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Abstract

Aims
The evolutionary history and functional traits of species can illumi-
nate ecological processes supporting coexistence in diverse forest 
communities. However, little has been done in decoupling the rela-
tive importance of these mechanisms on the turnover of phylogenetic 
and functional characteristics across life stages and spatial scales. 
Therefore, this study aims to estimate the contribution of environment 
and dispersal on the turnover of phylogenetic and functional diversity 
across life stages and spatial scales, in order to build a coherent pic-
ture of the processes responsible for species coexistence.

Methods
We conducted the study in Xishuangbanna Forest Dynamics Plot in 
Yunnan Province, southwest China. We used four different spatial 
point process models to estimate the relative importance of disper-
sal limitation and environmental filtering. The functional traits and 
phylogenetic relationships of all individual trees were incorporated 
in the analyses to generate measures of dissimilarity in terms of pair-
wise and nearest-neighbor phylogenetic and functional characteris-
tics across life stages and spatial scales.

Important Findings
We found non-random patterns of phylogenetic and functional 
turnover across life stages and spatial scales. Environmental 
filtering structured pairwise phylogenetic and functional beta 
diversity across spatial scales, while dispersal limitation alone, 
and in combination with environment filtering, shaped nearest 
neighbor phylogenetic and functional beta diversity. The relative 
importance of dispersal limitation and environmental filtering 
appeared to change with life stage but not with spatial scale. Our 
findings suggest that phylogenetic and functional beta diversity 
help to reveal the ecological processes responsible for evolu-
tionary and functional assembly and highlight the importance of 
using a range of different metrics to gain full insights into these 
processes.
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INTRODUCTION
It is widely accepted that a combination of niche-based deter-
ministic processes and dispersal-based stochastic processes 
are responsible for structuring plant communities (Brown 
et  al. 2013; Myers et  al. 2013). Both types of process have 
their own particular influence on community spatial struc-
ture, making them potentially detectable through a range of 

spatial statistics (Brown et al. 2016; May et al. 2015). However, 
while the statistical techniques and census data necessary for 
estimating underlying processes are now widely available 
(Law et al. 2009; Velázquez et al. 2016; Wiegand and Moloney 
2014), several important ecological questions remain unre-
solved. In particular, disentangling the roles of different 
ecological mechanisms is a key step towards understanding 
community assembly rules. One way to achieve this is to test 
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the importance of evolutionary history and functional traits 
for community spatial structure.

Indeed, the spatial turnover of tree communities is a major 
focus of ecological research. Species beta diversity has long 
been used to extend knowledge and make inferences about 
the driving forces of community composition (Condit et  al. 
2002; Kraft et al. 2011; Legendre et al. 2005; Myers et al. 2013; 
Yuan et al. 2011). For instance, Condit et al. (2002) used spe-
cies beta diversity to explore the roles of habitat filtering and 
dispersal limitation in shaping species turnover in tropical for-
ests, while Wang et al. (2011) applied a spatial point pattern 
approach to analyze species beta diversity in two temperate 
forests to identify the signals of different ecological processes. 
Moreover, De Cáceres et  al. (2012) analyzed species turno-
ver at larger scales to partition the variation explained by the 
environment and dispersal limitation along a latitudinal range. 
Nevertheless, species beta diversity has been criticized for its 
neglect of information about evolution and functional traits 
that might illuminate structuring mechanisms (McGill et  al. 
2006). As a result, the concept of species beta diversity has 
recently been integrated with evolutionary and functional 
information to explore whether spatial changes in phyloge-
netic and functional assemblages indicate the action of par-
ticular ecological mechanisms in different forest types (Mi et al. 
2016; Wang et al. 2015). Therefore, spatial patterns of phyloge-
netic and functional turnover could provide important signals 
of evolutionary and functional-based assembly processes.

Functional and phylogenetic approaches have been 
increasingly used to make adequate inferences about 
the relative importance of assembly mechanisms on spe-
cies coexistence (Kraft and Ackerly 2010). The incorpo-
ration of these evolutionary and trait data in community 
assembly analyses not only help to partition the contribu-
tion of ecological processes, but also how these processes 
vary with the degree of species relatedness and similar-
ity (Emerson and Gillespie 2008). Furthermore, they help 
to explore how relatedness in the evolution and function 
of the species affects the species turnover in space (Fine 
and Kembel 2011). However, such studies of evolutionary 
and functional beta diversity have so far been rare, par-
ticularly using advanced spatial statistical methods (Illian 
et al. 2008; Wiegand and Moloney 2014), and/or consider-
ing variations across spatial scales and life stages (Swenson 
et  al. 2007). These methods more often used the spatial 
structure of individual trees based on their exact locations 
to link patterns with underlying processes (Wiegand and 
Moloney 2014). Most previous studies of functional and 
phylogenetic turnover lack this explicit spatial information 
of trees to make inferences about driving forces (Wang 
et al. 2015).

It is also known that the relative importance of ecologi-
cal mechanisms varies considerably across life stages of trees 
(Lasky et al. 2015) and, that community assembly mechanisms 
vary greatly in strength across spatial scales (Cavender-Bares 
et  al. 2006; Swenson et  al. 2006; Vamosi et  al. 2009). For a 

tropical forest community in southwest China, trees at early 
life stages have been found to be phylogenetically clustered, 
while those at later stages have been found to be phylogeneti-
cally overdispersed (Yang et  al. 2014). Similar overdispersion 
occurs in the functional distribution of trees at small spatial 
scales, while at large spatial scales trees of all life stages show 
functional clustering in the same tree community (Yang et al. 
2014). Clustering of both phylogenetic and functional strategies 
was also found along different niche axes (Asefa et al. 2017). 
These functional and phylogenetic alpha distribution patterns 
imply corresponding changes in functional and phylogenetic 
beta diversity that have been little investigated but which may 
hold important clues about the roles of mechanisms such as 
environmental filtering and dispersal limitation in community 
structures (Swenson et al. 2012; Yang et al. 2015).

We hypothesized that environmental homogeneity makes 
dispersal limitation most important at small scales and early 
life stages, with environmental filtering becoming stronger 
at larger, more environmentally heterogeneous scales and 
later life stages. In order to test this hypothesis, we analyzed 
phylogenetic- and functional-based turnover of trees across 
life stages and spatial scales using a spatial point pattern 
approach in the seasonal tropical forest in Xishuangbanna, 
southwest China. Specifically, we used spatial point pro-
cess models to estimate the relative importance of random 
placement, environmental filtering, dispersal limitation 
and the joint-effect of environmental filtering and dispersal 
limitation on the structure of phylogenetic and functional 
beta diversity across stem sizes and three spatial scales (20 
m × 20 m, 50 m × 50 m and 100 m × 100 m) in the tree 
community.

METHODS
Study area

We conducted this study in the 20-ha Xishuangbanna Forest 
Dynamics Plot (FDP) in Yunnan Province, southwest China 
(21°37′08″ N, 101°35′07″ E) (see online supplementary Fig. S1) 
that represents a seasonal tropical rainforest with Parashorea 
chinensis (Dipterocarpaceae), Pittosporopsis kerrii (Icacinaceae) 
and Garcinia cowa (Clusiaceae) as dominant species. It is mainly 
characterized by warm-wet air masses from the Indian Ocean 
and continental air masses from the sub-tropical regions in 
summer and winter respectively, which results in an alterna-
tion of dry and rainy seasons with a typical monsoon climate. 
The mean annual rainfall and temperature are 1 493 mm and 
21.8°C, respectively (Cao et al. 2006). The topography of the 
plot is heterogeneous with an elevational range from 709 m 
to 869 m. The plot is trisected by three perennial streams that 
join in the southwest of the plot (Lan et al. 2009). The first cen-
sus was held in 2007. The measurement, mapping and identi-
fication of the species were carried out for all the freestanding 
woody stems ≥ 1 cm in diameter at 130 cm from the ground 
(diameter at breast height [DBH]) (Condit 1998).
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Environmental data

We included soil variables and topography as environmental 
factors in our analysis. Based on the protocols indicated in John 
et al. (2007), soils data were previously collected as described 
in Hu et al. (2012). These data include measures of soil pH, 
organic matter content, total nitrogen, total phosphorus, total 
potassium, available nitrogen, available phosphorus, avail-
able potassium, soil bulk density and soil moisture. Soil sam-
ples were collected from a regular grid of 30 × 30 m in the 
20-ha plot. We used 252 nodes from these grids as sampling 
points. Two additional sampling points were created at ran-
dom combinations of 2 and 5 m, 2 and 15 m or 5 and 15 m 
along a random compass bearing away from each grid point. 
We removed the litter and humus layer from these sampling 
points and collected 500 g topsoil at a depth of 10  cm. We 
collected 756 fresh soil samples and transported them to the 
Biogeochemistry Laboratory at the Xishuangbanna Tropical 
Botanical Garden.

Elevation, convexity, slope and aspect were also measured 
in each of the 500 20 m × 20 m quadrats in the full plot. 
Elevation was calculated as the mean of the four corners of 
each 20 m × 20 m subplot and convexity as the elevation 
of each quadrat minus the mean elevation of the eight sur-
rounding quadrats (in the case of edge quadrats, convexity 
was calculated as the elevation of the center minus mean 
elevation of the four corners of the quadrat) (Valencia et al. 
2004). Slope was calculated as the average angular deviation 

from horizontal of each of the four triangular planes produced 
by connecting three of the corners of each quadrat (Harms 
et al. 2001).
Aspect was calculated as:
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where fx  is the elevation difference from east to west in 
the quadrat and fy  is the elevation difference from north 
to south.

To estimate the relative importance of ecological processes 
on phylogenetic and functional beta diversity at different spa-
tial scales, we divided the full plot into square quadrats with 
different sizes: 20 m × 20 m (n = 500), 50 m × 50 m (n = 80) 
and 100 m × 100 m (n = 20). We indicated the plot layout of 
the 20-ha Xishuangbanna FDP (Fig. 1).

Trait selection and measurement

We collected vegetation samples in the plot to get trait data 
for the tree species (Cornelissen et  al. 2003). Eleven func-
tional traits were selected that are expected to reflect the 
trade-offs in the function of leaves, wood and seeds of the 
trees (Westoby 1998; Westoby et  al. 2002). We measured 
leaf area (cm2), specific leaf area (SLA, cm2 g−1), leaf chloro-
phyll content (g cm−1), leaf thickness (mm), water content 
of the leaf, leaf mass, leaf weight, wood resistance (g cm−3), 
maximum tree height (m), seed dry mass (g) and maximum 

Figure 1: plot layout of the 20-ha Xishuangbanna FDP. The 20-ha plot was divided into 500 20 × 20 m square quadrats (each square is  
20 m × 20 m). All trees in each quadrat were recorded. Soil and topographical variables were measured in each quadrat as described above.
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tree diameter at breast height (cm). For leaf traits measure-
ment, we selected adult trees with a height of ten meters for 
the collection of sun-exposed outer canopy matured leaves. 
However, for those species less than 10 m tall, shade-toler-
ance was assumed and shade leaves were collected.

We collected at least three leaves with no large cover of epi-
phylls from each of five individuals of each species belonging 
to 428 taxa. The collected leaves were checked for any appar-
ent symptoms of pathogen and herbivore attack (Cornelissen 
et  al. 2003). We measured wood-specific resistance using 
Resistograph (Isik and Li 2003) on the five largest individu-
als for each of the 428 taxa. For those species that do not 
reach 10 m in height, we used main branch material. Using 
traits from adult trees alone could limit the effort to disen-
tangle the driving forces for community structure, given that 
traits could vary across life stages of a species (Spasojevic et al. 
2014). However, this variation is expected to be small (Wright 
et al. 2010), and adult traits better reflect the variation of spe-
cies in evolutionary history, functional strategies and demo-
graphic structure among the species. Therefore, we took adult 
traits as representative across life stages, and used the mean 
trait values of each species for analysis. Based on the covari-
ance matrix of species mean trait values (log-transformed), 
we constructed a trait dendrogram using hierarchical cluster-
ing of the Unweighted Pair Group Method, and used this to 
compute a distance matrix between species.

Phylogenetic tree reconstruction

A phylogenetic tree was reconstructed for 428 species using 
the commonly used DNA barcode markers: - rbcL, matK and 
trnH-psbA which were derived from the chloroplast genomic 
material. In addition, the nuclear ribosomal internal tran-
scribed spacer (ITS) has also been used to generate a DNA 
supermatrix (Kress et  al. 2009). According to Kress et  al. 
(2010), a global multiple sequence alignment was imple-
mented for the rbcL and matK DNA markers whereas, for 
the trnH-psbA and ITS markers, due to high rate variation of 
sequences, SATé was utilized for the family-based alignment 
(Liu et al. 2012). The DNA supermatrix was then created by 
concatenated all the aforementioned alignments. The max-
imum likelihood (ML) analysis was carried out using RA x 
ML software to analyze the DNA supermatrix (Stamatakis 
2006) for the best search of phylogenetic tree using the APG 
III phylogenetic tree as a guide tree which enables to fix the 
deep evolutionary relationship of species (Kress et al. 2010). 
Bootstrap analysis was undertaken in order to estimate node 
support for which 50% cutoff was taken. Nodes with less than 
50% support being collapsed into soft polytomies. We ultim-
ately applied the non-parametric rate smoothing method in 
r8s software package to produce ultrametric phylogenetic tree 
(Sanderson 2003).

Tree DBH-size

In order to make inferences about the importance of tree 
life stages for species distributions, we made comparisons 

between trees at different stem sizes. Based on the diameter 
size distribution of stems, we divided stem diameters into 
three size classes: low, medium and high DBH, used to rep-
resent different life stages (Bagchi et al. 2011). We used one-
third quantiles of the DBH-size of stems for each species to 
make sure that a sufficient number of stems was included in 
each of the three DBH-size classes, and species composition 
and abundances in each size class were nearly equivalent. 
For each of the DBH-size classes, species with abundances 
of at least 30 individuals were included in the point process 
models (described below), and as a result a total of 144 tree 
species were included in our analysis (see online supplemen-
tary Appendix A2). We also combined the DBH-size classes 
together (labeled as ‘all DBH-size class’) to explore the effect 
of ecological mechanisms without categorizing trees into dif-
ferent stem sizes.

Spatial point process models

We used a spatial point pattern approach based on the exact 
location of trees (Illian et  al. 2008; Wiegand and Moloney 
2014) to test the relative importance of different ecological 
processes for phylogenetic and functional beta diversity. We 
used four point process models: the Homogeneous Poisson 
process, Inhomogeneous Poisson process, Homogeneous 
Thomas process, and Inhomogeneous Thomas process 
(Detailed explanations are given for each spatial point pro-
cess model in the supporting information; online supple-
mentary Appendix A1). These were used as null models to 
estimate the role of random effect, environmental filtering, 
dispersal limitation and joint-effect of dispersal limitation 
and environmental filtering, respectively on the species area 
curve (Shen et  al. 2009). We separately fitted these point 
process models to the observed distribution pattern of each 
species, and generated a realization of the fitted model for 
each species in each DBH-size class. Finally, we independ-
ently superimposed the generated patterns of all species to 
produce one null community in each DBH-size class. Each of 
the models was used to generate 100 null communities for 
each DBH-size class. We then calculated the average phylo-
genetic and functional beta diversity across the null com-
munities, and compared it to the observed phylogenetic and 
functional beta diversity. The simulation process and com-
putation of phylogenetic and functional beta diversity is 
illustrated in Fig. 2.

We estimated the parameters of the four process models 
for each species based on the method of Waagepetersen and 
Guan (2009). The maximum likelihood method was applied 
for estimation of the intensity function λ( )s  using environ-
mental variables for inhomogeneous Poisson process model. 
The minimum contrast method was used to estimate disper-
sal-related parameters for the Thomas models.

Goodness of fit of the models

To evaluate the performance of the null models, we used two 
methods.
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Firstly, we constructed the 95% simulation envelope for 
each model, and if the observed phylogenetic and functional 
beta diversity values fell within the 95% simulation envelope 
the model was considered adequate, and otherwise rejected 
(Wang et  al. 2011; Wiegand and Moloney 2014). Secondly, 
we identified the best-fit model using the R-squared statistic 
which is used to explain the contribution of each model for 
phylogenetic and functional beta diversity.

R SSE SST2 1= - / ,

 where

SSE D r D r
r obs pre= -å [ ( ) ( )] ,2

and

SST D r mean D
r obs obs= -å [ ( ) ( )] .2

D rpre( ) is the predicted phylogenetic or functional beta diver-
sity value, D robs( )  is the observed phylogenetic or functional 
beta diversity value and mean Dobs( )  is the mean value of the 
observed phylogenetic or functional value over all the dis-
tances analyzed (Wang et al. 2015).

Analyzing phylogenetic and functional beta 
diversity

We analyzed the phylogenetic and functional beta diversity 
for the observed and each simulated null community for each 

Figure 2: a diagram illustrating the simulation process by the four point process models and the respective analysis of phylogenetic and func-
tional beta diversity. HP = Homogeneous Poisson process model; HT = Homogeneous Thomas process model; IP = Inhomogeneous Poisson pro-
cess model; IT = Inhomogeneous Thomas process model.
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DBH-size class across spatial scales. We log-transformed the 
functional trait data and constructed a Euclidean trait distance 
matrix. A trait dendrogram which is a representation of traits 
similarity among taxa (Swenson et al. 2011), was then con-
structed from this matrix using the Unweighted Pair Group 
Method with Arithmetic Mean (UPGMA) hierarchical cluster-
ing method (Swenson 2014).

We used two metrics (the mean pairwise ( ’)Dpw  and the 
mean nearest neighbor ( ’)Dnn  phylogenetic or trait distance) 
to compute the phylogenetic and functional beta diversity 
between subplots on the basis of abundance-weighted data 
from the molecular phylogenetic tree and trait dendrogram in 
the Xishuangbanna FDP (Rao 1982; Ricotta and Burrascano 
2008). Dpw ’  and Dnn ’,  respectively are the ‘basal’ and ‘ter-
minal’ metrics of phylogenetic and/or trait beta diversity 
(Swenson 2011):

 D
f f
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i ik j jkj
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== åå δ δ
2 1
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where δ ik2
 is the mean pairwise phylogenetic or trait distance 

between species i  in community k1  to all species in commu-
nity k2;  and δ jk1

 is the mean pairwise phylogenetic or trait 
distance between species j  in community k2  to all species in 
community k1;  min δ ik2

is the nearest neighbor phylogenetic 
or trait distance between species i  in community k1  to all 
species in community k2;  and min δ jk1

 is the nearest neigh-
bor phylogenetic or trait distance between species j  in com-
munity k2  to all species in community k1;  and fi and fj  are 
the relative abundance of species i in community k1  and spe-
cies j  in community k2  (Yang et al. 2015). We conducted the 
analyses using the ‘ecodist’ (Goslee and Urban 2007), ‘vegan’ 
(Oksanen et al. 2016) and ‘picante’ (Kembel et al. 2010) pack-
ages in R software.

Since phylogenetic and functional beta diversity measures 
are different in their sensitivity to the depth of phylogenetic 
and dendrogram turnover (Swenson 2011), we used both the 
pairwise and nearest neighbor distance metrics. The pairwise 
metric computes the phylogenetic and functional distances 
between each pair of species in the two communities from 
all levels of the phylogenetic tree and dendrogram (Swenson 
2014; Webb et al. 2008). Therefore, it provides an overall pic-
ture of the phylogenetic and functional turnover at all lev-
els of the phylogeny and dendrogram. The nearest neighbor 
metric however, calculates the phylogenetic and functional 
distance from each species to its closest relatives in the com-
munities between plots, and each community is largely com-
posed of the same phylogenetic components (Swenson 2011; 
Webb et al. 2008). It ignores the distances of the species from 
the deep basal part of the phylogeny, and so is ideal for detect-
ing subtle turnover in composition between communities of 
each plot that may not be detected with pairwise metrics, 

and thus provides information on the turnover of species at 
the tip level of the phylogenetic tree/dendrogram (Swenson 
et  al. 2012). We compared the phylogenetic and functional 
beta diversity of all plots with other plots for each spatial scale 
considered (20 m × 20 m, 50 m × 50 m and 100 m × 100 m).

RESULTS
Phylogenetic beta diversity

We used a spatial point pattern based approach to explore the 
importance of different ecological mechanisms for phylogen-
etic and functional turnover in a tropical forest. We found 
that the random point process model (representing random 
distribution) produced a poor approximation to the observed 
phylogenetic beta diversity across all DBH-size classes and 
spatial scales (Figs 3 and 4). Interestingly, we found that the 
performance of point process models depended strongly on 
the metric of measurement used to estimate phylogenetic and 
functional beta diversity. The inhomogeneous Poisson pro-
cess model (representing environmental filtering) produced 
good predictions of mean pairwise phylogenetic beta diversity 
(Fig. 3), but the homogeneous Thomas model (representing 
dispersal limitation) performed better for nearest neighbor 
phylogenetic beta-diversity patterns for the early life stage 
(Fig. 4). We also found that the inhomogeneous Thomas pro-
cess (dispersal + environment) performed well in reproducing 
the nearest neighbor phylogenetic beta diversity for later life 
stages. Our results in general show that the dissimilarity of 
observed communities increased with distance, as expected.

Functional beta diversity

The random point process model (random effect) was also 
found to give the poorest fit to functional beta diversity across 
all DBH-size classes and spatial scales (Figs  5 and 6). Once 
again, the inhomogeneous Poisson (representing for environ-
mental filtering) and the homogeneous Thomas process (rep-
resenting for dispersal limitation) models better reproduced 
the mean pairwise and nearest neighbor functional beta 
diversity, respectively (Figs 5 and 6). Moreover, the inhomo-
geneous Thomas process model (dispersal + environment) 
also provided good predictions of the nearest neighbor func-
tional turnover of species.

Life stage and spatial scale

Varying the DBH-size class under analysis for nearest neighbor 
phylogenetic and functional beta diversity produced differ-
ences in the relative ranking of point process models. Dispersal 
limitation primarily structured the lower-DBH size class, while 
dispersal and environment jointly structured the remaining 
life stages across spatial scales (Figs 4 and 6; Tables 1 and 2). 
However, this mixed role of ecological mechanisms across life 
stages was not observed for pairwise phylogenetic and func-
tional beta diversity, where the inhomogeneous Poisson pro-
cess (representing environmental filtering) remained most 
successful in filtering the phylogenetic and functional beta 
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Figure  3: plots of the observed and simulated pairwise phylogenetic beta diversity across DBH-size classes at different spatial scales in 
Xishuangbanna FDP. HP, HT, IP and IT represent Homogeneous Poisson model, Homogeneous Thomas model, Inhomogeneous Poisson model 
and Inhomogeneous Thomas model, respectively.

Figure 4: plots of the observed and simulated nearest neighbor phylogenetic beta diversity across DBH-size classes at different spatial scales in 
Xishuangbanna FDP. HP, HT, IP and IT represent Homogeneous Poisson model, Homogeneous Thomas model, Inhomogeneous Poisson model 
and Inhomogeneous Thomas model, respectively.
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Figure  5: plots of the observed and simulated pairwise functional beta diversity across DBH-size classes at different spatial scales in 
Xishuangbanna FDP. HP, HT, IP and IT represent Homogeneous Poisson model, Homogeneous Thomas model, Inhomogeneous Poisson model 
and Inhomogeneous Thomas model, respectively.

Figure 6: plots of the observed and simulated nearest neighbor functional beta diversity across DBH-size classes at different spatial scales in 
Xishuangbanna FDP. HP, HT, IP and IT represent Homogeneous Poisson model, Homogeneous Thomas model, Inhomogeneous Poisson model 
and Inhomogeneous Thomas model, respectively.
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diversity expressed as mean pairwise-distance at all spatial 
scales. Varying the spatial scale of analysis for both pairwise 
and nearest neighbor phylogenetic and functional beta diver-
sity in general did not produce substantial differences in the 
relative ranking of point process models suggesting that the 
role of underlying ecological processes in structuring phyloge-
netic and functional patterns is more or less consistent across 
spatial scales, in contrast to our expectation.

DISCUSSION
Phylogenetic and functional beta diversity

We found that the observed phylogenetic and functional beta 
diversities were strongly non-random, with turnover being 
more rapid across space than expected by chance (as previ-
ously found by, e.g. Yang et al. (2015) in the same tropical 
forest). The random placement model was found to be poor 
in predicting the phylogenetic and functional turnover as the 
observed pattern is out of the confidence interval (online 
supplementary Figs  S2–S13). However, such non-random 
patterns are known to be generated by both deterministic and 
stochastic forces in tropical forests (Fine and Kembel 2011; 
Swenson et al. 2011). Interestingly, the underlying ecological 

processes identified as most likely to produce observed phy-
logenetic and functional turnover were found to depend on 
the metric of measurement used. Generally, environmental 
filtering was found to be responsible for pairwise phyloge-
netic and functional turnover of the community, whereas 
dispersal limitation alone, and in combination with environ-
mental filtering was found to be responsible for the nearest 
neighbor phylogenetic and functional turnover.

The role of different ecological processes in structuring 
phylogenetic and functional turnover is supported by some 
previous studies. For instance, in tropical tree communities 
in Panama, Zhang et  al. (2013) reported that environmen-
tal distance determined mean pairwise phylogenetic beta 
diversity, while geographical distance, which relates to dis-
persal limitation, influenced the mean nearest neighbor phy-
logenetic dissimilarity between plots. However, Baldeck et al. 
(2016) showed that the effect of environmental filtering was 
stronger than dispersal limitation on nearest neighbor phy-
logenetic beta diversity across eight tropical forest communi-
ties, albeit in the context of phylogenetic clustering that is 
not present in our study plot (Yang et al. 2014). Furthermore, 
Yang et al. (2015) found that deterministic-based habitat fil-
tering was the primary process structuring both pairwise and 

Table 1: the proportion of variation (R2) explained by the point process models for phylogenetic beta diversity at different spatial scales 
for each DBH-size class in Xishuangbanna FDP

Spatial scale (m2) DBH-size class HP HT IP IT

Pairwise phylogenetic beta diversity 20 × 20 Lower 0.001 0.004 0.450 0.003

Medium 0.001 0.002 0.471 0.006

Higher 0.003 0.014 0.516 0.001

All 0.0006 0.0003  0.543 0.002

50 × 50 Lower 0.004 0.004 0.593 0.012

Medium 0.005 0.006 0.595 0.0062

Higher 0.042 0.043 0.627 0.0009

All 0.003 0.001 0.625 0.011

100 × 100 Lower 0.036 0.017 0.626 0.0005

Medium 0.210 0.032 0.616 0.0002

Higher 0.036 0.095 0.595 0.025

All 0.026 0.030 0.617 0.005

Nearest neighbor phylogenetic beta diversity 20 × 20 Lower 0.0001 0.034 0.006 0.026

Medium 0.0001 0.021 0.005 0.037

Higher 0.0002 0.024 0.004 0.023

All 0.0002 0.035 0.007  0.039

50 × 50 Lower 0.001 0.084 0.012 0.066

Medium 0.0001 0.064 0.011 0.065

Higher 0.0001 0.048 0.012 0.057

All 0.0007 0.048 0.012 0.054

100 × 100 Lower 0.017 0.114 0.018 0.109

Medium 0.0001 0.081 0.017 0.108

Higher 0.006 0.082 0.018 0.093

All 0.0004 0.078 0.018 0.076

HP, HT, IP and IT represent Homogeneous Poisson model, Homogeneous Thomas model, Inhomogeneous Poisson model and Inhomogeneous 
Thomas model, respectively.
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nearest neighbor phylogenetic and functional beta-diversity 
in a tropical tree community.

Interestingly, a similar picture emerges from studies outside 
the tropics. Space (dispersal) and environment were identi-
fied as the strongest drivers respectively for terminal and basal 
turnover of the phylogeny in the Rocky Mountain National 
Park in Colorado (Jin et al. 2015). Environmental filtering was 
found to affect both the pairwise and nearest neighbor phylo-
genetic turnover of plants in the Western Swiss Alps (Ndiribe 
et  al. 2014) and Southwest Australia (Sander and Wardell-
Johnson 2011). In addition to the deterministic functional 
turnover of plants in North America (Siefert et  al. 2013), 
environmental filtering was detected in driving the functional 
turnover of species in the Mediterranean rangeland (Bernard-
Verdier et al. 2013).

These apparent contradictions may be explicable by the 
distinct and partially fluid relationships between phylogeny, 
functional traits and habitat requirements. The weak effect 
of environmental filtering that we found on species turnover 
from the tip phylogeny possibly reflects the wide ecological 
spectrum of closely related species. Similarly, a recent study in 
the same plot as ours also reported that the habitat preference 
of trees was not influenced by evolutionary distance (Zhang 

et al. 2017) suggesting that closely related species could have 
different functional strategies.

Our findings clearly demonstrate the sensitivity of phylo-
genetic and functional beta diversity measures to the depth of 
phylogenetic tree and dendrogram. The mean pairwise phy-
logenetic/functional beta diversity is sensitive to all levels of 
the phylogeny and provides an overview of the phylogenetic/
functional relationships between communities. In this case, 
our results suggest that environmental filtering drives phyloge-
netic and functional turnover among distantly related species. 
This indicates the influence of evolutionary divergence along 
environmental axes among distantly related species in regulat-
ing their distributions (partially consistent with the findings of 
Asefa et al. (2017) in the same study plot). The mean nearest 
neighbor phylogenetic/functional beta diversity on the other 
hand, is sensitive to turnover among recently diverged line-
ages. In contrast to Qian et al. (2013), we found that disper-
sal limitation alone, and jointly with environment shaped the 
turnover between closely related species. Consistently, in our 
study plot, Zhang et al. (2017) also found that closely related 
species did not occupy similar environmental niches suggest-
ing that their structure in space is mainly driven by some other 
forces, such as dispersal processes.

Table 2: the proportion of variation (R2) explained by the point process models for functional beta diversity at different spatial scales for 
each DBH-size class in Xishuangbanna FDP

Spatial scale (m2) DBH-size class HP HT IP IT

Pairwise functional beta diversity 20 × 20 Lower 0.001 0.006 0.266 0.005

Medium 0.004 0.0005 0.261 0.0002

Higher 0.0006 0.010 0.349 0.004

All 0.0008 0.0001 0.355 0.004

50 × 50 Lower 0.007 0.008 0.407 0.011

Medium 0.008 0.0005 0.431 0.004

Higher 0.014 0.026 0.492 0.001

All 0.0001 0.0001 0.459 0.003

100 × 100 Lower 0.005 0.01 0.425 0.0007

Medium 0.104 0.001 0.458 0.076

Higher 0.015 0.002 0.481 0.006

All 0.020 0.018 0.445 0.002

Nearest neighbor functional beta diversity 20 × 20 Lower 0.0007 0.037 0.007 0.023

Medium 0.0009 0.022 0.006 0.042

Higher 0.0001 0.029 0.004 0.032

All 0.0004 0.034 0.006 0.042

50 × 50 Lower 0.005 0.070 0.010 0.059

Medium 0.0001 0.066 0.010 0.075

Higher 0.002 0.062 0.009 0.061

All 0.0001 0.047 0.010 0.060

100 × 100 Lower 0.003 0.086 0.020 0.114

Medium 0.005 0.092 0.017 0.134

Higher 0.022 0.079 0.018 0.075

All 0.006 0.073 0.019 0.076

HP, HT, IP and IT represent Homogeneous Poisson model, Homogeneous Thomas model, Inhomogeneous Poisson model, and Inhomogeneous 
Thomas model, respectively.
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Life stage and spatial scale

Life stage is considered a very important factor affecting the 
role of driving mechanisms on tree distributions (Spasojevic 
et al. 2014; Swenson et al. 2007). Consistently, we found evi-
dence that the relative importance of ecological processes 
changes with life stages of trees for nearest neighbor phylo-
genetic and functional beta diversity, as expected. Dispersal 
limitation appeared to structure the early life stage (Lower 
DBH-size), whereas dispersal limitation and environment 
jointly structured the remaining life stages (Medium and 
higher DBH-size classes) across spatial scales (Tables  1 and 
2). In contrast to this, Wang et al. (2015) indicated that the 
relative importance of ecological processes remained the same 
across life stages in temperate forests.

However, the relative importance of ecological processes did 
not change with life stages and spatial scales for phylogenetic 
and functional beta diversity expressed as a mean pairwise dis-
tance. Instead, we found that environmental filtering mainly 
structured the phylogenetic and functional turnover across life 
stages and spatial scales, in clear contrast to our expectations. 
This is consistent with Swenson et al.’s (2012) finding that the 
functional turnover of species expressed as mean pairwise val-
ues was strongly influenced by a deterministic abiotic filtering 
across spatial scales in a tropical forest. Similarly, Yang et  al. 
(2015) also reported environmental filtering as the main struc-
turing mechanism for pairwise phylogenetic and functional beta 
diversity across spatial scales in a tropical forest in southwest 
China. It is also found to be responsible for the nearest neighbor 
phylogenetic and functional turnover in their study, which is 
not true in our case. We found that the relative importance of 
underlying processes did not change across spatial scales, which 
is in contrast to Wang et al. (2015), who reported that disper-
sal and environmental effects operate at small and large spatial 
scales respectively on the structure of phylogenetic and func-
tional dissimilarity of trees in temperate forests.

Although the relative importance of underlying mecha-
nisms did not change with spatial scales, their absolute import-
ance did seem to increase with spatial scale, as indicated by the 
magnitude of variation explained (Tables 1 and 2). The ability 
of environmental filtering to structure the mean pairwise func-
tional beta-diversity consistently increased from small to large 
spatial scales for almost all of the DBH-size classes (Table 2). 
Similarly, the influence of environmental filtering on pairwise 
phylogenetic turnover increased from small to intermediate 
scales for all life stages, and slightly decreased from intermedi-
ate to large spatial scales for higher and all DBH-size classes 
(Table 1). Similar reports have been made that the predictive 
performance of environmental filtering increased from small 
to large scales to structure phylogenetic and functional turn-
over in temperate forests (Wang et al. 2015) and tropical forest 
(Yang et al. 2015). We found, however, that dispersal limita-
tion alone, and jointly with environmental filtering showed 
inconsistent predictive performance across spatial scales for 
phylogenetic and functional turnover expressed as nearest 
neighbor values, despite being the dominant process.

To conclude, the present study revealed that the turnover 
of tree communities is phylogenetically and functionally non-
random, being structured by both environmental filtering and 
dispersal limitation. Interestingly, the relative importance of 
these ecological forces was found to depend upon the metrics 
used to compute phylogenetic and functional beta diversity. 
Environmental filtering appears to structure pairwise phy-
logenetic and functional turnover, whereas dispersal limita-
tion alone, and in combination with environmental filtering, 
determined the nearest neighbor phylogenetic and func-
tional beta diversity. This suggests the use of different met-
rics of measurement that are able to detect distinct facets of 
the phylogenetic and functional structure of plant communi-
ties. The relative importance of ecological processes changed 
with life stages for nearest neighbor (but not for pairwise) 
phylogenetic and functional turnover: dispersal alone, and 
jointly with environment, was found to structure early and 
later life stages respectively. Unexpectedly, varying the spatial 
scale under analysis did not alter the ranking of point process 
models applied here, suggesting that the role of underlying 
processes in assembling the phylogenetic and functional dis-
tribution of plants is consistent across spatial scales.
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