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Abstract
Ecologists often determine the relative importance of niche- and dispersal-based processes via variation partitioning based 
on species composition. Functional traits and their proxies of phylogeny are expected to increase the detection of niche-
based processes and reduce the unexplained variation relative to species identity. We collected eight adult tree traits and 
phylogenetic data of 41 species and employed a phylogenetic fuzzy weighting method to address this issue in a 9-ha tem-
perate forest dynamics plot. We used redundancy analysis to relate species, phylogenetic and functional compositions to 
environmental (soil resources and topography) and spatial variables. We also performed multi-scaled analyses on spatial 
variables by adding environment as the covariates to determine if functional traits increase the detection of niche-based 
processes at broad scales. The functional traits and intraspecific variation of the wood density among ontogenetic stages 
could dramatically increase the detection of niche-based processes and reduce the unexplained variation relative to species 
identity. Phylogenetic and functional compositions were mainly driven by total soil P and elevation, while species compo-
sition was weakly affected by multiple environmental variables. After controlling for the environment, a larger amount of 
the compositional variations in seed mass and maximum height were explained by finer-scaled spatial variables, indicating 
that dispersal processes may be important at fine spatial scales. Our results suggested that considering functional traits and 
their intraspecific variations could improve our understanding of ecological processes and increase our ability to predict the 
responses of plants to environmental change.

Keywords  Intraspecific trait variation · Maximum height · Phylogenetic fuzzy weighting · Seed mass · Variation 
partitioning

Introduction

Determining the mechanisms that influence the variation 
in species composition among communities is a central 
question in community ecology. While niche- and disper-
sal-based processes have frequently been regarded as two 
dominant ecological processes, their relative importance to 
community assembly remains unclear. Variation partitioning 
based on a canonical analysis is used to distinguish these two 
processes by decomposing the variation in species composi-
tion among communities into environmental and spatial frac-
tions (Borcard et al. 1992; Legendre et al. 2009). However, 
one problem with this method is that there is usually a large 
amount of unexplained variation, which potentially makes 
any conclusions about the ecological processes unreliable. 
These unexplained variations may reflect unmeasured envi-
ronmental variables and stochastic processes (e.g., ecologi-
cal drift) (Legendre et al. 2009; Liu et al. 2013). In the past 
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few years, ecologists have attempted to solve this problem 
by improving the quality of independent variables, including 
measuring additional environmental properties (Chang et al. 
2013; Jones et al. 2008) and developing more sophisticated 
spatial modeling techniques (e.g., principal coordinates of 
neighbor matrices (PCNM); Borcard and Legendre 2002), 
and by employing appropriate variation partitioning meth-
ods (Legendre et al. 2005, 2008; Tuomisto and Ruokolainen 
2006). However, studies have rarely considered the effects of 
response variables, which usually use the species abundance 
matrix or eigenvectors generated from its distance matrix 
(e.g., Chang et al. 2013; Myers et al. 2013), on our abil-
ity of testing hypotheses about the mechanisms underlying 
the variation in community composition. Species niches are 
determined by their functional traits, which further influence 
their distributions along environmental gradients (McGill 
et al. 2006). Thus, the effects of niche-based processes on 
community assemblages are expected to be underestimated 
based on species identity-based response variables that do 
not consider species functional properties.

There is usually substantial functional redundancy in 
plant assemblages that may limit the discovery of ecological 
processes based on species identity. Previous studies have 
suggested that functional similarity is not the same as spe-
cies similarity between communities (Fukami et al. 2005; 
Siefert et al. 2013; Swenson et al. 2012b). In the Barro Colo-
rado Island forest dynamics plot and the forests of eastern 
North America, functional convergence was found across 
space and time although there was high species turnover 
between communities (Siefert et al. 2013; Swenson et al. 
2012b). Similarly, Fukami et al. (2005) found converged 
functional composition but divergent species composition 
over time in experimental communities. Thus, quantifying 
functional traits may be more helpful than species identity 
to understanding assembly processes. In fact, early studies 
have suggested including species functional information in 
variation partitioning methods (Dray et al. 2012; Duarte 
et al. 2012; Legendre et al. 2009). For example, Legendre 
et al. (2009, p. 672) suggested that variation decomposition 
was likely altered when other biological (e.g., species traits) 
variables were included; Duarte et al. (2012, p. 959) also 
acknowledged that considering some relevant plant traits 
likely reduced the large amount of unexplained variation 
in the study.

In recent years, two studies have attempted to explore 
ecological processes by partitioning the variation of func-
tional traits into environmental and spatial components 
(Siefert et al. 2013; Spasojevic et al. 2016). However, how 
functional traits can improve our understanding of ecologi-
cal processes relative to species identity needs to be explored 
more deeply. Here, we test the hypothesis that functional 
traits have a better ability to detect ecological processes than 
species identity. We adopt the phylogenetic fuzzy weighting 

method, originally developed by Pillar and Duarte (2010), to 
generate a multivariate description of functional composi-
tion for a community (especially for single trait analyses), 
which may be compared with species composition more 
directly than the community-weighted mean trait values used 
by previous studies (Duarte et al. 2012; Siefert et al. 2013; 
Spasojevic et al. 2016). The functional response variables 
generated by the phylogenetic fuzzy weighting method have 
a data format and type that are consistent with those of spe-
cies composition (i.e., abundance matrix). This functional 
composition is a fuzzy sets × sites matrix that is generated 
by weighting the species composition by the trait distances 
among species (Duarte et al. 2012). The fuzzy set describes 
the degree of phylogenetic/functional belonging to it for a 
species. A phylogenetic relationship can be regarded as a 
proxy of functional similarity among species for phyloge-
netically conserved traits (Jiang et al. 2018; Swenson 2013), 
and phylogenetic composition can thus be regarded as one 
of the trait-based response variables. Thus, quantifying 
phylogenetic composition can provide additional insight 
into the ecological processes for those potentially impor-
tant and phylogenetically conserved, but unmeasured traits. 
One problem with functional traits is their considerable 
intraspecific variation, which can influence our understand-
ing of the processes underlying community assembly (Jung 
et al. 2010; Messier et al. 2010; Spasojevic et al. 2016). In 
particular, intraspecific trait variation (ITV) among ontoge-
netic stages is an important variance component that has 
often been neglected in previous studies (Siefert et al. 2013; 
Spasojevic et al. 2016), which can potentially weaken our 
ability to use functional traits to infer ecological processes 
(Spasojevic et al. 2014).

Variation partitioning methods usually partition the vari-
ation of response variables (e.g., species composition) into 
a purely environmental fraction [a], a purely spatial fraction 
[c], a spatially structured environmental fraction [b] and an 
unexplained fraction [d]. In addition to the focus on reduc-
ing fraction [d], ecologists may obtain new insights into the 
niche- and dispersal-based processes by decomposing frac-
tion [c] (Chang et al. 2013; Dray et al. 2012). The variation 
explained by fraction [c] at broad scales generally decreases 
when more environmental variables are included, whereas it 
increases at fine scales (Chang et al. 2013). Fine-scaled [c] 
likely indicates either niche-based processes due to miss-
ing environmental data at fine scales or dispersal-based 
processes (Dray et al. 2012). If the fine-scaled [c] indicates 
dispersal-based processes, the response variables related to 
some dispersal traits, such as seed mass (SM), may detect 
stronger dispersal-based processes, and thus a larger amount 
of variation may be explained by fraction [c] than by the 
other traits at fine spatial scales.

In this study, we aim to contrast the detection of eco-
logical processes using species, phylogenetic and functional 
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response variables via variation partitioning approaches in a 
9-ha temperate old growth forest dynamics plot in northeast-
ern China. We ask (1) whether trait-based response variables 
and the inclusion of their ITV [woody density (WD) in our 
study] among ontogenetic stages can increase the detec-
tion of niche-based processes and reduce fraction [d]; (2) 
whether response variables with dispersal-related traits can 
increase the detection of dispersal-based processes.

Materials and methods

Study site

This study was conducted in the  Heilongjiang Liang-
shui National Natural Reserve in northeastern China 
(47°10′50″N, 128°53′20″E), which has a large area of orig-
inally mixed broadleaved-Korean pine forest. The mean 
annual temperature in this region is − 0.3 °C. The mean 
annual precipitation is 676 mm, which mostly occurs in 
the summer. We established a 9-ha (300 m × 300 m) forest 
dynamics plot in the reserve in 2005 following the methods 
of Condit (1998). We identified and measured all individuals 
with diameter at breast height (dbh) ≥ 1 cm within the plot. 
In 2010, we performed another census in the plot and docu-
mented 21,355 woody individuals belonging to 48 species, 
34 genera and 20 families. The plot is relatively flat, with 
the elevation ranging from 425 to 508 m. In this study, we 
regarded species reaching a dbh > 10 cm as canopy species 
(28 species in total). Adult trees are individuals of canopy 
species with a dbh > 10.0 cm; sapling trees are individu-
als of canopy species with a dbh ≤ 5.0 cm; all trees are 
individuals of all 41 species with a dbh ≥ 1 cm (trait data 
are available for these species). Our analyses were mainly 
focused on adult trees at the 20 m × 20 m spatial scale.

Phylogenetic tree and trait collection

We constructed a phylogenetic tree using DNA sequences, 
including two plastid DNA genes (rbcL and matK) and 
one nuclear DNA gene (ITS) collected from GenBank and 
sequenced based on the standardized methods (Jiang et al. 
2018; Kress et al. 2009). One species did not have any of the 
three sequences, and we collected an rbcL sequence from a 
congeneric species as a proxy. We aligned the rbcL and matK 
globally, the ITS sequences were aligned within orders or 
families, and all alignments were implemented using MUS-
CLE (Edgar 2004). We then combined the aligned rbcL, 
matK and multiple-ITS sequences into a supermatrix using 
the supermat function in the phylotools package in R-3.2.5 
(R Core Team 2016). We constructed a maximum likeli-
hood phylogeny using raxmlGui version 1.5b1 (Silvestro and 
Michalak 2011). We also used an order-level constraint tree 

constructed by Phylomatic (Webb and Donoghue 2005) to 
retain deep nodes a priori and make the topology of our phy-
logeny coincident with the APG III phylogeny (Kress et al. 
2009; Muscarella et al. 2014). The maximum likelihood 
tree was finally calibrated by nonparametric rate-smoothing 
in r8s software to obtain the ultrametric phylogenetic tree 
(Sanderson 2003).

Eight traits, including the WD, SM, maximum height 
(Hmax), specific leaf area (SLA), leaf area (LA), leaf thick-
ness (LT), leaf dry matter content (LDMC) and leaf phos-
phorus content (LPC), were collected in this study to indi-
cate the major axes of the plant functional strategy (Jiang 
et al. 2018; Swenson et al. 2012a). WD is closely related 
to tree growth and mortality rates (Poorter et al. 2008). SM 
represents a trade-off among seed size, number and survival 
probability (Moles and Westoby 2006). Hmax is a major 
determinant of a species’ ability to compete for light (Moles 
et al. 2009). Both SM and Hmax can influence the dispersal 
ability of a plant (Siefert et al. 2015). LA has important con-
sequences for the energy and water balance of a leaf and is 
tightly related to climate and allometric factors (Cornelissen 
et al. 2003; Peppe et al. 2011). The SLA, LDMC and LPC 
are core traits that represent the conservative vs. acquisitive 
trade-off along the leaf economics spectrum (Wright et al. 
2004). LT plays an important role in determining the physi-
cal strength of leaves (Pérez-Harguindeguy et al. 2013). SM 
and Hmax were compiled from Seeds of the Woody Plants in 
China (State Forestry Administration 2001) and the Flora of 
China (Wu 1994–2009). Five adult individuals per species 
and 20 healthy and sun-exposed leaves per individual were 
collected to measure five leaf traits based on the standard-
ized protocol (Pérez-Harguindeguy et al. 2013). To deter-
mine the effects of ITV among the ontogenetic stages on 
the detection of ecological processes, we measured the WD 
in both adult and sapling trees. For adults, three individuals 
were selected, and increment cores were generated (12 mm 
increment borer; 1.3 m off the ground) and divided into 1-cm 
segments. For the saplings and shrubs, 3–5 individuals were 
selected, and the main stems were cut off directly to generate 
a segment that was 10 cm in length and 1 cm in diameter. 
The fresh volumes of all segments were measured by water 
displacement, and they were oven-dried at 103 °C for 72 h. 
The WD was measured using the oven-dried mass divided 
by the fresh volume, and the adult WD was annulus weighed 
(Jiang et al. 2018).

Variables used in the variation partitioning

The environmental and spatial variables were generated 
as the descriptors, and the species, phylogenetic and func-
tional compositions were generated as the response variables 
before variation partitioning. The topography (the proxy for 
potentially missing environmental factors) and soil were 
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measured as the environmental variables in our study. The 
topography included the mean elevation, slope, sin (aspect), 
cos (aspect) and convexity. All variables were calculated 
based on the elevations of the four corners of each cell. 
These topographical variables are frequently used in forest 
dynamics plots, and detailed descriptions and formulas can 
be found in previous studies (Chang et al. 2013; Dray et al. 
2012; Legendre et al. 2009). Ten soil variables (pH, total N, 
total P, available K, available N, available P, organic C, bulk 
density, soil moisture and mass water content) were gener-
ated using kriging interpolation based on the sample points 
in the plot. We employed systematic and random sampling 
approaches to collect soil samples based on the 20-m grid in 
our plot. Detailed soil sampling methods can be found in Shi 
et al. (2015). All topographical and soil variables (except for 
two aspect variables) were used to construct the third-degree 
polynomial equations to generate 39 variables (consisting 
of the original variables and their quadratic and cubic func-
tions; Jones et al. 2008).

Principal coordinates of neighbor matrices eigenvectors 
were generated to describe the spatial variables and were 
then used as indirect proxies of dispersal-based processes 
(Borcard and Legendre 2002). These PCNM variables could 
describe the spatial structures at all spatial scales. First, we 
used the central coordinates of each cell to derive a Euclid-
ean distance matrix. Second, a truncated matrix was gener-
ated by retaining and replacing the values in the distance 
matrix using a threshold (Legendre and Legendre 2012). 
The analysis was implemented by the pcnm function in the 
vegan package, and its default value was used as the thresh-
old. Finally, PCNM variables were generated by perform-
ing principal coordinate analysis on the truncated distance 
matrix. A total of 156 PCNM variables with positive eigen-
values were generated in this study.

To contrast the effects of different response variables on 
the detection of ecological processes, we used 11 response 
variables, including species, phylogenetic and multivariable 
functional composition, as well as the functional composi-
tions of WD, SM, Hmax, SLA, LA, LT, LDMC and LPC. The 
species abundance matrix was Hellinger-transformed to gen-
erate the species composition to ensure that our results were 
comparable to those of previous studies (Chang et al. 2013; 
De Cáceres et al. 2012; Legendre and Gallagher 2001). 
Instead of using the community-weighted mean trait values 
(Siefert et al. 2013; Spasojevic et al. 2016), we constructed 
trait dendrograms and employed the phylogenetic fuzzy 
weighting method developed by Pillar and Duarte (2010) 
to generate the functional composition (we also showed the 
variation partitioning results based on community-weighted 
mean trait values in Figs. S5–S6, which were similar with 
those based on phylogenetic fuzzy weighting method). The 
functional composition generated by dendrogram was easily 
comparable to the phylogenetic compositions generated by 

phylogenetic tree (Swenson et al. 2012a; Swenson 2014). 
First, we constructed a trait dendrogram for all of the traits 
together and individually for the eight traits using hierarchi-
cal clustering (Swenson et al. 2012a). For the multivariable 
trait dendrogram, principal component (PC) analysis was 
implemented a priori to reduce trait redundancy (the first 
five PCs for all 41 species explained 94.2% of the varia-
tion; the first four PCs for the 28 canopy species explained 
91.6% of the variation; Swenson 2014). Second, the dendro-
gram was used to generate a trait distance matrix between 
species; then, this matrix was transformed to a similarity 
matrix between species. Third, this similarity matrix was 
standardized to make the sum of each column equal to one. 
Finally, this standardized matrix was multiplied by the spe-
cies abundance matrix to generate a functional composi-
tion matrix (i.e., fuzzy sets × sites or P matrix in Duarte 
et al. 2016). This analysis was implemented by the matrix.p 
function in the PCPS package. The functional composition 
described the possibility of a species with a certain trait 
value to be present in a community. More detailed descrip-
tions of the calculations and background for the phylogenetic 
fuzzy weighting approach can be found in a recent review 
by Duarte et al. (2016). We then generated the phylogenetic 
composition by replacing the dendrograms with a phylo-
genetic tree (Duarte et al. 2012). To be consistent among 
species, phylogenetic and functional compositions, the phy-
logenetic and functional compositions were also Hellinger-
transformed prior to the variation partitioning analyses. All 
traits were log-transformed before analysis.

Statistical analyses

The environmental and spatial variables were used as the 
descriptors to explain the variations of species, phylogenetic 
and functional compositions using the varpart function in the 
vegan package. Before variation partitioning, the environ-
mental and spatial variables needed to be filtered separately 
using forward selection programs to retain the variables that 
were significantly related to the response variables (Blanchet 
et al. 2008). To test the effects of ITV among ontogenetic 
stages on the detection of ecological processes, we focused 
our main analyses on the WD. We generated three WD val-
ues for each species in our analyses: the adult WD values, 
sapling WD values and mean WD values (the average of 
the adult and sapling values). We used these three values to 
perform variation partitioning analyses on both adult and 
sapling communities. When the adult WD values applied to 
adult communities or sapling WD values applied to sapling 
communities could reveal ecological processes better than 
the other two scenarios (e.g., sapling or mean WD values 
applied to adult communities), we could conclude that the 
ITV among ontogenetic stages was important and could not 
be ignored. In addition, we also applied all other adult traits 
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to adult, sapling and all tree communities (Spasojevic et al. 
2014). This substitution among different life histories based 
on adult traits has frequently been used in previous studies 
(Siefert et al. 2013; Yang et al. 2014). We performed these 
analyses to determine if applying adult trait values to only 
adult tree communities can infer ecological processes rela-
tive to species identity better than applying adult trait values 
to sapling and all tree communities.

To explore the difference in the variation explained by 
the PCNM variables at different scales for different traits, 
we performed a partial redundancy analysis by controlling 
for the environmental variables (Legendre and Legendre 
2012). We grouped all 156 PCNMs into three categories of 
broad, medium and fine spatial scales: 1–49 were the broad-
scaled PCNMs, 50–99 were the medium-scaled PCNMs, 
and 100–156 were the fine-scaled PCNMs. If finer-scaled 
PCNMs represented dispersal-based processes (Dray et al. 
2012), we predicted that some traits relevant to dispersal, 
such as SM and Hmax, might have larger amounts of variation 
explained by spatial variables at finer spatial scales.

Results

For the adult trees, a larger amount of the variations of the 
phylogenetic, functional and individual trait compositions 
were explained by the pure environmental and shared envi-
ronmental and spatial fractions ([a + b] fraction; except for 
LDMC), and these compositions had lower variation residu-
als ([d] fraction) than species composition (Fig. 1a). The 
ITV among the ontogenetic stages influenced the results of 

variation partitioning. First, a larger amount of variation in 
the WD composition was explained by the pure environmen-
tal and shared environmental and spatial fraction [a + b] 
when the composition of adult trees was analyzed using the 
adult traits and mean values (30.0 and 33.0%) than when 
the sapling trait values were used (12.5%) (Fig. 1a). An 
increased amount of the variation in the WD composition 
was explained by the fraction [a + b] when the adult traits, 
mean values and sapling traits were used to analyze the com-
position of the sapling trees (12.6, 28.7 and 35.2%; Fig. 1b). 
Second, the variations of the phylogenetic, functional and 
individual trait compositions explained by the environment 
[a + b] were similar or even lower than that of species com-
position when the sapling trees and all trees were analyzed 
based on adult traits, respectively (Figs. 1b and S1).

More environmental variables with low explanatory pow-
ers influenced the species composition (9 variables), whereas 
fewer variables with high explanatory powers affected the 
phylogenetic, functional and individual trait compositions 
(3–6 variables) (Fig. 2). The total P and elevation were the 
main drivers of phylogenetic, functional and most individual 
trait compositions; however, the slope was the main driver 
for the composition of SM (Fig. 2). Across all response 
variables after forward selection, the distributions of the 
variation explained by the PCNMs were skewed to the right 
(Fig. S2). The explained variations of the phylogenetic, 
functional and individual traits compositions were higher 
than that of species composition across broad, medium and 
fine scales (Fig. S3). When topography and soil were added 
as covariates, the distributions of the variation explained 
by the PCNMs became flat (Fig. S4). The variations of the 

Fig. 1   Proportional variation (adjusted R2  ×  100%) in the effects of 
different response variables on the species composition of a adult and 
b sapling trees in a 9-ha temperate forest dynamics plot. The effects 
of purely environmental, purely spatial, and shared environmental 
and spatial fractions on response variable are indicated by shading, 
white and grey. Variables are the species (SPP), phylogenetic (Phy) 
and functional (Funt) composition, seed mass (SM), maximum height 

(H), specific leaf area (SLA), leaf area (LA), leaf thickness (LT), 
leaf dry matter content (LDMC) and leaf phosphorus content (LPC) 
based on adult traits for adult and sapling trees. For the wood density, 
we use adult traits (WD_A), sapling traits (WD_S) and mean values 
(WD_M) to analyze the adult and sapling trees. The dashed lines 
indicate the total amount of the variation in the species composition 
that is explained by the environmental and spatial fractions
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phylogenetic, functional and individual trait compositions 
explained by the PCNMs dramatically decreased and were 
generally lower relative to that of species composition at 
broad scales (Fig. 3a); however, the variations explained by 
the PCNMs were still higher than that of the species compo-
sition at medium and fine scales (Fig. 3). A larger number of 
PCNMs declined at broad scales than at fine scales (Figs. 3 
and S2–S4). Consistent with the environmental variables, 
species composition was determined by multiple PCNMs, 
especially at broad scales (Figs. 3a, 3d and S3a). The compo-
sitions of SM and Hmax showed the largest amounts of varia-
tion explained by medium and fine-scaled PCNMs (Fig. 3d).

Discussion

In this 9-ha temperate forest dynamics plot, we found that 
functional traits could dramatically improve our under-
standing of niche- and dispersal-based processes over only 
considering species identity using a variation partitioning 
approach. However, without considering the ITV of the WD 
among the ontogenetic stages, we found that the ability of 

the functional traits to reflect ecological processes (espe-
cially for niche processes) declined. We also found that more 
environmental factors affected the species composition, 
whereas fewer environmental factors determined the trait-
based response variables. The results suggest that species 
identity could depict multiple facets of a plant but might be 
a weaker descriptor for species distribution, while individual 
traits could depict one or certain facets of a plant but might 
be a stronger descriptor of species distribution. By decom-
posing fraction [c], we found that the niche-based processes 
influenced the community assemblages at broader scales, 
and dispersal processes might determine species distribution 
at finer scales.

Many studies have attempted to distinguish niche- and 
dispersal-based processes by partitioning the variation of 
species composition into environmental and spatial compo-
nents (Chang et al. 2013; De Cáceres et al. 2012; Legendre 
et al. 2009; Myers et al. 2013; Qiao et al. 2015). However, 
few studies have used trait-based response variables instead 
of species composition to infer the relative importance 
of both processes (Siefert et  al. 2013; Spasojevic et  al. 
2016), which were expected to increase our understanding 

Fig. 2   Variations (adjusted 
R2 × 100%) in the effects of dif-
ferent environmental variables 
after forward selections for 
adult trees. The environmental 
variables include those meas-
ured directly and derived from 
the third-degree polynomial 
equations
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of niche-based processes based on variation partitioning 
(Duarte et al. 2012; Legendre et al. 2009). To the best of our 
knowledge, this is the first study to simultaneously use mul-
tivariate species, phylogenetic and functional compositions 
as the response variables to systematically contrast their dif-
ferences for inferring ecological processes via variation par-
titioning and integrate the ITV among the ontogenetic stages 
into analyses. We found that trait-based response variables 
(including phylogenetic composition) dramatically altered 
the results of variation partitioning and reduced the unex-
plained variation fraction [d], as predicted by previous stud-
ies (Duarte et al. 2012; Legendre et al. 2009). In addition, 
our results indicated that functional traits could improve our 
understanding of niche-based processes. First, the increased 
variation in the trait-based variables was explained by the 
environmental fraction [a + b] relative to species composi-
tion, which implied the determination of niche-based pro-
cesses (Chang et al. 2013; Legendre et al. 2009). Specifi-
cally, we acknowledged that fraction [b] might also partly 
indicate dispersal processes (Chang et al. 2013). Second, 
a larger amount of the variation in the trait-based vari-
ables that was explained by broad-scaled PCNMs declined 

after controlling for the environment (Figs. 3a and S3a). 
Broad-scaled environmental control is generally regarded 
as a niche-based process (Dray et al. 2012). However, these 
conclusions strongly depended on whether we considered 
the ITV when the trait-based response variables were used. 
The ITV among the ontogenetic stages could influence our 
understanding of the rules of community assembly (Spaso-
jevic et al. 2014). We found that functional traits could not 
reveal niche-based processes better than the species compo-
sition without considering the ITV of the WD, which was 
strongly influenced by the ontogeny of the trees (Hietz et al. 
2017). On the other hand, only applying adult trait values 
to only adult tree communities can reveal ecological pro-
cesses relative to species identity better than applying adult 
trait values to sapling and all tree communities. The result 
suggested that the substitution among different life histories 
based on adult traits, frequently used in previous studies 
(Siefert et al. 2013; Yang et al. 2014), might impede our 
understanding of ecological processes. Even so, we might 
have underestimated the importance of ITV in uncover-
ing ecological processes because the ITV of the species 
along the environmental gradients was also important but 

Fig. 3   The variations (adjusted R2 × 100%) of the different response 
variables for adult trees that are explained by the principal coor-
dinates of neighbor matrices (PCNMs; bars), and the number of 
PCNMs that is retained (open circles) after adding topography and 
soil as the covariates at a broad (1–49 PCNMs), b medium (50–99 
PCNMs), c fine (100–156 PCNMs) and d both medium and fine 
scales. The response variables include the species (SPP), phyloge-

netic (Phy) and functional (Funt) composition, wood density (WD), 
seed mass (SM), maximum height (H), specific leaf area (SLA), leaf 
area (LA), leaf thickness (LT), leaf dry matter content (LDMC) and 
leaf phosphorus content (LPC). The dashed lines indicate the total 
amount of the variation in the species composition that is explained 
by the PCNMs after controlling for the environment
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was overlooked in this study (Spasojevic et al. 2016). This 
might explain why we found that a slightly larger amount 
of the variation in the WD was explained by the environ-
ment when the mean WD values were used to analyze adult 
tree communities than the adult WD values. In our study, 
the ITV of only the WD was measured, which would also 
underestimate the importance of the ITV. More ecologically 
important traits should be measured to explore the influence 
of ITV on ecological processes in the future.

Compared with trait-based response variables, species 
composition was influenced by more topographical and soil 
factors, but with low explanatory powers. The result was 
consistent for broad-scaled PCNM variables (Figs. S2a and 
S4a). This result indicated that species identity might be a 
more general descriptor of species characteristics, but would 
likely hide the relationship with the environment relative to 
functional traits, which were simple variables that directly 
responded to environmental gradients (McGill et al. 2006). 
Although individual traits had similar abilities to reveal eco-
logical processes (similar variation partitioning results), the 
drivers of niche selection were different for different traits. 
In our study, leaf traits were filtered by the mean elevation 
and total P, while reproductive and dispersal traits were more 
strongly influenced by the slope. This result was not surpris-
ing because SM was not correlated with leaf traits among 
species (Table S1). Thus, analyses of individual traits could 
provide a deeper understanding of ecological processes and 
discover different environmental drivers that influence com-
munity assemblages and species distributions (Spasojevic 
and Suding 2012; Swenson and Enquist 2009).

It is generally hypothesized by ecologists that dispersal 
processes are the main ecological processes at fine spatial 
scales, and might be indicated by finer-scaled PCNM vari-
ables after controlling for environmental factors (Chang 
et al. 2013; Dray et al. 2012). However, the lack of envi-
ronmental variables at fine spatial scales can also leave a 
large amount of the variation unexplained by environmental 
variables, but explained by the spatial variables. Here, we 
attempted to address this issue using a trait-based approach. 
After controlling for the environment, more of the variation 
in the traits relevant to dispersal was explained by the finer-
scaled PCNMs (namely, SM and Hmax). Thus, our results 
implied that dispersal processes at least partly influenced the 
assembly of the communities at fine spatial scales. However, 
this suggestion does not indicate that niche-based processes 
are not important at these scales, but the demonstration of 
these processes requires precise environmental data at fine 
spatial scales.

Overall, our results indicated that both environmental 
(topography and soil) and spatial variables determined spe-
cies, phylogenetic and functional compositions, which were 
consistent with previous studies conducted in other forest 
dynamics plots (Liu et al. 2013; Yang et al. 2014, 2015). For 

example, Liu et al. (2013) found that space, topography and 
soil could influence the spatial distribution of the functional 
structure in a subtropical forest. Similarly, Yang et al. (2014) 
showed that soil factors were important drivers of phyloge-
netic and functional structures in tropical plant assemblages. 
In addition to using phylogenetic or trait dispersion as the 
response variable, Yang et al. (2015) also found that environ-
mental factors were more important drivers of phylogenetic 
and functional beta diversity than spatial factors. While these 
studies provided important knowledge about the effects of 
environmental and spatial factors on phylogenetic and trait 
patterns, they did not show their effects on phylogenetically 
and functionally compositional variables. Thus, it might be 
difficult to answer how functional traits could improve our 
understanding of ecological processes, as predicted by Leg-
endre et al. (2009) and Duarte et al. (2012), and to determine 
what factors drove phylogenetic and functional beta diversity 
(i.e., compositional variation between communities) along 
environmental gradients. In addition, we also explored the 
importance of ITV of the WD when inferring ecological 
processes. We suggest that a future study should integrate 
ITV along environmental gradients across more traits.

Conclusion

We found that functional traits could reveal niche- and dis-
persal-based processes better than species composition, and 
the individual traits could more directly correlate to environ-
mental axes. However, the ITV among ontogenetic stages 
played an important role in strengthening the relationship 
between traits and niche-based processes. Our study sug-
gests that functional traits and their intraspecific variation 
should be embraced and integrated to explain ecological 
processes and predict the responses of species to environ-
mental change.
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