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Abstract

Aim: Biodiversity hotspots are widely used as conservation priorities to preserve
the tree of life. However, many conservation practices identify biodiversity hotspots
without considering phylogenetic diversity (PD), which reflects total evolutionary
history and feature diversity of a region. Moreover, conservation planning rarely dis-
tinguishes between neo- and palaeo-biodiversity hotspots despite their differences.
Here, we (a) estimated large-scale patterns in PD of woody plants, (b) identified neo-
and palaeo-biodiversity hotspots and (c) demonstrated their implication in conserva-
tion planning, with special focus on Hengduan Mountains and southern China.
Location: China.

Methods: Distributions of 11,405 woody species from the Atlas of Woody Plants in China
were updated and were transformed into a grid of 50 x 50 km?2. By integrating distri-
bution maps with a genus-level phylogeny of angiosperms, we estimated Faith's PD of
each grid cell and evaluated the contribution of species relatedness to PD at given levels
of species diversity (i.e. standardized PD, sPD) using regressions and three null models.
Then, we identified areas with significantly lower or higher sPD than expected as neo-
and palaeo-hotspots and estimated the coverage of protected areas in these regions.
Results: Species diversity and PD decreased towards the north. Southern China had
high species diversity, PD and sPD, while Hengduan Mountains had high species di-
versity and PD but low sPD. The coverage of protected areas in southern China was

less than half of that in Hengduan Mountains and entire China.
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1 | INTRODUCTION

The increase in human population and human activities has driven
the current rate of species extinction to c. 100 to 1,000 times of the
background extinction rate (Pimm et al., 2014; Steffen et al., 2015).
Identifying conservation priorities is critical for the spatial plan-
ning of protected areas. Several criteria have been widely used
to identify conservation priorities, including the number of total
(Myers, Mittermeier, Mittermeier, Da Fonseca, & Kent, 2000), en-
demic (Mittermeier et al., 2003) and threatened species (Beger
et al., 2015), land tenure (Olson & Dinerstein, 1998) and habitat loss
(Hoekstra et al., 2005; Sanderson et al., 2002). However, most of
these criteria hardly reflect phylogenetic diversity (PD; Faith, 1992),
which is acknowledged as an important biodiversity dimension rep-
resenting feature diversity and the option values of biodiversity
(Carstensen et al., 2013; Faith, 2013). Several indices have been
used to evaluate PD (Dan et al., 2009; Isaac et al., 2007; Tucker
et al., 2016; Webb, 2000), among which Faith's PD, defined as the
total branch lengths of the minimum tree spanning all species of an
area (Faith, 1992), has been most widely used.

As illustrated by Faith (1992, 2018), feature diversity represents
the amount of species features within an area or community. As spe-
cies features are not all directly measurable, PD has often been used
as a quantitative measure to evaluate feature diversity based on the
hypothesis that shared features can be explained by shared ancestry
(Faith, 1992, 1994). Using the permutation tail probability test (Faith
& Cranston, 1991) and other methods, several studies have identi-
fied the positive linkage between feature diversity and PD based
on empirical trait data for different groups (e.g. Mazel et al., 2018;
Slowinski & Crother, 1998; Tucker, Davies, Cadotte, & Pearse, 2018;
Wilkinson, Peres-Neto, Foster, & Moncrieff, 2002). These stud-
ies suggest that PD reflects the accumulation of species features
(Faith, 2016) and is complementary to the measures representing
other dimensions of biodiversity (Faith, 1994, 2010).

Studies have also highlighted the positive relationship between
feature diversity and biodiversity option values—the potential un-
anticipated needs that future generations may be able to benefit

from biodiversity (International Union for Conservation of Nature, &

Main conclusions: Our results identified Hengduan Mountains as a neo-hotspot and
southern China as a palaeo-hotspot, highlighting their importance for biodiversity
conservation. Compared to Hengduan Mountains, southern China has low coverage
of protected areas, which calls for more conservation attention. Our study demon-
strates a way of incorporating the phylogenetic component in the identification of
neo- and palaeo-hotspots, and hence of achieving a more complete perception of
biodiversity patterns for conserving the tree of life.

biodiversity hotspots, biological conservation planning, Hengduan Mountains, phylogenetic

diversity, species richness pattern, woody plants

World Wildlife Fund, 1980). Studies indicate that species with differ-
ent features will have different adaptations and resilience capacity to
respond to biodiversity change drivers (such as climate change, habi-
tat fragmentation and biological invasion, Fletcher et al., 2019; Groot
etal., 2007; Liao, Bearup, & Blasius, 2014; Yachi & Loreau, 1999), and
therefore, communities with higher feature diversity tend to ensure
a larger range of option values in the long term (Forest et al., 2007).
Due to the positive linkage between feature and PD, these findings
suggest that PD can also reflect biodiversity option values. Larsen
et al. (2012) argued that biodiversity option values would be max-
imized if we maximize the conservation of PD. Incorporating both
taxonomic diversity and PD in the selection of conservation pri-
orities is increasingly recognized and is acknowledged to be help-
ful in conserving different dimensions of biodiversity (Devictor
et al.,, 2010; Faith, 2013, 2016). For example, Forest et al. (2007)
suggested that it is important to preserve regions with high PD for
the retention of species’ features and their option values. Recently,
PD has been included in the assessment by the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services, an
independent intergovernmental body aiming to strengthen the link
between science and decision making for biodiversity conservation
and sustainable development (Diaz et al., 2019).

Mishler et al. (2014) proposed that conservation planning should
distinguish between centres of neo- and palaeo-endemism. Neo-
endemic centres are regions with a relative high proportion of re-
cently diverged young endemic species, while palaeo-endemic
centres are regions with a relative high proportion of old endemic
species (Mishler et al., 2014). Studies have demonstrated that the
distinction between neo- and palaeo-endemic centres could pro-
vide critical information for identifying priority areas for biodiversity
conservation of both plants and vertebrate communities (Gonzalez-
Orozco et al., 2016; Lopez-Pujol et al., 2011; Rosauer, Pollock, Linke,
& Jetz, 2017). Similarly, biodiversity hotspots can also be divided into
two types: neo- and palaeo-hotspots based on their PD at given lev-
els of species diversity. A neo-hotspot is a biodiversity hotspot where
species have more extant recently diverged relatives than expected
and usually consists of more young species with short branches.

The formation of a neo-hotspot is likely due to fast radiations of
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different groups and/or elevated net diversification rates (Couvreur
et al., 2011; Fritz & Rahbek, 2012; Moreau & Bell, 2013). Thus, a
neo-hotspot tends to contain lower PD than expected at given levels
of species diversity. In contrast, a palaeo-hotspot is a biodiversity
hotspot where species have fewer extant recently diverged relatives
than expected and usually consists of more old species with long
branches. The formation of a palaeo-hotspot is likely due to long-
term environmental stability and low extinction rates (Lépez-Pujol
etal., 2011; Schley et al., 2018; Tamma & Ramakrishnan, 2015). Thus
a palaeo-hotspot tends to contain higher PD than expected at given
levels of species diversity.

As neo- and palaeo-hotspots contain different lengths of evolu-
tionary histories, they may also have different feature diversity and
biodiversity option values (Faith, 2013). Specifically, a palaeo-hotspot
tends to contain higher feature diversity and biodiversity option val-
ues than other regions with similar species diversity. Meanwhile, a
neo-hotspot tends to contain species that are normally closely re-
lated to each other and may have experienced high net diversifica-
tion (Cowling & Pressey, 2001; Levin, 2019; Lépezpujol, Zhang, Sun,
Ying, & Ge, 2011; Soltis et al., 2016). These findings highlight the im-
portance of both palaeo- and neo-hotspots for the retention of spe-
cies’ features and their potential benefits. One of the major aims in
biodiversity conservation is to conserve evolutionary processes and
to maintain the completeness of the tree of life (Forest et al., 2007),
which could only be achieved if conservation covers regions with not
only high species diversity, but also species with distinct evolution-
ary histories and the evolutionary front of the tree of life. Therefore,
distinguishing neo- and palaeo-hotspots could provide new insight
for identifying conservation priorities to better conserve the tree

of life.
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China has a great number of threatened plant species (>3,700
species, Qin et al., 2017) due to the rich flora therein and a long
history of strong human disturbances, and hence requires wide
conservation attention. Previous identification of biodiversity
hotspots in China has been based on species diversity and en-
demics, with little consideration of PD, especially the distinction
between neo- and palaeo-hotspots of PD. Moreover, researchers
have paid much attention to the conservation in the Hengduan
Mountains (Figure 1) in south-western China due to high diver-
sity of species and endemics (e.g. the Yunnan Great Rivers Project,
Ma, Moseley, Chen, & Zhou, 2007). Listed as one of the world's
most important biodiversity hotspots by Wilson (1992) and Myers
et al. (2000), the Hengduan Mountains contain about 9,000 vas-
cular plant species in an area of about 500,000 km? (Wu, 1988),
ranking top among the mountain ranges surrounding the Qinghai-
Tibetan Plateau. Additionally, the species diversity in this region
is far beyond other regions at similar latitudes in the Northern
Hemisphere, such as eastern North America (Qian, Ricklefs, &
White, 2005). However, compared to other regions (e.g. eastern
North America) the PD in the Hengduan Mountains remains poorly
explored. Similar to the Hengduan Mountains, southern China (in-
cluding southern Yunnan, south-western Guangxi, south-western
Guangdong, southern Taiwan and Hainan; Figure 1a) also contains
high species diversity and has been identified as the hotspot of
both threatened (Zhang, He, Li, & Tang, 2015) and palaeo-endemic
plant species (Lopez-Pujol et al., 2011). However, southern China
attracts much less attention in conservation practices than the
Hengduan Mountains and its PD of plants also remains poorly
studied. Recent development in mega-phylogenies of Chinese

vascular plants (Chen et al., 2016; Lu et al., 2018) makes it possible

(b)
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FIGURE 1 The geographical locations of Hengduan Mountains shown together with the network of nature reserves (a) and the seven
biogeographical regions (b) in China. In (b), the seven biogeographical regions are as follows: (1) southeast China (including Hainan and
Taiwan Island); (2) eastern Himalayas; (3) the Qinghai-Tibetan Plateau; (4) north China; (5) the Mongolian Plateau; (6) northeast China; and (7)
northwest China. In our analyses, southern China was referred to the geographical area covering southern Yunnan, south-western Guangxi,
south-western Guangdong, southern Taiwan and Hainan. Figure (b) was redrawn from Wang, Fang, Tang, and Lin (2012) with permission
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to compare PD of plant species between southern China and the
Hengduan Mountains, and to incorporate phylogenetic informa-
tion in biodiversity conservation.

Here, by integrating a genus-level phylogeny with high-resolu-
tion species distributions of all woody plants in China, we tested
whether the patterns in species and PD of woody plants are con-
gruent with each other in Hengduan Mountains and southern
China. We constructed null models based on three species pools
with different sizes to estimate standardized PD (sPD) at given
levels of species diversity. Then, we identified areas with signifi-
cantly higher or lower PD than expected at given levels of species
diversity, and explored the possible macroevolutionary mecha-
nisms underlying these patterns. We especially emphasized on the
comparison of sPD and proportions of protected areas between
Hengduan Mountains and southern China (Figure 1). Finally, we
discussed the relevance of our findings to future conservation

planning in China.

2 | METHODS
2.1 | Species distribution data

Distributions of Chinese woody species were obtained from the
updated Database of China's Woody Plants, which contains a total of
11,405 native woody species from 1,175 genera (Fang et al., 2011,
Wang, Brown, Tang, & Fang, 2009). The distribution data in this da-
tabase were compiled from all national and provincial floras in China,
as well as regional floras and inventory reports published before
2009. The spatial resolution of the distribution data was at county
level, with the median area of all counties to be 2,081 km? (skew-
ness = 9.93). The taxonomy of this database followed Flora of China
(http://www.efloras.org/). We substantially updated the distribution
data using more than 40 volumes of national and regional floras pub-
lished in 2009-2018, and from ca. six million specimen records in
China recently published (http://www.nsii.org.cn/).

The county-level distribution maps were transformed into an
equal-area grid with a spatial resolution of 50 x 50 km? to eliminate
the effects of area on the estimation of species diversity. The grid
cells along the border and coasts with more than 50% of their area
in China were kept. In total, 3,794 grid cells were remained for the
following analyses. Species distribution data were matched with the
genus-level phylogeny of Chinese vascular plants (Chen et al., 2016),
and a total of 11,050 woody species belonging to 1,077 genera had
both distribution and phylogenetic information.

As spatial resolution may influence species diversity patterns and
their drivers (Rahbek & Graves, 2001), we repeated all analyses using
species distribution data transformed into a grid of 100 x 100 km?.
We found that all results were consistent with those based on dis-
tribution data with spatial resolution of 50 x 50 km?. We therefore
included the results based on 50 x 50 km? data in the main text,
and those based on 100 x 100 km? data in Supporting Information
(Appendix S1, Figures S1-54).

2.2 | Phylogenetic trees

As species-level phylogenies based on molecular data for all woody
species in China are not available yet, we used a genus-level phy-
logeny of Chinese vascular plants (Chen et al., 2016) and added all
species to their corresponding genera as basal polytomies. As some
genera in this phylogeny are not monophyletic, we used two meth-
ods to add polytomies to these genera, that is adding species to
the monophyletic lineage (a) containing the largest number of de-
scendants (method 1), or (b) with the oldest age (method 2) within
each genus. Method 2 tended to result in older genus ages than
method 1, and hence might lead to relatively inflated estimation
of the number of palaeo-hotspots. We repeated all analyses with
the phylogenies generated by these two methods, and the results
were virtually identical. Therefore, the results based on method 1
were presented in the main text and those based on method 2 in
Supporting Information (Appendix S1, Figures S5-S8).

To evaluate the potential influences of polytomies within these
phylogenies on the calculation of PD, we randomly resolved the
polytomies of genera with more than one species using a birth-
death (Yule) bifurcation process (see Thuiller et al., 2011 for more
details), which leads to random relationships between species within
each genus. This was done for the phylogenies generated by the
two methods (i.e. non-monophyletic genera being represented by
either their oldest or largest clades) separately. We generated 100
random trees for each of these two genus-level phylogenies, and
repeated all phylogenetic analyses with them. The results based
on these random trees were then averaged. The averaged results
were consistent with those based on the two trees with polytomies
(Appendix S1, Figures S9-516), suggesting that polytomies may not
significantly bias our findings.

2.3 | PD estimation

For each grid cell, we calculated Faith's PD, hereafter termed PD
for short (Faith, 1992). In our study, the branch length in the phy-
logeny represents the evolutionary time of each clade, and hence,
PD here evaluates the total evolutionary history of the species in
an assemblage (Kling, Mishler, Thornhill, Baldwin, & Ackerly, 2019).
Specifically, the calculation of PD here did not include the root of
the minimum spanning tree, that is the brunch length from the most
recent common ancestor of all species in an assemblage back to the
root of all woody plants. The phylogeny used is a regional one with
some close relatives of the covered taxa missed from it. This may
influence the estimation of taxa ages, but is unlikely to bias the esti-
mation of PD (Lu et al., 2018).

To evaluate the net contribution of phylogenetic relationship to
PD, we first used a LOESS (locally weighted scatterplot smoothing) re-
gression of PD over species diversity and extracted the residuals (here-
after termed residual PD; Forest et al., 2007; Fritz & Rahbek, 2012).
For comparison, we also extracted the residuals of a power function

of PD over species diversity and found consistent results with those
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based on the LOESS regression (see Appendix S1, Figure S17). Then,
three null models were also used to evaluate the net contribution of

phylogenetic relationship to PD (see the next section).

2.4 | Null models with different species pools

Although PD has been found to be positively correlated with species
diversity (Fritz & Rahbek, 2012; Mishler et al., 2014; Rodrigues &
Gaston, 2002), studies show that biodiversity loss under anthropo-
genic threats can be quite different when conservation priorities are
selected using phylogenetic or species diversity (Forest et al., 2007;
Yesson & Culham, 2006). The separation of the contributions of spe-
cies diversity and species relatedness to PD may enhance the use
of the biodiversity dimensionality in conservation planning. Null
models have been used to divide Faith PD (Faith, 1992) of a species
assemblage into two interacting components: (a) species diversity,
and (b) phylogenetic relationships between these species. To sepa-
rate the contributions of species diversity and species, phylogenetic
relationships to PD may enhance the usage of PD in identifying con-
servation priorities.

Therefore, we developed a null model approach based on species
pools of different sizes. In general, for each focal grid cell, we ran-
domly drew the same number of species given by the species rich-
ness of this grid cell from a defined species pool and calculated the
PD of this random species assemblage. This was repeated for 1,000
times. Then, we calculated the mean and standard deviation of the
PD of these random assemblages and used the following formula
to estimate the standardized PD (hereafter termed as sPD) for the

focal grid cell:
sPD= (PDobserved - meanPDrandomized) / (SdPDrandomized) .

PDpcerveq ePresented the observed PD of the focal grid cell, and
meanPD o izeq@nd sdPD ., represented the mean and stan-
dard deviation of 1,000 PD values based on random assemblages,
respectively. The mathematical formula of sPD that we used was
the same as those for the calculation of standardized effect size in
previous studies (Gotelli & McCabe, 2002; Gurevitch et al., 1992;
Sanders, Gotelli, Heller, & Gordon, 2003).

In this study, sPD reflects the contribution of phylogenetic re-
lationship to PD after controlling for species diversity. sPD values
lower than -1.96 (or higher than 1.96) indicate significantly lower (or
higher) PD than expected at given levels of species richness (Gotelli
& McCabe, 2002; Sanders et al., 2003), respectively. Values be-
tween -1.96 and 1.96 were considered as not significantly different
from null expectation.

Null models require an ecologically explicit definition of spe-
cies pools (Lessard, Belmaker, Myers, Chase, & Rahbek, 2012).
Studies on species assembly of ant communities in North America
(Lessard, Belmaker, et al., 2012; Lessard, Borregaard, et al., 2012)
and woody plant communities in the mountains of China (Wang,

Tang, et al., 2012) found that species pools with different sizes (or at
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different spatial scales) may be influenced by different evolutionary
and ecological processes and hence may affect the outputs of null
models. We used three species pools with different sizes: (a) full spe-
cies pool, (b) similarity weighted dispersion-field species pool and (c)
biogeographical-region species pool. For a certain grid cell, the size
of its species pool decreases across these three species pools. Then,
we repeated the null models using each of these species pools.

2.4.1 | Species pool 1: Full species pool

A full species pool contained all woody plant species (i.e. 11,050 spe-
cies) used in our study. This definition assumed that all the grid cells
share the same species pool and all species within the species pool
could appear in the focal grid cell, which is less realistic given the

large extent in space in our study (Lessard, Belmaker, et al., 2012).

2.4.2 | Species pool 2: Similarity weighted
dispersion-field species pool

The species pool for a focal grid cell was defined as all species occur-
ring in the dispersion field of the focal grid cell, that is, all grid cells
that share at least one species with the focal one. A dispersion field
of a focal grid cell could be visualized by overlaying the geographic
distributions of all species occurring in the focal grid cell (Graves &
Rahbek, 2005). As the distributions of some widespread species
could be very large, the traditional dispersion fields of different grid
cells would remain relatively similar across large space. Therefore,
we used similarity weighted dispersion field to further refine the
species pool of each grid cell (Lessard, Borregaard, et al., 2012). First,
for a grid cell i within the dispersion field of a focal grid cell j, we es-
timated the number of shared species between i and j (S,.].), and then

calculated the selection probability of i as: P;= i where n was

S
IS
the number of grid cells within the dispersion field of j. Second, a grid
cell was randomly selected from j's dispersion field with the esti-
mated selection probability and a species was randomly sampled
from this cell. This process was repeated until the number of se-
lected species reached the species richness of the focal grid cell j.
The similarity weighted dispersion-field species pool gives high se-
lection probability to grid cells with similar species composition to
the focal grid cell, leading to relatively high similarity in species com-
positions between the random and actual communities (Carstensen
et al., 2013; Lessard, Borregaard, et al., 2012).

2.4.3 | Species pool 3: Biogeographical-region
species pool

Following Wang, Fang, Tang, and Lin (2012), we divided our study
area into 7 biogeographical-regions (Figure 1b): (1) southeast China
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FIGURE 2 Patterns of (a) species diversity (SR), (b) Faith's phylogenetic diversity (PD), (c) residuals from a LOESS (locally weighted
scatterplot smoothing) regression of PD over species diversity (residual PD), and (d-f) three standardized PD indices (sPD) of woody plants
in China. The three sPDs were estimated by three null models based on species pools with different sizes, that is the full species pool (sPD1),
similarity weighted dispersion-field species pool (sPD2) and biogeographical-region species pool (sPD3), respectively. In figure (d-f), regions
in red and blue had significantly higher or lower PD than expected given the levels of their species diversity, while values between -1.96

and 1.96 (not significant) were shown in white. Figure (a) was redrawn from Wang et al. (2011) with permission using a substantially updated

database of woody species in China
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relationships were evaluated using LOESS (locally weighted scatterplot smoothing) regressions

(including Hainan and Taiwan Island); (2) eastern Himalayas; (3) the
Qinghai-Tibetan Plateau; (4) north China; (5) the Mongolian Plateau;
(6) northeast China; and (7) northwest China. For more details of
these biogeographical regions (see Wang, Fang, et al., 2012). The
species pool for each grid cell consisted of all woody plants occur-

ring in the biogeographical region where this grid cell was located.

2.5 | Hotspots of woody plant diversity based on
species and PD

We identified hotspots and coldspots (areas where biodiversity is rela-
tively low) of woody plant diversity separately using species diversity,
PD, residual PD and the three indices of sPD based on different spe-
cies pools. Following previous studies (Kareiva & Marvier, 2003; Orme
et al., 2005; Price, 2002), hotspots and coldspots were referred to grid
cells where species diversity (or PD) was within the top and bottom
2.5% quantile of species diversity (or PD) of all grid cells, respectively.
However, PD was contributed by both species diversity and species
relatedness, and thus, the hotspots of PD could result from both
high species diversity and long branches between species. The hot-
spots (or coldspots) of residual PD and sPD represented regions with
higher (or lower) PD than expected at given levels of species diver-

sity. In other words, species in these hotspots (or coldspots) had fewer

or more extant recently diverged relatives than expected. Therefore,
these hotspots and coldspots identified from the residual PD and sPD
could be termed as palaeo- and neo-biodiversity hotspots, respec-
tively. Then, the maps of hotspots and coldspots based on the three
indices of sPDs were merged using a spatial union method to gener-
ate an integrated map of palaeo- or neo-biodiversity hotspots, which
was then intersected with the map of nature reserves in China (Zhang
et al., 2015). The intersected region within each grid cell was consid-
ered as protected. Finally, we calculated the proportions of protected
areas within neo- and palaeo-biodiversity hotspots covered by nature
reserves at different conservation levels (i.e. national, provincial, and
county-level).

All statistical analyses were performed in R 3.3.1 (R Development
Core Team).

3 | RESULTS

Phylogenetic diversity was strongly positively correlated with spe-
cies diversity (r = .961), suggesting that the species diversity pat-
tern of woody plants across China was highly similar to that of PD
(Figures 2a,b and 3a; Appendix S1, Figures $1-52, S5-56, S9, S10,
S13, S14). Specifically, species diversity and PD decreased from
the tropics to high latitudes. Southern China (including southern
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Yunnan, south-western Guangxi, south-western Guangdong, south-
ern Taiwan and Hainan) had the highest species diversity and PD
while the Qinghai-Tibetan Plateau had the lowest (Figure 2a,b;
Appendix S1, Figures S1, S5, S9, S13).

The geographical patterns in the residual PD and the three sPD
indices obtained from null models (i.e. sPD1, sPD2 and sPD3) were
consistent with each other (Figure 2c-f; Appendix S1, Figures S1,
S5, S9, S13). The patterns of different indices were strongly cor-
related with each other (Appendix S1, Table S1), but were not or
only weakly correlated with the species diversity pattern (resid-
ual PD, r = -.086; sPD1, r = .472; sPD2, r = .104; sPD3, r = .016;
Figure 3b-e; Appendix S1, Figures S2, S6, S10, S14). Among the
sPD based on three null models, the patterns of sPD2 and sPD3
were more similar to each other, but were relatively more differ-
ent from that of sPD1. These patterns indicated areas with sig-

nificantly higher or lower PD at given levels of species diversity.

Specifically, southern China had significantly higher PD than ex-
pected given the levels of species diversity there (Figures 2c-f, 4;
Appendix S1), while most other areas had lower PD than expected.
The south-eastern Qinghai-Tibetan Plateau and Hengduan
Mountains had extremely low PD after controlling for species
diversity (Figures 2c-f, 4; Appendix S1, Figures S3, S7, S11, S15).
The hotspots and coldspots of PD, that is areas with the top and
bottom 2.5% quantile of residual PD or sPD, respectively, were
strongly overlapped between results based on different indices
(Figure 4; Appendix S1, Figures S3, S7, S11, S15, Table S2), sug-
gesting that our results were robust to the selection of species
pools.

The proportion of protected areas in Hengduan Mountains was
higher than that in southern China, and this result was consistent
across all levels of nature reserves (Figure 5a; Appendix S1, Figures

S4,58, 512, S16). Specifically, Hengduan Mountains had relatively large
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nature reserves and the proportion of protected area in this region was
higher than the average proportion of the entire country. In contrast,
southern China contained small nature reserves and the proportion of
protected area there was only half of the average proportion of the
entire country (Figure 5a,b; Appendix S1, Figures S4, S8, 512, S16).

4 | DISCUSSION

4.1 | Patterns of species and PD of Chinese woody
plants

We foundstrong correlations betweenthe geographical patternsin phy-
logenetic and species diversity of Chinese woody plants (Figure 2a,b),
which is consistent with previous studies (Forest et al., 2007; Fritz &
Rahbek, 2012; Mishler et al., 2014; Morlon et al., 2011). Ecological
and evolutionary processes leading to more symmetric phylogenies,
relatively long tip branches and relatively coarse spatial resolution may
have all contributed to the strong richness-PD correlation (Tucker &
Cadotte, 2013). Additionally, our results showed that floras in many
mountains (such as the Hengduan Mountains, Tianshan Mountains,
Qilian Mountains, Taihang Mountains, Changbai Mountains and
Qinling Mountains; Figure 2c-f) contained relatively lower PD than ex-
pected given their levels of species diversity, which may suggest that
these mountains tend to be neo-hotspots. In comparison with those
in lowlands, some woody plant lineages in mountains may have un-
dergone rapid net diversification due to strong isolation and ecological
opportunities created by the emergence of new habitats and low com-
petition (Hughes & Eastwood, 2006; Parra-Olea et al., 2012; Schwery
et al., 2015). Geographically isolated habitats in mountains may have
acted as dispersal barriers to reduce gene flows among populations
(Polato et al., 2018), leading to higher net diversification of plants and
more phylogenetically closely related species in mountains than in low-
lands (Schluter & Pennell, 2017). The high levels of environmental het-
erogeneity in mountains could also support the maintenance of these
lineages (Rangel et al., 2018; Wen, Zhang, Nie, Zhong, & Sun, 2014).
Fast diversification in mountains has also been found in groups other
than plants, such as mammals in the eastern slopes of Andes (Rosauer
& Jetz, 2015). In contrast to these mountains, southern China has sig-
nificantly higher PD than expected given the levels of species diver-
sity there (Figure 2c-f), and hence may represent a palaeo-hotspot of

woody plants in China.

4.2 | Macroevolutionary mechanisms underlying
neo- and palaeo-biodiversity hotspots

Our results suggest that the Hengduan Mountains are a neo-biodi-
versity hotspot containing relatively high species diversity but lower
PD than expected given its species diversity (Figure 2a,c-f), which
is consistent with the findings of previous studies (Liu et al., 2016;
Lopezpujol et al., 2011). Geological evidence suggests that the

Hengduan Mountains uplifted rapidly between the late Miocene and

late Pliocene and are younger than the Qinghai-Tibetan Plateau and
the Himalayas (Clark et al., 2005; Kirby et al., 2002; Meng et al., 2016;
Sun et al., 2011; Wang et al., 2014). The high species diversity in the
Hengduan Mountains is partly due to the extremely complex and
dissected topography of this region, which provides diverse climates
and vegetation types for new lineages to diversify and to be pre-
served (Hewitt, 2000; Li & Li, 1993; Myers et al., 2000; Tzedakis,
Lawson, Frogley, Hewitt, & Preece, 2003). Moreover, the low sPD
in this region suggests that the Hengduan Mountains contain high
proportion of species with more extant recently diverged relatives
than expected, which could be due to rapid radiation and high in situ
net diversification together with low Quaternary extinction in this
region. The Hengduan Mountains have been shown as a centre of in
situ net diversification for many alpine taxa, many of which experi-
enced accelerated net diversification since late Miocene and are be-
lieved to be still actively giving rise to new species (Ding et al., 2020;
Sun, 2002; Sun & Li, 2003; Zhang, Zhang, Boufford, & Sun, 2009).
For example, a recent study shows that the rate of in situ net diver-
sification of 19 plants clades in the Hengduan Mountains increased
at c. 8 Ma, suggesting recent radiation of these groups in this region
(Xing & Ree, 2017). Elevated net diversification in the Hengduan
Mountains may have generated many species-rich young clades with
relatively short branches. Indeed, a recent study suggests that the
medium age of woody genera in the Hengduan Mountains is rela-
tively young (Lu et al., 2018). Moreover, the Hengduan Mountains
may have also acted as a refuge for plants during the Quaternary
and prevented species from extinction (Rahbek et al., 2019). A re-
cent study suggests that the extinction rate of plants during the
Quaternary was lower in the Hengduan Mountains than in the
Himalayas and the Qinghai-Tibet Plateau (Ding et al., 2020). All
these macroevolutionary processes may have contributed to the
lower PD of the Hengduan Mountains than expected given the spe-
cies diversity there.

In contrast the Hengduan Mountains, our results suggest that
southern China is a palaeo-hotspot containing both high species
diversity and higher PD than expected given the level of species
diversity, indicating that this region harbours species that have
fewer extant recently diverged relatives than expected and likely
consists of more old species with long branches. Southern China
lies at the confluence of two different floristic regions (i.e. between
Eastern Asiatic Region and Indochinese Region, Takhtajan, 1986)
and between tropical and temperate regions. Despite the contro-
versy on the boundary between tropical and temperate regions
in China, it is agreed that southern China contains the north-
ern boundary of the tropical zone (Zhu, 2013; Zhu, Ma, Yan, &
Hu, 2007). Moreover, southern China has very diverse climates
(Song et al., 2009)—ranging from tropical to temperate climates—
and is the only place in China where savanna exists (e.g. semi-arid
savanna in Yuanjiang Savanna Ecological Station; Fei et al., 2017).
Different climates provide diverse habitats for different woody
species to establish and persist. These biogeographic and climatic
characteristics of southern China may be one of reasons for its

high species diversity.
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The high proportion of species with fewer extant recently di-
verged relatives than expected in southern China may be due to the
long history of stable habitats. Previous studies identified southern
China as one of the refugia for plants during climate shifts since
the Cenozoic. Palaeo-ecological evidence suggests that southern
China has been extensively connected with tropical regions since
the Cenozoic (Hall, 1998), and lacked major geographic barriers for
north-south dispersal (Zhu, Cao, & Hu, 2006). Therefore, temperate
and subtropical plant species might have migrated to lower latitudes
when the climate became colder, whereas tropical species might
have moved poleward when the climate became warmer (Lépez-
Pujol et al., 2011; Yu et al., 2000). Previous Quaternary vegetation
reconstructions also suggest that even during the Quaternary gla-
cial-interglacial cycles southern China contained extensive sub-
tropical forests as it does today (Harrison et al., 2001; Wang &
Sun, 1994; Wang et al., 2017). These large forests acted as refugia
and thus helped preserve many old lineages (such as Magnoliaceae,
Litsea, Liriodendron, Styrophyton; Wu, Sun, Zhou, Peng, & Li, 2005;
Zhu, 2011, 2017).

4.3 | Neo- and palaeo-biodiversity hotspots for
biological conservation

According to the Aichi Biodiversity Target 11, at least 17% of terres-
trial areas should be conserved by 2020 (https://www.cbd.int/decis
ions/cop/?m=cop-10). The zero draft report of the post-2020 global
biodiversity framework suggests that the percentage should be in-
creased to 30% by 2030 (Convention on Biological Diversity, 2020).
To date, about 15% of terrestrial areas in China are covered by pro-
tected areas (http://www.stats.gov.cn). To meet the currently pro-
posed post-2020 conservation target, the protected areas in China
should be doubled in the following decade. Future expansion of the
protected areas and improvement in protecting China's biodiversity
will require a targeted effort (Pimm, Jenkins, & Li, 2018). PD, repre-
senting feature diversity and biodiversity option values, should be
maintained to preserve the tree of life during the expansion of pro-
tecting areas (Mace, Gittleman, & Andy, 2003; Scholes et al., 2018).
In addition, due to the limitation of resources, conservation priorities
should cover as many threatened species and areas as possible with
the least costs. To achieve this, the location of conservation priori-
ties is more important than the quantities of protected areas (Pimm
etal., 2018).

As an important biodiversity hotspot due to its high diversity
of species and endemics, Hengduan Mountains has attracted in-
creasing attention from conservation biologists in China (e.g., Chen
et al., 2017; Ma et al., 2007; Ye, Liu, Li, Wang, & Zeng, 2015). This re-
gion has large nature reserves and high proportion of protected areas
(Figure 5). However, our analysis reveals that Hengduan Mountains
contain low PD relative to the number of species present. In con-
trast, southern China contains both high species diversity and high
PD, hence has more feature diversity and biodiversity option values

than other regions, which highlights its importance for biodiversity
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conservation. However, the nature reserves in this region are frag-
mented and the coverage of protected areas is only about half of
the average level in China (Figure 5; Xu et al., 2017), suggesting that
southern China has attracted much less conservation efforts than
Hengduan Mountains. Therefore, our findings argue for the estab-
lishment of more nature reserves or expansion of the existing ones
in southern China, given the need to preserve the completeness of
the tree of life (Mace et al., 2003). However, we do not attempt to
deny Hengduan Mountains as a conservation priority, but would like
to emphasize the importance of southern China as well in biological
conservation and in the selection of conservation priorities.

In terms of feature diversity and biodiversity option values, a
palaeo-hotspot contains more ancestral or phylogenetically isolated
taxa that carry unique or rare gene combinations and the correspond-
ing feature diversity and biodiversity option values (Faith, 2018;
Mace et al., 2003). As ancestral or phylogenetically isolated taxa
usually lack close relatives, the extinction of them may lead to loss
of some unique utilitarian uses and unanticipated benefits (i.e. bio-
diversity option value; Faith, 1992, 2016), which should not be ig-
nored in conservation assessments (Vane-Wright, Humphries, &
Williams, 1991). In contrast, a neo-hotspot normally contains species
that may reflect the evolutionary front of the tree of life (Cowling &
Pressey, 2001; Crozier, 1997; Levin, 2019; Lopezpujol et al., 2011;
Soltis et al., 2016). Therefore, in order to face the uncertain future
of the Anthropocene, both neo- and palaeo-biodiversity hotspots
should be taken into consideration in the preservation of the tree
of life.

In conservation practice, species diversity has been most fre-
quently used for the identification of conservation priorities, which
normally ignores other facets of biodiversity. As maximizing the
conservation of evolutionary processes and the tree of life has been
increasingly suggested as an efficient strategy to face the uncertain
future (Forest et al., 2007; Mace et al., 2003; Winter, Devictor, &
Schweiger, 2013), PD has been increasingly used for the identifi-
cation of priorities in conservation planning. Although some stud-
ies argue that certain species features may be poorly captured
by PD because of the widespread homoplasy in phylogenies (e.g.
Jansky et al., 2006; Kelly & Scotland, 2014; Mazel, Mooers, Riva,
& Pennell, 2017; Winter et al., 2013), the rationale of using PD
for biological conservation is its positive link to the diversity of a
broader set of species features and option values rather than a sin-
gle feature or character (Carstensen et al., 2013; Davies et al., 2016;
Mazel et al., 2017; Owen, Gumbs, Gray, & Faith, 2019). Our analy-
ses suggest that the null model approach for identifying neo- and
palaeo-biodiversity hotspots based on PD provides a quantitative
way to incorporate phylogenetic component into conservation as-
sessments so as to complement traditional strategies in the planning
of biodiversity conservation (i.e. those mainly focusing on species
diversity and endemism). This method embraces the multifaceted
nature of biodiversity and hence provides a more complete percep-
tion of biodiversity hotspots.

Although the hotspot approach has been frequently used for

the selection of conservation priorities in previous studies and
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conservation practices, it does have some drawbacks. For example,
a previous study suggests the efficiency of the hotspot approach for
biodiversity conservation may depend on the sampling design and
the character of the study area (Kati et al., 2004). Moreover, bio-
diversity hotspots identified by different species groups often fail
to overlap (Margules & Pressey, 2000; Orme et al., 2005; Shrestha
& Wang, 2018). In addition to the hotspot approach, several other
methods have also been developed for conservation planning, for
example complementarity approach maximizing both species diver-
sity and PD (Mazel et al., 2018; Pressey, Humphries, Margules, Vane-
Wright, & Williams, 1993; Pressey, Possingham, & Margules, 1996;
Rodrigues & Gaston, 2002), network approach based on graph
theory (Davies et al., 2016) and assessment of evolutionary distinc-
tiveness (e.g. Evolutionary Distinctiveness Globally Endangered,
EDGE, Isaac et al., 2007). Recent studies suggest that these later ap-
proaches may provide more cost-efficient selections of conservation
priorities, especially for rare species requiring more conservation at-
tention (Shrestha, Shen, & Wang, 2019; Véron, Saito, Padilla-Garcia,
Forest, & Bertheau, 2019). Selecting priority regions for the conser-
vation of the tree of life at large spatial scales by integrating these
approaches with the multiple facets of biodiversity (e.g. species,
genetic, phylogenetic and functional diversity, and option values)
represents one of the central challenges in studies and practices of

conservation planning.

ACKNOWLEDGEMENTS

We thank Prof. C. Rahbek for useful discussions. This work was sup-
ported by Supported by the Strategic Priority Research Program of
Chinese Academy of Sciences (#XDB31000000), the National Key
Research Development Program of China (#2017YFA0605101)
and National Natural Science Foundation of China (#31988102,
#31911530102).

PEER REVIEW
The peer review history for this article is available at https://publo
ns.com/publon/10.1111/ddi.13180.

DATA AVAILABILITY STATEMENT

The distribution data are available from Atlas of Woody Plants in China:
Distribution and Climate (Fang et al., 2011). Phylogeny data are avail-
able at https://onlinelibrary.wiley.com/doi/full/10.1111/jse.12219
#support-information-section. The maps of nature reserves in China
are available at https://www.sciencedirect.com/science/article/pii/
S0006320715301440. Calculation results and R scripts used for this
study are in Supporting Information (see Appendices S2 and S3).

ORCID

Hongyu Cai https://orcid.org/0000-0002-5376-6822
Nawal Shrestha https://orcid.org/0000-0002-6866-5100
Zhiyao Tang https://orcid.org/0000-0003-0154-6403
Xiangyan Su https://orcid.org/0000-0003-0093-077X
Xiaoting Xu https://orcid.org/0000-0001-8126-614X

Dimitar Dimitrov https://orcid.org/0000-0001-5830-5702

REFERENCES

Beger, M., McGowan, J., Treml, E. A., Green, A. L., White, A. T., Wolff, N.
H., Klein, C. J., Mumby, P. J., & Possingham, H. P. (2015). Integrating
regional conservation priorities for multiple objectives into national
policy. Nature Communications, 6, 8208. https://doi.org/10.1038/
ncomms9208

Carstensen, D. W., Lessard, J. P., Holt, B. G., Krabbe Borregaard,
M., & Rahbek, C. (2013). Introducing the biogeographic
species pool. Ecography, 36(12), 1310-1318. https://doi.
org/10.1111/j.1600-0587.2013.00329.x

Chen, Y., Zhang, J., Jiang, J., Nielsen, S. E., & He, F. (2017). Assessing
the effectiveness of China's protected areas to conserve current and
future amphibian diversity. Diversity & Distributions, 23(2), 146-157.
https://doi.org/10.1111/ddi.12508

Chen, Z. D, Yang, T., Lin, L., Lu, L. M., Li, H. L., Sun, M, Liu, B., Chen,
M., Niu, Y. T., Ye, J. F,, & Cao, Z. Y. (2016). Tree of life for the genera
of Chinese vascular plants. Journal of Systematics & Evolution, 54(4),
277-306.

Clark, M. K., House, M. A,, Royden, L. H., Whipple, K. X., Burchfiel,
B. C., Zhang, X., & Tang, W. (2005). Late Cenozoic uplift of south-
eastern Tibet. Geology, 33(6), 525-528. https://doi.org/10.1130/
G21265.1

Couvreur, T. L. P, Forest, F., & Baker, W. J. (2011). Origin and global di-
versification patterns of tropical rain forests: Inferences from a com-
plete genus-level phylogeny of palms. BMC Biology, 9(1), 44. https://
doi.org/10.1186/1741-7007-9-44

Cowling, R. M., & Pressey, R. L. (2001). Rapid plant diversification:
Planning for an evolutionary future. Proceedings of the National
Academy of Sciences of the United States of America, 98(10), 5452-
5457. https://doi.org/10.1073/pnas.101093498

Crozier, R. H. (1997). Preserving the information content of species:
Genetic diversity, phylogeny, and conservation worth. Annual Review
of Ecology and Systematics, 28(28), 243-268. https://doi.org/10.1146/
annurev.ecolsys.28.1.243

Dan, R., Laffan, S. W., Crisp, M. D., Donnellan, S. C., & Cook, L.
G. J. M. E. (2009). Phylogenetic endemism: A new approach
for identifying geographical concentrations of evolution-
ary history. Molecular Ecology, 18(19), 4061-4072. https://doi.
org/10.1111/j.1365-294X.2009.04311.x

Davies, T. J., Urban, M. C., Rayfield, B., Cadotte, M. W., & Peres-Neto,
P. R. (2016). Deconstructing the relationships between phyloge-
netic diversity and ecology: A case study on ecosystem functioning.
Ecology, 97(9), 2212-2222. https://doi.org/10.1002/ecy.1507

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 con-
servation strategies in a changing world. Ecology Letters, 13(8), 1030-
1040. https://doi.org/10.1111/j.1461-0248.2010.01493.x

Diaz, S., Settele, J., Brondizio, E. S., Ngo, H. T., Gueze, M., Agard, J.,
Arneth, A., Balvanera, P., Brauman, K., Butchart, S., & Chan, K. (2019).
Summary for policymakers of the global assessment report on biodiver-
sity and ecosystem services of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services. IPBES Secretariat.

Ding, W.-N., Ree, R. H., Spicer, R. A., & Xing, Y.-W. (2020). Ancient oro-
genic and monsoon-driven assembly of the world’s richest temperate
alpine flora. Science, 369(6503), 578-581.

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

Faith, D. P. (1994). Phylogenetic pattern and the quantification of organ-
ismal biodiversity. Philosophical Transactions of the Royal Society B:
Biological Sciences, 345(1311), 45-58.

Faith, D. P. (2010). Systematics and conservation: On predicting the fea-
ture diversity of subsets of taxa. Cladistics, 8(4), 361-373. https://doi.
org/10.1111/j.1096-0031.1992.tb00078.x


https://publons.com/publon/10.1111/ddi.13180
https://publons.com/publon/10.1111/ddi.13180
https://onlinelibrary.wiley.com/doi/full/10.1111/jse.12219#support-information-section
https://onlinelibrary.wiley.com/doi/full/10.1111/jse.12219#support-information-section
https://www.sciencedirect.com/science/article/pii/S0006320715301440
https://www.sciencedirect.com/science/article/pii/S0006320715301440
https://orcid.org/0000-0002-5376-6822
https://orcid.org/0000-0002-5376-6822
https://orcid.org/0000-0002-6866-5100
https://orcid.org/0000-0002-6866-5100
https://orcid.org/0000-0003-0154-6403
https://orcid.org/0000-0003-0154-6403
https://orcid.org/0000-0003-0093-077X
https://orcid.org/0000-0003-0093-077X
https://orcid.org/0000-0001-8126-614X
https://orcid.org/0000-0001-8126-614X
https://orcid.org/0000-0001-5830-5702
https://orcid.org/0000-0001-5830-5702
https://doi.org/10.1038/ncomms9208
https://doi.org/10.1038/ncomms9208
https://doi.org/10.1111/j.1600-0587.2013.00329.x
https://doi.org/10.1111/j.1600-0587.2013.00329.x
https://doi.org/10.1111/ddi.12508
https://doi.org/10.1130/G21265.1
https://doi.org/10.1130/G21265.1
https://doi.org/10.1186/1741-7007-9-44
https://doi.org/10.1186/1741-7007-9-44
https://doi.org/10.1073/pnas.101093498
https://doi.org/10.1146/annurev.ecolsys.28.1.243
https://doi.org/10.1146/annurev.ecolsys.28.1.243
https://doi.org/10.1111/j.1365-294X.2009.04311.x
https://doi.org/10.1111/j.1365-294X.2009.04311.x
https://doi.org/10.1002/ecy.1507
https://doi.org/10.1111/j.1461-0248.2010.01493.x
https://doi.org/10.1016/0006-3207(92)91201-3
https://doi.org/10.1016/0006-3207(92)91201-3
https://doi.org/10.1111/j.1096-0031.1992.tb00078.x
https://doi.org/10.1111/j.1096-0031.1992.tb00078.x

CAIET AL.

Faith, D. P. (2013). Biodiversity and evolutionary history: Useful ex-
tensions of the PD phylogenetic diversity assessment framework.
Annals of the New York Academy of Sciences, 1289(1), 69-89. https://
doi.org/10.1111/nyas.12186

Faith, D. P. (2016). The PD phylogenetic diversity framework: Linking
evolutionary history to feature diversity for biodiversity conserva-
tion. InP. Grandcolas (Ed.), Biodiversity conservation and phylogenetic
systematics (pp. 39-56). Springer.

Faith, D. P. (2018). Phylogenetic diversity and conservation evaluation:
Perspectives on multiple values, indices, and scales of application. In R.
Scherson & D. Faith (Eds.), Phylogenetic diversity (pp. 1-26). Springer.

Faith, D. P,, & Cranston, P. S. (1991). Could a cladogram this short have arisen
by chance alone?: On permutation tests for cladistic structure. Cladistics,
7(1), 1-28. https://doi.org/10.1111/j.1096-0031.1991.tb00020.x

Fang, J., Wang, Z., & Tang, Z. (2011). Atlas of woody plants in China:
Distribution and climate (Vol. 1). Springer Science & Business Media.

Fei, X., Jin, Y., Zhang, Y., Sha, L., Liu, Y., Song, Q., Zhou, W,, Liang, N., Yu,
G., Zhang, L., Zhou, R., Li, J., Zhang, S., & Li, P. (2017). Eddy covari-
ance and biometric measurements show that a savanna ecosystem
in Southwest China is a carbon sink. Scientific Reports, 7(7), 41025.
https://doi.org/10.1038/srep41025

Fletcher, R. A., Brooks, R. K., Lakoba, V. T., Sharma, G., Heminger, A. R,,
Dickinson, C. C., & Barney, J. N. (2019). Invasive plants negatively
impact native, but not exotic, animals. Global Change Biology, 25(11),
3694-3705. https://doi.org/10.1111/gcb.14752

Forest, F., Grenyer, R., Rouget, M., Davies, T. J., Cowling, R. M., Faith,
D. P.,, Balmford, A., Manning, J. C., Proches, S., van der Bank, M., &
Reeves, G. (2007). Preserving the evolutionary potential of floras in
biodiversity hotspots. Nature, 445(7129), 757-760.

Fritz, S. A., & Rahbek, C. (2012). Global patterns of amphibian phylo-
genetic diversity. Journal of Biogeography, 39(8), 1373-1382. https://
doi.org/10.1111/j.1365-2699.2012.02757.x

Gonzalez-Orozco, C.E., Pollock, L. J., Thornhill, A. H., Mishler, B. D., Knerr,
N., Laffan, S. W., Miller, J. T., Rosauer, D. F., Faith, D. P., Nipperess, D.
A., Kujala, H., Linke, S., Butt, N., Kiilheim, C., Crisp, M. D., & Gruber,
B. (2016). Phylogenetic approaches reveal biodiversity threats under
climate change. Nature Climate Change, 6(12), 1110-1114. https://doi.
org/10.1038/nclimate3126

Gotelli, N. J., & McCabe, D. J. (2002). Species co-occurrence: A me-
ta-analysis of JM Diamond's assembly rules model. Ecology, 83(8),
2091-2096. https://doi.org/10.1890/0012-9658(2002)083[2091:S-
COAMA]2.0.C0O;2

Graves, G. R., & Rahbek, C. (2005). Source pool geometry and the assem-
bly of continental avifaunas. Proceedings of the National Academy of
Sciences of the United States of America, 102(22), 7871-7876. https://
doi.org/10.1073/pnas.0500424102

Groot, M. D,, Kleijn, D., & Jogan, N. (2007). Species groups occupying dif-
ferent trophic levels respond differently to the invasion of semi-natu-
ral vegetation by Solidago canadensis. Biological Conservation, 136(4),
612-617. https://doi.org/10.1016/j.biocon.2007.01.005

Gurevitch, J., Morrow, L. L., Wallace, A., & Walsh, J. S. (1992). A me-
ta-analysis of competition in field experiments. The American
Naturalist, 140(4), 539-572. https://doi.org/10.1086/285428

Hall, R. (1998). The plate tectonics of Cenozoic SE Asia and the distribu-
tion of land and sea. In R. Hall & J. D. Holloway (Eds.), Biogeography
and geological evolution of SE Asia (pp. 99-131). Backhuys Publishers.

Harrison, S. P., Yu, G., Takahara, H., & Prentice, |I. C. (2001).
Palaeovegetation. Diversity of temperate plants in East Asia. Nature,
413(6852), 129-130.

Hewitt, G. (2000). The genetic legacy of the Quaternary ice ages. Nature,
405(6789), 907-913.

Hoekstra, J. M., Boucher, T. M., Ricketts, T. H., & Roberts, C.
(2005). Confronting a biome crisis: Global disparities of habi-
tat loss and protection. Ecology Letters, 8(1), 23-29. https://doi.
org/10.1111/j.1461-0248.2004.00686.x

Coversiy s irinuions UVITREVISL

Hughes, C., & Eastwood, R. (2006). Island radiation on a continental
scale: Exceptional rates of plant diversification after uplift of the
Andes. Proceedings of the National Academy of Sciences of the United
States of America, 103(27), 10334-10339. https://doi.org/10.1073/
pnas.0601928103

Isaac, N. J., Turvey, S. T., Collen, B., Waterman, C., & Baillie, J. E. (2007).
Mammals on the EDGE: Conservation priorities based on threat
and phylogeny. PLoS One, 2(3), e296. https://doi.org/10.1371/journ
al.pone.0000296

Jansky, S. H., Simon, R., & Spooner, D. M. (2006). A test of taxonomic
predictivity. Crop Science, 46(6), 2561-2570.

Kareiva, P., & Marvier, M. (2003). Conserving biodiversity coldspots:
Recent calls to direct conservation funding to the world's biodiver-
sity hotspots may be bad investment advice. American Scientist, 91(4),
344-351. https://doi.org/10.1511/2003.4.344

Kati, V., Devillers, P., Dufréne, M., Legakis, A., Vokou, D., & Lebrun,
P. (2004). Hotspots, complementarity or representativeness?
Designing optimal small-scale reserves for biodiversity conservation.
Biological Conservation, 120(4), 471-480. https://doi.org/10.1016/j.
biocon.2004.03.020

Kelly, S., Grenyer, R., & Scotland, R. W. (2014). Phylogenetic trees do
not reliably predict feature diversity. Diversity & Distributions, 20(5),
600-612. https://doi.org/10.1111/ddi.12188

Kirby, E., Reiners, P. W., Krol, M. A., Whipple, K. X., Hodges, K. V., Farley,
K. A., Tang, W., & Chen, Z. (2002). Late Cenozoic evolution of the
eastern margin of the Tibetan Plateau: Inferences from 40Ar/39Ar
and (U-Th)/He thermochronology. Tectonics, 21(1), 1.

Kling, M. M., Mishler, B. D., Thornhill, A. H., Baldwin, B. G., & Ackerly,
D. D. (2019). Facets of phylodiversity: Evolutionary diversifica-
tion, divergence and survival as conservation targets. Philosophical
Transactions of the Royal Society B, 374(1763), 20170397.

Larsen, F. W., Turner, W. R., & Brooks, T. M. (2012). Conserving critical
sites for biodiversity provides disproportionate benefits to people.
PLoS One, 7(5), e36971.

Lessard, J.-P., Belmaker, J., Myers, J. A., Chase, J. M., & Rahbek, C. (2012).
Inferring local ecological processes amid species pool influences.
Trends in Ecology & Evolution, 27(11), 600-607.

Lessard, J.-P., Borregaard, M. K., Fordyce, J. A., Rahbek, C., Weiser, M.
D., Dunn, R. R., & Sanders, N. J. (2012). Strong influence of regional
species pools on continent-wide structuring of local communities.
Proceedings of the Royal Society of London B: Biological Sciences,
279(1727), 266-274.

Levin, D. A. (2019). Plant speciation in the age of climate change. Annals
of Botany, 124(5), 769-775.

Li, X. W., & Li, J. (1993). A preliminary floristic study on the seed plants
from the region of Hengduan Mountain. Acta Botanica Yunnanica,
15(3), 217-231.

Liao, J., Bearup, D., & Blasius, B. (2014). Diverse responses of species to
landscape fragmentation in a simple food chain. Transactions of China
Electrotechnical Society, 86(5), 1169.

Liu, Y., Hu, J.,, Li, S. H., Duchen, P., Wegmann, D., & Schweizer, M. (2016).
Sino-Himalayan mountains act as cradles of diversity and immigra-
tion centres in the diversification of parrotbills (Paradoxornithidae).
Journal of Biogeography, 43(8), 1488-1501.

Lopezpujol, J., Zhang, F. M., Sun, H. Q,, Ying, T. S., & Ge, S. (2011).
Mountains of southern china as “plant museums” and “plant cra-
dles”: Evolutionary and conservation insights. Mountain Research &
Development, 31(3), 261-269. https://doi.org/10.1659/MRD-JOURN
AL-D-11-00058.1

Lopez-Pujol, J., Zhang, F. M., Sun, H. Q,, Ying, T. S., & Ge, S. (2011).
Centres of plant endemism in China: Places for survival or for specia-
tion? Journal of Biogeography, 38(7), 1267-1280.

Lu,L. M., Mao, L.-F,, Yang, T., Ye, J.-F., Liu, B., Li, H.-L., Sun, M., Miller, J. T.,
Mathews, S., Hu, H. H., & Niu, Y. T. (2018). Evolutionary history of the
angiosperm flora of China. Nature, 554(7691), 234-238.


https://doi.org/10.1111/nyas.12186
https://doi.org/10.1111/nyas.12186
https://doi.org/10.1111/j.1096-0031.1991.tb00020.x
https://doi.org/10.1038/srep41025
https://doi.org/10.1111/gcb.14752
https://doi.org/10.1111/j.1365-2699.2012.02757.x
https://doi.org/10.1111/j.1365-2699.2012.02757.x
https://doi.org/10.1038/nclimate3126
https://doi.org/10.1038/nclimate3126
https://doi.org/10.1890/0012-9658(2002)083%5B2091:SCOAMA%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2002)083%5B2091:SCOAMA%5D2.0.CO;2
https://doi.org/10.1073/pnas.0500424102
https://doi.org/10.1073/pnas.0500424102
https://doi.org/10.1016/j.biocon.2007.01.005
https://doi.org/10.1086/285428
https://doi.org/10.1111/j.1461-0248.2004.00686.x
https://doi.org/10.1111/j.1461-0248.2004.00686.x
https://doi.org/10.1073/pnas.0601928103
https://doi.org/10.1073/pnas.0601928103
https://doi.org/10.1371/journal.pone.0000296
https://doi.org/10.1371/journal.pone.0000296
https://doi.org/10.1511/2003.4.344
https://doi.org/10.1016/j.biocon.2004.03.020
https://doi.org/10.1016/j.biocon.2004.03.020
https://doi.org/10.1111/ddi.12188
https://doi.org/10.1659/MRD-JOURNAL-D-11-00058.1
https://doi.org/10.1659/MRD-JOURNAL-D-11-00058.1

CAIET AL

2 L wiLey-

Ma, C. L., Moseley, R. K., Chen, W. Y., & Zhou, Z. K. (2007). Plant di-
versity and priority conservation areas of Northwestern Yunnan.
China. Biodiversity and Conservation, 16(3), 757-774. https://doi.
org/10.1007/s10531-005-6199-6

Mace, G. M., Gittleman, J. L., & Andy, P. (2003). Preserving the tree of
life. Science, 300(5626), 1707-1709.

Margules, C. R., & Pressey, R. L. (2000). Systematic conservation plan-
ning. Nature, 405(6783), 243-253.

Mazel, F., Mooers, A. O, Riva, G. V. D., & Pennell, M. W. (2017).
Conserving phylogenetic diversity can be a poor strategy for con-
serving functional diversity. Systematic Biology, 66(6), 1019-1027.
https://doi.org/10.1093/sysbio/syx054

Mazel, F., Pennell, M. W., Cadotte, M. W.,, Diaz, S., Dalla Riva, G. V.,
Grenyer, R., Leprieur, F., Mooers, A. O., Mouillot, D., Tucker, C. M.,
& Pearse, W. D. (2018). Prioritizing phylogenetic diversity captures
functional diversity unreliably. Nature Communications, 9(1), 1-9.
https://doi.org/10.1038/s41467-018-05126-3

Meng, K., Wang, E., & Wang, G. (2016). Uplift of the Emei Shan, western
Sichuan basin: Implication for eastward propagation of the Tibetan
plateau in early Miocene. Journal of Asian Earth Sciences, 115, 29-39.
https://doi.org/10.1016/j.jseaes.2015.09.020

Mishler, B. D., Knerr, N., Gonzalez-Orozco, C. E., Thornhill, A. H.,
Laffan, S. W., & Miller, J. T. (2014). Phylogenetic measures of bio-
diversity and neo-and paleo-endemism in Australian Acacia. Nature
Communications, 5(1), 1-10. https://doi.org/10.1038/ncomms5473

Mittermeier, R. A., Mittermeier, C. G., Brooks, T. M., Pilgrim, J. D.,
Konstant, W. R., Da Fonseca, G. A., & Kormos, C. (2003). Wilderness
and biodiversity conservation. Proceedings of the National Academy
of Sciences of the United States of America, 100(18), 10309-10313.
https://doi.org/10.1073/pnas.1732458100

Moreau, C. S., & Bell, C. D. (2013). Testing the museum versus cradle
tropical biological diversity hypothesis: Phylogeny, diversification,
and ancestral biogeographic range evolution of the ants. Evolution,
67(8), 2240-2257. https://doi.org/10.1111/ev0.12105

Morlon, H., Schwilk, D. W., Bryant, J. A., Marquet, P. A., Rebelo, A. G.,
Tauss, C., Bohannan, B. J. M., & Green, J. L. (2011). Spatial patterns
of phylogenetic diversity. Ecology Letters, 14(2), 141-149. https://doi.
org/10.1111/j.1461-0248.2010.01563.x

Myers, N., Mittermeier, R. A., Mittermeier, C. G., Da Fonseca, G. A., &
Kent, J. (2000). Biodiversity hotspots for conservation priorities.
Nature, 403(6772), 853-858.

nternational Union for Conservation of Nature, & World Wildlife Fund.
(1980). World conservation strategy: Living resource conservation for
sustainable development. [UCN.

QOlson, D. M., & Dinerstein, E. (1998). The Global 200: A representation
approach to conserving the Earth’s most biologically valuable ecore-
gions. Conservation Biology, 12(3), 502-515. https://doi.org/10.104
6/j.1523-1739.1998.012003502.x

Orme, C.D. L., Davies, R. G., Burgess, M., Eigenbrod, F., Pickup, N., Olson,
V. A., Webster, A. J.,, Ding, T. S., Rasmussen, P. C., Ridgely, R. S., &
Stattersfield, A. J. (2005). Global hotspots of species richness are not
congruent with endemism or threat. Nature, 436(7053), 1016-1019.

Owen, N.R., Gumbs, R., Gray, C. L., & Faith, D. P.(2019). Global conserva-
tion of phylogenetic diversity captures more than just functional di-
versity. Nature Communications, 10(1), 859. https://doi.org/10.1038/
s41467-019-08600-8

Parra-Olea, G., Windfield, J. C., Velo-Anton, G., & Zamudio, K. R. (2012).
Isolation in habitat refugia promotes rapid diversification in a mon-
tane tropical salamander. Journal of Biogeography, 39(2), 353-370.
https://doi.org/10.1111/j.1365-2699.2011.02593.x

Pimm, S. L., Jenkins, C. N., Abell, R., Brooks, T. M., Gittleman, J. L., Joppa,
L. N., Raven, P. H., Roberts, C. M., & Sexton, J. O. (2014). The bio-
diversity of species and their rates of extinction, distribution, and
protection. Science, 344(6187), 1246752. https://doi.org/10.1126/
science.1246752

Pimm, S. L., Jenkins, C. N., & Li, B. V. (2018). How to protect half of earth
to ensure it protects sufficient biodiversity. Science Advances, 4(8),
eaat2616. https://doi.org/10.1126/sciadv.aat2616

Polato, N. R., Gill, B. A,, Shah, A. A, Gray, M. M., Casner, K. L., Barthelet,
A., Messer, P. W., Simmons, M. P., Guayasamin, J. M., Encalada, A.
C., Kondratieff, B. C., Flecker, A. S., Thomas, S. A., Ghalambor, C. K.,
Poff, N. L. R., Funk, W. C., & Zamudio, K. R. (2018). Narrow thermal
tolerance and low dispersal drive higher speciation in tropical moun-
tains. Proceedings of the National Academy of Sciences of the United
States of America, 115(49), 12471-12476. https://doi.org/10.1073/
pnas.1809326115

Pressey, R., Humphries, C., Margules, C. R., Vane-Wright, R., & Williams,
P. (1993). Beyond opportunism: Key principles for systematic reserve
selection. Trends in Ecology & Evolution, 8(4), 124-128. https://doi.
org/10.1016/0169-5347(93)90023-|

Pressey, R. L., Possingham, H. P., & Margules, C. R. (1996). Optimality
in reserve selection algorithms: When does it matter and how
much? Biological Conservation, 76(3), 259-267. https://doi.
org/10.1016/0006-3207(95)00120-4

Price, A. R. (2002). Simultaneous 'hotspots' and 'coldspots' of marine
biodiversity and implications for global conservation. Marine Ecology
Progress Series, 241, 23-27. https://doi.org/10.3354/meps241023

Qian, H., Ricklefs, R. E., & White, P. S. (2005). Beta diversity of
angiosperms in temperate floras of eastern Asia and east-
ern North America. Ecology Letters, 8(1), 15-22. https://doi.
org/10.1111/j.1461-0248.2004.00682.x

Qin, H.,, Yang, Y., Dong, S., He, Q., Jia, Y., Zhao, L., Yu, S. X,, Liu, H., Liu, B.,
Yan, Y., & Xiang, J. Y. (2017). Threatened species list of China’s higher
plants. Biodiversity Science, 25(7), 696-744.

Rahbek, C., Borregaard, M. K., Antonelli, A., Colwell, R. K., Holt, B. G,
Nogues-Bravo, D., Rasmussen, C. M., Richardson, K., Rosing, M. T.,
Whittaker, R. J., & Fjeldsa, J. (2019). Building mountain biodiver-
sity: Geological and evolutionary processes. Science, 365(6458),
1114-1119.

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

Rangel, T. F., Edwards, N. R., Holden, P. B, Diniz-Filho, J. A. F., Gosling,
W. D., Coelho, M. T. P, Cassemiro, F. A. S., Rahbek, C., & Colwell,
R. K. (2018). Modeling the ecology and evolution of biodiversity:
Biogeographical cradles, museums, and graves. Science, 361(6399),
eaar5452. https://doi.org/10.1126/science.aar5452

Rodrigues, A. S. L., & Gaston, K. J. (2002). Maximising phylogenetic di-
versity in the selection of networks of conservation areas. Biological
Conservation, 105(1), 103-111. https://doi.org/10.1016/S0006
-3207(01)00208-7

Rosauer, D. F., & Jetz, W. (2015). Phylogenetic endemism in terrestrial
mammals. Global Ecology and Biogeography, 24(2), 168-179. https://
doi.org/10.1111/geb.12237

Rosauer, D. F.,, Pollock, L. J., Linke, S., & Jetz, W. (2017). Phylogenetically
informed spatial planning is required to conserve the mammalian
tree of life. Proceedings of the Royal Society B: Biological Sciences,
284(1865), 20170627.

Sanders, N. J., Gotelli, N. J., Heller, N. E., & Gordon, D. M. (2003).
Community disassembly by an invasive species. Proceedings of the
National Academy of Sciences of the United States of America, 100(5),
2474-2477. https://doi.org/10.1073/pnas.0437913100

Sanderson, E. W., Jaiteh, M., Levy, M. A,, Redford, K. H., Wannebo,
A. V., & Woolmer, G. (2002). The human footprint and the last
of the wild: The human footprint is a global map of human influ-
ence on the land surface, which suggests that human beings are
stewards of nature, whether we like it or not. BioScience, 52(10),
891-904. https://doi.org/10.1641/0006-3568(2002)052[089
1:THFATL]2.0.CO;2


https://doi.org/10.1007/s10531-005-6199-6
https://doi.org/10.1007/s10531-005-6199-6
https://doi.org/10.1093/sysbio/syx054
https://doi.org/10.1038/s41467-018-05126-3
https://doi.org/10.1016/j.jseaes.2015.09.020
https://doi.org/10.1038/ncomms5473
https://doi.org/10.1073/pnas.1732458100
https://doi.org/10.1111/evo.12105
https://doi.org/10.1111/j.1461-0248.2010.01563.x
https://doi.org/10.1111/j.1461-0248.2010.01563.x
https://doi.org/10.1046/j.1523-1739.1998.012003502.x
https://doi.org/10.1046/j.1523-1739.1998.012003502.x
https://doi.org/10.1038/s41467-019-08600-8
https://doi.org/10.1038/s41467-019-08600-8
https://doi.org/10.1111/j.1365-2699.2011.02593.x
https://doi.org/10.1126/science.1246752
https://doi.org/10.1126/science.1246752
https://doi.org/10.1126/sciadv.aat2616
https://doi.org/10.1073/pnas.1809326115
https://doi.org/10.1073/pnas.1809326115
https://doi.org/10.1016/0169-5347(93)90023-I
https://doi.org/10.1016/0169-5347(93)90023-I
https://doi.org/10.1016/0006-3207(95)00120-4
https://doi.org/10.1016/0006-3207(95)00120-4
https://doi.org/10.3354/meps241023
https://doi.org/10.1111/j.1461-0248.2004.00682.x
https://doi.org/10.1111/j.1461-0248.2004.00682.x
https://doi.org/10.1073/pnas.071034898
https://doi.org/10.1073/pnas.071034898
https://doi.org/10.1126/science.aar5452
https://doi.org/10.1016/S0006-3207(01)00208-7
https://doi.org/10.1016/S0006-3207(01)00208-7
https://doi.org/10.1111/geb.12237
https://doi.org/10.1111/geb.12237
https://doi.org/10.1073/pnas.0437913100
https://doi.org/10.1641/0006-3568(2002)052%5B0891:THFATL%5D2.0.CO;2
https://doi.org/10.1641/0006-3568(2002)052%5B0891:THFATL%5D2.0.CO;2

CAIET AL.

Schley, R. J., De, M. L. E., Pérezescobar, O. A., Bruneau, A., Barraclough,
T., Forest, F., & Klitgard, B. (2018). Is Amazonia a 'museum' for
Neotropical trees? The evolution of the Brownea clade (Detarioideae,
Leguminosae). Molecular Phylogenetics & Evolution, 126, 279-292.
https://doi.org/10.1016/j.ympev.2018.04.029

Schluter, D., & Pennell, M. W. (2017). Speciation gradients and the
distribution of biodiversity. Nature, 546(7656), 48. https://doi.
org/10.1038/nature22897

Scholes, R.,Montanarella, L., Brainich, E., Barger, N., ten Brink, B., Cantele,
M., Erasmus, B., Fisher, J., Gardner, T., Holland, T. G., & Kohler, F.
(2018). IPBES (2018): Summary for policymakers of the assessment
report on land degradation and restoration of the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services.
Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services.

Schwery, O., Onstein, R. E., Bouchenakkhelladi, Y., Xing, Y., Carter, R.
J., & Linder, H. P. (2015). As old as the mountains: The radiations
of the Ericaceae. New Phytologist, 207(2), 355-367. https://doi.
org/10.1111/nph.13234

Shrestha, N., Shen, X., & Wang, Z. (2019). Biodiversity hotspots are in-
sufficient in capturing range-restricted species. Conservation Science
and Practice, 1(10), e103. https://doi.org/10.1111/csp2.103

Shrestha, N., & Wang, Z. (2018). Selecting priority areas for systematic
conservation of Chinese Rhododendron: Hotspot versus comple-
mentarity approaches. Biodiversity and Conservation, 27(14), 3759-
3775. https://doi.org/10.1007/s10531-018-1625-8

Slowinski, J. B., & Crother, B. . (1998). Is the PTP test useful? Cladistics, 14(3),
297-302. https://doi.org/10.1111/j.1096-0031.1998.tb00340.x

Soltis, D. E., Visger, C. J., Marchant, D. B., & Soltis, P. S. (2016). Polyploidy:
Pitfalls and paths to a paradigm. American Journal of Botany, 103(7).
https://doi.org/10.3732/ajb.1500501

Song, G., Qu, Y., Yin, Z., Li, S., Liu, N., & Lei, F. (2009). Phylogeography
of the Alcippe morrisonia (Aves: Timaliidae): Long population history
beyond late Pleistocene glaciations. BMC Evolutionary Biology, 9(1),
143. https://doi.org/10.1186/1471-2148-9-143

Steffen, W., Richardson, K., Rockstrom, J., Cornell, S. E., Fetzer, I,
Bennett, E. M., Biggs, R., Carpenter, S. R., de Vries, W., de Wit, C.
A., Folke, C., Gerten, D., Heinke, J., Mace, G. M., Persson, L. M.,
Ramanathan, V., Reyers, B., & Sorlin, S. (2015). Planetary bound-
aries: Guiding human development on a changing planet. Science,
348(6240), 1259855. https://doi.org/10.1126/science.1259855

Sun, B.-N., Wu, J.-Y., Liu, Y.-S., Ding, S.-T., Li, X.-C., Xie, S.-P., Yan, D.-F.,
& Lin, Z.-C. (2011). Reconstructing Neogene vegetation and climates
to infer tectonic uplift in western Yunnan, China. Palaeogeography
Palaeoclimatology Palaeoecology, 304(3), 328-336. https://doi.
org/10.1016/j.palaeo.2010.09.023

Sun, H. (2002). Evolution of arctic-tertiary flora in Himalayan-Hengduan
Mountains. Acta Botanica Yunnanica, 24(6), 671-688.

Sun, H., & Li, Z. (2003). Qinghai-Tibet Plateau uplift and its impact on
Tethys flora. Advances in Earth Science, 18(6), 852-862.

Takhtajan, A. (1986). Floristic regions of the world (Vol. 544). University of
California Press.

Tamma, K., & Ramakrishnan, U. (2015). Higher speciation and lower
extinction rates influence mammal diversity gradients in Asia.
BMC Evolutionary Biology, 15(1), 11. https://doi.org/10.1186/s1286
2-015-0289-1

Thuiller, W., Lavergne, S., Roquet, C., Boulangeat, I., Lafourcade, B., &
Araujo, M. B. (2011). Consequences of climate change on the tree of
life in Europe. Nature, 470(7335), 531-534.

Tucker, C. M., & Cadotte, M. W. (2013). Unifying measures of biodiver-
sity: Understanding when richness and phylogenetic diversity should
be congruent. Diversity & Distributions, 19(7), 845-854. https://doi.
org/10.1111/ddi.12087

Tucker, C. M., Cadotte, M. W., Carvalho, S. B., Davies, T. J., Ferrier,
S., Fritz, S. A., Grenyer, R., Helmus, M. R,, Jin, L. S., Mooers, A. O.,

Coversiy s irinuions VTRV

Pavoine, S., Purschke, O., Redding, D. W., Rosauer, D. F., Winter, M.,
& Mazel, F. (2016). A guide to phylogenetic metrics for conservation,
community ecology and macroecology. Biological Reviews, 92(2),
698-715. https://doi.org/10.1111/brv.12252

Tucker, C. M., Davies, T. J., Cadotte, M. W., & Pearse, W. D. (2018). On
the relationship between phylogenetic diversity and trait diversity.
Ecology, 99(6), 1473-1479. https://doi.org/10.1002/ecy.2349

Tzedakis, P. C., Lawson, I. T, Frogley, M. R., Hewitt, G. M., & Preece,
R. C.(2003). Buffered tree population changes in a Quaternary re-
fugium: Evolutionary implications. Science, 299(5608), 825; author
reply 825.

Vane-Wright, R. |., Humphries, C. J., & Williams, P. H. (1991). What to pro-
tect?—Systematics and the agony of choice. Biological Conservation,
55(3), 235-254. https://doi.org/10.1016/0006-3207(91)90030-D

Véron, S., Saito, V., Padilla-Garcia, N., Forest, F., & Bertheau, Y. (2019).
The use of phylogenetic diversity in conservation biology and
community ecology: A common base but different approaches.
The Quarterly Review of Biology, 94(2), 123-148. https://doi.
org/10.1086/703580

Wang, P, Scherler, D., Liu-Zeng, J., Mey, J., Avouac, J. P, Zhang, Y., & Shi,
D. (2014). Tectonic control of Yarlung Tsangpo Gorge revealed by a
buried canyon in Southern Tibet. Science, 346(6212), 978-981.

Wang, P., & Sun, X. (1994). Last Glacial Maximum in China: Comparison
between land and sea. Catena, 23(3-4), 341-353.

Wang, S., Tang, Z., Qiao, X., Shen, Z., Wang, X., Zheng, C., & Fang, J.
(2012). The influence of species pools and local processes on the
community structure: A test case with woody plant communities
in China's mountains. Ecography, 35(12), 1168-1175. https://doi.
org/10.1111/j.1600-0587.2012.00045.x

Wang, S., Xu, X., Shrestha, N., Zimmermann, N. E., Tang, Z., & Wang,
Z. (2017). Response of spatial vegetation distribution in China to
climate changes since the Last Glacial Maximum (LGM). PLoS One,
12(4), e0175742. https://doi.org/10.1371/journal.pone.0175742

Wang, Z., Brown, J. H., Tang, Z., & Fang, J. (2009). Temperature depen-
dence, spatial scale, and tree species diversity in eastern Asia and
North America. Proceedings of the National Academy of Sciences of
the United States of America, 106(32), 13388-13392. https://doi.
org/10.1073/pnas.0905030106

Wang, Z., Fang, J., Tang, Z., & Lin, X. (2012). Relative role of contem-
porary environment versus history in shaping diversity patterns of
China's woody plants. Ecography, 35(12), 1124-1133. https://doi.
org/10.1111/j.1600-0587.2011.06781.x

Wang, Z., Fang, J., Tang, Z., & Xin, L. (2011). Patterns, determinants
and models of woody plant diversity in China. Proceedings of the
Royal Society B Biological Sciences, 278(1715), 2122. https://doi.
org/10.1098/rspb.2010.1897

Webb, C. O. (2000). Exploring the phylogenetic structure of ecolog-
ical communities: An example for rain forest trees. The American
Naturalist, 156(2), 145-155. https://doi.org/10.1086/303378

Wen, J., Zhang, J. Q., Nie, Z. L., Zhong, Y., & Sun, H. (2014). Evolutionary
diversificatons of plants on the Qinghai-Tibetan Plateau. Frontiers in
Genetics, 5, 4.

Wilkinson, M., Peres-Neto, P. R., Foster, P. G., & Moncrieff, C. B. (2002).
Type 1 error rates of the parsimony permutation tail probability test.
Systematic Biology, 51(3), 524-527. https://doi.org/10.1080/10635
150290069931

Wilson, E. O. (1992). The diversity of life. Harvard University Press.

Winter, M., Devictor, V., & Schweiger, O. (2013). Phylogenetic diversity
and nature conservation: Where are we? Trends in Ecology & Evolution,
28(4), 199-204. https://doi.org/10.1016/j.tree.2012.10.015

Wu, Z. Y. (1988). Hengduan Mountain flora and her significance. Journal
of Japanese Botany, 63(9), 297-311.

Wu, Z. Y., Sun, H., Zhou, Z. K., Peng, H., & Li, D. Z. (2005). Origin and dif-
ferentiation of endemism in the flora of China. Plant Diversity, 27(6),
577-604.


https://doi.org/10.1016/j.ympev.2018.04.029
https://doi.org/10.1038/nature22897
https://doi.org/10.1038/nature22897
https://doi.org/10.1111/nph.13234
https://doi.org/10.1111/nph.13234
https://doi.org/10.1111/csp2.103
https://doi.org/10.1007/s10531-018-1625-8
https://doi.org/10.1111/j.1096-0031.1998.tb00340.x
https://doi.org/10.3732/ajb.1500501
https://doi.org/10.1186/1471-2148-9-143
https://doi.org/10.1126/science.1259855
https://doi.org/10.1016/j.palaeo.2010.09.023
https://doi.org/10.1016/j.palaeo.2010.09.023
https://doi.org/10.1186/s12862-015-0289-1
https://doi.org/10.1186/s12862-015-0289-1
https://doi.org/10.1111/ddi.12087
https://doi.org/10.1111/ddi.12087
https://doi.org/10.1111/brv.12252
https://doi.org/10.1002/ecy.2349
https://doi.org/10.1016/0006-3207(91)90030-D
https://doi.org/10.1086/703580
https://doi.org/10.1086/703580
https://doi.org/10.1111/j.1600-0587.2012.00045.x
https://doi.org/10.1111/j.1600-0587.2012.00045.x
https://doi.org/10.1371/journal.pone.0175742
https://doi.org/10.1073/pnas.0905030106
https://doi.org/10.1073/pnas.0905030106
https://doi.org/10.1111/j.1600-0587.2011.06781.x
https://doi.org/10.1111/j.1600-0587.2011.06781.x
https://doi.org/10.1098/rspb.2010.1897
https://doi.org/10.1098/rspb.2010.1897
https://doi.org/10.1086/303378
https://doi.org/10.1080/10635150290069931
https://doi.org/10.1080/10635150290069931
https://doi.org/10.1016/j.tree.2012.10.015

CAIET AL

2L wiLey-

Xing, Y., & Ree, R. H. (2017). Uplift-driven diversification in the Hengduan
Mountains, a temperate biodiversity hotspot. Proceedings of the
National Academy of Sciences of the United States of America, 114(17),
E3444-E3451. https://doi.org/10.1073/pnas.1616063114

Xu, W, Xiao, Y. |., Zhang, J., Yang, W. U., Zhang, L. U., Hull, V., Wang, Z.,
Zheng, H., Liu, J., Polasky, S., Jiang, L., Xiao, Y., Shi, X., Rao, E., Lu, F.,
Wang, X., Daily, G. C., & Ouyang, Z. (2017). Strengthening protected
areas for biodiversity and ecosystem services in China. Proceedings
of the National Academy of Sciences of the United States of America,
114(7), 1601. https://doi.org/10.1073/pnas.1620503114

Yachi, S., & Loreau, M. (1999). Biodiversity and ecosystem productivity in
a fluctuating environment: The insurance hypothesis. Proceedings of
the National Academy of Sciences of the United States of America, 96(4),
1463-1468. https://doi.org/10.1073/pnas.96.4.1463

Ye, X., Liu, G, Li, Z., Wang, H., & Zeng, Y. (2015). Assessing local and
surrounding threats to the protected area network in a biodiversity
hotspot: The Hengduan Mountains of southwest China. PLoS One,
10(9), e0138533. https://doi.org/10.1371/journal.pone.0138533

Yesson, C., & Culham, A. (2006). A phyloclimatic study of Cyclamen. BMC
Evolutionary Biology, 6(1), 72.

Yu, G., Chen, X., Ni, J., Cheddadi, R., Guiot, J., Han, H., Harrison, S.
P., Huang, C., Ke, M., Kong, Z., Li, S., Li, W., Liew, P,, Liu, G., Liu,
J., Liu, Q., Liu, K.-B., Prentice, I. C., Qui, W.,, ... Zheng, Z. (2000).
Palaeovegetation of China: A pollen data-based synthesis for the
mid-Holocene and last glacial maximum. Journal of Biogeography,
27(3), 635-664. https://doi.org/10.1046/j.1365-2699.2000.00431.x

Zhang, D. C., Zhang, Y. H., Boufford, D. E., & Sun, H. (2009). Elevational
patterns of species richness and endemism for some important
taxa in the Hengduan Mountains, southwestern China. Biodiversity
and Conservation, 18(3), 699-716. https://doi.org/10.1007/s1053
1-008-9534-x

Zhang,Z.,He, J. S., Li, J., & Tang, Z. (2015). Distribution and conservation
of threatened plants in China. Biological Conservation, 192, 454-460.
https://doi.org/10.1016/j.biocon.2015.10.019

Zhu, H. (2011). A new biogeographical line between south Yunan and
southeast Yunnan. Advances in Earth Science, 26(9), 916-925.

Zhu, H. (2013). Geographical elements of seed plants suggest the bound-
ary of the tropical zone in China. Palaeogeography, Palaeoclimatology,
Palaeoecology, 386, 16-22. https://doi.org/10.1016/j.
palaeo.2013.04.007

Zhu, H. (2017). Tropical flora of southern China. Biodiversity Science,
25(2), 204-217. https://doi.org/10.17520/biods.2016055

Zhu, H., Cao, M., & Hu, H. (2006). Geological history, flora, and vege-
tation of Xishuangbanna, Southern Yunnan, China. Biotropica, 38(3),
310-317.

Zhu,H.,Ma, Y. X,, Yan, L. C., & Hu, H. B. (2007). The relationship between
geography and climate in the generic-level patterns of Chinese seed
plants. Acta Phytotaxonomica Sinica, 45(2), 134-166.

BIOSKETCH

Hongyu Cai is a PhD candidate at Peking University and is mainly
interested in macroecology and macroevolutionary. Her work fo-
cuses on investigating the patterns in phylogenetic diversity of
Chinese plants and the macroevolutionary mechanisms underlying

them.

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Cai H, Lyu L, Shrestha N, et al.
Geographical patterns in phylogenetic diversity of Chinese
woody plants and its application for conservation planning.
Divers Distrib. 2021;27:179-194. https://doi.org/10.1111/
ddi.13180



https://doi.org/10.1073/pnas.1616063114
https://doi.org/10.1073/pnas.1620503114
https://doi.org/10.1073/pnas.96.4.1463
https://doi.org/10.1371/journal.pone.0138533
https://doi.org/10.1046/j.1365-2699.2000.00431.x
https://doi.org/10.1007/s10531-008-9534-x
https://doi.org/10.1007/s10531-008-9534-x
https://doi.org/10.1016/j.biocon.2015.10.019
https://doi.org/10.1016/j.palaeo.2013.04.007
https://doi.org/10.1016/j.palaeo.2013.04.007
https://doi.org/10.17520/biods.2016055
https://doi.org/10.1111/ddi.13180
https://doi.org/10.1111/ddi.13180

