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Although eastern Asia (EAS) and eastern North America (ENA) have
similar climates, plant species richness in EAS greatly exceeds that in
ENA. The degree to which this diversity difference reflects the ages
of the floras or their rates of evolutionary diversification has not
been quantified. Measures of species diversity that do not incorpo-
rate the ages of lineages disregard the evolutionary distinctiveness
of species. In contrast, phylogenetic diversity integrates both the
number of species and their history of evolutionary diversification.
Here we compared species diversity and phylogenetic diversity in
a large number of flowering plant (angiosperm) floras distributed
across EAS and ENA, two regions with similar contemporary
environments and broadly shared floristic history. After account-
ing for climate and sample area, we found both species diversity
and phylogenetic diversity to be significantly higher in EAS than in
ENA. When we controlled the number of species statistically, we
found that phylogenetic diversity remained substantially higher in
EAS than in ENA, although it tended to converge at high latitude.
This pattern held independently for herbs, shrubs, and trees. The
anomaly in species and phylogenetic diversity likely resulted from
differences in regional processes, related in part to high climatic
and topographic heterogeneity, and a strong monsoon climate, in
EAS. The broad connection between tropical and temperate floras
in southern Asia also might have played a role in creating the
phylogenetic diversity anomaly.
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Species diversity is often correlated with environmental vari-
ables, particularly climate (1–5); however, regions with simi-

lar environments sometimes support substantially different numbers
of species, producing species diversity anomalies (4–11). Eastern
Asia (EAS) and eastern North America (ENA) are continental
regions at low to mid north-temperate latitudes with similar cli-
mates. The contemporary floras of the two regions are largely de-
rived from a single paleoflora, the “Boreotropical flora,” that was
broadly distributed across the Northern Hemisphere during the
early Tertiary (12). The contemporary regional floras of EAS and
ENA have retained many floristic similarities that are absent from
other regions within the same latitudes, even within the same
continent (e.g., ENA vs. western North America). For example,
EAS and ENA share approximately 60 plant genera that do not
occur anywhere else in the world, an observation that drew the
attention of 19th-century naturalists, including Charles Darwin and
Asa Gray (13). The similarities in climate, vegetation types, and
floristic composition between EAS and ENA, combined with a
marked difference in species diversity favoring EAS, have inspired
ecologists to seek the mechanisms that have generated this prom-
inent species diversity anomaly (5, 6, 10, 14, 15).
Previous studies have used taxonomic diversity (e.g., number

of species [species richness] or a diversity index based on species
relative abundances) to compare biodiversity in each assemblage.
Although species diversity is a cornerstone of biodiversity re-
search, it considers all species equivalent and does not incorporate
differences that accumulate between species over evolutionary

history (16). Phylogenetic diversity is a metric that also accounts
for evolved differences among species by considering the time
represented in the branches of the evolutionary tree of a region’s
species (17). Accordingly, the contrast between species richness
and phylogenetic diversity provides insight into the origins of
diversity anomalies, such as that between the EAS and ENA
floras, when evolutionary history has had a role.
Here we compare species diversity and phylogenetic diversity

of flowering plants (angiosperms) in assemblages occupying
similar environments in EAS and ENA. We then relate phylo-
genetic diversity to spatial environmental variation in the two
regions. The southern part of EAS and tropical Asia are con-
sidered by many as the center of origin and diversification of
angiosperms (18–20), according to which the EAS angiosperm
flora would have a longer evolutionary history than the ENA
flora. Moreover, old tropical clades might have penetrated more
readily into temperate areas in EAS, which supports a broad
geographic connection between temperate and tropical floras,
than in ENA, where the Gulf of Mexico and arid environments
in northern Mexico largely separate temperate from tropical
floras. Accordingly, phylogenetic diversity might be higher in
EAS than in ENA in temperate areas with similar climates. We
test this hypothesis statistically. Finally, previous studies (e.g.,
ref. 21) have shown that distributions of plant species with large
body size (trees) respond to climate variation differently than
those with small body size (herbs). Thus, we also partition
analyses based on plant growth forms (i.e., herb, shrub, and tree).

Results
We compared species richness and phylogenetic diversity between
EAS, encompassing 21 provinces or equivalent administrative regions
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(hereinafter provinces) in China, and ENA, based on 31 states in
the US (Fig. 1). At this regional scale, the number of species of
angiosperms varied among provinces from 1,820 to 14,286 in
EAS and among states from 1,370 to 2,897 in ENA. At the local
scale (nature reserves and parks in EAS, counties in ENA), the
number of species of angiosperms varied from 506 to 5,092 in
EAS and from 501 to 1,325 in ENA. Species richness was
strongly correlated with phylogenetic diversity in both EAS and
ENA at both spatial scales (r = 0.996 and 0.974 at regional and
local scales, respectively, for EAS; r = 0.987 and 0.946 at regional
and local scales, respectively, for ENA; P < 0.001 for all).
We used principal components (PC) analysis to extract axes of

correlated climate variation. Values on the first principal com-
ponent (PC1: primarily temperature, temperature seasonality,
and precipitation) for the ENA localities completely overlapped
those for the EAS localities (Fig. S1); however, PC2 values for
the ENA localities uniformly exceeded those for the EAS lo-
calities (Fig. S1), reflecting the lower precipitation seasonality in
ENA (Tables S1 and S2). We used ANCOVA to compare spe-
cies diversity or phylogenetic diversity between EAS and ENA.
Both species diversity and phylogenetic diversity were signifi-
cantly higher in EAS than in ENA, under matched climate condi-
tions and corrected for sample area, for both regional and local
floras (Table 1). Climate PC1 was a significant effect in all four
ANCOVAs (regional and local vs. species diversity and phylogenetic

diversity; P < 0.001 for all), whereas climate PC2 was a significant
effect only for species diversity at the local scale (P = 0.005; P >
0.09 in the other three cases) (Table 1).
We conducted similar analyses for “standardized” phyloge-

netic diversity of angiosperms constructed by drawing 500 species
at random from the provincial and state regional floras, as well as
from the local floras, to control for the regional difference in
species richness. Standardized phylogenetic diversity remained
significantly higher in EAS than in ENA at both regional and
local scales (P < 0.001 for both), after accounting for climate and
sample area (Table 2). In both analyses, PC2 (precipitation
seasonality) was not a significant effect (P > 0.8 at both regional
and local scales) (Table 2). For a given value of PC1 (average
temperature, temperature seasonality, and precipitation), stan-
dardized phylogenetic diversity tended to be higher in EAS than
in ENA for all angiosperms (Fig. 2A), as well as for each growth
form (Fig. 2 B–D).
When testing the simultaneous statistical effects of PC1, PC2,

sample area, and region on either the phylogenetic diversity of a
complete flora or standardized phylogenetic diversity, region was
significant (P < 0.001) for floras at both regional and local scales.
Similarly, when phylogenetic diversity in both regions was si-
multaneously regressed on PC1, PC2, and sample area, residuals
of EAS floras were significantly (P < 0.05) larger than those of
ENA for floras at both regional and local scales (Table 3). These
results are consistent with those of the ANCOVA.
Standardized phylogenetic diversity of angiosperms decreased

with increasing values of PC1 (colder, more seasonal climates) in
all of the regressions for EAS and ENA at both the regional and
local scales (P < 0.05) (Table S3 and Fig. 2), except for herba-
ceous species in ENA at the regional scale (P = 0.75) and at the
local scale (a positive relationship; P < 0.001) (Table S3). Of the
three growth forms (i.e., herb, shrub, and tree), standardized
phylogenetic diversity decreased most rapidly for trees and most
slowly for herbs along the same climate gradient toward lower
mean annual temperature, lower mean annual precipitation,
lower minimum temperature, and higher temperature season-
ality. Comparing the values of β (slopes) among the three growth
forms in Table S3; Table S2 shows the relationships between
PC1 and climate variables.

Discussion
Plant species richness in EAS and ENA has been compared in
several studies (e.g., refs. 5, 10, and 15). Phylogenetic diversity,

Fig. 1. The distributions and standardized phylogenetic diversities of
1,309 angiosperm floras in EAS and ENA. Phylogenetic diversity represents
the sum of branch lengths (in million years) for 500 species selected at random
from each flora.

Table 1. ANCOVA of species diversity and phylogenetic
diversity of angiosperms in EAS and ENA with region (EAS vs.
ENA) as the main effect and climate variables (PC1 and PC2) and
area as covariates

Source

Regional scale Local scale

SS df F P SS df F P

Species diversity (EAS > ENA)
Region 0.083 1 6.8 0.012 3.853 1 352.1 <0.001
PC1 0.595 1 48.9 <0.001 0.875 1 79.9 <0.001
PC2 0.003 1 0.3 0.600 0.088 1 8.1 0.005
Area 0.174 1 14.3 <0.001 1.583 1 144.6 <0.001
Error 0.572 47 13.702 1,252

Phylogenetic diversity (EAS > ENA)
Region 0.165 1 14.0 <0.001 4.298 1 744.4 <0.001
PC1 0.664 1 56.2 <0.001 1.676 1 290.2 <0.001
PC2 0.005 1 0.4 0.519 0.016 1 2.8 0.092
Area 0.117 1 9.9 0.003 0.973 1 168.5 <0.001
Error 0.555 47 7.229 1,252

SS, sums of squares.
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which also incorporates the history of evolutionary diversification,
is directly related to species richness (17), but whether the EAS−ENA
anomaly extends to phylogenetic diversity has not been investigated
until now. A comparison of the two measures of diversity might dis-
tinguish between contemporary ecology on one hand and regional
history and geography on the other hand as causes of the diversity
anomaly. The fact that phylogenetic diversity is strongly correlated with
species diversity (r >0.97) suggests that the contrast in species richness
between the regions reflects deep historical differences. Previous dis-
cussions of plant species diversity in EAS and ENA (5, 10, 13, 22) have
suggested several factors that might be associated with the higher di-
versity in EAS: (i) greater climatic and topographic heterogeneity, (ii)
more complex geological history, (iii) greater floristic antiquity, (iv)
closer geographic connection of temperate forest floras to tropical
forest floras in southern Asia, and (v) absence of extensive Quaternary
glaciation (9, 10, 23). Phylogeographic studies (23–26) also point to the
collision of the Indian plate with Eurasia, which began 55–40 Ma (27),
as contributing to phylogenetic diversity in EAS by adding phylogenetic
lineages to the flora and increasing the early topographic
complexity of the region.
The India-Eurasia collision also dramatically modified climates

in EAS (28, 29), which might have accelerated species formation
and, over the long term, increased the phylogenetic diversity in EAS
(24, 27). Analyses of several clades of vascular plants [e.g., those
including Taiwania cryptomerioides (30), Cercidiphyllum japonicum
(31), Tetracentron sinense (25), and Cyclocarya paliurus (24)] have
revealed diversification coinciding with intensifcation of the Asian
monsoon (24), suggesting that the Asian monsoon climate, with
abundant summer precipitation, might have promoted species for-
mation in EAS. Furthermore, the mild monsoon climate, in con-
junction with the complex topography of EAS, provided refugia for
many ancient lineages, including so-called “Tertiary relics” currently
endemic to EAS (7, 32, 33).
Phylogenetic diversity in angiosperm floras (whether trees,

shrubs, or herbs) is substantially higher in EAS than in ENA in
areas with similar climates, independent of the number of species
(Fig. 2). Two factors might account for this. First, North America
was separated from tropical South America until the late Ter-
tiary rise of the Isthmus of Panama (34–36), and the eastern part
of the continent has remained isolated from American tropical
floras by the Gulf of Mexico. In contrast, temperate floras in EAS
have been directly connected across a broad geographic expanse
with Asian tropical floras for tens of millions of years (37). Second,
unlike ENA, in which many Tertiary relics (families and genera of
both gymnosperms and angiosperms) became extinct with climate
cooling and extensive glaciation in the late Tertiary, EAS suffered
the loss of few Tertiary relics. Eucommia, Cercidiphylum,
Sargentodoxa, Cyclocarya, Engelhardia, Platycarya, and Pter-
ocarya are among the angiosperm genera characteristic of the

Tertiary paleoflora of ENA (7, 38, 39) that became extinct
there, while persisting in the modern flora of EAS. Most of
these Tertiary relict genera are represented by single species
with deep evolutionary relationships—stem lineages mostly
reaching back 50−100 Ma.
Species in regional floras tend to be more closely related to

each other across the phylogeny in ENA than in EAS. For ex-
ample, the tree family Juglandaceae (walnuts and hickories) has
26 species in EAS and 22 species in ENA. The 26 species in EAS
are spread across seven genera, four of which (Cyclocarya,
Engelhardia, Platycarya, and Pterocarya) are ancient (early Ter-
tiary) lineages that disappeared from North America, as noted
above. In contrast, 20 of the 22 species (including nine hybrids)
in ENA belong to a single genus, Carya, and are closely related,
while the other two are species of Juglans.
Phylogenetic diversity decreases among regional and local

floras with increasing values of the first climate PC axis, and
hence with decreasing temperature and precipitation. This is
consistent with the tropical niche conservatism hypothesis (6,
40), which suggests that stressful environments exclude lineages
lacking cold tolerance mechanisms. However, phylogenetic di-
versity of angiosperms decreases with increasing PC1 much more
rapidly in EAS than in ENA (Fig. 2A), and, at least among
herbaceous species, phylogenetic diversity in the two continental
regions tends to converge toward the higher end of the PC1 axis
(Fig. 2A), i.e., at higher latitudes, confirming several previous
studies (8, 15). The EAS–ENA anomaly in species and phyloge-
netic diversity of angiosperms emerges at mid-latitudes (45−55° N)
and increases toward the subtropics.
Our finding that the region effect on species richness and phy-

logenetic diversity diminishes northward might reflect greater
sharing by the northern parts of the two continents of the regional
and historical processes that have generated contemporary bio-
diversity patterns in northern latitudes. The northernmost parts of
Asia and North America were connected by the Bering Land

Table 2. ANCOVA of standardized phylogenetic diversity
(based on 500 randomly selected angiosperm species) in EAS and
ENA, with region (EAS vs. ENA) as the main effect and climate
variables (PC1 and PC2) and area as covariates

Source

Regional scale Local scale

SS df F P SS df F P

Region 0.022 1 118.0 <0.001 0.484 1 1,411.5 <0.001
PC1 0.037 1 196.5 <0.001 0.328 1 957.2 <0.001
PC2 <0.001 1 0.1 0.823 <0.001 1 <0.1 0.854
Area <0.001 1 2.2 0.145 0.005 1 14.7 <0.001
Error 0.009 47 0.429 1,252

Model for floras at the regional scale: R2 = 0.947, adjusted least squares
means, 4.314 and 4.217, respectively, for EAS and ENA. Model for floras at
the local scale: R2 = 0.821; adjusted least squares means, 4.313 and 4.211,
respectively, for EAS and ENA.
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Fig. 2. Comparison of standardized phylogenetic diversity of angiosperms
between EAS (green) and ENA (pink) at two spatial scales (local floras with
smaller pink and green dots; regional floras with larger dark-pink and dark-
green dots) along a climatic gradient represented by the first principal compo-
nent (PC1) of six climatic variables. Lines are linear least squares fits to the data.
The four panels represent (A) all species, (B) herbs, (C) shrubs, and (D) trees.

11454 | www.pnas.org/cgi/doi/10.1073/pnas.1703985114 Qian et al.

www.pnas.org/cgi/doi/10.1073/pnas.1703985114


Bridge during the mid-Cretaceous (41) and throughout most of the
Tertiary, including the Pleistocene glacial periods (42). Thus, the
paleofloras of the northern parts of Asia and North America were
connected for a long period and share the same recent history of
floristic development. In contrast, the southern portions of the two
continents have differed substantially, owing to mountain building
and the direct connection of temperate and tropical floras in Asia.
The strength of the relationship between phylogenetic di-

versity and climate increases from herbs through shrubs to trees.
Specifically, phylogenetic diversity decreases more quickly with
increasing PC1 (corresponding to decreasing temperature and
precipitation) for trees than for herbs and shrubs (Table S3).
This suggests that plants with larger body sizes are more sensitive
to stressful climatic conditions than those with smaller body
sizes. In a related study, Ricklefs and Latham (21) found that
geographic ranges of plant genera distributed disjunctly between
EAS and ENA were more strongly correlated among herbs than
among trees. Qian et al. (43) showed that compared with herbs,
woody angiosperms exhibited more phylogenetic conservatism in
colder environments over an elevation gradient in the Changbai
Mountains of northeastern China.
The weaker relationship between phylogenetic diversity and

climate shown by herbs, compared with trees, might reflect the
greater ability of smaller plants to take advantage of protected
microhabitats. Herbs can avoid extreme cold by being annual, by
producing underground buds and stems, or by remaining under
snow cover during winter. Ricklefs and Latham (21) suggested
that large woody plants have climate-dominated niches, whereas
herbaceous plants have edaphic- and microhabitat-dominated
niches. Interestingly, although standardized phylogenetic diversity
in a given climate is higher in EAS than in ENA for both herbs
(Fig. 2B) and trees (Fig. 2D), standardized phylogenetic diversity
for herbs varies little with respect to climate PC1 in ENA (Fig. 2B),
whereas the relationship for trees tends to converge between the
two continental regions (Fig. 2D). This suggests that, regardless of
the different evolutionary histories of the two continental regions,
the relationship of phylogenetic diversity to climate is more similar
for trees, the distributions of which are more sensitive to climate.

Methods
Study Area and Floristic Data. We assembled checklists of angiosperm species
at two spatial scales (regional and local) from published sources. For ENA,
each regional species checklist included all of the species in a particular state,
compiled based on the work of Kartesz (44); a local checklist included all
species in a particular county. Species lists for counties in ENA were compiled
according the US Department of Agriculture’s (USDA) Plants database
(https://plants.usda.gov/java/), supplemented by local floras listed in appen-
dix A in ref. 15. For EAS, a regional species checklist included all of the
species in a province and was compiled based on the work of Wu et al. (45).
Because few counties in mainland China have been botanized with the aim
of generating complete species checklists (46, 47), most Chinese counties do
not have reliable species checklists; however, more than 200 nature reserves
or national parks in China have been well botanized for the purpose of

compiling complete species checklists. In the present study, a local species
checklist in China included all species in a nature reserve, national park, or
similar local area. We compiled species lists for local floras in EAS based on
the summaries provided by several authors (32, 48–50). For both EAS and
ENA, to reduce the possibility of including incomplete checklists, we in-
cluded only those species checklists that contained 500 or more angiosperm
species. Our final dataset included 21 regional and 173 local species check-
lists for EAS and 31 regional and 1,084 local species checklists for ENA (Fig. 1
and Table S3). On average, each regional flora covered an area of
208,519 km2 in EAS and 96,115 km2 in ENA, and each local flora covered
1,104.9 km2 in EAS and 656.4 km2 in ENA.

The botanical nomenclature of the species in the floras was standardized
according to The Plant List (version 1.1; www.theplantlist.org). Infraspecific
taxa were combined at the species level. Nonnative species in each flora
were excluded. As a result, the 1,309 floras included 29,727 species of an-
giosperms, belonging to 3,312 genera and 267 families (51) (Fig. S2). The
regional and local angiosperm floras in EAS included 23,753 species in
2,615 genera and 247 families, and those in ENA included 6,352 species in
1,303 genera and 186 families. Approximately 89% of the families and 47%
of the genera in ENA also occurred in EAS. Each species was assigned a
growth form (i.e., herb, shrub, tree, liana) according to Kartesz (44), Wu
et al. (45), and the USDA Plants database (https://plants.usda.gov/java/).

Phylogeny Reconstruction and Phylogenetic Diversity. We used the mega-
phylogeny “Phytophylo” (52) (available at https://github.com/jinyizju/) as a
backbone to generate a phylogenetic tree for the species included in this
study. Phytophylo is an updated version of the megaphylogeny published by
Zanne et al. (53), which was generated based on seven gene regions and
39 fossil calibrations. All angiosperm families worldwide have been com-
pletely resolved in Phytophylo. Of the 3,306 genera in EAS and ENA, 2,484
(75.1%) are included in Phytophylo. Among the woody plants, a higher
proportion of the genera (87.0%) are included in Phytophylo. Thus, the
phylogenetic tree used in this study was completely resolved at the family
level and well resolved at the genus level. For those genera and species
in our dataset that were absent from Phytophylo, we used the software
S.PhyloMaker (52) (available at https://github.com/jinyizju/) to add them to
their respective families (in the case of genera) and genera (in the case of
species) in the megaphylogeny using Scenario 3, which is analogous to using
Phylomatic with Bladj to generate a phylogeny (54), an approach commonly
used in phylogenetic community studies (55, 56). We pruned the mega-
phylogeny to include only the 29,727 species present in our study floras. The
resulting phylogenetic tree was much better resolved than those used in
previous large-scale phylogenetic studies on plants, which were generated
on the basis of megaphylogenies with Phylomatic (e.g., megaphylogenies
R20031202, R20080417, R20091110, and R20120829; ref. 57) as backbones for
generating phylogenetic trees; the majority of genera in a phylogenetic tree
generated using these megaphylogenies are unresolved (52).

We used Faith’s (17) phylogenetic diversity (PD; i.e., the length of all of
the phylogenetic branches required to span a given set of species) as a
metric of phylogenetic diversity (e.g., refs. 58 and 59) in each flora. Faith’s PD
consistently increases with species richness in an assemblage. To account for
this effect of species richness, we took a rarefaction approach to calculate a
standardized phylogenetic diversity. Specifically, for each angiosperm flora,
we calculated PD for a randomly selected set of 500 species, and repeated
this simulation 1,000 times to estimate a mean of randomized PD values. The
approach that we used to standardize phylogenetic diversity based on a
fixed number of species is commonly used in the current literature (60–62).
In addition to calculating a standardized PD based on 500 species randomly
selected from all growth forms in a flora, we calculated a standardized PD
for each of the three growth forms: herb, shrub, and tree. We did not cal-
culate standardized PD values for lianas, which were represented by few or
no species in most of the floras. Because the number of species in each
growth form was smaller than that for all angiosperm species, and also
varied greatly among the three growth forms, we included floras in the
analysis only if the number of species was ≥100 for herbs, ≥50 for shrubs,
and ≥50 for trees. We then calculated a standardized PD for each growth
form in each flora based on 1,000 randomizations.

We used PhyloMeasures version 2.1 to calculate PD (63). To determine
whether the use of different thresholds to select species might have influ-
enced the result of an analysis, we conducted the following test. For those
local floras in both continental regions with ≥800 angiosperm species (n =
468), we used four different thresholds to set species numbers: 200, 400, 600,
and 800. We calculated standardized phylogenetic diversity for each
threshold. As shown in Fig. S3, patterns of standardized phylogenetic

Table 3. Average of residuals from multiple regressions with
floras of both ENA and ENA included in each model

Comparison EAS ENA P*

Regional scale
Overall PD 0.137 −0.093 <0.001
Standardized PD 0.011 −0.007 0.020

Local scale
Overall PD 0.185 −0.030 <0.001
Standardized PD 0.028 −0.004 0.023

*From t tests.
Multiple regressions: PD ∼ PC1 + PC2 + area, where PD is phylogenetic

diversity, PC1 and PC2 are the first two principal components of climate
variables, and area is flora area.

Qian et al. PNAS | October 24, 2017 | vol. 114 | no. 43 | 11455

EC
O
LO

G
Y

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1703985114/-/DCSupplemental/pnas.201703985SI.pdf?targetid=nameddest=ST3
https://plants.usda.gov/java/
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1703985114/-/DCSupplemental/pnas.201703985SI.pdf?targetid=nameddest=ST3
http://www.theplantlist.org/
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1703985114/-/DCSupplemental/pnas.201703985SI.pdf?targetid=nameddest=SF2
https://plants.usda.gov/java/
https://github.com/jinyizju/
https://github.com/jinyizju/
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1703985114/-/DCSupplemental/pnas.201703985SI.pdf?targetid=nameddest=SF3


diversity are nearly identical among the four thresholds, indicating that
using different thresholds has no effect on the conclusions of our study.

Climate Data. Mean annual temperature and mean annual precipitation are
two key climate variables that determine plant distributions at a broad spatial
extent (64). Stressful climates (including extreme cold and drought) and
seasonal variation in climate (temperature and precipitation seasonality)
also constrain the distributions of species (65–67). Accordingly, we used six
variables to characterize the climate of each flora: mean annual tempera-
ture, mean annual precipitation, minimum temperature of the coldest
month, precipitation during the driest month, temperature seasonality, and
precipitation seasonality. We obtained values for these variables from the
WorldClim database (68) (www.worldclim.org: variables bio1, bio12, bio6,
bio14, bio4, and bio15, respectively). The mean value of each of the six cli-
mate variables was calculated for each flora using 30-arc-s resolution data.
For local floras in China that lack electronic maps, we extracted climate data
based on the location and area of each flora.

To remove redundancy among the climate variables and provide un-
correlated synthetic climate axes, we subjected the six climate variables to a
principal components analysis (PCA) based on their correlation matrix. The
first two climatic axes (PC1 and PC2) accounted for 90.7% of the variance in
the six raw climate variables; PC1 accounted for more than twice as much
variance as PC2 (Table S1). The other four axes each explained <5% of the
variance in the climate variables. Thus, we used PC1 and PC2 as synthetic
climate variables in this study. PC1 was strongly correlated with four of the
six climate variables (mean annual temperature [r = −0.92], mean annual
precipitation [−0.88], minimum temperature of the coldest month [−0.96],
and temperature seasonality [0.92]; Table S2), whereas PC2 was strongly
correlated with the other two climatic variables (precipitation of the driest
month [0.83] and precipitation seasonality [−0.96]; Table S2). This suggests
that PC1 represents a gradient of temperature seasonality and cold stress,
while PC2 represents a gradient of precipitation seasonality and water stress.

Statistical Analysis. We used Pearson’s correlation analysis and regression
analysis to explore the relationships between species and phylogenetic di-
versity, and between diversity and climatic variables, within EAS and ENA.
We used ANCOVA to explore differences in species richness and phyloge-
netic diversity between EAS and ENA, with continent as a main effect and
the first two PC axes as covariates. This approach has been used to de-
termine differences in species richness between regions (e.g., refs. 5 and 19).
Because species diversity in an assemblage increases with sample area (69),
as does the number of tip branches across a phylogenetic tree for the as-
semblage, and because sample area varied among floras both between and
within the two continents, we included sample area as a covariate in anal-
yses of covariance.

We also conducted multiple regression analyses to explore region effects
on phylogenetic diversity after accounting for climate and sample area.
Specifically, we used two multiple regression models. First, we regressed
standardized phylogenetic diversity simultaneously on PC1, PC2, sample area,
and region (coded as 1 for EAS and 2 for ENA). Second, we regressed stan-
dardized phylogenetic diversity simultaneously on PC1, PC2, and sample area,
and used t tests to determine whether residuals from a regression differed
between the two continental regions. To compare the relationship (re-
gression slope) of standardized phylogenetic diversity to climate among
different plant growth forms within regions, we selected 50 species of each
growth form at random from each flora, and repeated this 1,000 times.
Species richness, phylogenetic diversity, and sample area were log10-trans-
formed in ANCOVA and regression analyses. SYSTAT version 7 (70) was used
to conduct statistical analyses, and PC-ORD version 4 (71) was used for PCA.
Species diversity, phylogenetic diversity, and sample area of each flora were
log10-transformed in all statistical analyses to normalize the distributions of
the data.
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