Article

Differentiation of Environmental Conditions
Promotes Variation of Two Quercus wutaishanica
Community Assembly Patterns
Mao Wang 1,† , Jinshi Xu 2,† , Yongfu Chai 2 , Yaoxin Guo 2 , Xiao Liu 2 and Ming Yue 2, *
1
2

*
†

College of Grassland and Environment Sciences, Xinjiang Agricultural University, Ürümqi 830052, China;
wangmao88@126.com
School of Life Sciences, Northwest University, Xi’an 710069, China; suejineshek@163.com (J.X.);
chaiyfhappy@163.com (Y.C.); guoyx@nwu.edu.cn (Y.G.); liuxiao@nwu.edu.cn (X.L.)
Correspondence: yueming@nwu.edu.cn
These authors should be deemed as first co-authors.

Received: 29 October 2019; Accepted: 24 December 2019; Published: 27 December 2019




Abstract: Two contradictory niche-based processes, environmental filtering and competitive exclusion,
are important ecological processes in community assembly. Quercus wutaishanica forests are the
climax communities in the Qinling Mountains and the Loess Plateau, China. Since these areas are
characterized by different climate and evolutionary histories, these forests could be a suitable study
system to test the phylogenetic niche conservatism hypothesis. We compared variation in community
assembly of two distinct Q. wutaishanica forest communities and analyzed how the variations are
formed. Quercus wutaishanica forest communities had significantly different species pool, phylogenetic
structure and phylogenetic diversity between the two regions that were driven by inconsistency in
environment conditions and evolutionary history at the local scale. Soil ammonium nitrogen, soil
water content, and nitrate nitrogen play a major role in phylogenetic beta diversity patterns. The effect
of environmental filtering on community assembly was more significant on the Loess Plateau than
in the Qinling Mountains. Our study also found that local environment is important in mediating
the patterns of phylogenetic structure. These findings provide insights into the mechanisms of local
community assembly.
Keywords: community assembly; evolutionary history; environmental conditions; Quercus
wutaishanica

1. Introduction
Community assembly has been one of the central topics in plant community ecology for decades.
There are two main theories to explain the process of assembly. Niche-based theory predicts that
assembly of plant communities is mostly a deterministic process and that the patterns of species
coexistence may be affected by environmental filtering (referring to abiotic factors that prevent the
establishment or persistence of species at a particular location) or competitive exclusion (referring to
interaction of species within community) [1,2]. Alternatively, neutral theory suggests that stochastic
processes act on assembly [3] and the structure and composition of a community are mainly constrained
by probabilistic dispersal, ecological drift, or historical inertia [4]. Although several researchers have
considered that both neutral and deterministic processes may shape community assembly patterns [5–7],
the deterministic process was regarded as a main process during assembly [8], particularly in temperate
regions [9].
Limiting similarity and environmental filtering are two contrary niche-based mechanisms that
occur simultaneously along various environmental axes during deterministic assembly, even within
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a single community, that influence community structure [1,2,10]. In general, limiting similarity is
expected to exclude similar coexisting species, whereas environmental filtering tends to select similar
species from coexisting species [11].
Since environment, succession, and evolutionary history may influence the assembly process,
phylogeny has been used as a proxy to explore evolutionary history because of its close relationship
to species taxonomy and differentiation [12–14]. Phylogeny is a reflection of species evolutionary
history on structure of the community [15,16], and it can help reveal the multitude of processes
driving community assembly in various habitats [17]. For instance, abiotic and biotic filters can lead
to phylogenetic clustering by constraining species establishment via selection on their phylogenetic
patterns [18], whereas limiting similarity would lead to phylogenetic overdispersion. Shortly after the
first studies on community phylogenetic structure [15,19], Cavender-Bares et al. [20] explained that
the interpretation of community phylogenetic patterns were strongly dependent on the presence or
absence of phylogenetic niche conservatism. According to this assumption, community structure based
on phylogeny provides a powerful tool to explore the relative importance of community assembly
processes [5–7,21].
Quantification of communities with alpha and beta diversity provides information on the
biodiversity pattern [22,23]. Also, an alternative insight on biodiversity such as phylogenetic diversity
can substantially improve our understanding of the mechanisms of biodiversity [15,24–26]. Thus, the
comparison of changes in plant and phylogenetic diversity among species within communities is an
effective way to determine which processes drive community assembly.
Here, we hypothesize that in the drier and harsher conditions on the Loess Plateau, the species
co-occurring within the Quercus wutaishanica forest will be more phylogenetically related than those
co-occurring within the Q. wutaishanica forest in the wetter and milder conditions of the Qinling
Mountains. Because of climate differences between the Qinling Mountains (temperate and moist) and
the Loess Plateau (warm and semi-arid), the two Q. wutaishanica forest communities differ significantly
in species composition and regional species pools [27]. For example, only about 4.6% of the species
are found in both two types of Q. wutaishanica forests [28]. Therefore, although the two types of
climax forest communities share the same dominant species, they may have a different evolutionary
history. Thus, these communities could provide suitable study systems to test the phylogenetic
niche conservatism hypothesis [29]. In the present study, we assess the phylogenetic structure and
phylogenetic diversity between the two types of Q. wutaishanica forest in the Qinling Mountains and
on the Loess Plateau. Our primary aims were to: (1) compare the variation in community assembly of
the two distinct Q. wutaishanica forest communities and analyze how these variations are formed; and
(2) test whether the deterministic process is the main process during assembly in the temperate region
and if an adverse climate may result in increased clustering of phylogenetic structure.
2. Materials and Methods
2.1. Study Site
Q. wutaishanica is a dominant tree species in deciduous broad-leaved forests of northern China,
and the forest communities dominated by Q. wutaishanica are climax vegetation occupying the upper
limit of deciduous broad-leaved forests in the Qinling Mountains (QL) and the northwestern limit
(related to water availability and effective accumulated temperature) of forests on the Loess Plateau
(LP).
The study was performed in the Ziwuling region (35◦ 410 –35◦ 440 N, 109◦ 000 –109◦ 020 E) on the
Loess Plateau and the Niubeiliang Nature Reserve (33◦ 840 –33◦ 860 N, 108◦ 820 –108◦ 870 E) in the Qinling
Mountains, China (Figure 1). The Ziwuling region is characterized by a semi-arid temperate continental
monsoon climate, with generally frequent heavy rainfall events in summer. At Ziwuling, the mean
annual precipitation is 550 mm, and the mean annual temperature is 9.3 ◦ C. The minimum temperature
is −28.5 ◦ C, and there are about 150 frost days. The soils are generally alkalescent loessal soils.
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Q. wutaishanica forests on the Loess Plateau are generally distributed between 1000 m to 1600 m a.s.l.
In the Niubeiliang Nature Reserve, the mean annual precipitation is 900 mm, and the mean annual
temperature is 6.5 ◦ C. The absolute minimum temperature is −19 ◦ C, and there are 112 frost days. Soils
are slightly acid yellow brown soils. Q. wutaishanica forests in the Qinling Mountains are generally
situated between 1800 m and 2200 m [30].

Figure 1. Distribution range of Quercus wutaishanica forest in China. LP means the site of Loess Plateau,
QL means the site of Qinling Mountains. The distribution of Quercus wutaishanica forest outside China
is not shown.

2.2. Floristic Surveys
The vegetation was surveyed in July 2014. Twenty plots (10 × 10 m) in typical Q. wutaishanica
forests were established at 1100 m in Ziwuling region while 20 plots (10 × 10 m) were established at
2000 m in Niubeiliang Nature Reserve. For each region, we established transects along the contour
line (1100 m in the Ziwuling region and 2000 m in the Niubeiliang Nature Reserve). The plots were
set along the transect, and the distance between plots was 50 m. Location of each plot were recorded.
Three replications of soil samples from each plot were obtained along the diagonal line of plots. The soil
samples were taken from the layer 10–20 cm below the soil surface, since characters of this soil layer
were relatively consistent. The soil samples were weighed for soil fresh weight and then air-dried
and weighed again for soil dry weight. Soil water content (SWC), soil pH, ammonia nitrogen (AN),
nitrate nitrogen (NN), and rapidly available phosphorus (RAP) were measured. Soil pH was measured
using an acidometer (PB-100, Sartorius Inc., Göttingen, Germany), and AN, NN, and RAP were
measured using a chemical analyzer (Cleverchem 200+, DeChem-Tech GmbH, Hamburg, Germany)
and a spectrophotometric method. We documented these environmental factors at the same time for
each region. Only woody plants (trees and shrubs) were included in vegetation sampling. All woody
species (for tree species, diameter at breast height (DBH) > 10 cm; for shrub species, basal diameter
> 1 cm) were identified within each plot and their abundance, coverage, and height were measured.
2.3. Construction of Phylogenetic Tree
Prior to phylogenetic analysis, a super phylogenetic tree was constructed. Although the
distance between the two regions is only about 200 km, there is a very large difference in species
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composition between the Niubeiliang Nature Reserve and the Ziwuling region [28]. In other words,
the Q. wutaishanica forests in the two places are not likely to share a common species pool. According
to studies in the Ziwuling region and the Niubeiliang Nature Reserve [31,32], we established the
species pools by lists of the species present in Q. wutaishanica forests in the Qinling Mountains and
on the Loess Plateau. Two phylogenetic trees were constructed for the two areas of Q. wutaishanica
forests plots using the informatics tool Phylomatic [33] (available at http://www.phylodiversity.net).
Phylomatic utilizes the Angiosperm Phylogeny Group III consensus tree (R20120829) as a backbone to
add species from the regional pool based on their taxonomy. We used the BLADJ (a built-in branch
length calculation algorithm in Phylocom) algorithm to add the evolutionary branch length based on
the node date estimated by Wikström et al. [34]. The BLADJ algorithm was run using the Phylocom 3.0
program (designed by Webb, Ackerly & Kembel) [35].
2.4. Community Phylogenetic Structure
We calculated the net relatedness index (NRI) and nearest taxon index (NTI) to quantify the
phylogenetic relatedness among species in each plot [19]. NRI indicates the standardized effect size of
the mean phylogenetic distance (MPD). The NTI indicates the mean nearest phylogenetic neighbor
among the individual species (mean nearest phylogenetic taxon distance, MNTD) in a community.
Random communities as null model were constructed by drawing species from the super species pool
for both areas [36]. The species pool used in these randomizations included all the species occurring in
the study region. NRI and NTI are defined as follows:
MPDobserved − MPDrandomized
sdMPDrandomized

(1)

MNTDobserved − MNTDrandomized
sdMNTDrandomized

(2)

NRI = −1 ×

NTI = −1 ×

where MNTD/MPDobserved is the observed MNTD/MPD, MNTD/MPDrandomized is the expected
MNTD/MPD of the randomized assemblages (n = 999), and sdMNTD/MPDrandomized is the standard
deviation of the MNTD/MPD for the randomized assemblages. A positive NTI/NRI value indicates
that MNTD/MPD is lower than that expected by chance and that phylogenetic clustering of species
occurs, and that the assembly process is dominated by limiting similarity. Conversely, a negative
NTI/NRI value indicates phylogenetic overdispersion (Webb 2000), and suggests limited similarity.
These metrics were estimated with the COMSTRUCT algorithm implemented in Phylocom 3.0 [35].
For the analysis of differences in phylogenetic structures (NRI/NTI), an ANOVA was run.
2.5. Phylogenetic Diversity
We also used Faith’s phylogenetic diversity (PD) to quantify the phylogenetic alpha diversity
of each plot [24,37]. For each pair of plots within distinct Q. wutaishanica forests, we calculated a
phylogenetic distance which was considered to be a measurement of phylogenetic beta diversity.
The phylogenetic beta diversity means the phylogenetic variation between two plots, which is similar
to the species beta diversity measurement. Phylogenetic distances were estimated using the COMDIST
algorithm implemented in Phylocom 3.0. Phylogenetic beta diversity was determined by linear
regression against soil factors.
3. Results
3.1. Two Different Regional Species Pools
In total 125 woody species were recorded. In the Niubeiliang region (Qinling Mountains) we
collected 730 individuals belonging to 107 species, and in the Ziwuling region (Loess Plateau) we
collected 226 individuals belonging to 37 species (Table S1). We selected 413 woody species for species
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pools in the Qinling Mountains and 166 woody species for species pools in the Loess Plateau based on
our study data. A total of 81 species were found in both regions.
3.2. Phylogenetic Structure
Phylogenetic clustering of Q. wutaishanica forests was found in both the Qinling Mountains
(p < 0.05) and the Loess Plateau (p < 0.05). The NRI and NTI results showed a similar pattern, although
in the Qinling Mountains, NTI showed more non-random phylogenetic structures in plots than NRI
(Figure 2). When phylogenetic structure values of Q. wutaishanica forests were compared, we found
that the NRI and NTI of plots in the Qinling Mountains were significantly lower than those in the
Loess Plateau. However, the range of values for NRI and NTI of the Qinling Mountains was wider
than those for the Loess Plateau.

Figure 2. The nearest taxon index (NTI) and net relatedness index (NRI) of the Qinling Mountains (QL)
and the Loess Plateau (LP). The boxes show the range of values of NTI (a) and NRI (b) in each region.
The dotted lines at 0 level represent the null expectation of NTI or NRI. The letters “a” and “b” indicate
significant differences between boxes.

3.3. Phylogenetic Diversity
PD of Q. wutaishanica forests was significantly higher in the Qinling Mountains than in the Loess
Plateau (Figure 3). On the other hand, like the patterns of NTI and NRI, the range of PD change in the
Qinling Mountains was wider than those on the Loess Plateau. Note that PD is significantly related to
species richness. The number of species in each region was significantly different (Table 1).

Figure 3. The phylogenetic diversity (PD) of the Qinling Mountains (QL) and the Loess Plateau (LP).
The boxes show the range of values of PD in each region. The letters “a” and “b” indicate significant
differences between boxes.
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Table 1. The environmental conditions of each plot. Soil water content (SWC), rapidly available
phosphorus (RAP), nitrate nitrogen (NN), ammonia nitrogen (AN). QL indicates the Qinling Mountain
plots, and LP indicates the Loess Plateau plots.
Plot

SWC (%)

pH

RAP (mg/kg)

NN (mg/kg)

AN (mg/kg)

QL-1
QL-2
QL-3
QL-4
QL-5
QL-6
QL-7
QL-8
QL-9
QL-10
QL-11
QL-12
QL-13
QL-14
QL-15
QL-16
QL-17
QL-18
QL-19
QL-20
LP-1
LP-2
LP-3
LP-4
LP-5
LP-6
LP-7
LP-8
LP-9
LP-10
LP-11
LP-12
LP-13
LP-14
LP-15
LP-16
LP-17
LP-18
LP-19
LP-20

22.017
21.000
27.500
23.600
30.500
20.000
20.200
23.567
38.000
31.100
22.600
30.567
20.200
22.000
18.500
20.233
15.700
14.700
16.300
15.567
18.434
17.088
20.594
16.802
16.630
17.788
18.060
17.449
17.545
17.751
16.259
18.594
17.753
17.954
15.891
20.306
18.500
18.500
16.600
14.000

6.215
6.330
5.858
6.134
5.920
5.534
5.359
5.604
6.085
5.163
6.090
5.779
5.410
5.515
5.050
5.325
5.394
4.572
5.186
5.051
7.990
8.300
8.115
7.960
8.330
8.370
8.330
8.677
8.397
8.325
8.238
8.427
8.638
8.550
8.628
8.420
8.495
8.495
8.544
8.695

26.530
5.110
9.620
13.753
13.720
8.360
5.550
9.210
8.290
8.410
6.840
7.847
4.960
7.040
5.400
5.800
4.600
3.860
2.310
3.590
11.670
19.260
12.760
6.080
3.100
3.490
2.540
2.880
4.160
5.940
4.890
15.570
6.830
7.430
9.080
42.630
14.930
4.803
5.807
4.430

12.350
6.930
3.690
7.657
2.540
2.640
1.950
2.377
2.930
4.890
10.710
6.177
3.950
2.510
1.840
2.767
2.030
2.010
1.590
1.877
15.780
21.590
19.590
12.980
9.990
17.700
8.660
7.160
4.800
4.590
3.570
5.500
13.710
13.250
27.970
19.060
10.373
18.880
8.330
5.507

7.570
5.550
11.150
8.090
14.690
18.170
27.600
20.153
23.250
29.710
10.320
21.093
11.220
9.510
14.190
11.640
9.060
11.700
7.460
9.407
12.760
7.050
6.580
3.710
3.560
6.110
4.810
3.160
14.190
8.980
6.640
9.450
6.960
5.340
5.910
4.530
6.710
5.050
5.117
5.040

We analyzed phylogenetic beta diversity changes in each region along AN, SWC, NN, soil pH,
and RAP gradients. In the current study, the distance between the plots within the same site was
very close (the maximum distance was 500 m). Thus, we did not discuss the relationship between
beta phylogenetic diversity and distance between plots in this paper. For beta diversity based on AN,
the linear regression lines of beta diversity showed different patterns in the two regions (Figure 4a).
For SWC, the slope linear regression lines differ significantly (but no significance in QL, Figure 4b), and
for NN, the linear regression lines exhibited similar patterns but they do not overlapped (Figure 4c).
However, phylogenetic beta diversity exhibited different patterns within the two regions based on pH
and RAP. There was an increasing tendency for beta diversity along the pH and RAP differentiation
gradient in the Qinling Mountains, while there was no linear relationship between beta diversity and
pH or RAP in the Loess Plateau (Figure 4d,e).
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Figure 4. Phylogenetic beta diversity based on ammonia nitrogen (AN) (a), soil water content (SWC)
(b), nitrate nitrogen (NN) (c), pH (d), rapid available phosphorus (RAP) (e). Black dots represent the
Qinling Mountains (QL) while red dots represent the Loess Plateau (LP). The black line is the linear
regression line of phylogenetic beta diversity in the Qinling Mountains, and the red line is the linear
regression line of phylogenetic beta diversity on the Loess Plateau.

4. Discussion
4.1. Phylogenetic Structure Reveals Dissimilar Patterns of Community Assembly
Studies of phylogenetic structures can provide evidence of community assembly processes.
Nevertheless, the composition of regional species pools is somewhat determined by biogeographical
and macroevolutionary processes (i.e., speciation, extinction, and dispersal), which probably influence
the structure and diversity of communities [38]. Meanwhile, metacommunity processes may affect the
size of the regional pool or its composition [38]. Thus, recognition of the dynamic nature of species
pools and the processes underlying species pool formation are necessary.
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In this study, the Q. wutaishanica forests were growing in a cool and moist climate in the Qinling
Mountains and in a warm and semi-arid climate in the Loess Plateau. In addition to climatic differences,
the soils (especially soil pH, see Table 1) of the two habitats are different. Therefore, we assembled
different regional species pools for the two types of Q. wutaishanica forests (Table S1), which contained
413 woody species in the Qinling Mountains and 166 in the Loess Plateau.
Generally, compared to tropical forests with high diversity, temperate forests with lower diversity
are more strongly influenced by environmental filtering [39,40]. Phylogenetic clustering in both the
Qinling Mountains and the Loess Plateau Q. wutaishanica forests showed this pattern. In many cases,
woody plants are associated with high competition for limiting resources in the Qinling Mountains
and on the Loess Plateau. Such conditions are generally expected to exclude many taxa not adapted to
such habitats, resulting in phylogenetic convergence of the two communities [41]. Recent research has
also reported that the climax communities in Loess Plateau exhibited phylogenetic clustering [42].
Specifically, although Q. wutaishanica is the dominant tree species of the climax community in
the Qinling Mountains and the Loess Plateau, we found that there is significant difference between
NTI/NRI values for the two areas. The NTI and NRI values of Q. wutaishanica forests in the Qinling
Mountains were significantly lower than those on the Loess Plateau. In general, higher NTI/NRI values
mean that the communities are phylogenetically clustered, which is usually caused by environment
filtering, even though Mayfield and Levine [43] explained that there was no equivalence between
competition and phylogenetic overdispersion as commonly assumed in ecological studies, and that
competition could also produce phylogenetic clustering. In general, the assemblages of species in
different habitats have formed over millions of years, and this is mirrored in the phylogenetic structure
of communities which were sampled from those pools [44,45]. The habitat variations between the
Qinling Mountains and the Loess Plateau have emerged millions of years ago, and those variations
served as distinct evolutionary routes for Q. wutaishanica forest after leaving glacial refugia. Different
community assembly processes affected the species composition of local communities, and finally led
to the significantly different phylogenetic structure in two types of Q. wutaishanica forests.
Plants with particular adaptations to some environments may be the result of evolutionary
history [46]. The Loess Plateau is drier than in the relatively moist Qinling Mountains, and water
supply is a major factor limiting plant growth in the Loess Plateau [47]. The semi-arid environment
in the Loess Plateau may further shrink the distribution ranges of adapted species, which is likely
to lead to more aggregation in phylogenetic structure of the Q. wutaishanica forests on the Loess
Plateau than in the Qinling Mountains. Similar results have been found in vascular plants on the
Qinghai-Tibetan Plateau, i.e., phylogenetic structure tends to cluster in drier habitats [48]. Also, the
warm and moist conditions of the Qinling Mountains are more suitable for Q. wutaishanica forests than
the drier conditions of the Loess Plateau, which may reduce the role of environmental filtering but
increase biotic interactions. Thus, the NRI/NTI of the Qinling Mountains may tend to be in closer
agreement with the null model (Figure 2).
The disturbance level may be another variable related to the phylogenetic structure of the
community. Consistent with previous studies, because there has been a long-time logging activity on
Loess Plateau, we found Q. wutaishanica forests of the Loess Plateau tended to be more phylogenetically
clustered than those of the Qinling Mountains, where disturbance was lower [49].
On the other hand, there is evidence that plant size governs the phylogenetic structure of
species [50]. According to our observations and previous findings, not only for the dominant species
Q. wutaishanica, but also for companion species, plant size in the Loess Plateau is generally smaller
than in the Qinling Mountains. Those morphological differences are likely caused by climate and the
lower amounts of available nutrients, and it may have resulted in more phylogenetic clustering in
Q. wutaishanica forests of the Loess Plateau than for Q. wutaishanica forests in the Qinling Mountains.
The stressful conditions in the Loess Plateau caused the effect of environmental filtering to be more
significant in the Loess Plateau than in the Qinling Mountains.
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4.2. Phylogenetic Patterns of Phylogenetic Diversity
Elevation is a factor which related to temperature. Qian et al. [30] observed that phylogenetic
diversity was negatively correlated with elevation, while the opposite result was demonstrated by
Culmsee and Leuschner [51]. In our study, Q. wutaishanica forests at higher elevations in the Qinling
Mountains had a wetter and warmer habitat than those on the Loess Plateau. These inconsistent
results likely indicate that the relationship between elevation and phylogenetic diversity is dependent
on the specific environment. We found that the Qinling Mountains with a cool climate had a higher
phylogenetic diversity than the Loess Plateau. This is consistent with the result of Gonzálezcaro et al.,
that temperature has an obvious relationship with the phylogenetic alpha diversity [52]. Hence, we
conclude that the relatively mild environment in the Qinling Mountains led to Q. wutaishanica forests
having higher phylogenetic alpha diversity. In addition, many analyses have shown that species
diversity decreased with increasing soil pH [53,54]; we found a similar result. The Q. wutaishanica
forests with faintly acid soil in Qinling Mountains has higher species diversity than that in Loess
Plateau with alkalescent soil (see Table S1), and these differences in species diversity may result in
differences in phylogenetic diversity (Figure 3).
The pattern of phylogenetic turnover among communities could be explained by the strength
of environmental filtering [55,56]. Quercus wutaishanica forests in both the Qinling Mountains and
the Loess Plateau increased in phylogenetic beta diversity with increasing difference of pH, SWC,
RAP, and NN, except for AN. Therefore, plots with lower differences in environmental condition have
lower phylogenetic compositional turnover, whereas plots with higher differences in environmental
condition exhibit higher phylogenetic turnover [17]. However, the variable range of AN and SWC
in the Loess Plateau is much less than that in the Qinling Mountains. Thus, it led to a narrower
range of phylogenetic turnover on the Loess Plateau than in the Qinling Mountains (Figure 4a–c),
though there are more significant increasing beta diversity patterns along environmental differences
on Loess Plateau. We also found that Q. wutaishanica forests in Loess Plateau tended to show stronger
susceptibility with NN change (Figure 4c) along the same slope. These results explained why the
environmental filtering in the Loess Plateau community was more significant than that in Qinling
Mountains. Hence, we conclude that variation of the local environment reflects the evolutionary
history mediates the relationship between environment and phylogenetic structure, leading to distinct
assembly rules for the same community. These phylogenetic-based results may provide an insight
into the mechanisms of local community assembly, which may reveal the probable reason of the same
community occurring at different habitats, such as Qinling Mountains and Loess Plateau.
Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4907/11/1/43/s1,
Table S1: Species in the Qinling Mountains and the Loess Plateau. Bold words means species overlap in
both regions.
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