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Abstract: Environmental filtering and competitive interactions are important ecological processes in community
assembly. The contribution of the two processes to community assembly can be evaluated by shifts in functional diversity
patterns. We examined the correlations between functional diversity of six traits (leaf chlorophyll concentration, dry
matter content, size, specific leaf area, thickness and wood density) and environmental gradients (topography and soil)
for 92 species in the 20-ha Dinghushan forest plot in China. A partial Mantel test showed that most of the community-
weighted mean trait values changed with terrain convexity and soil fertility, which implied that environmental filtering
was occurring. Functional diversity of many traits significantly increased with increasing terrain convexity and soil
fertility, which was associated with increased light and below-ground resources respectively. These results suggest that
co-occurring species are functionally convergent in regions of strong abiotic stress under the environmental filtering,
but functionally divergent in more benign environments due to resource partitioning and competitive interactions.
Single-trait diversity and multivariate functional diversity had different relationships with environmental factors,
indicating that traits were related to different niche axes, and associated with different ecological processes, which
demonstrated the importance of focusing niche axes in traits selection. Between 9% and 41% of variation in functional
diversity of different traits was explained by environmental factors in stepwise multiple regression models. Terrain
convexity and soil fertility were the best predictors of functional diversity, which contributed 30.5% and 29.0% of total
R2 to the model. These provided essential evidence that different environmental factors had distinguishing impacts on
regulating diversity of traits.

Key Words: community assembly, competition, environmental filtering, functional diversity, tropical forest

INTRODUCTION

Understanding community assembly mechanisms is a
central goal in community ecology. Many studies have
focused on the two ecological processes: environmental
filtering that leads to a convergence in ecological
strategy (Cornwell et al. 2006, Siefert et al. 2013),
and competitive interactions that result in a divergence
in ecological strategies (Chalmandrier et al. 2013,
Purschke et al. 2013). Functional diversity has the
potential to disengage community assembly (Conti &

1 Corresponding authors. Email: lssysx@mail.sysu.edu.cn, why@scbg.
ac.cn

Diaz 2013, Roscher et al. 2013). Species tend to
functional convergence under strong environmental
filtering, but tend to functional divergence under strong
competitive interactions (Spasojevic & Suding 2012).
However, the outcome of competitive interactions may
depend on the relative strength of niche differences and
fitness differences. Competitive interactions can also drive
functional convergence if fitness differences are stronger
(Mayfield & Levine 2010).

The strength of environmental filtering and competitive
interactions may depend on environmental conditions
(Katabuchi et al. 2012). Studies have found that
functional diversity is often significantly related to the
variation in soil and climate at larger scales (Fortunel et al.
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2014, Siefert et al. 2013), or changes with successional
stage and land-use (Janecek et al. 2013, Purschke et al.
2013). There was evidence that multivariate functional
diversity is low under strong abiotic stress, but elevated
in the highly productive and competitive environments
(Weiher & Keddy 1995). However, a study also found that
multivariate functional diversity was not significantly
related to environmental gradients (Cornwell et al. 2006).
Different traits may be associated with different niche
axes (i.e. tree height and leaf size are linked to plant
stature, but specific leaf area, leaf dry matter content
and chlorophyll concentration are related to leaf traits
and resource acquisition), and multivariate functional
diversity may mask community assembly processes when
traits are associated with opposing niche axes (Spasojevic
& Suding 2012). Therefore, investigating how single traits
are associated with different niche axes may contribute
to understanding community assembly (Katabuchi et al.
2012, Swenson & Enquist 2009).

In this study, we evaluated the relationships between
functional diversity and environmental conditions in
a 20-ha Dinghushan (DHS) Forest Dynamics Plot
in Southern China, to infer community assembly
processes across environmental gradients, and to assess
the relative importance of environmental factors in
controlling functional diversity. We addressed the
following two hypotheses: (1) Functional dominance
significantly correlates with environmental gradients
at the small scale under the environmental filtering
effects; functional diversity changes with environmental
gradients, co-occurring species tend to be functionally
convergent in relative abiotic stressful environments
due to environmental filtering effects, but tend to
be functionally divergent in environments with high
resource availability, where competitive interactions and
resource partitioning are dominant. (2) Environmental
factors related to key limiting resources in subtropical
forests, such as light and soil fertility, have the most
important effects on functional diversity.

METHODS

Study site

The study area is located in the 20-ha DHS Forest
Dynamics Plot (subtropical evergreen broad-leaved
forest) in the Dinghushan Natural Reserve (1155 ha,
established in 1956), Southern China (23˚09ʹ21ʹʹ–
23˚11ʹ30ʹʹN, 112˚30ʹ39ʹʹ–112˚33ʹ41ʹʹE). The mean
annual temperature and precipitation are 20.9°C and
1927 mm, respectively, and mean relative humidity is
85%. The altitude of the DHS plot ranges from 230 to
470 m asl. The soil is composed mainly of lateritic red
and mountain yellow brown soil. The 20-ha DHS plot

was established in the core of the DHS Natural Reserve
in 2005 (Bin et al. 2012). All stems with a diameter at
breast height (dbh) �1 cm were measured, mapped and
tagged in the initial census (Shen et al. 2013). A total
of 178 species and 61,125 individuals were recorded in
the second census in 2010. The canopy height of DHS
plot is more than 15 m, and Castanopsis chinensis, Schima
superba, Engelhardtia roxburghiana, Cryptocarya chinensis
and Cryptocarya concinna are the dominant species in this
community (Bin et al. 2011).

Functional traits

Six key functional traits were measured on 6–12
individuals randomly for each of the 92 species in the
DHS plot (Appendices 1 and 2), using the standardized
methods of Cornelissen et al. (2003), and selected
individuals should be without obvious symptoms of
pathogens or herbivore attack and without substantial
cover of epiphylls. The 92 species make up 95.5% of
the cumulative community basal area in the plot; these
species are the most important species in determining
community assembly and ecosystem function. We used
a 10-m telescopic fibreglass measuring pole, and assisted
by climbing to collect canopy leaves for tall trees. Four
relatively young, fully expanded and healthy leaves were
measured for each individual.

Leaf chlorophyll concentration (g m−2) was evaluated
as the average of three points on each leaf by a portable
chlorophyll meter (SPAD 502, Plus Chlorophyll Meter,
Konica Minolta, USA) (Loh et al. 2002). Leaf size (cm2)
was determined using a scanner (CanoScan LiDE 700F),
and image processing software (ImageJ version 1.43u,
National Institute of Mental Health, Bethesda, Maryland,
USA). Leaf lamina thickness (mm) was measured twice on
each side of the main vein at the widest part of each leaf
using a micrometer and avoiding large secondary veins.
Leaves were placed in an oven at 60°C for at least 72
h after weighing for fresh mass, and then re-weighed to
determine dry mass. Specific leaf area (SLA; cm2 g−1) was
determined by dividing leaf size by oven-dried mass. Leaf
dry matter content (LDMC; g g−1) was then expressed as
the ratio of leaf dry mass to leaf fresh mass.

Wood samples were collected from six randomly chosen
individuals of each of the 92 species outside the plot.
An increment borer was used to extract a tree core at
approximately 1.3 m height on the main stem for trees
larger than 6 cm dbh, but for smaller trees and shrubs,
we collected stem segments (10 cm length and 1 cm
diameter) from terminal branches. We quantified wood
sample volume, and dry mass was determined after at
least 96 h at 60°C (Cornelissen et al. 2003). Wood density
(g cm−3) was calculated as the ratio of dry mass to fresh
volume. All functional traits of individuals were averaged,
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resulting in one mean value of each trait for each species,
which was used to represent the characters of species.

Traits selected in this study have been proposed to
be good predictors of plant performance. Chlorophyll
is linked to leaf nitrogen content and hence to
photosynthetic rates (Chaturvedi et al. 2011). Larger
leaves tend to have less frequent branching and to bear
larger fruits, and have a thicker boundary layer which
overheats more easily, leading to higher respiration and
transpiration costs (Wright et al. 2007). Thinner leaves
tend on average to higher nitrogen concentration, fuelling
onward assimilation and growth rates (Poorter & Bongers
2006). SLA measures light-intercepting leaf area per dry
mass invested, leaves of higher SLA tend to have higher
nitrogen content per unit leaf area, consequently, higher
metabolic and growth rates (Wright et al. 2004). LDMC
reflects the amount of assimilatory tissue versus structural
compound in a leaf. A lower LDMC corresponds to a higher
proportion of assimilatory tissue and lower structural
component, leads to higher photosynthetic and growth
rates of species (Kazakou et al. 2006). Lower wood density
represents less biomass invested per unit volume, thus
results in higher growth rates of species (King et al. 2005,
Poorter et al. 2008).

Environmental conditions

Topographical indices of habitat were measured as
quadrat altitude (m), convexity (m) and slope angle (°)
(Appendix 2). We measured the altitude of each 20 × 20-
m quadrat within the DHS 20-ha plot using an electronic
total station, averaging values from the four corners of
each quadrat (Legendre et al. 2009). Convexity of each
20 × 20-m quadrat was calculated as the altitude of the
focal plot minus the mean altitude of the eight 20 × 20-m
quadrats around each focal plot. For the edge quadrat,
convexity was the altitude of the centre point minus
the mean of its four corners. Slope was defined as the
mean angular deviation from horizontal of each of the
four triangular planes formed by connecting three of its
corners.

Soil-based indices of habitat were determined by
sampling soils at 30-m grid points within the plot for a total
of 710 sampling points (Appendix 3). At each point, we
collected 500 g of topsoil (0–10 cm depth) and analysed
nine soil properties: organic matter (OM; mg g−1), soil
pH, water content (WC, %), total potassium (TK; mg g−1),
available potassium (AK; mg g−1), total nitrogen (TN; mg
g−1), available nitrogen (AN; mg g−1), total phosphorus
(TP; mg g−1) and available phosphorus (AP; mg g−1) (Lin
et al. 2013). Soil values for each 20 × 20-m quadrat
were calculated using kriging methods. Variables of soil
fertility were strongly correlated with each other, thus
we computed principal components from the nine soil

Table 1. Factor loadings of the first two compon-
ents of the Principal Component Analysis (PCA)
on soil variables in the Dinghushan (DHS) 20-ha
plot. OM, organic matter; pH, soil pH; WC: water
content of soil; TK, total K; AK, available K; TN,
total N; AN, available N; TP, total P; AP, available
P.

Soil variable PC1 PC2

OM 0.372 0.014
pH − 0.359 − 0.175
WC − 0.188 − 0.669
T K 0.344 − 0.094
A K 0.183 − 0.712
T N 0.391 − 0.055
A N 0.394 0.014
T P − 0.306 0.053
A P 0.379 0.002

variables and used only the first two components (PC1
and PC2), which explained 77.9% of the total variance
in soil variables (Table 1). PC1 was associated with soil
fertility, and PC2 was associated with concentration of
available K and water content (Table 1).

Data analysis

Functional diversity was represented by functional
dispersion (FDis) (Appendix 4), which quantifies the mean
distance of individual species to the centroid of all species
in the community (Laliberte & Legendre 2010). The
weighted centroid was calculated as:

c =
∑

a j xi j
∑

a j

where c is the weighted centroid in the i-dimensional
spaces, aj is the abundance of species j, aij is the attribute
of species j for traits i. The FDis was calculated as:

FDis =
∑

a j z j
∑

a j

where zj is the distance of species j to the weighted
centroid c. The relative abundances of species can be
taken into account in the calculation of FDis, which can
eliminate the effects of different abundances of species
across different quadrats, and can be used for single
traits and multiple traits (Spasojevic & Suding 2012).
Furthermore, functional dispersion is independent from
species richness, which allows comparison of quadrats
and size classes with different species richness without
bias (Laliberte & Legendre 2010, Villeger et al. 2008).

Community weighted mean (CWM) trait values were
also estimated to represent functional dominance in
this study, which were calculated as the mean trait
value weighted by species abundance in the community
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Table 2. Partial Mantel correlation coefficients between environmental conditions and community-weighted mean (CWM) trait values for all
individuals in the Dinghushan (DHS) 20-ha plot. LDMC, leaf dry matter content; SLA, specific leaf area; PC1, the first principal component of soil
variables; PC2, the second principal component of soil variables.∗ P < 0.05; ∗∗ P < 0.01; ∗∗∗ P < 0.001.

Chlorophyll LDMC Leaf size SLA Leaf thickness Wood density

Altitude − 0.005 − 0.058 0.009 − 0.109 − 0.038 − 0.046
Convexity 0.081∗∗∗ 0.175∗∗∗ 0.135∗∗∗ 0.178∗∗∗ 0.028 0.136∗∗∗
Slope − 0.066 0.017 − 0.033 − 0.040 − 0.006 − 0.026
PC1 − 0.009 0.253∗∗∗ 0.142∗∗∗ 0.213∗∗∗ − 0.178 0.087∗∗∗
PC2 − 0.048 0.003 − 0.038 − 0.042 − 0.011 − 0.036

Table 3. Partial Mantel correlation coefficients between environmental conditions and functional dispersion (FDis) for single traits and multiple
traits in the Dinghushan (DHS) 20-ha plot. See Table 2 for abbreviations in the text.∗ P < 0.05; ∗∗ P < 0.01; ∗∗∗ P < 0.001.

Chlorophyll LDMC Leaf size SLA Leaf thickness Wood density Multiple traits

Altitude − 0.055 − 0.036 − 0.017 − 0.025 0.001 0.007 − 0.022
Convexity − 0.054 0.159∗∗∗ 0.131∗∗∗ 0.158∗∗∗ 0.056∗∗ − 0.004 0.073∗∗∗
Slope − 0.007 0.015 − 0.020 − 0.009 0.063∗∗∗ − 0.038 0.032
PC1 − 0.040 0.220∗∗∗ 0.200∗∗∗ 0.079∗∗ 0.026 − 0.041 0.044∗
PC2 0.048∗ 0.038 − 0.027 0.007 0.016 − 0.076 0.026

(Garnier et al. 2004). Functional diversity and functional
dominance were calculated for each quadrat.

In order to eliminate the possible spurious effect of
spatial autocorrelation, we used a partial Mantel test to
estimate the relationships between CWM trait values and
environmental gradients (Cielo et al. 2007, Houle et al.
2001, Legendre & Fortin 1989), and then another partial
Mantel test was also used to test associations between
environmental gradients and functional diversity. In the
partial Mantel test, we calculated three dissimilarity
matrices, CWM trait values dissimilarity or functional
diversity dissimilarity, environmental dissimilarity and
the matrix of geographic distances among quadrats for
controlling space effects. These univariate partial Mantel
tests can identify statistically significant relationships
between CWM and diversity and environments, and
permit a first comparison of the direction (Poorter et al.
2008). Multiple stepwise regression models were used to
examine the relationships between functional diversity
and combinations of environmental variables, which
can eliminate unimportant variables, and evaluate the
relative importance (R2 and P value) of environmental
variables in regulating functional diversity patterns.
Seven models including single traits and multiple traits
were established. Finally, in order to determine the
relative importance of each environmental factor in the
multiple-trait regression model, we decomposed R2 using
hierarchical partitioning method (Gromping 2006, Mac
Nally 2002).

Data analyses were conducted in R (3.0.1, 2013),
functional dispersion was calculated by the FD R language
package (Laliberte & Legendre 2010), the partial Mantel
tests were performed in the vegan package, and the
hierarchical partitioning was analysed in the relaimpo
package (Gromping 2006).

RESULTS

The partial Mantel test between environmental gradients
and CWM trait values indicated that environmental
conditions had strong effects on the distributions of
trait values (Table 2), especially convexity and soil PC1.
For instance, LDMC, leaf size, SLA and wood density
significantly increased with increasing convexity and
soil PC1. However, no significant relationships between
altitude, slope, PC2 and CWM trait values were observed
in this study.

Functional diversity was largely affected by convexity
and soil properties (Table 3). For example, diversity
of LDMC, leaf size, SLA and thickness tended to be
higher in the high-convexity quadrats. In the high-
fertility quadrats, diversity of LDMC, leaf size, SLA
also tended to be greater. Leaf thickness was more
diverse in the steep-slope quadrats. However, functional
diversity of chlorophyll concentrations of trees in quadrats
increased with decreasing concentration of available
K and water content (PC2) (Table 3). For multivariate
functional diversity, species were functionally divergent
in the quadrats of high convexity and soil fertility
(PC1).

Stepwise multiple regression models showed that differ-
ent environmental conditions had different importance
in affecting functional diversity patterns (Table 4). For
example, all regressors except for PC2 were significant in
the model of leaf size, and explained 41% of the variation
in the functional dispersion of leaf size. However, only
altitude and convexity were significant in the model
of wood density, and only 10% of the variation was
explained. For the model of multiple traits, all regressors
were significant, and convexity and soil properties (PC1
and PC2) had more important effects on functional

http://journals.cambridge.org


http://journals.cambridge.org Downloaded: 16 Jun 2016 IP address: 131.111.164.128

Inferring community assembly processes from trait diversity across environmental gradients 5

Table 4. Stepwise multiple regression coefficients and P values for the relationships between environments and functional diversity (FDis),
including single traits and multiple traits. R2 of models were showed. See Table 2 for abbreviations in the text.∗ P < 0.05; ∗∗ P < 0.01; ∗∗∗ P <

0.001; NS, not significant.

Chlorophyll LDMC Leaf size SLA Leaf thickness Wood density Multiple traits

Altitude − 0.0003∗∗ − 0.001∗∗∗ − 0.001∗∗∗ 0.001∗∗ 0.0003∗ − 0.001∗∗∗ − 0.001∗∗
Convexity NS − 0.011∗∗∗ − 0.007∗∗∗ − 0.022∗∗∗ 0.006∗∗∗ 0.003∗∗ − 0.012∗∗∗
Slope 0.002∗ NS − 0.005∗∗∗ NS 0.006∗∗∗ NS 0.004∗
PC1 NS 0.020∗∗∗ 0.037∗∗∗ 0.026∗∗∗ − 0.012∗∗∗ NS 0.030∗∗∗
PC2 − 0.030∗∗∗ NS NS − 0.039∗∗∗ − 0.029∗∗∗ NS − 0.047∗∗∗
R2 0.09 0.33 0.41 0.28 0.17 0.10 0.30

Figure 1. Relative importance of each environmental factor in the
multiple traits regression model for 92 species in the Dinghushan (DHS)
20-ha plot. See Table 2 for abbreviations in the text.

diversity patterns (P values were smaller). In addition,
30% of the variation in functional dispersion can be
explained (Table 4).

When we decomposed the R2 of the multiple-trait model
to find the best predictors of functional diversity, they
were convexity and soil PC1 (Figure 1), which contributed
30.5% and 29.0% of total R2 to this model.

DISCUSSION

Environmental filtering and competitive interactions are
important ecological processes in community assembly.
Consequently, functional diversity patterns have the
potential to detect the two opposing effects (Mason
et al. 2013, Mouchet et al. 2010, Siefert et al. 2013).
In our study, co-occurring species were functionally
divergent in area with high terrain convexity and
soil fertility (Table 3),which suggests that functional

diversity is high in regions of high resource availability
and strong competitive interactions, and decreased
in regions of relative strong abiotic stress (Cornwell
& Ackerly 2009, Spasojevic & Suding 2012). These
results are consistent with our first hypothesis. However,
functional convergence may also derive from competitive
interactions if differences in competitive ability overcome
niche differences (Mayfield & Levine 2010). For instance,
competitors may differ in a specific trait, i.e. tree height,
so competitive ability difference will occur when light
is a limiting resource. In this situation, competitive
interactions will exclude all but the tallest species, and
then drive clustering. This may occur in specific regions
of a homogeneous habitat where niche differences are
not significant, but may not occur in a community with
complicated habitats such as the DHS plot (Shen et al.
2013, Wang et al. 2009).

Our results showed that CWM trait values changed in
response to environmental gradients (Table 2), especially
terrain convexity and soil fertility (PC1), which indicates
that environmental filtering is occurring in this forest
(Spasojevic & Suding 2012), which is also consistent
with the first hypothesis. Convexity reflects the contrast
in altitude between a focal quadrat and surrounding
quadrats, where very high convexity may indicate a
hilltop and very low convexity may indicate bottomlands
or a local hollow (Detto et al. 2013). Convexity is often
negatively associated with soil moisture and nutrient
availability (Lan et al. 2011, McEwan et al. 2011,
Noguchi et al. 2007), and potentially has effects on plant
performance, such as species composition and richness
(Legendre et al. 2009), species distribution patterns (Lan
et al. 2011, Wang et al. 2009) and above-ground biomass
(McEwan et al. 2011). However, high convexity can
be associated with high light availability (Enoki & Abe
2004, Tsujino et al. 2006), which is one of the most
limiting resources for the understorey in tropical forests
(King et al. 2005, Poorter et al. 2005, Ruger et al.
2009). High convexity (associated with high light) and
high soil fertility (PC1) can also promote species with
large leaf size, high specific leaf area and chlorophyll
concentration (Table 2), and can result in high light-
capturing and photosynthetic rates, as well as high
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growth rates and carbon gain in high-light environments
(Carreno-Rocabado et al. 2012, Poorter et al. 2008,
Sterck et al. 2006). The positive relationships between
wood density, convexity and PC1 may be due to the fact
that wood density increased with declining soil moisture
(Cornwell & Ackerly 2009), and trees exposed to stronger
winds in high-convexity quadrats may have higher wood
density to resist natural stresses. However, LDMC was
positively associated with convexity and PC1, which was
not consistent with the findings of Carreno-Rocabado
et al. (2012).

In previous studies, environmental conditions were
associated with functional diversity patterns at larger
scales (Cornwell & Ackerly 2009, Fortunel et al. 2014,
Siefert et al. 2013, Spasojevic & Suding 2012). However,
our results showed that variation in environments at
smaller scales also had strong effects on the patterns
of functional diversity (Table 3). Terrain convexity and
soil fertility (PC1) were the most important factors
that affected the functional diversity patterns in this
study (Figure 1), which is consistent with the second
hypothesis. Trees in tropical forests not only compete
for soil fertility and moisture, but also for light. Trees
located in the quadrats of high convexity might intercept
more light (Enoki & Abe 2004, Tsujino et al. 2006).
There is evidence that relative growth rates of large
trees are positively related to convexity in this study
site (Shen et al. 2014). We suggest that, due to
higher light availability, trees in the high-convexity
quadrats have stronger competitive interactions and
resource partitioning, resulting in functional divergence.
Conversely, traits may respond to light limitation,
resulting in higher similarity of strategy (environmental
filtering) in the low-convexity quadrats.

Some studies have reported that functional diversity
is related to soil properties. For example, soil moisture
was the strong predictor of trait distribution patterns
in coastal California (Cornwell & Ackerly 2009), and
soil fertility characteristics (i.e. pH, K and P) have the
potential to affect functional diversity (Mason et al.
2012) and functional beta diversity (Siefert et al. 2013).
Furthermore, functional diversity in single traits such
as height, SLA and chlorophyll concentration can be
strongly associated with soil moisture and N (Spasojevic
& Suding 2012). In our study, PC1 was associated with
high OM, K, N and available P (Table 1), and represented
the gradients of soil fertility. PC1 had positive effects
on functional diversity (Table 3), which was consistent
with the fact that species differed in resource strategy
in high-fertility environments, but were increasingly
convergent in strategy as soil fertility declined (Mason
et al. 2012, Sutton-Grier et al. 2011). Total P was
negatively correlated with available P (r = −0.59; P <

0.001), suggesting that the negative effects of Total P on
functional diversity are the result of secondary correlation

with available P. Study in this site also found that TP
was not significantly correlated with AP, but N addition
significantly increased AP (Liu et al. 2014). However,
other studies have shown that variation in altitude,
slope and soil moisture (PC2) can potentially affect plant
performance (Comita & Engelbrecht 2009, Harms et al.
2001, Legendre et al. 2009), but was not observed
in our result (Tables 2, 3), reflecting a fact that trees
mainly tended to partition light and soil fertility in this
forest.

Species in the quadrats of high convexity and soil
fertility were more diverse in leaf traits of LDMC, leaf
size, SLA and thickness (Table 3), and these traits reflect
the relationships among light-capture rates, leaf biomass
invested and defensive strategy. Species with low LDMC,
thinner leaves, large leaf size and SLA tend to have high
photosynthetic rates and carbon gain, but have lower
leaf biomass invested (Kazakou et al. 2006, Martı́nez-
Vilalta et al. 2010, Poorter & Bongers 2006, Poorter
et al. 2008). This suggests that species partition light
(Carreno-Rocabado et al. 2012, Mason et al. 2011), and
that below-ground resources (soil fertility) (Mason et al.
2012, Siefert et al. 2013) may increase in these quadrats,
responding to the high light availability and high soil
fertility.

Our finding was consistent with the hypothesis
that species are functionally convergent in relative
abiotic stressful environments because of environmental
filtering, and divergent in more benign environments
as competitive interactions become more important.
However, studies also found evidence that functional
diversity increased with abiotic stress for some traits,
which indicated that different traits might be related
to different niche axes, and associated with different
ecological processes (Spasojevic & Suding 2012). Our
results supported this conclusion. The stepwise multiple
regressions analysis showed that environmental factors
had distinguishing effects on diversity of different traits
(Table 4), more variation in the diversity of LDMC, leaf
size, SLA and multiple traits could be explained, but this
was not the case for chlorophyll, thickness and wood
density since R2 values were much lower. This result
implied that traits that are related to different niche
axes, result in different relationships with environments.
Multivariate functional diversity depends on the diversity
of many different single traits, and only including a single
multivariate functional diversity in the analysis may mask
some key ecological processes in community assembly,
thus niche axes should be considered in trait selection
(Spasojevic & Suding 2012). However, other traits and
environmental factors such as tree height, seed traits
(Martı́nez-Vilalta et al. 2010, Poorter et al. 2008, Wright
et al. 2010), light (King et al. 2005) and aspect (Rubino &
McCarthy 2003) represent further avenues for evaluating
the array of factors that moderate functional diversity.
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Appendix 1. Abundance and sample size (leaf traits measurement) of
92 species in the Dinghushan (DHS) 20-ha Forest Dynamics Plot,
China. Leaf samples were collected outside the plot if abundance of
species is less than six.

Sample
Species Abundance size

Aidia canthioides (Champ. ex Benth.) Masamune 7892 12
Syzygium rehderianum Merr. & Perry 5102 12
Cryptocarya concinna Hance 3829 12
Ardisia quinquegona Bl. 3127 12
Blastus cochinchinensis Lour. 2943 12
Aporosa yunnanensis (Pax & Hoffm.) Metc. 2789 12
Ormosia glaberrima Y. C. Wu 2343 12
Cryptocarya chinensis (Hance) Hemsl. 2268 12
Castanopsis chinensis Hance 2076 12
Schima superba Gardn. & Champ. 1894 12
Xanthophyllum hainanense Hu 1788 12
Craibiodendron kwangtungense S. Y. Hu 1784 12
Acmena acuminatissima (Bl.) Merr. & Perry 1377 12
Sarcosperma laurinum (Benth.) Hook. f. 1351 12
Memecylon ligustrifolium Champ. 1261 12
Mischocarpus pentapetalus (Roxb.) Radlk. 1218 12
Rhododendron henryi Hance 1103 12
Carallia brachiata (Lour.) Merr. 985 12
Lindera metcalfiana Allen 924 12
Rapanea neriifolia (S. & Z.) Mez 671 12
Machilus breviflora (Benth.) Hemsl. 636 12
Ilex ficoidea Hemsl. 633 12
Macaranga sampsoni Hance 625 12
Engelhardtia roxburghiana Wall. 600 11
Neolitsea umbrosa (Nees) Gamble 474 12
Elaeocarpus dubius A. DC. 459 12
Psychotria rubra (Lour.) Poir. 455 12
Machilus chinensis (Champ. ex Benth.) Hemsl. 421 12
Eurya macartneyi Champ. 411 12
Lindera chunii Merr. 409 12

Appendix 1. Continued.

Artocarpus styracifolius Pierre 408 12
Canarium album (Lour.) Raeuch. 399 11
Canthium dicoccum (Gaertn.) Teysmann & Binnedijk 395 12
Syzygium levinei (Merr.) Merr. & Perry 387 12
Syzygium championii (Benth.) Merr. & Perry 331 12
Diplospora dubia (Lindl.) Masam. 315 12
Mallotus paniculatus (Lam.) Muell. Arg. 309 12
Gironniera subaequalis Planch. 290 12
Euonymus laxiflora Champ. ex Benth. 282 12
Diospyros morrisiana Hance 272 12
Pithecellobium lucidum Benth. 266 12
Neolitsea cambodiana Merr. & Chun 203 12
Schefflera octophylla (Lour.) Harms 177 12
Acronychia pedunculata (Linn.) Miq. 160 12
Ilex triflora Bl. 156 12
Pygeum topengii Merr. 139 12
Diospyros eriantha Champ. ex Benth. 120 12
Meliosma rigida Sieb. & Zucc. 116 12
Ilex chapaensis Merr. 114 11
Microdesmis caseariifolia Planch. 111 12
Machilus velutina Champ. ex Benth. 100 11
Bridelia fordii Hemsl. 87 12
Garcinia oblongifolia Champ. 77 8
Melastoma sanguineum Sims. 65 12
Photinia prunifolia (Hook. & Arn.) Lindl. 65 12
Sterculia lanceolata Cav. 60 12
Evodia lepta (Spreng.) Merr. 58 12
Ficus variolosa Lindl. ex Benth. 53 12
Antidesma japonicum Sieb. & Zucc. 52 6
Croton lachnocarpus Benth. 48 6
Ficus esquiroliana Levl. 45 6
Itea chinensis Hook. & Arn. 45 6
Archidendron turgidum (Merrill) I. C. Nielsen 43 6
Memecylon nigrescens Hook. & Arn. 33 6
Machilus phoenicis Dunn 32 6
Rhododendron mariae Hance 31 6
Canthium horridum Bl. 31 6
Gardenia jasminoides J. Ellis 30 6
Helicia reticulata W. T. Wang 30 6
Lasianthus chinensis (Champ.) Benth. 27 6
Casearia villilimba Merr. 27 6
Ormosia semicastrata Hance 24 6
Wikstroemia nutans Champ. 23 6
Syzygium jambos (Linn.) Alston 19 6
Aquilaria sinensis (Lour.) Gilg 18 6
Zanthoxylum myriacanthum Wall. ex Hook. f. 17 6
Sapium discolor (Champ. ex Benth.)Muell. Arg. 16 6
Ilex cochinchinensis (Lour.) Loes. 14 6
Ficus variegata Bl. var. chlorocarpa (Benth.) King 12 6
Vitex quinata (Lour.) Will. 12 6
Glochidion wrightii Benth. 10 6
Ficus vasculosa Wall. ex Miq. 9 6
Glochidion eriocarpum Champ.ex Benth. 6 6
Trema angustifolia (Planch.) Blume 5 6
Maesa salicifolia Walker 4 6
Microcos paniculata Linn. 3 6
Bridelia tomentosa Bl. 3 6
Pterospermum lanceaefolium Roxb. 3 6
Antidesma bunius (Linn.) Spreng. 2 6
Syzygium buxifolium Hook. & Arn. 1 6
Zanthoxylum avicennae (Lam.) DC. 1 6
Ixora chinensis Lam. 1 6

http://journals.cambridge.org
https://www.researchgate.net/publication/49818949_Functional_traits_and_the_growth-mortality_trade-off_in_tropical_trees?el=1_x_8&enrichId=rgreq-62cefa2babe43e4c35e04045eb8f06f6-XXX&enrichSource=Y292ZXJQYWdlOzMwMzk1NTk2MjtBUzozODY1NzEyMjk1MTU3NzZAMTQ2OTE3NzE3MTExOA==
https://www.researchgate.net/publication/49818949_Functional_traits_and_the_growth-mortality_trade-off_in_tropical_trees?el=1_x_8&enrichId=rgreq-62cefa2babe43e4c35e04045eb8f06f6-XXX&enrichSource=Y292ZXJQYWdlOzMwMzk1NTk2MjtBUzozODY1NzEyMjk1MTU3NzZAMTQ2OTE3NzE3MTExOA==
https://www.researchgate.net/publication/49818949_Functional_traits_and_the_growth-mortality_trade-off_in_tropical_trees?el=1_x_8&enrichId=rgreq-62cefa2babe43e4c35e04045eb8f06f6-XXX&enrichSource=Y292ZXJQYWdlOzMwMzk1NTk2MjtBUzozODY1NzEyMjk1MTU3NzZAMTQ2OTE3NzE3MTExOA==
https://www.researchgate.net/publication/49818949_Functional_traits_and_the_growth-mortality_trade-off_in_tropical_trees?el=1_x_8&enrichId=rgreq-62cefa2babe43e4c35e04045eb8f06f6-XXX&enrichSource=Y292ZXJQYWdlOzMwMzk1NTk2MjtBUzozODY1NzEyMjk1MTU3NzZAMTQ2OTE3NzE3MTExOA==
https://www.researchgate.net/publication/49818949_Functional_traits_and_the_growth-mortality_trade-off_in_tropical_trees?el=1_x_8&enrichId=rgreq-62cefa2babe43e4c35e04045eb8f06f6-XXX&enrichSource=Y292ZXJQYWdlOzMwMzk1NTk2MjtBUzozODY1NzEyMjk1MTU3NzZAMTQ2OTE3NzE3MTExOA==
https://www.researchgate.net/publication/49818949_Functional_traits_and_the_growth-mortality_trade-off_in_tropical_trees?el=1_x_8&enrichId=rgreq-62cefa2babe43e4c35e04045eb8f06f6-XXX&enrichSource=Y292ZXJQYWdlOzMwMzk1NTk2MjtBUzozODY1NzEyMjk1MTU3NzZAMTQ2OTE3NzE3MTExOA==


http://journals.cambridge.org Downloaded: 16 Jun 2016 IP address: 131.111.164.128

10 YONG SHEN ET AL.

Appendix 2. Range, mean and coefficient of variation (CV) of plant
functional traits (N = 92) in the Dinghushan (DHS) 20-ha Forest
Dynamics Plot, China.

Variable Range Mean CV

Chlorophyll (SPAD) 32.9–75.3 51.7 0.15
Leaf dry matter content (g g−1) 0.21–0.52 0.37 0.17
Leaf size (cm2) 5.98–983 45.4 2.34
Specific leaf area (cm2 g−1) 63.1–267 139 0.35
Thickness (mm) 0.12–0.31 0.20 0.23
Wood density (g cm−3) 0.28–0.85 0.58 0.20

Appendix 3. Range, mean and coefficient of variation (CV) of
topography (N = 500) in the Dinghushan (DHS) 20-ha Forest
Dynamics Plot, China.

Variable Range Mean CV

Altitude (m) 237–466 339 0.15
Convexity (m) − 13.3–17.6 0.18 31.0
Slope (°) 8.54–57.9 32.6 0.24

Appendix 4. Range, mean and coefficient of variation (CV) of soil
variables (N = 500) in the Dinghushan (DHS) 20-ha Forest Dynamics
Plot, China.

Variable Range Mean CV

Organic matter (mg g−1) 42.6–98.1 61.0 0.18
pH 3.55–3.95 3.75 0.02
Water content (%) 10.3–28.0 18.8 0.14
Total K (mg g−1) 30.1–121 55.0 0.36
Available K (mg g−1) 8.45–31.2 18.2 0.19
Total N (mg g−1) 133–291 202 0.18
Available N (mg g−1) 0.47–2.76 1.18 0.43
Total P (mg g−1) 0.41–4.87 1.80 0.58
Available P (mg g−1) 0.20–0.44 0.28 0.19

Appendix 5. Range, mean and coefficient of variation (CV) of functional
dominance and functional diversity in the Dinghushan (DHS) 20-ha
Forest Dynamics Plot, China.

Variable Range Mean CV

Functional dominance (N = 500)
Chlorophyll 44.7–57.3 52.4 0.04
Leaf dry matter content (g g−1) 0.29–0.42 0.38 0.06
Leaf size (cm2) 17.4–157 32.0 0.52
Specific leaf area (cm2 g−1) 89.6–239 129 0.18
Thickness (cm) 0.15–0.24 0.20 0.06
Wood density (g cm−3) 0.49–0.72 0.63 0.05
Functional dispersion (N = 500)
Chlorophyll 0.29–1.23 0.84 0.16
Leaf dry matter content 0.32–1.35 0.77 0.21
Leaf size 0.04–1.21 0.16 0.98
Specific leaf area 0.21–1.52 0.63 0.43
Thickness 0.25–1.16 0.74 0.20
Wood density 0.23–1.00 0.66 0.21
Multiple traits 1.02–2.40 1.74 0.14
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