, P., & Voérosmarty, C. (2001). A new typology
for mountains and other relief classes. Mountain Research and
Development,  21(1), 34-45. https://doi.org/10.1659/0276-
4741(2001)021[0034:ANTFMA]2.0.CO;2

Myers, N., Mittermeier, R. A., Mittermeier, C. G, da Fonseca, G. A. B., &
Kent, J. (2000). Biodiversity hotspots for conservation priorities.
Nature, 403(6772), 853-858. https://doi.org/10.1038/35002501

Olden, J. D. (2006). Biotic homogenization: A new research agenda for
conservation biogeography. Journal of Biogeography, 33(12), 2027-
2039. https://doi.org/10.1111/j.1365-2699.2006.01572.x

Olden, J. D., Douglas, M. E., & Douglas, M. R. (2005). The human dimen-
sions of biotic homogenization. Conservation Biology, 19(6), 2036-
2038. https://doi.org/10.1111/j.1523-1739.2005.00288.x

Olden, J. D., LeRoy Poff, N., Douglas, M. R., Douglas, M. E., & Fausch,
K. D. (2004). Ecological and evolutionary consequences of biotic
homogenization. Trends in Ecology & Evolution, 19(1), 18-24. https://
doi.org/10.1016/j.tree.2003.09.010

Olden, J. D., & Poff, N. L. (2003). Toward a mechanistic understanding
and prediction of biotic homogenization. The American Naturalist,
162(4), 442-460. https://doi.org/10.1086/378212

Olden, J. D., & Rooney, T. P. (2006). On defining and quantifying biotic
homogenization. Global Ecology and Biogeography, 15(2), 113-120.
https://doi.org/10.1111/j.1466-822X.2006.00214.x

Perrin, S. W., van der Veen, B., Golding, N., & Finstad, A. G. (2022).
Modelling temperature-driven changes in species associations
across freshwater communities. Global Change Biology, 28(1), 86-
97. https://doi.org/10.1111/gcb.15888

Petit, R. J. (2004). Biological invasions at the gene level. Diversity and
Distributions, 10(3), 159-165. https://doi.org/10.1111/j.1366-9516.
2004.00084.x

Petsch, D. K. (2016). Causes and consequences of biotic homogeniza-
tion in freshwater ecosystems. International Review of Hydrobiology,
101(3-4), 113-122. https://doi.org/10.1002/iroh.201601850

Phillips, S. J., Dudik, M., Elith, J., Graham, C. H., Lehmann, A., Leathwick,
J., & Ferrier, S. (2009). Sample selection bias and presence-only dis-
tribution models: Implications for background and pseudo-absence
data. Ecological Applications, 19(1), 181-197. https://doi.org/10.
1890/07-2153.1

Pievani, T. (2014). The sixth mass extinction: Anthropocene and the
human impact on biodiversity. Rendiconti Lincei, 25(1), 85-93.
https://doi.org/10.1007/s12210-013-0258-9

Podani, J., & Schmera, D. (2011). A new conceptual and methodological
framework for exploring and explaining pattern in presence-ab-
sence data. Oikos, 120(11), 1625-1638. https://doi.org/10.1111/j.
1600-0706.2011.19451.x

Qin, J., Xu, J., & Xie, P. (2007). Diet overlap between the endemic
fish Anabarilius grahami (Cyprinidae) and the exotic noodlefish
Neosalanx taihuensis (Salangidae) in Lake Fuxian, China. Journal
of Freshwater Ecology, 22(3), 365-370. https://doi.org/10.1080/
02705060.2007.9664165

R Core Team. (2022). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing. https://www.R-proje
ct.org/

Rabosky, D. L., Chang, J., Title, P. O., Cowman, P. F,, Sallan, L., Friedman,
M., Kaschner, K., Garilao, C., Near, T. J.,, Coll, M., & Alfaro, M. E.
(2018). An inverse latitudinal gradient in speciation rate for marine
fishes. Nature, 559(7714), 392-395. https://doi.org/10.1038/s4158
6-018-0273-1

Radomski, P. J., & Goeman, T. J. (1995). The homogenizing of Minnesota
Lake fish assemblages. Fisheries, 20(7), 20-23. https://doi.org/10.
1577/1548-8446(1995)020<0020:THOMLF>2.0.CO;2

Rahbek, C., Borregaard, M. K., Colwell, R. K., Dalsgaard, B., Holt, B. G.,
Morueta-Holme, N., Nogues-Bravo, D., Whittaker, R. J., & Fjeldsa,
J. (2019). Humboldt's enigma: What causes global patterns of
mountain biodiversity? Science, 365(6458), 1108-1113. https://doi.
org/10.1126/science.aax0149

Rahbek, C., & Graves, G. R. (2001). Multiscale assessment of patterns
of avian species richness. Proceedings of the National Academy of
Sciences of the United States of America, 98(8), 4534-4539. https://
doi.org/10.1073/pnas.071034898


https://doi.org/10.1038/385252a0
https://doi.org/10.1016/j.tree.2009.04.011
https://doi.org/10.1016/j.tree.2009.04.011
https://doi.org/10.1111/j.1365-2699.2006.01486.x
https://doi.org/10.1111/j.1365-2699.2006.01486.x
https://doi.org/10.1016/S0169-5347(02)02554-5
https://doi.org/10.1016/S0169-5347(02)02554-5
https://doi.org/10.1111/geb.12207
https://doi.org/10.1002/ece3.4984
https://doi.org/10.1111/ele.12141
https://doi.org/10.1371/journal.pbio.0060028
https://doi.org/10.1111/ddi.12284
https://doi.org/10.1002/ecy.2940
https://doi.org/10.59717/j.xinn-life.2024.100051
https://doi.org/10.1007/s11430-010-4052-6
https://doi.org/10.1007/s10750-020-04307-w
https://doi.org/10.1038/ncomms9405
https://doi.org/10.1016/S0169-5347(99)01679-1
https://doi.org/10.1016/S0169-5347(99)01679-1
https://doi.org/10.1111/fwb.12526
https://doi.org/10.1659/0276-4741(2001)021%5B0034:ANTFMA%5D2.0.CO;2
https://doi.org/10.1659/0276-4741(2001)021%5B0034:ANTFMA%5D2.0.CO;2
https://doi.org/10.1038/35002501
https://doi.org/10.1111/j.1365-2699.2006.01572.x
https://doi.org/10.1111/j.1523-1739.2005.00288.x
https://doi.org/10.1016/j.tree.2003.09.010
https://doi.org/10.1016/j.tree.2003.09.010
https://doi.org/10.1086/378212
https://doi.org/10.1111/j.1466-822X.2006.00214.x
https://doi.org/10.1111/gcb.15888
https://doi.org/10.1111/j.1366-9516.2004.00084.x
https://doi.org/10.1111/j.1366-9516.2004.00084.x
https://doi.org/10.1002/iroh.201601850
https://doi.org/10.1890/07-2153.1
https://doi.org/10.1890/07-2153.1
https://doi.org/10.1007/s12210-013-0258-9
https://doi.org/10.1111/j.1600-0706.2011.19451.x
https://doi.org/10.1111/j.1600-0706.2011.19451.x
https://doi.org/10.1080/02705060.2007.9664165
https://doi.org/10.1080/02705060.2007.9664165
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1038/s41586-018-0273-1
https://doi.org/10.1038/s41586-018-0273-1
https://doi.org/10.1577/1548-8446(1995)020%3C0020:THOMLF%3E2.0.CO;2
https://doi.org/10.1577/1548-8446(1995)020%3C0020:THOMLF%3E2.0.CO;2
https://doi.org/10.1126/science.aax0149
https://doi.org/10.1126/science.aax0149
https://doi.org/10.1073/pnas.071034898
https://doi.org/10.1073/pnas.071034898

SHI ET AL.

Rahel, F. J. (2000). Homogenization of fish faunas across the United
States. Science, 288(5467), 854-856. https://doi.org/10.1126/
science.288.5467.854

Rentier, E. S., & Cammeraat, L. H. (2022). The environmental impacts
of river sand mining. Science of the Total Environment, 838, 155877.
https://doi.org/10.1016/j.scitotenv.2022.155877

Rooney, T. P,, Wiegmann, S. M., Rogers, D. A., & Waller, D. M. (2004).
Biotic impoverishment and homogenization in unfragmented
Forest understory communities. Conservation Biology, 18(3), 787-
798. https://doi.org/10.1111/j.1523-1739.2004.00515.x

Rosenzweig, M. L. (2001). The four questions: What does the introduc-
tion of exotic species do to diversity? Evolutionary Ecology Research,
3(3), 361-367.

Rouget, M., Robertson, M. P., Wilson, J. R. U., Hui, C., Essl, F., Renteria,
J. L., & Richardson, D. M. (2016). Invasion debt - quantifying future
biological invasions. Diversity and Distributions, 22(4), 445-456.
https://doi.org/10.1111/ddi.12408

Sadoff, C. W., & Grey, D. (2002). Beyond the river: The benefits of coop-
eration on international rivers. Water Policy, 4(5), 389-403. https://
doi.org/10.1016/51366-7017(02)00035-1

Shipley, B. R., Bach, R., Do, Y., Strathearn, H., McGuire, J. L., & Dilkina,
B. (2022). megaSDM: Integrating dispersal and time-step analy-
ses into species distribution models. Ecography, 2022(1), e05450.
https://doi.org/10.1111/ecog.05450

Si, X., Baselga, A., & Ding, P. (2015). Revealing beta-diversity patterns
of breeding bird and lizard communities on inundated land-Bridge
Islands by separating the turnover and Nestedness components.
PLoS One, 10(5), e0127692. https://doi.org/10.1371/journal.pone.
0127692

Soininen, J. (2014). A quantitative analysis of species sorting across or-
ganisms and ecosystems. Ecology, 95(12), 3284-3292. https://doi.
org/10.1890/13-2228.1

Stegen, J. C., Lin, X., Fredrickson, J. K., Chen, X., Kennedy, D. W., Murray,
C. J,, Rockhold, M. L., & Konopka, A. (2013). Quantifying commu-
nity assembly processes and identifying features that impose them.
The ISME Journal, 7(11), 2069-2079. https://doi.org/10.1038/isme;j.
2013.93

Stegen, J. C., Lin, X., Konopka, A. E., & Fredrickson, J. K. (2012). Stochastic
and deterministic assembly processes in subsurface microbial com-
munities. The ISME Journal, 6(9), 1653-1664. https://doi.org/10.
1038/ismej.2012.22

Su, G, Logez, M., Xu, J,, Tao, S., Villéger, S., & Brosse, S. (2021). Human
impacts on global freshwater fish biodiversity. Science, 371(6531),
835-838. https://doi.org/10.1126/science.abd3369

Su, H., Li, Y., Zhong, M., Ma, R, Chen, J., Rao, Q., Feng, Y., Ma, S., Chen, J.,
Wang, H., Jeppesen, E., & Xie, P. (2024). No positive effects of bio-
diversity on ecological resilience of lake ecosystems. The Innovation
Geoscience, 2(2), 100064. https://doi.org/10.59717/j.xinn-geo.
2024.100064

Tognelli, M. F., & Kelt, D. A. (2004). Analysis of determinants of mam-
malian species richness in South America using spatial autore-
gressive models. Ecography, 27(4), 427-436. https://doi.org/10.
1111/j.0906-7590.2004.03732.x

Tsirogiannis, C., & Sandel, B. (2014). Computing the skewness of the
phylogenetic mean pairwise distance in linear time. Algorithms for
Molecular Biology, 9(1), 15. https://doi.org/10.1186/1748-7188-9-15

Varela, S., Anderson, R. P., Garcia-Valdés, R., & Fernandez-Gonzalez, F.
(2014). Environmental filters reduce the effects of sampling bias
and improve predictions of ecological niche models. Ecography,
37(11), 1084-1091. https://doi.org/10.1111/j.1600-0587.2013.
00441.x

Vermeij, G. J. (1991). When biotas meet: Understanding biotic inter-
change. Science, 253(5024), 1099-1104. https://doi.org/10.1126/
science.253.5024.1099

Villéger, S., Blanchet, S., Beauchard, O., Oberdorff, T., & Brosse, S. (2011).
Homogenization patterns of the world's freshwater fish faunas.

Freshwater Biology BVVs| ]_EYJﬂ

Proceedings of the National Academy of Sciences, 108(44), 18003-
18008. https://doi.org/10.1073/pnas.1107614108

Villéger, S., Blanchet, S., Beauchard, O., Oberdorff, T., & Brosse, S.
(2015). From current distinctiveness to future homogenization of
the world's freshwater fish faunas. Diversity and Distributions, 21(2),
223-235. https://doi.org/10.1111/ddi.12242

Villéger, S., Grenouillet, G., & Brosse, S. (2014). Functional homogeni-
zation exceeds taxonomic homogenization among European fish
assemblages. Global Ecology and Biogeography, 23(12), 1450-1460.
https://doi.org/10.1111/geb.12226

Vitule, J. R. S., Occhi, T. V. T,, Kang, B., Matsuzaki, S.-I., Bezerra, L. A.,
Daga, V. S,, Faria, L., Frehse, F. A., Walter, F., & Padial, A. A. (2019).
Intra-country introductions unraveling global hotspots of alien fish
species. Biodiversity and Conservation, 28(11), 3037-3043. https://
doi.org/10.1007/s10531-019-01815-7

Vitule, J. R. S., Skéra, F., & Abilhoa, V. (2012). Homogenization of fresh-
water fish faunas after the elimination of a natural barrier by a dam
in Neotropics. Diversity and Distributions, 18(2), 111-120. https://
doi.org/10.1111/j.1472-4642.2011.00821.x

Walters, D. M., Leigh, D. S., & Bearden, A. B. (2003). Urbanization, sed-
imentation, and the homogenization of fish assemblages in the
Etowah River Basin, USA. Hydrobiologia, 494(1), 5-10. https://doi.
org/10.1023/A:1025412804074

Webb, C. O., Ackerly, D. D., McPeek, M. A., & Donoghue, M. J. (2002).
Phylogenies and community ecology. Annual Review of Ecology and
Systematics, 33(1), 475-505. https://doi.org/10.1146/annurev.ecols
ys.33.010802.150448

Weiblen, G. D., Webb, C. O., Novotny, V., Basset, Y., & Miller, S. E. (2006).
Phylogenetic dispersion of host use in a tropical insect herbivore
community. Ecology, 87(sp7), S62-S75. https://doi.org/10.1890/
0012-9658(2006)87[62:PDOHUI]2.0.CO;2

Winter, M., Schweiger, O., Klotz, S., Nentwig, W., Andriopoulos, P.,
Arianoutsou, M., Basnou, C., Delipetrou, P., Didziulis, V., Hejda, M.,
Hulme, P. E., Lambdon, P. W., Pergl, J., Py3ek, P., Roy, D. B., & Kihn,
1. (2009). Plant extinctions and introductions lead to phylogenetic
and taxonomic homogenization of the European flora. Proceedings
of the National Academy of Sciences of the United States of America,
106(51), 21721-21725. https://doi.org/10.1073/pnas.0907088106

Wu, G, Liu, Y., Shao, G., Tan, L., & Wang, G. Z. (2008). Effects of land
use on water quality of two high-altitude lakes and catchments
in Yunnan Province, China. International Journal of Sustainable
Development and World Ecology, 15(6), 534-542. https://doi.org/10.
1080/13504500809469849

Wu, L., Si, X., Didham, R. K., Ge, D., & Ding, P. (2017). Dispersal mo-
dality determines the relative partitioning of beta diversity in
spider assemblages on subtropical land-bridge islands. Journal of
Biogeography, 44(9), 2121-2131. https://doi.org/10.1111/jbi.13007

Xie, D., Li, M., Tan, J. B., Price, M., Xiao, Q., Zhou, S., Yu, Y., & He, X.
(2017). Phylogeography and genetic effects of habitat fragmenta-
tion on endemic Urophysa (Ranunculaceae) in Yungui plateau and
adjacent regions. PLoS One, 12(10), e0186378. https://doi.org/10.
1371/journal.pone.0186378

Xie, P., & Chen, Y. (1999). Threats to biodiversity in Chinese inland wa-
ters. Ambio, 28(8), 674-681.

Xing, Y., Zhang, C., Fan, E., & Zhao, Y. (2016). Freshwater fishes of China:
Species richness, endemism, threatened species and conserva-
tion. Diversity and Distributions, 22(3), 358-370. https://doi.org/10.
1111/ddi.12399

Xu, C., Huang, Z. Y. X., Chi, T., Chen, B. J. W., Zhang, M., & Liu, M. (2014).
Can local landscape attributes explain species richness patterns
at macroecological scales? Global Ecology and Biogeography, 23(4),
436-445. https://doi.org/10.1111/geb.12108

Xu, C., Kohler, T. A,, Lenton, T. M., Svenning, J.-C., & Scheffer, M. (2020).
Future of the human climate niche. Proceedings of the National
Academy of Sciences, 117(21), 11350-11355. https://doi.org/10.
1073/pnas.1910114117


https://doi.org/10.1126/science.288.5467.854
https://doi.org/10.1126/science.288.5467.854
https://doi.org/10.1016/j.scitotenv.2022.155877
https://doi.org/10.1111/j.1523-1739.2004.00515.x
https://doi.org/10.1111/ddi.12408
https://doi.org/10.1016/S1366-7017(02)00035-1
https://doi.org/10.1016/S1366-7017(02)00035-1
https://doi.org/10.1111/ecog.05450
https://doi.org/10.1371/journal.pone.0127692
https://doi.org/10.1371/journal.pone.0127692
https://doi.org/10.1890/13-2228.1
https://doi.org/10.1890/13-2228.1
https://doi.org/10.1038/ismej.2013.93
https://doi.org/10.1038/ismej.2013.93
https://doi.org/10.1038/ismej.2012.22
https://doi.org/10.1038/ismej.2012.22
https://doi.org/10.1126/science.abd3369
https://doi.org/10.59717/j.xinn-geo.2024.100064
https://doi.org/10.59717/j.xinn-geo.2024.100064
https://doi.org/10.1111/j.0906-7590.2004.03732.x
https://doi.org/10.1111/j.0906-7590.2004.03732.x
https://doi.org/10.1186/1748-7188-9-15
https://doi.org/10.1111/j.1600-0587.2013.00441.x
https://doi.org/10.1111/j.1600-0587.2013.00441.x
https://doi.org/10.1126/science.253.5024.1099
https://doi.org/10.1126/science.253.5024.1099
https://doi.org/10.1073/pnas.1107614108
https://doi.org/10.1111/ddi.12242
https://doi.org/10.1111/geb.12226
https://doi.org/10.1007/s10531-019-01815-7
https://doi.org/10.1007/s10531-019-01815-7
https://doi.org/10.1111/j.1472-4642.2011.00821.x
https://doi.org/10.1111/j.1472-4642.2011.00821.x
https://doi.org/10.1023/A:1025412804074
https://doi.org/10.1023/A:1025412804074
https://doi.org/10.1146/annurev.ecolsys.33.010802.150448
https://doi.org/10.1146/annurev.ecolsys.33.010802.150448
https://doi.org/10.1890/0012-9658(2006)87%5B62:PDOHUI%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87%5B62:PDOHUI%5D2.0.CO;2
https://doi.org/10.1073/pnas.0907088106
https://doi.org/10.1080/13504500809469849
https://doi.org/10.1080/13504500809469849
https://doi.org/10.1111/jbi.13007
https://doi.org/10.1371/journal.pone.0186378
https://doi.org/10.1371/journal.pone.0186378
https://doi.org/10.1111/ddi.12399
https://doi.org/10.1111/ddi.12399
https://doi.org/10.1111/geb.12108
https://doi.org/10.1073/pnas.1910114117
https://doi.org/10.1073/pnas.1910114117

SHI ET AL.

ﬂl—WI IB2A® reshwater Biology

Xu, J., Su, G., Xiong, Y., Akasaka, M., Garcia Molinos, J., Matsuzaki, S. S., &
Zhang, M. (2015). Complimentary analysis of metacommunity nest-
edness and diversity partitioning highlights the need for a holistic
conservation strategy for highland lake fish assemblages. Global
Ecology and Conservation, 3, 288-296. https://doi.org/10.1016/j.
gecco.2014.12.004

Xu, S., Song, N., Zhao, L., Cai, S., Han, Z., & Gao, T. (2017). Genomic
evidence for local adaptation in the ovoviviparous marine fish
Sebastiscus marmoratus with a background of population homoge-
neity. Scientific Reports, 7(1), 1562. https://doi.org/10.1038/s4159
8-017-01742-z

Xu,Y.D., Fu,B.J.,He, C.S., & Gao, G. Y. (2012). Watershed discretization
based on multiple factors and its application in the Chinese loess
plateau. Hydrology and Earth System Sciences, 16(1), 59-68. https://
doi.org/10.5194/hess-16-59-2012

Zeng, L., Zhou, L., Guo, D.-L., Fu, D.-H., Xu, P., Zeng, S., Tang, Q.-D., Chen,
A.-L., Chen, F.-Q., Luo, Y., & Li, G.-F. (2017). Ecological effects of
dams, alien fish, and physiochemical environmental factors on ho-
mogeneity/heterogeneity of fish community in four tributaries of
the Pearl River in China. Ecology and Evolution, 7(11), 3904-3915.
https://doi.org/10.1002/ece3.2920

Zhang, X., Xie, P, Li, Y., Chen, F., Li, S., Guo, N., & Qin, J. (2005). Present
status and changes of the phytoplankton community after invasion
of Neosalanx taihuensis since 1982 in a deep oligotrophic plateau
lake, Lake Fuxian in the subtropical China. Journal of Environmental
Sciences, 17(3), 389-394.

Zhao, J., & Chen, C. (1999). Chinese geography. Higher Education Press.

Zhu, J., Dai, W., Qiu, Q., Dong, C., Zhang, J., & Xiong, J. (2016).
Contrasting ecological processes and functional compositions
between intestinal bacterial community in healthy and diseased
shrimp. Microbial Ecology, 72(4), 975-985. https://doi.org/10.1007/
s00248-016-0831-8

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Shi, L., Xiang, T., Dong, X., Xu, C.,
Wang, H., Jeppesen, E., & Xie, P. (2024). Homogenization of
fish assemblages in an endemic biodiversity hot spot: Evidence
from 70-year data from the Yun-Gui Plateau, China. Freshwater
Biology, 69, 1537-1552. https://doi.org/10.1111/fwb.14325



https://doi.org/10.1016/j.gecco.2014.12.004
https://doi.org/10.1016/j.gecco.2014.12.004
https://doi.org/10.1038/s41598-017-01742-z
https://doi.org/10.1038/s41598-017-01742-z
https://doi.org/10.5194/hess-16-59-2012
https://doi.org/10.5194/hess-16-59-2012
https://doi.org/10.1002/ece3.2920
https://doi.org/10.1007/s00248-016-0831-8
https://doi.org/10.1007/s00248-016-0831-8
https://doi.org/10.1111/fwb.14325

	Homogenization of fish assemblages in an endemic biodiversity hot spot: Evidence from 70-­year data from the Yun-­Gui Plateau, China
	Abstract
	1  |  INTRODUCTION
	2  |  MATERIALS AND METHODS
	2.1  |  Study area
	2.2  |  Fish database construction
	2.3  |  Beta-­diversity partitioning
	2.4  |  Phylogenetic diversity
	2.5  |  Local contribution to beta diversity
	2.6  |  Species losses and gains
	2.7  |  The driving factors determined by random forest

	3  |  RESULTS
	3.1  |  Assessment information of fish species
	3.2  |  Beta-­diversity partitioning of fish assemblages
	3.3  |  Phylogenetic diversity of fish assemblages
	3.4  |  The temporal beta-­diversity index and driving factors
	3.5  |  Local contribution to beta diversity

	4  |  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


