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a b s t r a c t

The ecological and evolutionary mechanisms underlying montane biodiversity patterns remain unre
solved. To understand which factors determined community assembly rules in mountains, biogeo
graphic affinity  that represents the biogeographic and evolutionary history of species should 
incorporate with current environments. We aim to address two following questions: 1) How does plant 
taxonomic and phylogenetic diversity with disparate biogeographic affinities vary along the subtropical 
elevational gradient? 2) How do biogeographic affinity  and environmental drivers regulate the com
munity assembly? We collected woody plant survey data of 32 forest plots in a subtropical mountain of 
Mt. Guanshan with typical transitional characteristics, including 250 woody plant species belonging to 
56 families and 118 genera. We estimated the effects of biogeographic affinity, climate and soil prop
erties on taxonomic and phylogenetic diversity of plant communities employing linear regression and 
structural equation models. We found that the richness of temperate-affiliated species increased with 
elevations, but the evenness decreased, while tropical-affiliated  species had no significant  patterns. 
Winter temperature directly or indirectly via biogeographic affinity shaped the assemblage of woody 
plant communities along elevations. Biogeographic affinity affected what kind of species could colonize 
higher elevations while local environment determined their fitness to adapt. These results suggest that 
biogeographic affinity  and local environment jointly lead to the dominance of temperate-affiliated 
species at higher elevations and shape the diversity of woody plant communities along elevational 
gradients. Our findings  highlight the legacy effect of biogeographic affinity  on the composition and 
structure of subtropical montane forests.

Copyright © 2025 Kunming Institute of Botany, Chinese Academy of Sciences. Publishing services by 
Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY- 

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Understanding elevational patterns of montane plant diversity 
and its underlying mechanisms has been a long-standing topic in 

ecology and biogeography (K€orner, 2007). Due to its dramatic 
environmental changes and extremely rich species diversity, 
mountains provide an ideal platform to identify the ecological and 
evolutionary mechanisms of community assembly, and uncover 
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biodiversity changes under the context of global change 
(Sundqvist et al., 2013).

The crucial role of environment filtering in shaping mountain 
plant diversity has been documented in many studies (Nottingham 
et al., 2018; Hamid et al., 2021; Zhang et al., 2021). Temperature 
has been well documented as a primary driver to limit the growth 
and reproduction processes of plants (Nottingham et al., 2018). 
Along elevational gradients in mountains, species’ adaptation to 
minimum temperature has been the key in limiting species range 
(Hawkins et al., 2014). Cold tolerance has been reported as the 
dominant factor for species richness patterns of tropical affinities. 
In contrast, temperate-affiliated clades are adapted to cool climate 
and hence may not be strongly limited by winter coldness. For 
example, Peters et al. (2016) reported that minimum temperature 
was the main predictor of plant richness in Mt. Kilimanjaro in 
Africa. However, in the Austrian part of the Alps, Moser et al. 
(2005) found that high temperature largely determined species 
diversity, even though low temperature handicapped plant life. 
These conflicting  results suggest that plant diversity patterns 
along environmental gradients might be shaped by the combined 
effects of multiple current and historical drivers.

Recent advances in community ecology and macroecology have 
emphasized niche conservatism mechanism, the tendency of 
species to retain ancestral ecological traits over evolutionary time, 
as a key process shaping biodiversity patterns across environ
mental gradients (Wiens and Donoghue, 2004). Two related hy
potheses underlie this framework are useful to explain elevational 
patterns of plant diversity: biogeographic affinity  hypothesis 
(Harrison and Grace, 2007) and phylogenetic niche conservatism 
(Wiens and Graham, 2005). The biogeographic affinity hypothesis 
proposes that temperate-affiliated clades predominate in high- 
elevation and high-latitude regions due to their evolutionary ad
aptations to cold conditions, including frost tolerance and decid
uous traits, while tropical clades are excluded from these areas 
because their thermally conservative niches prevent adaptation to 
colder environments. This hypothesis is one important factor 
influencing plant diversity and community structure along eleva
tional gradients (Gonz�alez-Caro et al., 2020). Interacted with 
elevation, biogeographical affinity may produce different patterns 
of taxonomic diversity via modulating the effects of climatic fac
tors. During the Paleocene (65–55 Mya), the Earth began cooling, 
and many lineages chose either evolved necessary traits like 
needle-shaped leaves or deciduousness to adapt temperate zones 
(Cavender-Bares et al., 2016). Since species have the tendency to 
maintain ancestral traits, species originated from temperate zones 
(refer to temperate-affiliated species) have the ability to resist cold 
environment at higher elevations, but tropical-affiliated species 
might be prevented by coldness (Li and Feng, 2015). Therefore 
temperate-affiliated species also show higher fitness in cold areas 
and lead to low species richness and phylogenetic clustering at 
high elevations due to habitat filtering  (Peters et al., 2016; 
Nottingham et al., 2018), while tropical-affiliated species may be 
suited to warmer environment at lower elevations, and the 
decreasing thermal energy with elevation may filter out tropical 
genera (Li and Feng, 2015).

The hypothesis of phylogenetic niche conservatism states that 
environmental filtering  leads to coexisting species with similar 
physiological tolerances, resulting in phylogenetic clustering, 
while plant competition leads to a community with distantly 
related species, resulting in phylogenetic overdispersion (Wiens 
and Graham, 2005; Losos, 2008). Phylogenetic diversity and 
structure have been widely used in the studies of phylogenetic 
niche conservatism (Webb et al., 2002; Zhang et al., 2021). 
Phylogenetic diversity and structure can be inconsistent with 
taxonomic diversity or even show opposite trends (Culmsee and 

Leuschner, 2013). For example, the patterns of total species rich
ness in response to elevational gradients on Mt. Taishan and Mt. 
Laoshan showed a monotonically decreasing trend, while the 
phylogenetic structure of plant communities on Mt. Laoshan had 
no significant pattern along elevations, but plant communities on 
Mt. Taishan exhibited an inverted hump-shaped pattern (Zhang 
et al., 2016). Therefore, the combination of community phyloge
netic structure and biogeographic affinity of species provides in
sights into the ecological and evolutionary mechanisms 
underlying montane biodiversity patterns.

In this study, we selected a subtropical mountain in eastern 
China with typical transitional characteristics, including 49.65% 
plant genera are temperate-affiliated,  and 46.45% genera are 
tropical-affiliated in this mountain (Liu and Wu 2005). Using 
woody plant data from 32 subtropical forest plots, we documented 
the elevational patterns of plant diversity and evaluated the 
contribution of biogeographic affinity, climate, and soil properties 
to plant community assembly. We proposed two following pre
dictions to be tested. First, along the elevation, biogeographic af
finity could shape plant species composition, leading to increased 
dominance of temperate-affiliated species. Second, biogeographic 
affinity  constrains the species pool at each elevation belt, while 
environmental filtering, particularly winter minimum tempera
ture, selects for species persistence. As cold tolerance is phyloge
netically conserved, we expect that increasing phylogenetic 
clustering toward higher elevations will be dominated by 
temperate-affiliated species.

2. Materials and methods

2.1. Study area

This study was conducted along an elevational gradient in Mt. 
Guanshan, which was located in the Guanshan National Nature 
Reserve in Jiangxi Province, eastern China (28◦30′–28◦40′N, 
114◦29′–114◦45′E). This reserve belongs to the WWF Global 200 
priority ecoregions. The region belongs to the middle subtropical 
warm and humid climate zone and is significantly influenced by 
the monsoon. Mean annual temperature is 16.2 ◦C, ranging from 
26.1 ◦C in summers and below 0 ◦C in winters, and mean annual 
precipitation is about 1950–2100 mm, as well as the average 
relative humidity is 85% (Liu and Wu 2005; Wang et al., 2023). 
Along the elevations, the vegetation types are evergreen broad- 
leaved forest (< 400 m), evergreen and deciduous broad-leaved 
mixed forest (400–800 m), deciduous broad-leaved and conif
erous mixed forest (800–1100 m), and dwarf forest and shrub 
(1100–1480 m), respectively.

The region is located at the intersection of the flora  of East 
China and Central China, and also at the intersection of the flora of 
South China and East China. Therefore, the flora  has obvious 
transitional characteristics (Liu and Wu, 2005), and southern 
tropical flora and northern temperate flora converging in this re
gion. This area is the northern boundary of many tropical-affiliated 
species in this province, such as Eurycorymbus cavaleriei and 
Amentotaxus argotaenia. Among 1915 seed plant species in the 
reserve, 357 genera (49.65%) are temperate-affiliated, and 334 
genera (46.45%) are tropical-affiliated (Liu and Wu, 2005).

2.2. Woody plant survey

We set up 32 20 m × 20 m permanent sampling plots along an 
elevational gradient from 300 m to 1360 m (Ma et al., 2022; Wang 
et al., 2023). Woody plant survey was conducted in 2016–2018. All 
woody stems with ≥1 cm DBH (diameter at breast height) were 
measured and identified to species. The Latin names of the species 
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were standardized using the R package U.Taxonstand (Zhang and 
Qian, 2023; Zhang et al., 2025) based on the World Flora Online 
(WFO, 2024) and the Flora of China (Wu et al., 1994–2013). Totally, 
there were 7586 individuals recorded in these plots, belonging to 
56 families, 118 genera, and 250 species. Considering huge differ
ences in the evolutionary history of gymnosperms and angio
sperms, seven gymnosperm species were excluded for the current 
analysis.

2.3. The measures of biogeographic affinities

Following the approach of Gonz�alez-Caro et al. (2020) and 
Culmsee et al. (2010), we categorized each genus into four cate
gories based on the areal-types of Chinese genera of seed plants by 
Wu (1991) and Wu et al. (2006) and the geographical distributions 
of these species in China (Fang et al., 2011). These categories were 
defined as (1) tropical genera: distributed exclusively in tropical 
regions, (2) tropical-centered genera: most species occur in trop
ical regions, with a few extending to subtropical and temperate 
areas, (3) temperate genera: distributed exclusively in temperate 
regions, (4) temperate-centered genera: most species occur in 
temperate regions, with a few extending to (sub)tropical areas. In 
this study, we merged tropical genera and tropical-centered 
genera into a single tropical-affiliated category, and similarly 
combined temperate genera and temperate-centered genera into a 
temperate-affiliated  category. Overall, there are 155 tropical- 
affiliated  species from 82 genera, 44 families, dominated by 
Lauraceae, Aquifoliaceae, Pentaphylacaceae and Rubiaceae, and 95 
temperate-affiliated  species from 36 genera, 22 families, domi
nated by Rosaceae, Fagaceae, Adoxaceae and Sapindaceae 
(Appendix A).

Biogeographic indexes were used as surrogates for the overall 
biogeographic affinity of each community and two biogeographic 
indexes were calculated using the formulas by Gonz�alez-Caro et al. 

(2020): (1) Biogeographic number index (BNI): BNI = log10

(
Ntemp

Ntrop

)
, 

where N is the sum of species numbers belongs to different 
biogeographic origin in each plot; (2) Biogeographic diameter in

dex (BDI): BDI = log10

(
BAtemp

BAtrop

)
, where BAtemp and BAtrop are the sum 

of stand basal area of only temperate-affiliated and only tropical- 
affiliated species in each plot, respectively. BNI or BDI > 0 when 
temperate-affiliated  species are dominant in the community, 
while BNI or BDI < 0 when tropical-affiliated species dominate 
(Gonz�alez-Caro et al., 2020).

2.4. Metrics of plant diversity and phylogenetic structure

Species richness (SR) and species evenness (SE) of different 
biogeographic affinities were calculated to quantify the taxonomic 
α diversity. To measure phylogenetic diversity and structure of 
plant communities, a species-level phylogenetic tree was con
structed first  using the R package ‘U.PhyloMaker’ (Jin and Qian, 
2023). To reduce the effect of species richness on measuring 
phylogenetic diversity, we calculated standard effect size of 
phylogenetic diversity (sesPD), the net relatedness index (NRI) and 
the nearest taxon index (NTI). NRI reflects  phylogenetic related
ness among taxa at both deep and shallow levels within a phylo
genetic tree, while NTI measures phylogenetic relatedness among 
taxa at a shallower level descending from superficial nodes within 
the phylogenetic tree. A positive NRI or NTI value indicates 
phylogenetic clustering, while a negative NRI or NTI value in
dicates phylogenetic evenness or overdispersion.

To consider the effect of species abundance for biodiversity 
measures, we calculated species richness (SE), phylogenetic 

species evenness (PSE; Matthew et al., 2007), and NRIab and NTIab 
taking abundance into account. All the metrics were calculated 
using R package “picante” (Kembel et al., 2010).

2.5. Environmental variables

We extracted the air temperature related variables from the 
CHELSA (Karger et al., 2021) and soil temperature related variables 
from the SoilTemp database (Lembrechts et al., 2022). Soil pH, total 
nitrogen (TN), total phosphorous (TP) of each plot were extracted 
from 90-m resolution National Soil Information Grids of China 
database (Liu et al., 2022). To evaluate the data quality of these 
variables from the public database, we analyzed the relations with 
our collected data for 12 of 32 plots with detailed field survey. We 
kept only the variables with strong correlations between observed 
and extracted variables. To reduce potential influence  of multi
collinearity among these variables, we finally selected minimum 
temperature of coldest month at soil (MTC), TP and the slope for 
further analyses.

2.6. Statistical analyses

To reduce the potential influence  of spatial autocorrelation, 
spatial multiple linear regression models (SLM) were used to 
assess the relative importance of biogeographic affinities  and 
environmental variables in determining plant taxonomic and 
phylogenetic diversity. For SLM, spatial simultaneous autore
gressive error models were used, which allow the inclusion of 
residual spatial autocorrelation in data (Kissling and Carl, 2008). 
Akaike's information criterion (AIC) was calculated to select the 
optimal model by comparing all possible models. The relative 
importance of each variable was quantified  by the summed AIC 
weights across all possible models (Zhang et al., 2013).

Structure equation models (SEMs) were built to simultaneously 
evaluate the effects of biogeographic affinities and environmental 
variables on each metric of plant diversity and phylogenetic 
structure. All variables were standardized to mean zero and vari
ance one before the analyses. The SEMs were run in R package 
‘piecewiseSEM’ (Lefcheck, 2016). All statistical analyses were con
ducted in R v.4.3.2 (R Core Team, 2023).

3. Results

3.1. Elevational patterns in taxonomic and phylogenetic diversity

For all plant species along elevations (Fig. 1a–d), there was no 
significant relationship for SR, while SE (R2 = 0.20, P < 0.05), sesPD 
(R2 = 0.16, P < 0.05) and PSE (R2 = 0.30, P < 0.01) decreased 
markedly. For species with different biogeographic affinities 
(Fig. 1), temperate-affiliated species richness had strongly positive 
trend along elevation (R2 = 0.23, P < 0.01), while negative relation 
for SE (R2 = 0.26, P < 0.01) and no significant trends for sesPD and 
PSE. For tropical-affiliated species, only sesPD showed a decreasing 
pattern along elevations (R2 = 0.16, P < 0.05).

For two measures of biogeographic affinity (Fig. 1e and f), both 
BNI (R2 = 0.51, P < 0.001) and BDI (R2 = 0.19, P < 0.05) increased 
obviously along elevations. BNI and BDI were greater than zero 
when elevations above ~800 m, suggesting that temperate- 
affiliated species gradually dominated at higher elevations.

For phylogenetic structure (Fig. 2), phylogenetic clustering for 
both NRI (R2 = 0.12, P = 0.06) and NTI (R2 = 0.16, P < 0.05) along 
elevations were documented. When taking abundance into 
consideration, NRIab (R2 = 0.31, P < 0.001) showed strongly posi
tive relationship with elevations, while NTIab had no pattern.
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3.2. The determinants of plant diversity patterns

The results of both linear models and SEM showed that 
biogeographic affinity  and cold temperature majorly controlled 
the elevational patterns of taxonomic and phylogenetic diversity 
(Table 1 and Fig. 3). BNI or BDI were the most important factors for 

sesPD or SR. MTC was positively correlated with SR, SE and PSE, 
while slope and soil TP had no significant effect on nearly all di
versity measures.

For phylogenetic structure (Table 2 and Fig. 4), BNI had signif
icantly positive effects on NRI and NTI, but not on NRIab and NTIab. 
MTC had direct effect only on NRIab, and indirect effect on NRI and 

Fig. 1. Elevational patterns of taxonomic and phylogenetic α diversity. (a) SR: species richness; (b) sesPD: standard effect size of phylogenetic diversity; (c) SE: species evenness; 
(d) PSE: phylogenetic species evenness; (e) BNI: biogeographic number index; (f) BDI: biogeographic diameter index.
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NTI through negatively affecting BNI and BDI. The slope and TP had 
little direct or indirect effect on phylogenetic structure, except for 
the effects of slope on NRI and TP on NTIab.

4. Discussion

In this study, we found the inconsistent patterns between 
taxonomic and phylogenetic diversity. After considering depen
dence of species richness, phylogenetic diversity showed strongly 
declining trends along elevational gradients. This pattern suggests 
the dominance by younger clades (e.g., the genus Rhododendron) at 
higher elevations, resulting in greater phylogenetic clustering 
among terminal taxa in high-elevation communities compared to 
low-elevation assemblages. The inconsistent patterns are similar 

with the studies in several subtropical mountains, such as Mt. 
Tianmushan (Zhang et al., 2021) and Mt. Nanling (Guan et al., 
2024). By incorporating the information of species abundance, 
we found that species abundance provides novel insights into 
understanding plant community assembly (Zhang et al., 2021). SE 
and PSE decreased along elevations, suggesting that woody plant 
communities were gradually dominated by a few genera like 
Rhododendron and Carpinus that are temperate-affiliated.

Our study showed that the phylogenetic diversity of tropical- 
affiliated  versus temperate-affiliated species showed the oppo
site trends over the elevational gradient: the proportion of tropical 
species decreased with elevation, while temperate species 
increased. These results support our first  prediction, showing a 
clear replacement of temperate-affiliated  lineages along the 

Fig. 2. Elevational patterns of phylogenetic structure. (a) NRI: the net relatedness index; (b) NRIab: the abundance-weighted net relatedness index; (c) NTI: the nearest taxon 
index; (d) NTIab: the abundance-weighted nearest taxon index.

Table 1 
The results of spatial linear models with taxonomic and phylogenetic diversity as response variables, and environmental variables and biogeographic affinity as predictors. 
Blank cells indicate variables that were not included in the optimal model. Coef. is the standardized regression coefficient, indicating the relative importance of variables in 
the optimal model; sumW is the summed AIC weights for each predictor across all possible models. MTC: minimum temperature of coldest month at soil; Slope: slope of 
sampling sites; TP: total phosphorous of soil; Significance levels are *P < 0.05, **P < 0.01 and ***P < 0.001.

Variables SR SE PSE sesPD

Coef. sumW Coef. sumW Coef. sumW Coef. sumW

BNI 0.356 0.428 0.423 − 0.629*** 0.856
BDI 0.738*** 0.998 0.336 0.268 0.561 0.537
MTC 0.223 0.614 0.458** 0.962 0.684*** 0.997 0.302
Slope 0.274 0.276 0.316 − 0.308 0.657
TP 0.369 0.321 0.288 0.303
R2 0.397 0.062 0.191 0.297
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Fig. 3. Structural equation models (SEM) showing the importance of biogeographic affinity and environmental factors on explaining taxonomic and phylogenetic diversity. (a) SR: 
species richness; (b) SE: species evenness; (c) sesPD: standard effect size of phylogenetic diversity; (d) PSE: phylogenetic species evenness. The standardized path coefficients are 
shown in the figures. Red and black dashed arrows represent positive and negative relations, respectively. Significance levels are *P < 0.05, **P < 0.01 and ***P < 0.001.

Table 2 
The results of spatial linear models with phylogenetic structure as response variables, and environmental variables and biogeographic affinity as predictors. Other expla
nations are the same with Table 1.

Variables NRI NRIab NTI NTIab

Coef. sumW Coef. sumW Coef. sumW Coef. sumW

BNI 0.731** 0.969 0.298 0.372* 0.580 0.391
BDI 0.277 0.658 0.294 0.378 − 0.352 0.634
MTC 0.293 0.607 − 0.559*** 0.970 0.496 − 0.248 0.450
Slope 0.280 0.750 0.396 0.392 − 0.388* 0.782
TP 0.284 − 0.259 0.702 0.287 − 0.421* 0.769
R2 0.572 0.455 0.150 0.263

Fig. 4. Structural equation models (SEM) showing the importance of biogeographic affinity and environmental factors on explaining phylogenetic structure. (a) NRI: the net 
relatedness index; (b) NRIab: the abundance-weighted net relatedness index; (c) NTI: the nearest taxon index; (d) NTIab: the abundance-weighted nearest taxon index.
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elevations. Specifically, the relative richness and dominance of 
temperate-affiliated species increased with elevation. This pattern 
is consistent with the biogeographic affinity hypothesis (Harrison 
and Grace, 2007). The study was consistent with the contrasting 
distribution patterns between tropical and temperate genera on 
Mt. Taishan in northern China (Zhang et al., 2016), and in Mt. 
Gaoligong of southwestern China (Ma et al., 2024). These obser
vations suggested that biogeographical affinities  reflect different 
tolerances of environments (Peters et al., 2016; Nottingham et al., 
2018).

We also found that BNI and BDI increased obviously along el
evations. BNI and BDI were greater than zero at elevations above 
~800 m, suggesting that temperate-affiliated species gradually 
dominated at higher elevations in Mt. Guanshan. The significantly 
increasing species richness of temperate-affiliated species and 
growing biogeographic affinity indices (BDI and BNI) might reveal 
that temperate-affiliated species gradually dominate higher ele
vations like Castanopsis tibetana, Quercus myrsinifolia, and Liquid
ambar formosana, providing strong supports for biogeographic 
affinity hypothesis. Woody plant communities at lower elevations 
(approximately < 750 m) were dominated by tropical-affiliated 
species like Magnolia chapensis, Camellia caudata, Alniphyllum for
tune and Itea omeiensis. The increasing BNI and BDI with elevation 
suggest a shift in the primary contributors to aboveground 
biomass from tropical-affiliated species at lower elevations to 
temperate-affiliated  species at higher elevations. In contrast to 
temperate-affiliated  species, tropical-affiliated species exhibited 
reductions in both size and dominance along the elevational 
gradient. These differences between the two biogeographic groups 
reflect distinct ecological strategies and environmental responses. 
Specifically, tropical species may prioritize rapid growth and 
resource acquisition in stable lowland environments, whereas 
temperate species likely adapt stress-tolerant traits suited to 
harsher high-elevation conditions (Worthy et al., 2019; Gonz�alez- 
Caro et al., 2020).

For phylogenetic structure of woody plant communities, add
ing information of abundance indeed altered elevational patterns 
which supports to consider abundance in phylogeny to display a 
more real pattern. Increasing trends along elevational gradients for 
NRI and NTI demonstrated phylogenetic clustering, which has 
been reported in Mt. Diaoluoshan, Mt. Jianfengling, and Mt. 
Bawangling of Hainan Island (Liu et al., 2021). According to the 
hypothesis of phylogenetic niche conservatism, the phylogenetic 
clustering pattern is commonly explained as a result of environ
mental filtering  (such as winter coldness and soil properties) at 
higher elevations, because coexisting species are generally 
ecologically similar, so their ecological traits are phylogenetically 
conserved. Conversely, the phylogenetic dispersion pattern at 
lower elevations is commonly explained as a result of interspecific 
competition, because more closely related species are expected to 
have widely overlapped niches which would lead to co-occurrence 
of distantly related species within a local assemblage (Qian et al., 
2014).

With regard to the drivers of plant diversity patterns, minimum 
temperature of coldest month and biogeographic affinity  played 
vital roles in plant community assembly in Mt. Guanshan. The SEM 
analysis revealed a negatively causal relationship between winter 
temperature and both BNI and BDI. It has been widely verified that 
winter temperature is of great importance in shaping community 
composition and structure (Qian et al., 2020), which can directly 
impact demographic rates or indirectly via BNI and BDI to filter 
suitable species with different biogeographic affinities to assemble 
plant community. The temperature variation from root to peak of 
Mt. Guanshan can up to 6 ◦C in winter that providing unsuitable 
habitats for tropical-affiliated species at higher elevations, 

whereas temperate-affiliated species can adapt well (Wang et al., 
2023). For example, Rhododendron, one of the largest flowering 
plant genera originated at north-eastern Asia since early Miocene 
(ca. 16.6 Mya) and retained from the Quaternary glacial period, and 
now contributes a large proportion of abundance and biomass of 
plant communities in the middle and higher elevations (Zou et al., 
2021). Under the combined influence of biogeographic affinity and 
winter temperature, closely related temperate-affiliated species 
coexisting at high elevations, resulting the phylogenetic clustering 
of plant community structure with increasing elevations. That is 
consistent with the results of the phylogenetic structure of woody 
plants in East Eurasia (Su et al., 2020). In addition, tropical species 
at low elevations usually show obvious divergence of traits and 
plant communities tended to be phylogenetically overdispersed at 
lower elevations (Zhang et al., 2021). This is because at lower el
evations, plants tend to keep diverse traits to respond to increasing 
competitive exclusion, whereas tropical clades are prevented from 
expanding to higher elevations. Our findings also provide evidence 
for the second prediction. The observed increase in phylogenetic 
clustering at higher elevations suggests that both historical con
straints and contemporary environmental filtering act in concert. 
First, biogeographic affinity  limits the species pool size at each 
elevation belt. Second, minimum winter temperature emerges as 
the dominant filter determining which lineages persist, consistent 
with the idea that cold tolerance is phylogenetically conserved 
(Wiens and Donoghue, 2004; Peters et al., 2016).

Whether or not considering abundance information led to 
different patterns and altered main predictors, indicating that 
abundance-weighted community-level measures of phylogenetic 
diversity are better predictors of ecosystem processes than the 
unweighted metrics (Cadotte et al., 2010; Zhang et al., 2021). In our 
study, when disregarding abundance, BNI had significantly posi
tive effects on NRI and NTI, suggesting that biogeographic origins 
have a fundamental effect on species pool and deciding commu
nity composition. However, after taking abundance into account, 
local environment factors (e.g., minimum temperature of coldest 
month, slope and soil phosphorous) became the main factors 
affecting phylogenetic structure, while biogeographic affinity had 
weak effect on phylogenetic structure, indicating that biogeo
graphic affinity  might control whether species can colonize at 
somewhere while local environment mainly determining their 
fitness.

In conclusion, we mainly explored the joint effects of biogeo
graphic affinity  and environmental variables on woody plant 
community assembly along a subtropical elevational gradient with 
typical transitional characteristics. Species with tropical and 
temperate-affinities  dominate the woody plant communities at 
lower and higher elevations, respectively. Winter temperature can 
be a barrier for tropical-affiliated species colonizing higher ele
vations and results in phylogenetic clustering along elevations. 
Biogeographic affinity mainly regulates which species can access 
while local environment determines their fitness, and jointly af
fects elevational patterns of diversity. Our findings  suggest that 
local environment and biogeographic affinity  jointly lead to 
temperate-affiliated species dominated at higher elevations and 
shape woody plant community assembly in mountains.
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