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Abstract

Mammals are crucial for sustaining ecosystem functions
and services, yet their diversity is increasingly threatened in
China’s arid and semi-arid regions because of environmen-
tal fragility and intensifying human activities. Assessing
the diversity of mammal assemblages across taxonomic,
phylogenetic, and functional dimensions improves the un-
derstanding of biodiversity maintenance and communi-
ty assembly in drylands. Here, these three dimensions of
biodiversity and their respective community structures
were quantified, and these metrics were linked to modern
climate, climate change since the Last Glacial Maximum
(LGM; ~21 ka), elevation range, anthropogenic disturbance,
and plant species richness. The two variables most strong-
ly associated with taxonomic, phylogenetic, and functional
diversity were plant species richness and annual precipita-
tion; land-use change 1900-1950 and mean annual tem-
perature; and glacial-interglacial precipitation change and
plant species richness, respectively. For phylogenetic and
functional structure, the leading predictors were, respec-
tively, land-use change 1900-1950 and annual precipita-
tion, and annual precipitation and elevation range. Overall,
mammal diversity patterns in arid and semi-arid China re-
flect the interacting effects of contemporary and historical
climate, environmental heterogeneity, land-use change, and
plant diversity. These results improve the mechanistic un-
derstanding of biodiversity maintenance in drylands and
provide a scientific basis for conservation planning under
future climate change and human disturbance.

Highlights

+  Mammal diversity was assessed across China’s arid
and semi-arid regions.

+ China’s drylands contained 33% of China’s mammal
species but 52% of its phylogenetic diversity and
85% of its functional diversity.

« Taxonomic, phylogenetic, and functional diversity
showed clear spatial mismatches.

+ Plant species richness, modern climate, environ-
mental heterogeneity, and land-use change shaped
different diversity facets.

+ Conservation planning in drylands should move be-
yond species richness alone.
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Introduction

Mammals play crucial roles in maintaining and regulating
ecosystem functioning and services (Chillo and Ojeda
2012; Lacher Jretal. 2019; Smith et al. 2022). For instance,
some mammals dig while foraging for food and construct-
ing nests, facilitating the transfer of substantial organic
matter from surface soil to subsoil, thereby enriching the
soil (Chillo and Ojeda 2012). Additionally, these digging
activities can promote water infiltration and create secure
germination sites for plant seeds (Longland 2003). The
migratory movements of large mammals act as a nutrient
pump at the landscape scale (Lacher Jr et al. 2019; Smith
et al. 2022). They can transport substantial amounts of
nutrients across the landscape to nutrient-poor habitats
(Doughty et al. 2016). Frugivorous and nectarivorous
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mammals are also important pollinators and seed dis-
persers for plants (Lacher Jr et al. 2019). Herbivores can
change the compositional structure of regional plant com-
munities through herbivory and enhance carbon storage,
thereby alleviating the effects of climate change on eco-
systems (Chillo and Ojeda 2012; Ripple et al. 2014; Young
et al. 2015). These different crucial roles suggest that the
contributions of mammals to ecosystems depend not
only on species richness but also on species’ functional
traits and evolutionary history.

Therefore, biodiversity is increasingly recognized as
a multidimensional concept that encompasses not only
taxonomic diversity but also functional and phylogenetic
diversity (Le Bagousse-Pinguet et al. 2019). In mammal
studies, the use of taxonomic diversity alone overlooks
phylogenetic relationships and functional differences
among species (Safi et al. 2011; Gomez-Ortiz et al. 2017,
Chakravarty et al. 2021). Functional and phylogenetic di-
versity are distinct from species richness, which assumes
that all species are equally different (Schweiger et al.
2008). Functional diversity reflects the functional dissim-
ilarity among species in a community, while phylogenet-
ic diversity reflects the evolutionary history of species in
the community and can help identify priority species for
protection based on their evolutionary history, a crucial
factor in ecological conservation (Safi et al. 2011; Laméris
et al. 2020). Importantly, assessing these dimensions to-
gether can provide a more mechanistic understanding of
community assembly (Purschke et al. 2013; Cadotte et
al. 2019). Congruence or mismatch among taxonomic,
phylogenetic, and functional diversity may help reveal the
relative roles of environmental filtering, evolutionary histo-
ry, and functional differentiation in shaping communities
(Cavender-Bares et al. 2009; Cadotte et al. 2019). Accord-
ingly, understanding the spatial patterns of mammal diver-
sity requires a multidimensional approach that examines
their associations with multiple potential drivers.

In this context, exploring the spatial patterns and poten-
tial drivers of mammal diversity is one of the main topics
in macroecology and biogeography (Safi et al. 2011; Can-
talapiedra et al. 2018). This question is particularly import-
ant in the arid and semi-arid regions of China, where harsh
climatic conditions, marked environmental heterogeneity,
and increasing human disturbance may jointly shape pres-
ent-day mammal diversity patterns (Xu et al. 2015; Fan et
al. 2021; Gao et al. 2025). Studying these processes in this
region can improve understanding of how biodiversity is
maintained in environmentally fragile drylands (Fan et al.
2021;Lewinetal.2024). Modernclimate (e.g.,contemporary
temperature and precipitation) may have direct or indirect
effects on current biodiversity distribution patterns (Beev-
er et al. 2011). For instance, the physiological tolerance
hypothesis assumes that the degree of species tolerance
to climate influences species richness to a certain extent
(e.g., species richness is lower in colder and drier regions
than in warmer and wetter regions) (He et al. 2017; Cas-
tro-Insua et al. 2018; Wang et al. 2020). In addition, multiple
lines of evidence indicate that paleoclimate (e.g., glacial-
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interglacial climate change) can influence contemporary
biodiversity patterns, sometimes with effects equal to or
even greater than those of modern climate (Davies et al.
2011; Svenning et al. 2015; Rowan et al. 2020). For exam-
ple, the refuge hypothesis suggests that strong climatic
fluctuations or extreme climates may lead to selective
extinction or recolonization. Thus, glacial-interglacial cli-
matic stability promotes high species richness and a more
overdispersed phylogenetic structure (Rowan et al. 2020).
In addition to the influence of climate, anthropogenic
land-use change, environmental heterogeneity, and plant
species richness are also major drivers of biodiversity
patterns (Newbold et al. 2015; Feng et al. 2019; Powers
and Jetz 2019; Meng et al. 2021). Land-use change caus-
es habitat loss and fragmentation, increasing the risk of
local extinction and potentially reducing existing genetic
diversity, thereby limiting species’ ability to adapt to envi-
ronmental change (Newbold et al. 2015; Powers and Jetz
2019). Elevation range tends to reflect environmental het-
erogeneity, which can increase the availability of refuges
and ecological niches and promote geographic isolation
(Gonzélez-Maya et al. 2016; Kamenistak et al. 2020;
Meng et al. 2021; Udy et al. 2021). Higher environmental
heterogeneity can then facilitate the formation of new
species, reduce species extinction, and allow more spe-
cies to coexist (Stein et al. 2014). In addition, plant spe-
cies richness is often significantly correlated with mam-
mal species richness (Qian et al. 2009; Feng et al. 2019).
Specifically, the food resource diversity hypothesis states
that higher plant species richness means more types of
food resources and can provide more ecological niches,
which can sustain the coexistence of more consumers
(Qian et al. 2009). Many studies have investigated the cor-
relations between mammal species richness and climate
variables at different scales, as well as the relationships
of mammal species richness with plant species richness
and environmental heterogeneity (Qian 2007; Stein et al.
2014; Feng et al. 2019; Santos et al. 2020). However, the
specific relationships between mammal diversity and
these explanatory variables in China’s arid and semi-arid
regions, especially in terms of phylogenetic and functional
structure, have not been comprehensively assessed.
Therefore, this study compiled mammal distribution
data for the arid and semi-arid regions of China from fau-
nal records. For the first time, the taxonomic, phylogenetic,
and functional diversity and the phylogenetic and function-
al structure of mammal assemblages were linked to mod-
ern climate, glacial-interglacial climate change, elevation
range, and plant species richness. The aim was to address
the following questions: (1) What are the spatial distribu-
tion patterns of taxonomic, functional, and phylogenetic
diversity and the phylogenetic and functional structure of
mammal assemblages in the arid and semi-arid regions
of China? (2) How are different environmental, biotic, and
anthropogenic variables associated with the three dimen-
sions of mammal diversity and two measures of mammal
assemblage structure? This study proposes five predic-
tions: (1) mammal diversity would increase with higher
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annual precipitation and temperature, supporting the
physiological tolerance hypothesis; (2) mammal diversity
would decrease with greater paleoclimatic changes, con-
sistent with the refuge hypothesis; (3) environmental het-
erogeneity would be positively correlated with mammal
diversity, consistent with the environmental heterogeneity
hypothesis; (4) anthropogenic land-use change would re-
duce mammal diversity; and (5) mammal diversity would
increase with greater plant species richness, consistent
with the food resource diversity hypothesis.

Materials and methods

Study area

Considering that most protected areas and mammal fau-
na data were organized according to administrative units,
species richness, functional diversity, and phylogenetic
diversity, as well as functional and phylogenetic structure,
were calculated using the prefecture as the basic unit
rather than dividing the study area into grid cells (Huang
et al. 2020). The Global Aridity Index dataset was used to
identify dryland regions in China (Zomer et al. 2022). The
aridity index was less than 0.03 for extremely arid regions,
0.03-0.2 for arid regions, 0.2-0.5 for semi-arid regions,
0.5-0.65 for semi-humid regions, and greater than 0.65
for humid regions (Zomer et al. 2022). The study specifi-
cally focused on regions with an aridity index of less than
0.5. These regions were then overlaid with the administra-
tive boundaries of Chinese prefecture-level cities. Finally,
96 prefecture-level cities that overlapped with the arid and
semi-arid regions were selected as the study area.

Terrestrial mammal and plant species
distribution data

Terrestrial mammal distribution data for the 96 prefec-
ture-level cities were collated from various faunal works
and a PhD thesis (Suppl. material 1: table S1), includ-
ing Heilongjiang Fauna (Ma 1986), Liaoning Fauna (Xiao
1988), and a PhD thesis on the species diversity and dis-
tribution patterns of veterinary species in Northeast China
(Zhang 2000). A total of 249 mammal species were re-
corded across the 96 prefecture-level cities, comprising
3,098 prefecture-level presence records. Species richness
per prefecture ranged from two to 70 species (Suppl.
material 1: fig. S1; table S2). Angiosperm plant species
richness data for the corresponding prefectures were ob-
tained from the Chinese Vascular Plant Distribution Data-
base, which was compiled from several floras, published
literature, and herbarium records (Lu et al. 2018). Mammal
endangerment status was based primarily on information
in the Red List of Chinese Vertebrates (Jiang et al. 2016).
Missing information was supplemented using the IUCN
website (https:/www.iucn.org/) and published literature
(Jiang et al. 2016; IUCN 2021; Ding et al. 2022).
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Environmental variables

The climatic variable parameters were obtained from
http://www.worldclim.com at a spatial resolution of 30
arc-seconds, including mean annual temperature (MAT),
annual precipitation (MAP), and MAT and MAP during
the Last Glacial Maximum (LGM) (Hijmans et al. 2005).
The average values from two models, i.e., the Community
Climate System Model version 3 (CCSM3) and the Model
for Interdisciplinary Research on Climate version 3.2 (MI-
ROC3.2), were used to represent MAT and MAP during the
LGM. Climate change from the LGM to the present was
calculated as contemporary MAT or MAP minus MAT or
MAP during the LGM and was expressed as anomalies in
MAT or MAP. All climatic variables were extracted as av-
erage values for each prefecture-level city. Elevation data
were downloaded from http://earthenv.org/DEM.html, and
elevation range (Range ELE) was calculated as the maxi-
mum elevation value minus the minimum elevation value
for each prefecture (Robinson et al. 2014).

The HYDE v3.2 database provides gridded cropland
and pasture coverage at a spatial resolution of 0.083°
(Klein Goldewijk et al. 2017). The dataset was divided into
two periods (1900-1950 and 1950-2000), and land-use
change in cropland and pasture was calculated as the ab-
solute difference between the end year and the start year.
For each period, the absolute changes in cropland and
pasture were then summed to represent land-use change
(Suppl. material 1: table S3).

Phylogenetic and functional dendrogram

The phylogenies of mammals in the arid and semi-arid
regions (249 species) and all mammals in China (600
species) were pruned from a global mammal phyloge-
ny obtained from http://vertlife.org/phylosubsets using
the option “Mammal birth—death node-dated completed
trees (all 5911 species, set of 10,000 trees)” (Upham et
al. 2019). A posterior sample of 10,000 mammal phylo-
genetic trees was used to construct the maximum clade
credibility tree using the mean node heights algorithm in
TreeAnnotator software (version 1.8.2) of the BEAST 2
package (Bouckaert et al. 2014).

A functional dendrogram was constructed based on
five key traits: body mass, diet, litter size (number of pups
produced in a litter), habitat breadth, and activity time
(Suppl. material 1: table S4). Data on these traits were ob-
tained from published literature (Cooke et al. 2019; Ding et
al. 2022). These five traits collectively represent the mor-
phology, functionality, and ecological strategies of mam-
mal species (Chillo and Ojeda 2012). Because body mass
(log10-transformed), litter size (log10-transformed), and
habitat breadth (square-root-transformed) were continu-
ous variables, whereas diet and activity time were categor-
ical variables, Gower’s distance and the ‘complete’ cluster-
ing method in the R package vegan were used to construct
the functional dendrogram (Oksanen et al. 2015).
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Statistical analyses

The mammal occurrence records for the 96 prefecture-level
cities were first converted into a binary matrix of species
presence and absence, with each city represented by a row
and each mammal species represented by a column. A
value of 1 indicated the presence of a species in a prefec-
ture-level city, and 0 indicated its absence. Taxonomic diver-
sity was calculated as the total number of mammal species
recorded in each prefecture-level city. Before phylogenetic
and functional metrics were calculated, species names in
the community matrix were matched with the tip labels of
the phylogenetic tree and functional dendrogram.

Phylogenetic and functional diversity were calculated
using the ‘pd’ function in the ‘picante’ package based on
the binary species presence matrix and the corresponding
phylogenetic tree or functional dendrogram. Phylogenetic
diversity was calculated using the pruned mammal phylo-
genetic tree, whereas functional diversity was calculated
by replacing the phylogenetic tree with the functional den-
drogram. Thus, both phylogenetic and functional diversi-
ty were measured as the total branch length connecting
all mammal species present in each prefecture-level city.
Mean pairwise distance (MPD), which was used as a met-
ric of phylogenetic and functional structure, was calculat-
ed using the ‘mpd’ function (Kembel et al. 2010). Phyloge-
netic MPD was calculated from the pairwise phylogenetic
distance matrix, whereas functional MPD was calculated
from the pairwise functional distance matrix derived from
the functional dendrogram.

To control for the effects of species richness on phylo-
genetic and functional diversity and structure, standard-
ized effect sizes (SES) were used to assess phylogenetic
and functional metrics (Swenson 2014). Standardized
effect sizes were calculated by comparing the observed
phylogenetic or functional diversity or structure with val-
ues generated from 999 randomized trees or functional
dendrograms. A tip-label randomization null model was
used. In this null model, the species composition and spe-
cies richness of each prefecture assemblage were kept
unchanged, whereas species labels on the phylogenetic
tree or functional dendrogram were randomly shuffled 999
times. The formula for calculating SES was as follows:

SES — obs — mean,pq
Sdrnd

where obs is the observed phylogenetic or functional di-
versity or structure of each mammal assemblage, mean_,
is the mean of the 999 null models (distance matrix la-
bels were shuffled 999 times), and sd_, is the standard
deviation of these 999 null models. For phylogenetic
and functional diversity metrics, a positive SES indicates
higher-than-expected phylogenetic or functional diversity,
whereas a negative SES indicates lower-than-expected
phylogenetic or functional diversity. For phylogenetic and
functional structure metrics, a positive SES indicates a
phylogenetically or functionally overdispersed structure
relative to random expectations, whereas a negative SES
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indicates a clustered structure. The ‘pd’ function in the R
package picante was used to calculate phylogenetic and
functional diversity separately for the study region and all
of China. This allowed determination of the proportion of
mammal phylogenetic and functional diversity in the study
region relative to the total mammal phylogenetic and func-
tional diversity in China.

Spatial A spatial autoregressive (SAR) model was used
to account for spatial autocorrelation in model residuals
and to assess the relationships between environmental,
biotic, and anthropogenic variables and each diversity or
assemblage structure metric. The response variables in-
cluded species richness, standardized phylogenetic diversi-
ty, standardized functional diversity, standardized phyloge-
netic structure, and standardized functional structure. The
explanatory variables included mean annual temperature,
annual precipitation, glacial—interglacial mean annual tem-
perature change, glacial-interglacial annual precipitation
change, elevation range, plant species richness, land-use
change 1900-1950, and land-use change 1950-2000.

A spatial weights matrix was constructed using the
k-nearest-neighbors method based on the geographic
coordinates of the prefecture-level cities. For each pre-
fecture-level city, the four nearest prefecture-level cities
were defined as its spatial neighbors (k = 4). Because the
coordinates were longitude—latitude data, great-circle dis-
tances were used to identify the nearest neighbors. The re-
sulting neighbor object was then converted into a spatial
weights matrix and used in the SAR models.

Species richness was square-root-transformed to ob-
tain normally distributed residuals. To compare regression
coefficients, all variables were standardized (mean = 0,
standard deviation = 1). Multicollinearity among explana-
tory variables was assessed using the variance inflation
factor (VIF). All explanatory variables had VIF values lower
than 3, suggesting that multicollinearity did not substan-
tially affect the models (Suppl. material 1: fig. S2). All pos-
sible subsets of candidate variables were fitted. To con-
trol for the effect of the area of each prefecture-level city
on the results, this variable was included as a fixed effect
in all candidate models. Candidate models were ranked
according to Akaike's information criterion corrected for
small sample size (AICc), and AAICc and Akaike weights
(w) were used to assess the relative support for each
model (Suppl. material 1: table S5). AAICc was calculated
relative to the model with the lowest AlCc. Models with
AAICc < 2 were considered to have equivalent support and
were retained as the confidence set for model averaging
(Burnham and Anderson 2002). This confidence set was
averaged using the ‘model.avg’ function in the ‘MuMIn’
package. Model-averaged regression coefficients, uncon-
ditional standard errors (SE), and 95% confidence intervals
(Cls) were extracted (Barton and Barton 2015). Explana-
tory variables were considered significant if their 95% Cls
did not overlap zero. In addition, the relative importance
of each explanatory variable was evaluated by summing
its AlICc weights across all candidate models. All analyses
were conducted in R version 4.1.1 (R Core Team 2016).
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Results

The 249 mammal species found in the arid and semi-arid re-
gions of China accounted for 33% of all mammal species in
China, as well as 52% of the phylogenetic diversity and 85% of
the functional diversity of all mammals in China. According
to the threatened categories in the Red List of Chinese Verte-
brates, the 249 mammal species included 14 critically endan-
gered species, 17 endangered species, 20 vulnerable species,
and 48 near-threatened species (Suppl. material 1: table S6).
The northwest of the study region had the highest taxonomic
diversity, the southeast had the highest phylogenetic diver-
sity, and the southwest had the highest functional diversity.
In addition, the northeast of the study region had the most
clustered phylogenetic and functional structures (Fig. 1).
The model-averaged results of the multiple regres-
sion indicated that taxonomic diversity was significant-
ly positively correlated with plant species richness and
glacial-interglacial precipitation change but significantly
negatively correlated with annual precipitation (Table 1,
Fig. 2). Phylogenetic diversity was significantly positively
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correlated with both land-use change 1900-1950 and
mean annual temperature (Table 1, Fig. 2). Functional
diversity was significantly positively correlated with gla-
cial-interglacial precipitation change, elevation range, and
annual precipitation (Table 1, Fig. 2). Phylogenetic struc-
ture was significantly positively correlated with land-use
change 1900-1950 (Table 1, Fig. 2). Functional structure
was significantly positively correlated with both annual
precipitation and elevation range (Table 1, Fig. 2).

The two most important variables for taxonomic diver-
sity were plant species richness and annual precipitation
(Fig. 3). For phylogenetic diversity, the two most import-
ant variables were land-use change 1900-1950 and mean
annual temperature (Fig. 3). For functional diversity, the
two most important variables were glacial-interglacial
precipitation change and plant species richness (Fig. 3).
For phylogenetic structure, the two most important vari-
ables were land-use change 1900-1950 and annual pre-
cipitation (Fig. 3), whereas for functional structure, the
two most important variables were annual precipitation
and elevation range (Fig. 3).

Standardized functional diversity
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Figure 1. Maps of mammal taxonomic diversity, standardized phylogenetic diversity, standardized functional diversity, standardized

phylogenetic structure, and standardized functional structure. The white regions represent prefecture-level cities without species dis-

tribution data.
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Figure 2. Model-averaged coefficients from spatial autoregressive models with AAICc < 2, showing the associations of environmental
variables with mammal diversity and community structure in arid and semi-arid regions. Circles represent model-averaged standard-
ized coefficient values. Blue denotes modern climate, purple denotes glacial-interglacial climate change, yellow denotes elevation
range, green denotes plant species richness, red denotes land-use change, and black denotes area. Solid lines represent 95% confi-
dence intervals. A variable was considered significant when its 95% confidence interval did not overlap the gray zero line.

Discussion

Although the arid and semi-arid regions contained only
one-third of China’s mammal species, they contributed
more than half of the country’s phylogenetic diversity
and an even larger proportion of its functional diversity.
These findings indicated that the arid and semi-arid re-
gions were highly representative of different dimensions
of mammal diversity. The high proportion of threatened
and near-threatened species underscored the vulnera-
bility of mammal assemblages in these ecosystems. In
addition, the results revealed spatial mismatches among
different dimensions of biodiversity. This finding was con-
sistent with previous studies showing that taxonomic,
phylogenetic, and functional diversity are often spatially
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incongruent and highlighted the need to consider multi-
ple dimensions of biodiversity simultaneously in conser-
vation planning (Devictor et al. 2010; Mazel et al. 2017,
Tucker et al. 2017). Taxonomic diversity was highest in the
northwest, whereas phylogenetic and functional diversity
peaked in the southeast and southwest, respectively. This
indicated that areas with the greatest species richness
were not necessarily those with the highest evolutionary
or functional distinctiveness (Devictor et al. 2010). In con-
trast, northeastern assemblages showed the most clus-
tered phylogenetic and functional structures, suggesting
stronger filtering processes that limited trait and lineage
variation (Wang et al. 2024). These findings underscored
the importance of tailoring conservation strategies to spe-
cific regional contexts.
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Figure 3. Relative importance of the drivers identified by the multivariate spatial autoregressive model. This assessment was based on
the summed AICc weights across all models. MAT represents mean annual temperature. MAP represents annual precipitation. Anom
MAT represents glacial—-interglacial mean annual temperature change. Anom MAP represents glacial—-interglacial annual precipitation
change. Range ELE represents elevation range. Plant SR represents plant species richness.

Table 1. Results of model averaging for multivariate spatial autoregressive (SAR) models. Model-averaged standardized coefficients
(CoefSAR) were calculated from all candidate models with AAICc < 2. RVI represents the relative variable importance of each driver,
calculated as the summed AICc weights across all candidate models. MAT represents mean annual temperature. MAP represents
annual precipitation. Anom MAT represents glacial—interglacial mean annual temperature change. Anom MAP represents glacial—in-
terglacial annual precipitation change. Range ELE represents elevation range. Plant SR represents plant species richness. Land-use
change 1900-1950 represents the difference in cropland and pasture coverage between 1900 and 1950. Land-use change 1950-2000
represents the difference in cropland and pasture coverage between 1950 and 2000. Asterisks indicate variables whose 95% confi-
dence intervals did not overlap zero.

Taxonomic Phylogenetic Functional Phylogenetic Functional

diversity diversity diversity structure structure
Coef, RVI Coef, RVI Coef, RVI Coef, RVI Coef_,.  RVI
MAT 0.27 0.27" 0.72 0.26 0.05 0.39 -0.05 0.38
MAP -0.41™ 0.98 0.29 0.31™ 0.74 0.18 0.60 0.41™ 0.91
Anom MAT 0.12 0.59 0.26  -0.03 0.39 -0.09 045 -0.04 0.39
Anom MAP 0.23" 0.88 0.26 0.36™ 094  -0.01 0.27 0.03 0.34
Range ELE 0.09 0.49 0.27 0.35™ 0.74 0.16 0.53 0.35™ 0.83
Plant SR 0.62" 1 -0.02 0.32 0.15 078 -0.03 0.32 0.07 0.54
Land-use change 1900-1950 0 0.26 0.26™ 0.83 -0.02 0.28 0.28™ 074  -0.02 0.34
Land-use change 1950-2000 -0.05 0.42 0.25 0.27 0.03 0.36 0.02 0.35

Area 017~ -0.03 0.15 0.08 0.17

Note: Phylogenetic and functional diversity refer to standardized phylogenetic and functional diversity, respectively, whereas phyloge-
netic and functional structure refer to standardized phylogenetic and functional mean pairwise distance, respectively.
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Plant species richness and modern and
historical climate shape taxonomic diversity

Plant species richness was positively associated with
mammal taxonomic diversity. This relationship may be ex-
plained by the food resource diversity hypothesis, which
suggests that areas with richer plant assemblages can
provide a wider range of potential food resources and
thereby support more consumer species occupying dif-
ferent trophic niches (Novotny et al. 2006; Kissling et al.
2007). For mammals, this mechanism may operate both
directly and indirectly. Plant resources can directly sup-
port herbivorous mammals, while more diverse plant com-
munities may also support a greater diversity of insects,
rodents, and other prey resources, thereby indirectly ben-
efiting insectivorous and carnivorous mammals (Feng et
al. 2019). This mechanism is supported by evidence from
Inner Mongolia, where mammal richness increased with
food resource diversity across herbivorous, insectivorous,
and carnivorous groups (Feng et al. 2019). Therefore, the
positive relationship between plant species richness and
mammal taxonomic diversity in this study may reflect the
role of plant resources in maintaining trophic resource di-
versity and supporting the coexistence of mammals with
different feeding niches.

In addition to plant species richness, taxonomic diver-
sity may also be shaped by contemporary climate (Rom-
dal et al. 2012; Boucher-Lalonde et al. 2015). The tropi-
cal niche conservatism hypothesis suggests that most
species originated in the tropics and partially retain their
ancestral physiological tolerances, such that warmer and
wetter regions have higher species richness (Romdal et
al. 2012; Boucher-Lalonde et al. 2015). In addition, previ-
ous studies have demonstrated that precipitation is the
dominant limiting factor determining species richness
in arid and semi-arid regions (Noy-Meir 1973; Hawkins
et al. 2003; Fei et al. 2022). However, unexpectedly, the
results showed a negative correlation between annu-
al precipitation and species richness. This unexpected
pattern may partly reflect the use of annual precipitation
summarized at the prefecture level across large adminis-
trative units. This spatial aggregation may obscure local
precipitation gradients within prefectures, especially in
large administrative units with substantial environmental
heterogeneity (Suppl. material 1: fig. S3). Therefore, this
negative association should be interpreted cautiously
because it may be influenced by spatial grain and envi-
ronmental variation within prefectures (Nogués-Bravo
and Araujo 2006; Hortal et al. 2008; Stein et al. 2014). In
addition, low-precipitation areas may harbor a relatively
large number of species adapted to arid conditions, such
as Camelus ferus, Lepus yarkandensis, Gazella subgut-
turosa, and Euchoreutes naso. This may partly offset the
expected decline in species richness under low precipita-
tion. Therefore, this relationship should not be interpret-
ed simply as a direct negative effect of precipitation on
mammal richness (Fuller et al. 2021).
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Beyond modern climate, historical climate dynamics
may also have contributed to current patterns of taxonom-
ic diversity. Contrary to the initial hypothesis, taxonomic
diversity was positively correlated with glacial—-intergla-
cial precipitation change. This suggests that greater in-
creases in precipitation since the LGM may have shaped
mammal range dynamics, allowing some regions to sup-
port higher current mammal richness (Svenning et al.
2015; Morales-Barbero et al. 2018; Williams and Blois
2018). Because water is a key limiting factor in arid and
semi-arid systems, historical increases in moisture may
have enhanced primary productivity, vegetation cover, and
the extent of suitable habitats (Noy-Meir 1973; Hawkins
et al. 2003). These changes could have allowed some
mammal species to persist locally, expand their ranges,
or recolonize newly suitable areas during postglacial com-
munity assembly (Svenning et al. 2015; Morales-Barbero
et al. 2018; Williams and Blois 2018). This explanation is
consistent with studies showing that past climate change
has shaped mammal diversity through historical range
shifts, refugial persistence, and postglacial recolonization
(Davies et al. 2011; Svenning et al. 2015; Morales-Barbero
et al. 2018; Santos et al. 2020).

Land-use change and modern climate
affect phylogenetic diversity and structure

Anthropogenic land-use change is a major driver of biodi-
versity loss through habitat loss and fragmentation (Duran
et al. 2020; Cabernard et al. 2024). Unexpectedly, mammal
phylogenetic diversity was positively associated with land-
use change between 1900 and 1950. This may reflect the
fact that, during 1900-1950, large-scale mechanized agri-
culture and modern infrastructure had not yet been widely
implemented in these regions, and land-use change was
largely driven by small-scale cultivation, seasonal graz-
ing, and traditional agropastoral mosaics (Perkins 2017).
Such changes in cropland and pasture coverage under
relatively low-intensity traditional land-use systems may
have increased the diversity of habitat types (e.g., crop-
lands, pastures, and semi-natural wastelands). This may
have provided habitat opportunities for species occupying
different ecological niches, which is consistent with the
intermediate disturbance hypothesis (Tripathi et al. 2021,
Viljur et al. 2022).

In contrast, the relationship between mammal phyloge-
netic diversity and land-use change between 1950 and 2000
was not significant. This pattern may reflect a mismatch
between the land-use metric used here and the dominant
forms of anthropogenic disturbance after 1950. During this
period, land-use changes included not only changes in crop-
land and pasture coverage but also agricultural mechaniza-
tion, irrigation, fertilizer and pesticide inputs, infrastructure
expansion, and changes in grazing pressure (Foley et al.
2005; Erb et al. 2013; Kuemmerle et al. 2013). These pro-
cesses can affect mammal habitat quality, landscape con-
nectivity, and community composition, thereby influencing
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phylogenetic diversity (Newbold et al. 2015; Powers and
Jetz 2019). Therefore, the lack of a significant relationship
does not necessarily indicate that land-use change during
this period had no ecological effect.

Modern climate may likewise play an important role
in shaping mammal phylogenetic diversity (Barreto et al.
2019; Sun et al. 2020). In this study, mammal phylogenetic
diversity was positively correlated with modern tempera-
ture. This pattern is consistent with the tropical niche con-
servatism hypothesis, which proposes that many mam-
mal lineages originated in warm environments and that
relatively few lineages have adapted to cold conditions
(Barreto et al. 2019). However, this relationship may vary
among regions and taxonomic groups. A previous study
in the Wuling Mountains found a negative correlation be-
tween the phylogenetic diversity of small mammals and
temperature, suggesting that higher temperatures may
constrain the distribution of certain lineages under spe-
cific regional conditions (Sun et al. 2020). Therefore, the
positive temperature effect observed in this study may
indicate that, in arid and semi-arid China, warmer condi-
tions reduce cold limitation and allow more evolutionarily
distinct mammal lineages to persist.

Land-use change may also have influenced mammal
phylogenetic structure (Graham et al. 2019). Mammal phy-
logenetic structure was positively associated with land-
use change 1900-1950, indicating that greater land-use
change was linked to a more overdispersed phylogenetic
structure. This pattern may be due to niche differentiation
facilitated by heterogeneous landscapes resulting from
moderate land-use change (Cavender-Bares et al. 2004;
Escobedo et al. 2017). In heterogeneous landscapes,
distantly related species may use different resources or
microhabitats, thereby reducing direct competition and
promoting an overdispersed phylogenetic structure (Cav-
ender-Bares et al. 2004; Escobedo et al. 2017). Thus, this
positive association may reflect niche differentiation in
historically heterogeneous landscapes rather than a direct
benefit of land conversion.

Historical climate, elevation range, and
modern climate shape functional diversity
and structure

A previous study found that glacial-interglacial climate
change had negative impacts on the functional richness of
terrestrial vertebrates, indicating that strong historical cli-
mate change can leave a legacy on present-day functional
diversity patterns (Huang et al. 2023). However, functional
diversity was positively correlated with glacial-intergla-
cial precipitation change (Fig. 2). This contrasting result
may reflect the role of historical precipitation variability
in dryland ecosystems, where past shifts in precipitation
conditions could have altered the balance between dry
and more productive habitats (Noy-Meir 1973; Gherardi
and Sala 2015). Larger historical changes in precipitation
may have promoted the coexistence of mammals with
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different drought tolerances, dietary strategies, and dis-
persal abilities (Stein et al. 2014; Gherardi and Sala 2015).

The findings also indicated a significant positive correla-
tion between mammal functional diversity and elevation
range. A larger elevation range could provide more niches,
thereby promoting functional diversity (Stein et al. 2014).
In addition, the greater complexity of vegetation structure
and the larger number of habitat types associated with a
larger elevation range could provide more resources than
a more uniform environment, supporting the coexistence
of more species (Tews et al. 2004; Lépez-Gonzalez et al.
2015). Water availability under current climatic conditions
may represent another important mechanism underlying
variation in mammal functional diversity. A positive cor-
relation was also found between mammal functional di-
versity and annual precipitation. Higher precipitation could
increase the availability of food and habitat types, thereby
facilitating functional diversity (Qian et al. 2009; Wang et
al. 2017; Gorczynski et al. 2021). This interpretation is also
consistent with evidence from cricetid rodents in southern
Mexico, where precipitation was positively correlated with
functional diversity, and low functional diversity occurred
mainly in areas with low precipitation and strong climatic
seasonality (Martin-Regalado et al. 2019).

Mammal community structure can be shaped by both
modern climate and historical legacies, but their relative
importance may vary among regions and mammal groups
(Rowan et al. 2016, 2020). The results did not show sig-
nificant correlations between phylogenetic structure and
modern climate, but functional structure was significantly
positively correlated with annual precipitation. Under dri-
er conditions, water limitation may filter mammal species
according to drought tolerance and resource-use strate-
gies, leading to more functionally clustered assemblag-
es (Le Bagousse-Pinguet et al. 2017; Liang et al. 2020).
For example, a study of the phylogenetic and functional
structure of birds on university campuses in northern
China found that functional structure tended to be more
clustered on relatively dry university campuses, consistent
with the findings of this study (Liang et al. 2020). In ad-
dition, functional structure was positively correlated with
elevation range, i.e., a greater elevation range promoted
a more overdispersed functional structure. Habitats with
greater heterogeneity typically support greater differences
in functional traits among species, leading to a more dis-
persed functional structure (Barr and Biernat 2020).

Implications for conservation

This study indicated that the conservation value of mam-
mals in arid and semi-arid China cannot be evaluated
solely based on species richness. Although these regions
supported only approximately one-third of China’s mam-
mal species, they accounted for 52% of the total phylo-
genetic diversity and 85% of the total functional diversity
of Chinese mammals. Moreover, the spatial hotspots of
taxonomic, phylogenetic, and functional diversity showed
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limited overlap. This suggests that the identification of
conservation priority areas based mainly on species rich-
ness may overlook regions with substantial evolutionary
history or ecological functional importance (Devictor et al.
2010; Brum et al. 2017; Cadotte and Tucker 2018). There-
fore, conservation strategies should incorporate multidi-
mensional assessments.

In addition, the current national nature reserve network
provides insufficient coverage for some areas important
for multidimensional mammal diversity (Suppl. material
1: fig. S4; tables S7, S8). Among the 96 prefecture-level
cities, 74 had less than 10% of their area covered by na-
tional nature reserves (Suppl. material 1: fig. S4; table S8).
Among the prefecture-level cities in the top 20% for taxo-
nomic diversity, phylogenetic diversity, and functional di-
versity, 52.4%, 100%, and 70.0%, respectively, had national
nature reserve coverage below 10%. This finding indicates
that prefecture-level cities with high phylogenetic diversity
may be substantially underrepresented in the current na-
tional nature reserve network. These results suggest that
the current national nature reserve network may not only
exclude some areas with high species richness but also
fail to adequately cover areas with high phylogenetic and
functional diversity. The effectiveness of national nature
reserves depends not only on the total area covered but
also on whether they represent key components of biodi-
versity (Rodrigues et al. 2004; Maxwell et al. 2020). The
potential conservation gaps identified here can serve as
candidate areas for more targeted conservation gap as-
sessments in the future (Suppl. material 1: fig. S4).

Limitations

The terrestrial mammal distribution data used in this
study were primarily compiled from regional faunas rather
than the most recent monitoring datasets. As a result, re-
cent local range expansions, contractions, or extirpations
of some species may not have been fully captured. How-
ever, the species distribution information in these faunas
is based on the extensive experience of local experts who
have conducted substantial fieldwork over recent decades
in regions familiar to them. Therefore, compared with
coarse-grained range maps at the global scale, these data,
compiled from regional literature and survey records, are
generally more consistent with actual distribution patterns
at the prefecture level. The IUCN has explicitly stated that
its Red List spatial data are intended to provide the best
available representation of species distributions and do
not necessarily correspond to the actual area of occupan-
cy or precise occurrence range of species (Group 2019).
The direct use of coarse-grained species distribution
maps in spatial conservation analyses may overestimate
both the extent of species distributions and the degree of
conservation coverage (Di Marco et al. 2017). For exam-
ple, a study of the Asiatic black bear in China found that
the estimated distribution range derived from an integra-
tive multisource mapping approach was 77.5% smaller
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than that shown in the most recent IUCN range map
(Shen et al. 2021). Therefore, although the data used in
this study are somewhat temporally outdated, they remain
more reliable than coarse-resolution distribution data at
the prefecture level.

In addition, this study used prefecture-level adminis-
trative units rather than regular grid cells as the analytical
units, mainly because of the scale of the original data. It
should be noted that administrative boundaries do not
fully correspond to natural ecological boundaries; thus,
differences in unit size, boundary delineation, and inter-
nal environmental heterogeneity may have influenced the
statistical results (Fotheringham and Wong 1991; Jelinski
and Wu 1996). Accordingly, the results presented here pri-
marily reflect spatial patterns at the prefecture level and
cannot fully substitute for ecological analyses at finer
spatial scales. Nevertheless, given that the available spe-
cies data were compiled and summarized at the prefec-
ture level, prefectures still represent the most stable and
comparable analytical units for this study. Therefore, this
limitation mainly reflects a constraint in spatial resolution
and may affect the accurate representation of local varia-
tion, but it is unlikely to alter the main conclusions of this
study at the regional scale. Importantly, analyzing data at
the prefecture level aligns well with the scale of regional
conservation planning and environmental management,
making the findings applicable to practical policy devel-
opment. Future studies should further test the robustness
of these patterns using higher-resolution occurrence data
and grid-based or multiscale analytical frameworks.

Conclusion

This study not only provides the first comprehensive as-
sessment of mammal diversity and community structure
across taxonomic, phylogenetic, and functional dimen-
sions in the arid and semi-arid regions of China but also
reveals the joint roles of modern climate, paleoclimatic
legacies, environmental heterogeneity, and plant species
richness in shaping regional biodiversity patterns. Impor-
tantly, the spatial mismatch among biodiversity dimen-
sions has significant conservation implications. Taxonom-
ic diversity peaks in the northwest, whereas phylogenetic
and functional diversity peak in the southeast and south-
west, respectively. This spatial inconsistency suggests
that areas with high species richness may not necessar-
ily capture the greatest evolutionary history or ecological
functions. Therefore, conservation planning should incor-
porate multiple dimensions of biodiversity rather than re-
lying solely on species richness. The results also provide
new empirical evidence supporting classical biodiversity
hypotheses, specifically the tropical niche conservatism
hypothesis, the environmental heterogeneity hypothe-
sis, and the food resource diversity hypothesis. Notably,
the positive correlation between plant species richness
and mammal species richness suggests that native veg-
etation restoration and ecologically appropriate habitat
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rehabilitation may help mitigate the impacts of climate
change on mammal diversity in fragile ecosystems. At the
same time, this study found that moderate anthropogenic
land-use change may promote phylogenetic diversity and
phylogenetic overdispersion, providing scientific evidence
for implementing sustainable land-use planning. Future
conservation and management efforts should address not
only the risks and uncertainties associated with climate
change but also ecosystem restoration and sustainable
land use as key pathways for safeguarding biodiversity in
arid and semi-arid ecosystems.

References

Barr WA, Biernat M (2020) Mammal functional diversity and habi-
tat heterogeneity: Implications for hominin habitat reconstruc-
tion. Journal of Human Evolution 146: 102853. https://doi.
org/10.1016/j.jhevol.2020.102853

Barreto E, Graham CH, Rangel TF (2019) Environmental factors ex-
plain the spatial mismatches between species richness and
phylogenetic diversity of terrestrial mammals. Global Ecology
and Biogeography 28: 1855-1865. https://doi.org/10.1111/
geb.12999

Barton K, Barton MK (2015) Package ‘mumin’. Version 1: 439.

Beever EA, Ray C, Wilkening JL, Brussard PF, Mote PW (2011) Con-
temporary climate change alters the pace and drivers of ex-
tinction. Global Change Biology 17: 2054-2070. https://doi.
org/10.1111/j.1365-2486.2010.02389.x

Boucher-Lalonde V, De Camargo RX, Fortin J-M, Khair S, So RI,
Vazquez Rivera H, Watson D, Zuloaga J, Currie DJ (2015) The
weakness of evidence supporting tropical niche conservatism as
a main driver of current richness-temperature gradients. Global
Ecology and Biogeography 24: 795-803. https://doi.org/10.1111/
geb.12312

Bouckaert R, Heled J, Kiihnert D, Vaughan T, Wu C-H, Xie D, Suchard
MA, Rambaut A, Drummond AJ (2014) BEAST 2: a software
platform for Bayesian evolutionary analysis. PLOS Computa-
tional Biology 10: e1003537. https://doi.org/10.1371/journal.
pcbi. 1003537

Brum FT, Graham CH, Costa GC, Hedges SB, Penone C, Radeloff VC,
Rondinini C, Loyola R, Davidson AD (2017) Global priorities for
conservation across multiple dimensions of mammalian diversi-
ty. Proceedings of the National Academy of Sciences, USA 114:
7641-7646. https://doi.org/10.1073/pnas. 1706461114

Burnham KP, Anderson DR (2002) Model selection and multimodel
inference: a practical information-theoretic approach. Springer.
https://doi.org/10.1007/978-0-387-22456-5_6

Cabernard L, Pfister S, Hellweg S (2024) Biodiversity impacts of re-
cent land-use change driven by increases in agri-food imports.
Nature Sustainability 7: 1512-1524. https://doi.org/10.1038/
s41893-024-01433-4

Cadotte MW, Tucker CM (2018) Difficult decisions: Strategies for con-
servation prioritization when taxonomic, phylogenetic and func-
tional diversity are not spatially congruent. Biological Conserva-
tion 225: 128-133. https://doi.org/10.1016/j.biocon.2018.06.014

Cadotte MW, Carboni M, Si X, Tatsumi S (2019) Do traits and phyloge-
ny support congruent community diversity patterns and assembly

Frontiers of Biogeography 19, 2026, e187583

inferences? Journal of Ecology 107: 2065-2077. https://doi.
org/10.1111/1365-2745.13247

Cantalapiedra JL, Domingo MS, Domingo L (2018) Multi-scale inter-
plays of biotic and abiotic drivers shape mammalian sub-conti-
nental diversity over millions of years. Scientific Reports 8: 13413.
https://doi.org/10.1038/s41598-018-31699-6

Castro-Insua A, Gémez-Rodriguez C, Wiens JJ, Baselga A (2018)
Climatic niche divergence drives patterns of diversification and
richness among mammal families. Scientific Reports 8: 8781.
https://doi.org/10.1038/s41598-018-27068-y

Cavender-Bares J, Ackerly DD, Baum D, Bazzaz FA (2004) Phyloge-
netic overdispersion in Floridian oak communities. The American
Naturalist 163: 823-843. https://doi.org/10.1086/386375

Cavender-Bares J, Kozak KH, Fine PV, Kembel SW (2009) The merging
of community ecology and phylogenetic biology. Ecology Letters
12: 693-715. https://doi.org/10.1111/j.1461-0248.2009.01314.x

Chakravarty R, Mohan R, Voigt CC, Krishnan A, Radchuk V (2021)
Functional diversity of Himalayan bat communities declines at
high elevation without the loss of phylogenetic diversity. Scientific
Reports 11: 22556. https://doi.org/10.1038/s41598-021-01939-3

Chillo V, Ojeda R (2012) Mammal functional diversity loss under hu-
man-induced disturbances in arid lands. Journal of Arid Environ-
ments 87: 95-102. https://doi.org/10.1016/j.jaridenv.2012.06.016

Cooke RS, Bates AE, Eigenbrod F (2019) Global trade offs of func-
tional redundancy and functional dispersion for birds and mam-
mals. Global Ecology and Biogeography 28: 484-495. https://doi.
org/10.1111/geb.12869

Davies TJ, Buckley LB, Grenyer R, Gittleman JL (2011) The influence
of past and present climate on the biogeography of modern mam-
mal diversity. Philosophical Transactions of the Royal Society B:
Biological Sciences 366: 2526-2535. https://doi.org/10.1098/
rstb.2011.0018

Devictor V, Mouillot D, Meynard C, Jiguet F, Thuiller W, Mouquet N
(2010) Spatial mismatch and congruence between taxonomic,
phylogenetic and functional diversity: the need for integrative
conservation strategies in a changing world. Ecology Letters 13:
1030-1040. https://doi.org/10.1111/j.1461-0248.2010.01493.x

Di Marco M, Watson JE, Possingham HP, Venter O (2017) Limitations
and trade-offs in the use of species distribution maps for pro-
tected area planning. Journal of Applied Ecology 54: 402-411.
https://doi.org/10.1111/1365-2664.12771

Ding C, Liang D, Xin W, Li C, Ameca El, Jiang Z (2022) A dataset
on the morphological, life-history and ecological traits of the
mammals in China. Biodiversity Science 30: 21520. https://doi.
org/10.17520/biods.2021520

Doughty CE, Wolf A, Baraloto C, Malhi Y (2016) Interdependency of
plants and animals in controlling the sodium balance of eco-
systems and the impacts of global defaunation. Ecography 39:
204-212. https://doi.org/10.1111/ecog.01589

Durén AP, Green JM, West CD, Visconti P, Burgess ND, Virah-Sawmy
M, Balmford A (2020) A practical approach to measuring the bio-
diversity impacts of land conversion. Methods in Ecology and Evo-
lution 11: 910-921. https://doi.org/10.1111/2041-210X.13427

Erb K-H, Haberl H, Jepsen MR, Kuemmerle T, Lindner M, Milller D,
Verburg PH, Reenberg A (2013) A conceptual framework for an-
alysing and measuring land-use intensity. Current Opinion in En-
vironmental Sustainability 5: 464-470. https://doi.org/10.1016/j.
cosust.2013.07.010

11


https://doi.org/10.1016/j.jhevol.2020.102853
https://doi.org/10.1016/j.jhevol.2020.102853
https://doi.org/10.1111/geb.12999
https://doi.org/10.1111/geb.12999
https://doi.org/10.1111/j.1365-2486.2010.02389.x
https://doi.org/10.1111/j.1365-2486.2010.02389.x
https://doi.org/10.1111/geb.12312
https://doi.org/10.1111/geb.12312
https://doi.org/10.1371/journal.pcbi.1003537
https://doi.org/10.1371/journal.pcbi.1003537
https://doi.org/10.1073/pnas.1706461114
https://doi.org/10.1007/978-0-387-22456-5_6
https://doi.org/10.1038/s41893-024-01433-4
https://doi.org/10.1038/s41893-024-01433-4
https://doi.org/10.1016/j.biocon.2018.06.014
https://doi.org/10.1111/1365-2745.13247
https://doi.org/10.1111/1365-2745.13247
https://doi.org/10.1038/s41598-018-31699-6
https://doi.org/10.1038/s41598-018-27068-y
https://doi.org/10.1086/386375
https://doi.org/10.1111/j.1461-0248.2009.01314.x
https://doi.org/10.1038/s41598-021-01939-3
https://doi.org/10.1016/j.jaridenv.2012.06.016
https://doi.org/10.1111/geb.12869
https://doi.org/10.1111/geb.12869
https://doi.org/10.1098/rstb.2011.0018
https://doi.org/10.1098/rstb.2011.0018
https://doi.org/10.1111/j.1461-0248.2010.01493.x
https://doi.org/10.1111/1365-2664.12771
https://doi.org/10.17520/biods.2021520
https://doi.org/10.17520/biods.2021520
https://doi.org/10.1111/ecog.01589
https://doi.org/10.1111/2041-210X.13427
https://doi.org/10.1016/j.cosust.2013.07.010
https://doi.org/10.1016/j.cosust.2013.07.010

Xiaoming Ma et al.

Escobedo VcM, Rios RS, Salgado-Luarte C, Stotz GC, Gianoli E (2017)
Disturbance by an endemic rodent in an arid shrubland is a hab-
itat filter: effects on plant invasion and taxonomical, functional
and phylogenetic community structure. Annals of Botany 119:
659-670. https://doi.org/10.1093/aob/mcw258

Fan X, Yu H, Tiando DS, Rong Y, Luo W, Eme C, Ou S, Li J, Liang Z
(2021) Impacts of human activities on ecosystem service value
in arid and semi-arid ecological regions of China. International
Journal of Environmental Research and Public Health 18: 11121.
https://doi.org/10.3390/ijerph182111121

Fei C,Dong YQ, An SZ (2022) Factors driving the biomass and species
richness of desert plants in northern Xinjiang China. PLoS ONE
17: €0271575. https://doi.org/10.1371/journal.pone.0271575

Feng G, Yan H, Yang X (2019) Climate and food diversity as drivers
of mammal diversity in Inner Mongolia. Ecology and Evolution 9:
2142-2148. https://doi.org/10.1002/ece3.4908

Foley JA, DeFries R, Asner GP, Barford C, Bonan G, Carpenter SR,
Chapin FS, Coe MT, Daily GC, Gibbs HK (2005) Global consequenc-
es of land use. Science 309: 570-574. https://doi.org/10.1126/
science. 1111772

Fotheringham AS, Wong DW (1991) The modifiable areal unit prob-
lem in multivariate statistical analysis. Environment and Planning
A 23:1025-1044. https://doi.org/10.1068/a231025

Fuller A, Mitchell D, Maloney SK, Hetem RS, Fonséca VF, Meyer LC,
Van de Ven TM, Snelling EP (2021) How dryland mammals will
respond to climate change: the effects of body size, heat load and
a lack of food and water. Journal of Experimental Biology 224:
jeb238113. https://doi.org/10.1242/jeb.238113

Gao X, Liu Z, Corlett RT, Jiang Z, Hughes A, Ma K, Svenning J-C,
Feng G (2025) Divergent Importance and Geographic Patterns in
Threats to Birds and Mammals in China. Diversity and Distribu-
tions 31: €13925. https://doi.org/10.1111/ddi.13925

Gherardi LA, Sala OE (2015) Enhanced interannual precipitation
variability increases plant functional diversity that in turn amelio-
rates negative impact on productivity. Ecology Letters 18: 1293—
1300. https://doi.org/10.1111/ele.12523

Goémez-Ortiz Y, Dominguez-Vega H, Moreno C (2017) Spatial varia-
tion of mammal richness, functional and phylogenetic diversity in
the Mexican Transition Zone. Community Ecology 18: 121-127.
https://doi.org/10.1556/168.2017.18.2.1

Gonzalez-Maya J, Arias-Alzate A, Granados-Pefia R, Mancera-Ro-
driguez N, Ceballos G (2016) Environmental determinants and
spatial mismatch of mammal diversity measures in Colombia.
Animal Biodiversity and Conservation 39: 77-87. https://doi.
org/10.32800/abc.2016.39.0077

Gorczynski D, Hsieh C, Luciano JT, Ahumada J, Espinosa S, Johnson S,
Rovero F, Santos F, Andrianarisoa MH, Astaiza JH (2021) Tropical
mammal functional diversity increases with productivity but de-
creases with anthropogenic disturbance. Proceedings of the Royal
Society B 288: 20202098. https://doi.org/10.1098/rspb.2020.2098

Graham S|, Kinnaird MF, O'Brien TG, Vagen T-G, Winowiecki LA, Young
TP Young HS (2019) Effects of land-use change on communi-
ty diversity and composition are highly variable among func-
tional groups. Ecological Applications 29: €01973. https://doi.
org/10.1002/eap.1973

Group IRLTW (2019) Mapping standards and data quality for IUCN
red list spatial data. Version 1.18. Prepared by the Standards and
Petitions Working Group of the IUCN SSC Red List Committee.

Frontiers of Biogeography 19, 2026, e187583

Hawkins BA, Field R, Cornell HV, Currie DJ, Guégan J-F, Kaufman DM,
Kerr JT, Mittelbach GG, Oberdorff T, O’Brien EM (2003) Energy,
water, and broad-scale geographic patterns of species richness.
Ecology 84: 3105-3117. https://doi.org/10.1890/03-8006

He J, Kreft H, Gao E, Wang Z, Jiang H (2017) Patterns and drivers of
zoogeographical regions of terrestrial vertebrates in China. Journal
of Biogeography 44: 1172-1184. https://doi.org/10.1111/jbi.12892

Hijmans RJ, Cameron SE, Parra JL, Jones PG, Jarvis A (2005) Very
high resolution interpolated climate surfaces for global land ar-
eas. International Journal of Climatology 25: 1965-1978. https://
doi.org/10.1002/joc.1276

Hortal J, Rodriguez J, Nieto-Diaz M, Lobo JM (2008) Regional and
environmental effects on the species richness of mammal as-
semblages. Journal of Biogeography 35: 1202-1214. https://doi.
org/10.1111/j.1365-2699.2007.01850.x

Huang M, Huang G, Fan H, Wei F (2023) Influence of Last Glacial
Maximum legacies on functional diversity and community as-
sembly of extant Chinese terrestrial vertebrates. The Innovation
4:100379. https://doi.org/10.1016/j.xinn.2023.100379

Huang X, Lin C, Ji L (2020) The persistent multi-dimensional bias-
es of biodiversity digital accessible knowledge of birds in Chi-
na. Biodiversity and Conservation 29: 3287-3311. https://doi.
org/10.1007/s10531-020-02024-3

IUCN (2021) The IUCN Red List of Threatened Species. Version 2021-
3. https://www.iucnredlist.org [Accessed on 19 June 2022]

Jelinski DE, Wu J (1996) The modifiable areal unit problem and impli-
cations for landscape ecology. Landscape Ecology 11: 129-140.
https://doi.org/10.1007/BF02447512

Jiang Z, Jiang J, Wang Y, Zhang E, Zhang Y, Li L, Xie F, Cai B, Cao L,
Zheng G (2016) Red list of China's vertebrates. Biodiversity Sci-
ence 24: 500-551. https://doi.org/10.17520/biods.2016076

Kamenistak J, Balaz |, Tulis F, Jakab I, Sevéik M, Polacikova Z, Kli-
mant P, Ambros M, Rychlik L (2020) Changes of small mammal
communities with the altitude gradient. Biologia 75: 713-722.
https://doi.org/10.2478/s11756-019-00339-3

Kembel SW, Cowan PD, Helmus MR, Cornwell WK, Morlon H, Ackerly
DD, Blomberg SP, Webb CO (2010) Picante: R tools for integrating
phylogenies and ecology. Bioinformatics 26: 1463-1464. https://
doi.org/10.1093/bioinformatics/btq166

Kissling WD, Rahbek C, Bohning-Gaese K (2007) Food plant diversity
as broad-scale determinant of avian frugivore richness. Proceed-
ings of the Royal Society B: Biological Sciences 274: 799-808.
https://doi.org/10.1098/rspb.2006.0311

Klein Goldewijk K, Beusen A, Doelman J, Stehfest E (2017) Anthro-
pogenic land use estimates for the Holocene-HYDE 3.2. Earth
System Science Data 9: 927-953. https://doi.org/10.5194/essd-
9-927-2017

Kuemmerle T, Erb K, Meyfroidt P, Miiller D, Verburg PH, Estel S,
Haberl H, Hostert P, Jepsen MR, Kastner T (2013) Challenges
and opportunities in mapping land use intensity globally. Current
Opinion in Environmental Sustainability 5: 484-493. https://doi.
org/10.1016/j.cosust.2013.06.002

Lacher Jr TE, Davidson AD, Fleming TH, Gémez-Ruiz EP, McCracken
GF, Owen-Smith N, Peres CA, Vander Wall SB (2019) The function-
al roles of mammals in ecosystems. Journal of Mammalogy 100:
942-964. https://doi.org/10.1093/jmammal/gyy183

Laméris D, Tagg N, Kuenbou J, Sterck E, Willie J (2020) Drivers affect-
ing mammal community structure and functional diversity under

12


https://doi.org/10.1093/aob/mcw258
https://doi.org/10.3390/ijerph182111121
https://doi.org/10.1371/journal.pone.0271575
https://doi.org/10.1002/ece3.4908
https://doi.org/10.1126/science.1111772
https://doi.org/10.1126/science.1111772
https://doi.org/10.1068/a231025
https://doi.org/10.1242/jeb.238113
https://doi.org/10.1111/ddi.13925
https://doi.org/10.1111/ele.12523
https://doi.org/10.1556/168.2017.18.2.1
https://doi.org/10.32800/abc.2016.39.0077
https://doi.org/10.32800/abc.2016.39.0077
https://doi.org/10.1098/rspb.2020.2098
https://doi.org/10.1002/eap.1973
https://doi.org/10.1002/eap.1973
https://doi.org/10.1890/03-8006
https://doi.org/10.1111/jbi.12892
https://doi.org/10.1002/joc.1276
https://doi.org/10.1002/joc.1276
https://doi.org/10.1111/j.1365-2699.2007.01850.x
https://doi.org/10.1111/j.1365-2699.2007.01850.x
https://doi.org/10.1016/j.xinn.2023.100379
https://doi.org/10.1007/s10531-020-02024-3
https://doi.org/10.1007/s10531-020-02024-3
https://www.iucnredlist.org
https://doi.org/10.1007/BF02447512
https://doi.org/10.17520/biods.2016076
https://doi.org/10.2478/s11756-019-00339-3
https://doi.org/10.1093/bioinformatics/btq166
https://doi.org/10.1093/bioinformatics/btq166
https://doi.org/10.1098/rspb.2006.0311
https://doi.org/10.5194/essd-9-927-2017
https://doi.org/10.5194/essd-9-927-2017
https://doi.org/10.1016/j.cosust.2013.06.002
https://doi.org/10.1016/j.cosust.2013.06.002
https://doi.org/10.1093/jmammal/gyy183

Drivers of mammal diversity in arid China

varied conservation efforts in a tropical rainforest in Cameroon.
Animal Conservation 23: 182-191. https://doi.org/10.1111/
acv.12526

Le Bagousse-Pinguet Y, Gross N, Maestre FT, Maire V,de Bello F, Fonse-
ca CR, Kattge J, Valencia E, Leps J, Liancourt P (2017) Testing the
environmental filtering concept in global drylands. Journal of Ecol-
ogy 105: 1058-1069. https://doi.org/10.1111/1365-2745.12735

Le Bagousse-Pinguet Y, Soliveres S, Gross N, Torices R, Berdugo
M, Maestre FT (2019) Phylogenetic, functional, and taxonom-
ic richness have both positive and negative effects on ecosys-
tem multifunctionality. Proceedings of the National Academy
of Sciences, USA 116: 8419-8424. https://doi.org/10.1073/
pnas.1815727116

Lewin A, Murali G, Rachmilevitch S, Roll U (2024) Global evaluation
of current and future threats to drylands and their vertebrate bio-
diversity. Nature Ecology & Evolution 8: 1448-1458. https://doi.
org/10.1038/s41559-024-02450-4

Liang C, Liu J,Pan B, Wang N, Yang J, Yang G, Feng G (2020) Precipitation
is the dominant driver for bird species richness, phylogenetic and
functional structure in university campuses in northern China. Avian
Research 11: 1-8. https://doi.org/10.1186/s40657-020-00212-x

Longland WS (2003) Ecology of Desert Systems. The Quarterly Re-
view of Biology, 117-118. https://doi.org/10.1086/377895

Lépez-Gonzélez C, Presley SJ, Lozano A, Stevens RD, Higgins CL
(2015) Ecological biogeography of Mexican bats: the relative
contributions of habitat heterogeneity, beta diversity, and environ-
mental gradients to species richness and composition patterns.
Ecography 38: 261-272. https://doi.org/10.1111/ecog.00813

Lu L-M, Mao L-F, Yang T, Ye J-F, Liu B, Li H-L, Sun M, Miller JT, Mathews
S, Hu H-H (2018) Evolutionary history of the angiosperm flora of
China. Nature 554: 234-238. https://doi.org/10.1038/nature25485

Ma Y (1986) Heilongjiang Fauna. Heilongjiang, China: Heilongjiang
Science and Technology Press. [In Chinese].

Martin-Regalado CN, Briones-Salas M, Lavariega MC, Moreno CE
(2019) Spatial incongruence in the species richness and func-
tional diversity of cricetid rodents. PLoS ONE 14: e0217154.
https://doi.org/10.1371/journal.pone.0217154

Maxwell SL, Cazalis V, Dudley N, Hoffmann M, Rodrigues AS, Stolton
S, Visconti P, Woodley S, Kingston N, Lewis E (2020) Area-based
conservation in the twenty-first century. Nature 586: 217-227.
https://doi.org/10.1038/s41586-020-2773-z

Mazel F, Mooers AQ, Riva GVD, Pennell MW (2017) Conserving phy-
logenetic diversity can be a poor strategy for conserving func-
tional diversity. Systematic Biology 66: 1019-1027. https://doi.
org/10.1093/sysbio/syx054

Meng D, Zuo Y, Wang H, Feng G (2021) Patterns and drivers of tax-
onomic, phylogenetic and functional diversity of understory bird
communities in Chinese forests captured by camera traps. Global
Ecology and Conservation 30: e01790. https://doi.org/10.1016/j.
gecco.2021.e01790

Morales-Barbero J, Martinez PA, Ferrer-Castén D, Olalla-Tarraga MA
(2018) Quaternary refugia are associated with higher speciation
rates in mammalian faunas of the Western Palaearctic. Ecogra-
phy 41: 607-621. https://doi.org/10.1111/ecog.02647

Newbold T, Hudson LN, Hill SL, Contu S, Lysenko |, Senior RA, Borger
L, Bennett DJ, Choimes A, Collen B (2015) Global effects of land
use on local terrestrial biodiversity. Nature 520: 45-50. https://
doi.org/10.1038/nature14324

Frontiers of Biogeography 19, 2026, e187583

Nogués-Bravo D, Aratjo MB (2006) Species richness, area and cli-
mate correlates. Global Ecology and Biogeography 15: 452-460.
https://doi.org/10.1111/j.1466-822X.2006.00240.x

Novotny V, Drozd P, Miller SE, Kulfan M, Janda M, Basset Y, Weiblen
GD (2006) Why are there so many species of herbivorous insects
in tropical rainforests? Science 313: 1115-1118. https://doi.
org/10.1126/science.1129237

Noy-Meir | (1973) Desert ecosystems: environment and producers.
Annual Review of Ecology and Systematics 4: 25-51. https://doi.
org/10.1146/annurev.es.04.110173.000325

Oksanen J, Blanchet FG, Kindt R, Legendre P, Minchin PR, O’hara R,
Simpson GL, Solymos P, Stevens MHH, Wagner H (2015) Vegan:
community ecology package. 2015. R package version 2:

Perkins DH (2017) Agricultural development in China, 1368-1968.
Routledge, 426 pp. https://doi.org/10.4324/9781315082776

Powers RP, Jetz W (2019) Global habitat loss and extinction risk of
terrestrial vertebrates under future land-use-change scenarios.
Nature Climate Change 9: 323-329. https://doi.org/10.1038/
s41558-019-0406-z

Purschke 0, Schmid BC, Sykes MT, Poschlod P, Michalski SG, Durka W,
Kiihn |, Winter M, Prentice HC (2013) Contrasting changes in tax-
onomic, phylogenetic and functional diversity during a long-term
succession: insights into assembly processes. Journal of Ecolo-
gy 101: 857-866. https://doi.org/10.1111/1365-2745.12098

Qian H (2007) Relationships between plant and animal species rich-
ness at a regional scale in China. Conservation Biology 21: 937-
944. https://doi.org/10.1111/j.1523-1739.2007.00692.x

Qian H, Kissling WD, Wang X, Andrews P (2009) Effects of woody
plant species richness on mammal species richness in south-
ern Africa. Journal of Biogeography 36: 1685-1697. https://doi.
org/10.1111/j.1365-2699.2009.02128.x

R Core Team (2016) R: A language and environment for statistical
computing [Computer software manual]. Vienna, Austria.

Ripple WJ, Estes JA, Beschta RL, Wilmers CC, Ritchie EG, Hebble-
white M, Berger J, EImhagen B, Letnic M, Nelson MP, Schmitz 0J,
Smith DW, Wallach AD, Wirsing AJ (2014) Status and ecological
effects of the world’s largest carnivores. Science 343: 1241484.
https://doi.org/10.1126/science. 1241484

Robinson N, Regetz J, Guralnick RP (2014) EarthEnv-DEM90: A
nearly-global, void-free, multi-scale smoothed, 90 m digital ele-
vation model from fused ASTER and SRTM data. ISPRS Journal
of Photogrammetry and Remote Sensing 87: 57-67. https://doi.
org/10.1016/j.isprsjprs.2013.11.002

Rodrigues AS, Andelman SJ, Bakarr M, Boitani L, Brooks TM, Cowl-
ing RM, Fishpool LD, Da Fonseca GA, Gaston KJ, Hoffmann M
(2004) Effectiveness of the global protected area network in
representing species diversity. Nature 428: 640-643. https://doi.
org/10.1038/nature02422

Romdal TS, Aratjo MB, Rahbek C (2012) Life on a tropical planet:
niche conservatism and the global diversity gradient. Global Ecol-
ogy and Biogeography 22: 344-350. https://doi.org/10.1111/
j-1466-8238.2012.00786.x

Rowan J, Kamilar JM, Beaudrot L, Reed KE (2016) Strong influence of
palaeoclimate on the structure of modern African mammal com-
munities. Proceedings of the Royal Society B: Biological Sciences
283:20161207. https://doi.org/10.1098/rspb.2016.1207

Rowan J, Beaudrot L, Franklin J, Reed KE, Smail IE, Zamora A, Kamilar
JM (2020) Geographically divergent evolutionary and ecological

13


https://doi.org/10.1111/acv.12526
https://doi.org/10.1111/acv.12526
https://doi.org/10.1111/1365-2745.12735
https://doi.org/10.1073/pnas.1815727116
https://doi.org/10.1073/pnas.1815727116
https://doi.org/10.1038/s41559-024-02450-4
https://doi.org/10.1038/s41559-024-02450-4
https://doi.org/10.1186/s40657-020-00212-x
https://doi.org/10.1086/377895
https://doi.org/10.1111/ecog.00813
https://doi.org/10.1038/nature25485
https://doi.org/10.1371/journal.pone.0217154
https://doi.org/10.1038/s41586-020-2773-z
https://doi.org/10.1093/sysbio/syx054
https://doi.org/10.1093/sysbio/syx054
https://doi.org/10.1016/j.gecco.2021.e01790
https://doi.org/10.1016/j.gecco.2021.e01790
https://doi.org/10.1111/ecog.02647
https://doi.org/10.1038/nature14324
https://doi.org/10.1038/nature14324
https://doi.org/10.1111/j.1466-822X.2006.00240.x
https://doi.org/10.1126/science.1129237
https://doi.org/10.1126/science.1129237
https://doi.org/10.1146/annurev.es.04.110173.000325
https://doi.org/10.1146/annurev.es.04.110173.000325
https://doi.org/10.4324/9781315082776
https://doi.org/10.1038/s41558-019-0406-z
https://doi.org/10.1038/s41558-019-0406-z
https://doi.org/10.1111/1365-2745.12098
https://doi.org/10.1111/j.1523-1739.2007.00692.x
https://doi.org/10.1111/j.1365-2699.2009.02128.x
https://doi.org/10.1111/j.1365-2699.2009.02128.x
https://doi.org/10.1126/science.1241484
https://doi.org/10.1016/j.isprsjprs.2013.11.002
https://doi.org/10.1016/j.isprsjprs.2013.11.002
https://doi.org/10.1038/nature02422
https://doi.org/10.1038/nature02422
https://doi.org/10.1111/j.1466-8238.2012.00786.x
https://doi.org/10.1111/j.1466-8238.2012.00786.x
https://doi.org/10.1098/rspb.2016.1207

Xiaoming Ma et al.

legacies shape mammal biodiversity in the global tropics and
subtropics. Proceedings of the National Academy of Sciences,
USA 117:1559-1565. https://doi.org/10.1073/pnas.1910489116

Safi K, Cianciaruso MV, Loyola RD, Brito D, Armour-Marshall K, Di-
niz-Filho JAF (2011) Understanding global patterns of mamma-
lian functional and phylogenetic diversity. Philosophical Transac-
tions of the Royal Society B: Biological Sciences 366: 2536—-2544.
https://doi.org/10.1098/rstb.2011.0024

Santos AM, Cianciaruso MV, Barbosa AM, Bini LM, Diniz-Filho JAF,
Faleiro FV, Gouveia SF, Loyola R, Medina NG, Rangel TF (2020)
Current climate, but also long-term climate changes and human
impacts, determine the geographic distribution of European mam-
mal diversity. Global Ecology and Biogeography 29: 1758-1769.
https://doi.org/10.1111/geb.13148

Schweiger O, Klotz S, Durka W, Kiihn | (2008) A comparative test of
phylogenetic diversity indices. Oecologia 157: 485-495. https://
doi.org/10.1007/s00442-008-1082-2

Shen Y, Liu M, Wang D, Shen X, Li S (2021) Using an integrative map-
ping approach to identify the distribution range and conservation
needs of a large threatened mammal, the Asiatic black bear, in
China. Global Ecology and Conservation 31: e01831. https://doi.
org/10.1016/j.gecco.2021.e01831

Smith FA, Elliott Smith EA, Villasefior A, Tomé CP, Lyons SK, Newsome
SD (2022) Late Pleistocene megafauna extinction leads to miss-
ing pieces of ecological space in a North American mammal com-
munity. Proceedings of the National Academy of Sciences, USA
119: €2115015119. https://doi.org/10.1073/pnas.2115015119

Stein A, Gerstner K, Kreft H (2014) Environmental heterogeneity as a
universal driver of species richness across taxa, biomes and spa-
tial scales. Ecology Letters 17: 866—-880. https://doi.org/10.1111/
ele.12277

Sun J, Wen Z, Feij6 A, Cheng J, Wang VY, Li S, Ge D, Xia L, Yang Q
(2020) Elevation patterns and critical environmental drivers of the
taxonomic, functional, and phylogenetic diversity of small mam-
mals in a karst mountain area. Ecology and Evolution 10: 10899-
10911. https://doi.org/10.1002/ece3.6750

Svenning J-C, Eiserhardt WL, Normand S, Ordonez A, Sandel B (2015)
The influence of paleoclimate on present-day patterns in biodiver-
sity and ecosystems. Annual Review of Ecology, Evolution, and
Systematics 46: 551-572. https://doi.org/10.1146/annurev-ecol-
sys-112414-054314

Swenson NG (2014) Functional and phylogenetic ecology in R. Vol.
535, Springer. https://doi.org/10.1007/978-1-4614-9542-0

Tews J, Brose U, Grimm V, Tielborger K, Wichmann MC, Schwager M,
Jeltsch F (2004) Animal species diversity driven by habitat het-
erogeneity/diversity: the importance of keystone structures. Jour-
nal of Biogeography 31: 79-92. https://doi.org/10.1046/j.0305-
0270.2003.00994.x

Tripathi HG, Woollen ES, Carvalho M, Parr CL, Ryan CM (2021) Ag-
ricultural expansion in African savannas: effects on diversity
and composition of trees and mammals. Biodiversity and Con-
servation 30: 3279-3297. https://doi.org/10.1007/s10531-021-
02249-w

Frontiers of Biogeography 19, 2026, e187583

Tucker CM, Cadotte MW, Carvalho SB, Davies TJ, Ferrier S, Fritz SA,
Grenyer R, Helmus MR, Jin LS, Mooers AO (2017) A guide to
phylogenetic metrics for conservation, community ecology and
macroecology. Biological Reviews 92: 698-715. https://doi.
org/10.1111/brv.12252

Udy K, Fritsch M, Meyer KM, Grass |, Hanl® S, Hartig F, Kneib T, Kreft H,
Kukunda CB, Pe'er G (2021) Environmental heterogeneity predicts
global species richness patterns better than area. Global Ecology
and Biogeography 30: 842-851. https://doi.org/10.1111/geb.13261

Upham NS, Esselstyn JA, Jetz W (2019) Inferring the mammal tree:
species-level sets of phylogenies for questions in ecology, evolu-
tion, and conservation. PLOS Biology 17: e3000494. https://doi.
org/10.1371/journal.pbio.3000494

Viljur M-L, Abella SR, Adamek M, Alencar JBR, Barber NA, Beudert B,
Burkle LA, Cagnolo L, Campos BR, Chao A (2022) The effect of
natural disturbances on forest biodiversity: an ecological synthe-
sis. Biological Reviews 97: 1930-1947. https://doi.org/10.1111/
brv.12876

Wang M, Liu W, Chen Z, Li S, Huang X, Hu Z, Shang R (2024) Func-
tional traits and phylogeny jointly regulate the effects of envi-
ronmental filtering and dispersal limitation on species spatial
distribution. Frontiers in Forests and Global Change 6: 1339726.
https://doi.org/10.3389/ffgc.2023.1339726

Wang N, Mao L, Yang X, Si X, Wang Y, Eiserhardt WL, Feng G (2020)
High plant species richness and stable climate lead to richer but
phylogenetically and functionally clustered avifaunas. Journal of
Biogeography 47: 1945-1954. https://doi.org/10.1111/jbi.13878

Wang Q, Zeng J, Leng S, Fan B, Tang J, Jiang C, Huang Y, Zhang Q,
Qu Y, Wang W (2017) The effects of air temperature and precip-
itation on the net primary productivity in China during the early
21%t century. Frontiers of Earth Science 12: 818-833. https://doi.
org/10.1007/s11707-018-0697-9

Williams JE, Blois JL (2018) Range shifts in response to past and fu-
ture climate change: Can climate velocities and species’ dispersal
capabilities explain variation in mammalian range shifts? Journal
of Biogeography 45: 2175-2189. https://doi.org/10.1111/jbi.13395

Xiao Z (1988) Liaoning Fauna. Liaoning China: Liaoning Science and
Technology Press. [In Chinese].

Xu H, Cao M, Wu J, Cai L, Ding H, Lei J, Wu Y, Cui P, Chen L, Le Z
(2015) Determinants of mammal and bird species richness in Chi-
na based on habitat groups. PLoS ONE 10: e0143996. https://doi.
org/10.1371/journal.pone.0143996

Young HS, McCauley DJ, Dirzo R, Goheen JR, Agwanda B, Brook C,
Otérola-Castillo E, Ferguson AW, Kinyua SN, McDonough MM
(2015) Context dependent effects of large wildlife declines on
small mammal communities in central Kenya. Ecological Appli-
cations 25: 348-360. https://doi.org/10.1890/14-0995.1

Zhang J (2000) Species diversity and distribution patterns of veteri-
nary species in northeastern China. Northeast Forestry University.
[In Chinese].

Zomer RJ, Xu J, Trabucco A (2022) Version 3 of the Global Aridity
Index and Potential Evapotranspiration Database. Scientific Data
9: 409. https://doi.org/10.1038/s41597-022-01493-1

14


https://doi.org/10.1073/pnas.1910489116
https://doi.org/10.1098/rstb.2011.0024
https://doi.org/10.1111/geb.13148
https://doi.org/10.1007/s00442-008-1082-2
https://doi.org/10.1007/s00442-008-1082-2
https://doi.org/10.1016/j.gecco.2021.e01831
https://doi.org/10.1016/j.gecco.2021.e01831
https://doi.org/10.1073/pnas.2115015119
https://doi.org/10.1111/ele.12277
https://doi.org/10.1111/ele.12277
https://doi.org/10.1002/ece3.6750
https://doi.org/10.1146/annurev-ecolsys-112414-054314
https://doi.org/10.1146/annurev-ecolsys-112414-054314
https://doi.org/10.1007/978-1-4614-9542-0
https://doi.org/10.1046/j.0305-0270.2003.00994.x
https://doi.org/10.1046/j.0305-0270.2003.00994.x
https://doi.org/10.1007/s10531-021-02249-w
https://doi.org/10.1007/s10531-021-02249-w
https://doi.org/10.1111/brv.12252
https://doi.org/10.1111/brv.12252
https://doi.org/10.1111/geb.13261
https://doi.org/10.1371/journal.pbio.3000494
https://doi.org/10.1371/journal.pbio.3000494
https://doi.org/10.1111/brv.12876
https://doi.org/10.1111/brv.12876
https://doi.org/10.3389/ffgc.2023.1339726
https://doi.org/10.1111/jbi.13878
https://doi.org/10.1007/s11707-018-0697-9
https://doi.org/10.1007/s11707-018-0697-9
https://doi.org/10.1111/jbi.13395
https://doi.org/10.1371/journal.pone.0143996
https://doi.org/10.1371/journal.pone.0143996
https://doi.org/10.1890/14-0995.1
https://doi.org/10.1038/s41597-022-01493-1

Drivers of mammal diversity in arid China

Additional information

Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement
No ethical statement was reported.

Artificial Intelligence (Al) use

The authors accept full responsibility for the content of the manuscript,
including the disclosure of any use of Al.

No Al tools were used in the preparation of this manuscript.

Funding

GF was supported by the Science & Technology Fundamental Resources
Investigation Program (Grant No. 2023FY100304), the Natural Science
Foundation of Inner Mongolia, China (2023JQ01), the Central Govern-
ment Guides Local Science and Technology Development Fund Projects
(20227ZY0224), the Open Project Program of 'Ministry of Education Key
Laboratory of Ecology and Resources Use of the Mongolian Plateau’
(KF2023003) and Inner Mongolia Autonomous Region Science and
Technology Plan Project (2025YFHH0161, 2025KYPT0012).

Supplementary materials

Supplementary material 1

Additional figures and tables (.docx)
Link: https://doi.org/10.21425/fob.19.187583.suppl1

Frontiers of Biogeography 19, 2026, e187583

Author contributions

XM conceived the study, conducted data collection and analysis, and
drafted the manuscript. LF participated in data collection and analysis.
LW provided constructive comments and suggestions that improved the
manuscript. GF designed the experiment, contributed to data analysis, and
participated in writing the manuscript. All authors reviewed and approved
the final version of the manuscript.

Author ORCIDs

X. Ma & https://orcid.org/0009-0008-4026-9481

L. Feng ‘& https://orcid.org/0009-0005-6955-4604
L. Wen & https://orcid.org/0000-0002-2008-362X
G. Feng & https://orcid.org/0000-0002-4192-2058

Data availability
All data supporting the findings of this study are available on Zenodo
(https://doi.org/10.5281/zenodo.19792988).

15


https://orcid.org/0009-0008-4026-9481
https://orcid.org/0009-0005-6955-4604
https://orcid.org/0000-0002-2008-362X
https://orcid.org/0000-0002-4192-2058
https://doi.org/10.5281/zenodo.19792988
https://doi.org/10.21425/fob.19.187583.suppl1

	Climatic, ecological, and anthropogenic drivers of mammal diversity in arid and semi-arid regions of China
	Abstract
	Highlights
	Introduction
	Materials and methods
	Study area
	Terrestrial mammal and plant species distribution data
	Environmental variables
	Phylogenetic and functional dendrogram
	Statistical analyses

	Results
	Discussion
	Plant species richness and modern and historical climate shape taxonomic diversity
	Land-use change and modern climate affect phylogenetic diversity and structure
	Historical climate, elevation range, and modern climate shape functional diversity and structure
	Implications for conservation

	Limitations
	Conclusion
	References
	Additional information
	Supplementary materials
	Supplementary material 1
	Additional figures and tables (.docx)


