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Abstract

Background: One of the core issues of forest community ecology is the exploration of how ecological processes
affect community structure. The relative importance of different processes is still under debate. This study addresses
four questions: (1) how is the taxonomic structure of a forest community affected by spatial scale? (2) does the taxo-
nomic structure reveal effects of local processes such as environmental filtering, dispersal limitation or interspecific
competition at a local scale? (3) does the effect of local processes on the taxonomic structure vary with the spatial
scale? (4) does the analysis based on taxonomic structures provide similar insights when compared with the use of
phylogenetic information? Based on the data collected in two large forest observational field studies, the taxonomic
structures of the plant communities were analyzed at different sampling scales using taxonomic ratios (number of
genera/number of species, number of families/number of species), and the relationship between the number of
higher taxa and the number of species. Two random null models were used and the “standardized effect size” (SES)
of taxonomic ratios was calculated, to assess possible differences between the observed and simulated taxonomic
structures, which may be caused by specific ecological processes. We further applied a phylogeny-based method to
compare results with those of the taxonomic approach.

Results: As expected, the taxonomic ratios decline with increasing grain size. The quantitative relationship between
genera/families and species, described by a linearized power function, showed a good fit. With the exception of the
family-species relationship in the Jiaohe study area, the exponents of the genus/family-species relationships did not
show any scale dependent effects. The taxonomic ratios of the observed communities had significantly lower values
than those of the simulated random community under the test of two null models at almost all scales. Null Model

2 which considered the spatial dispersion of species generated a taxonomic structure which proved to be more
consistent with that in the observed community. As sampling sizes increased from 20 m x 20 m to 50 m x 50 m, the
magnitudes of SESs of taxonomic ratios increased. Based on the phylogenetic analysis, we found that the Jiaohe plot
was phylogenetically clustered at almost all scales. We detected significant phylogenetically overdispersion at the
20m x 20 m and 30 m x 30 m scales in the Liangshui plot.

Conclusions: The results suggest that the effect of abiotic filtering is greater than the effects of interspecific competi-
tion in shaping the local community at almost all scales. Local processes influence the taxonomic structures, but their
combined effects vary with the spatial scale. The taxonomic approach provides similar insights as the phylogenetic
approach, especially when we applied a more conservative null model. Analysing taxonomic structure may be a use-
ful tool for communities where well-resolved phylogenetic data are not available.
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Background

One of the core issues of forest community ecology is the
identification of specific ecological processes that con-
tribute to shaping community structure [1]. The assembly
of a woody plant community in a forest may be regulated
by various processes including regional history and local
processes, such as abiotic and biotic interactions [2].
Local communities are built from a regionally available
species pool. Within a given species pool, different eco-
logical processes then shape community structure [3-6].
Specifically, more and more studies focus on the assess-
ment of the relative importance of biotic and abiotic
forces in community assembly [7].

Environmental filtering refers to abiotic factors that
prevent the establishment or persistence of species in a
particular location [8]. This concept involves the identi-
fication of particular species which are adapted to spe-
cific habitat conditions (such as terrain, soil or climate).
According to the theory of niche conservation [9], spe-
cies belonging to a particular genus or family could have
similar ecological traits and habitat tolerance. Environ-
mental filtering will therefore decrease the number of
genera and families for a given number of species [9-11].
In contrast, interspecific competition may be especially
intense between con-generic/familial species because of
similar niche preferences. The similarity in the demand
for resources may result in competitive exclusion, reduc-
ing the probability of coexistence of species from the
same genus or family. Consequently, a “limiting similarity
phenomenon” may be observed within a community [1,
12-14]. Thus, interspecific competition and environmen-
tal filtering have opposite impacts on the composition
of different taxonomic levels. In addition to these niche-
based ecological processes, dispersal limitation could also
affect the species composition of local community [2, 5].
Through a spatial filtering effect, the species-genera/fam-
ily ratios could increase.

Evolutionary relationships between species have been
used to offer a new perspective for research regarding
ecological processes [3—6, 15-17]. The ratios of generic
or family richness to species richness (G/S and F/S,
respectively), first used by Elton [18] in 55 animal and 27
plant communities in different habitats, present a simple
and intuitive reflection of the “taxonomic structure” [19]
of a community. Taxonomic structure could reflect the
regulation of local processes, such as environmental fil-
tering, interspecific competition and dispersal limitation
by testing whether the co-occurring species are more
closely related than would be expected by chance.

Many studies have used taxonomic structure to exam-
ine the effect of local processes quantitatively in real
communities [2, 13, 15]. The construction of a taxonomic
system for plants is mostly based on species’ phenotypic
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differences and similarities. Phenotypic variation has a
basis in evolutionary history, and the taxonomic struc-
ture therefore contains information about genetic rela-
tionships among species to some extent [16]. While
reviewing the historical debate on genus:species ratios,
Jarvinen [20] noted the rarity of statistically robust
empirical evidence for congeneric species coexisting less
frequently than more distantly related taxa. A potential
solution to this problem is to quantify the phylogenetic
relatedness of co-occurring species.

The availability of phylogenies, along with methods
for the construction of supertrees and for assembling
the phylogenies of communities, now permits commu-
nity structure to be assessed phylogenetically. Pairwise
phylogenetic distances between species measure times
of divergence during evolutionary history and are often
argued to be a good synthetic measure of species eco-
logical differentiation [15]. In a framework analogous
to the taxonomic structure, the phylogenetic structure
of communities can provide insights into the relative
importance of different ecological processes. For exam-
ple, if co-occurring species are more closely related than
expected, i.e. phylogenetically clustered, this would be
suggestive of abiotic filtering. Conversely, a phylogeneti-
cally overdispersed structure suggests that biotic interac-
tions are more important in shaping a focal community
[7,21-25].

In line with similar studies in other regions, we try to
understand the taxonomic characteristics of ecological
communities, based on available information. Through a
null modelling approach, the effect of local processes in
shaping community assembly can be assessed by examin-
ing the deviations of the empirical patterns of taxonomic
structure from null expectations [2, 18]. It is necessary
to compare the results based on taxonomic structure
with those based on phylogenetic data. We can thus test
whether the conclusions about community assembly
based on taxonomic structure are consistent. Moreo-
ver, phylogenetic analyses are being used extensively at
global scales [16, 17], while the taxonomic structure is
widely used to reflect underlying evolutionary principles
of diversification along a wide environmental gradient. If
the taxonomic structure reveals a pattern that is similar
to the phylogenetic structure, it can be used more widely
depending on the accessibility of data on species compo-
sition for taxa whose phylogenetic relationships are not
well resolved.

The patterns and processes in a community change
at different spatial scales [26]. When analysing different
ecological processes, the sampling scale will affect the
inferences. The scale effect thus requires special attention
[27, 28]. For example, when the sample scale increases,
interspecific competition will be weaker because of
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increasing resource availability at the larger areas [29]. As
the effects of local processes vary with the grain size, the
taxonomic and phylogenetic structure of a community
may be scale-dependent as well [30].

Using data from very large (60-ha) observational field
studies in two representative temperate forests in north-
eastern China, we will test four hypotheses: (1) the taxo-
nomic structure of the two communities (i.e., taxonomic
ratios, especially G/S and F/S and the exponents of
genus/family-species relationships) are scale-dependent,
(2) for a given species richness, ‘real’ communities consist
of fewer numbers of genera and families than communi-
ties randomly assembled from a given species pool due to
environmental filtering or dispersal limitation, suggesting
that abiotic filtering is more important than interspecific
competition in shaping a local community, (3) the effect
of local processes on the taxonomic structure varies with
the spatial scale, and (4) the analysis based on taxonomic
structure provides similar insights when compared with
the use of phylogenetic information.

Materials and methods

Study areas

The observations for this study were collected in two large
forest plots located in Jiaohe, Jilin Province (east longitude
127°45'36.91", north latitude of 43°58'05.60”) and Liang-
shui, Heilongjiang Province (east longitude 128°53/20”,
north latitude 47°10’50”) in North-Eastern China. Both
study areas, established in the summer of 2010, are located
in a temperate continental mountain climate affected by
monsoons. The study areas showed little human distur-
bance and represent a natural forest community.

The Jiaohe plot covers an area of 30 ha
(500 m x 600 m), located within the administration of
the Jilin Jiaohe Forestry Experimental Plot. The average
temperature is — 18.6 °C during the coldest days in Janu-
ary, and 21.7 °C during the hottest days in July, with an
average annual rainfall of 606 mm. The elevation ranges
from 576 to 784 m above sea level, with fairly large topo-
graphic variation, mainly characterized by two slopes and
a gully between. Slope directions are mainly southeast-
erly and southwesterly.

The Liangshui plot covers an area of 29.64 ha
(380 m x 780 m), located in the Liangshui National
Nature Reserve of Dailing District, Yichun City, Hei-
longjiang. The average temperature is — 6.6 °C during the
coldest month and 7.5 °C during the hottest month. The
annual average rainfall is 805 mm. The topography of the
plot is flat with elevations ranging from 365 to 395 m.

Following the standard protocol for assessing large
permanent field plots, all individual woody plants with
a DBH > 1 cm were recorded in the summer of 2010.
All woody species (tree and shrub) encountered in the
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two observational study areas were identified. The sci-
entific nomenclature followed the Flora of China (Addi-
tional file 1: Appendix 1). The Jiaohe plot contains 47
woody species, which belong to 30 genera of 18 families.
The genus Acer includes most species: A. barbinerve, A.
mandshuricum, A. mono, A. ukurunduense, A. tegmento-
sum and A. triflorum. Families with more than one spe-
cies included Aceraceae, Rosaceae and Betulaceae. The
Liangshui plot contained 31 woody species, belonging
to 22 genera of 15 families. The genera with most spe-
cies are Picea, Populus and Acer. The Pinaceae family is
represented by five species, i.e., Pinus koraiensis, Abies
nephrolepis, Picea koraiensis, Picea jezoensis and Abies
fabri. In the Jiaohe study area, four topographic variables
(slope, aspect, convexity and elevation) were assessed
within 20 m x 20 m quadrats.

Data analysis

Analysis of taxonomic structures

We divided each forest plot into a grid of cells (called
quadrats in our study). In order to evaluate the sam-
ple scale dependence of the taxonomic structure, we
considered five different quadrat sizes: 20 m x 20 m,
30m x 30 m, 400 m x 40 m, 50 m x 50 m and
100 m x 100 m. The number of quadrats decreased as
the quadrat size increased (details are presented in Addi-
tional file 1: Appendix 3). The ratios of the generic or
family richness to species richness (G/S or F/S) were then
calculated in each quadrat size. Several studies had shown
that the taxonomic structure varied among habitats [31].
Therefore, the relationship between the taxonomic ratios
and topographic variables were also examined using the
Jiaohe observations in the 20 m x 20 m quadrats.

We further investigated the relationships between spe-
cies richness and generic or family richness (species-
higher taxon relationships). Previous studies have shown
that both types of relationships can be adequately simu-
lated by using the following models [2, 31]:

In(G) =a+b x In(S)

In(F) =a+ b x In(S)

where G represents the number of genera, F the number
of families and S the number of species. Because each
species belongs only to one genus/family, the intercept
parameter a was set to 0. Thus, the models were used in
the following forms:

In (G) = b x In(S)

In (F) = b x In(S)

The exponent of the species-higher taxon relation-
ship b can be estimated using regression analysis. The
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taxonomic ratios and exponents b provide a collective
indicator of the taxonomic structure of communities.

Inferring local ecological processes from taxonomic structure
The null modelling approach was used to examine the
influence of particular ecological processes by evaluat-
ing the deviations of the taxonomic structures between
the observed and null communities. An appropriate null
model should be chosen because in the forest, species
are typically distributed non-randomly in space [32, 33].
Due to environmental factors and dispersal limitation of
species, empirical communities share more species with
nearby and ecologically similar communities than with
distant and dissimilar ones. This positive spatial autocor-
relation of species occurrence must therefore be consid-
ered in the null model. Otherwise, the probability that a
null community is different from the empirical commu-
nity would be high, thus increasing the type I error [16,
34].

Null model 1 All species found in the study areas (the
actual species pool) were considered to represent the
local species pool. We assumed that each species had
the same probability of occurring in any quadrat. Thus,
in every quadrat of a particular spatial scale we held the
species richness fixed at the observed value in the quad-
rat (preserving the column sums) and randomly selected
species from the pool to build the corresponding null
community model.

Null model 2 Based on ecological realism, we sampled
species for each quadrat in a probabilistic way consid-
ering the dispersion fields of species [16, 34, 35]. In the
probabilistic framework, a species that occurs in several
quadrats that share 10 species with the focal quadrat is
more likely to be part of the focal quadrat’s source pool
than a species that occurs in a quadrat that only shares
a single species. This null model was constructed as fol-
lows: for an observed quadrat, we first sampled a quad-
rat from all quadrats with the same size weighted by the
number of shared species, and then picked a species
randomly from that quadrat. We then repeated this pro-
cedure until we obtained a quadrat with the number of
species being equal with the observed one. The aim of
using this similarity-weighted construction of a null com-
munity is to weaken the effects of both environmental fil-
tering and dispersal limitation.

For the two null models, we calculated the number of
genera and families in each null quadrat. To compare the
empirical taxonomic structure with those from null mod-
els, we calculated a standardized effect size (SES) for each
of the taxonomic ratios. This process was repeated 1000
times. The taxonomic ratios of the observed and null
communities were compared to determine the dominant
ecological processes affecting the taxonomic structure of
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each community. In the case of a strong abiotic effect in
the community (e.g. environmental filtering or dispersal
limitation), more congeneric/confamilial species would
be expected to be present in the environment and the
taxonomic ratios would be expected to be lower than
those in the null hypothesis model. However, when the
taxonomic structure was dominated by competition,
due to the mutual exclusion of congeneric/confamilial
species, the taxonomic ratios would be expected to be
greater than those generated by the null hypothesis. That
particular analysis is based on the, “standardized effect
size” (SES) which is calculated as follows:

Iobs - Inull

SES =
Onull

where I, indicates the observed taxonomic ratios in the
actual community and I, and 0,,,;; correspond to the
mean and standard deviance of 1000 repeats of the null
models, respectively. The variations in the SES values
were analyzed simultaneously, for the different sample
scales.

Phylogenetic structure test

Two phylogenetic supertrees were constructed for the
species from each plot (Additional files 2, 3) based on
PhytoPhylo which was the updated version of the Zanne
et al. [36] mega-phylogeny [37]. We estimated the com-
monly used nearest taxon index (NTI) which is a stand-
ardized measure of the phylogenetic distance to the
nearest taxon (mean nearest taxon distance, MNTD) for
each taxon in the sample. We computed NTT separately
for each quadrat. The significance of NTI for an indi-
vidual quadrat is assessed by comparing the observed
MNTD with a null distribution of MNTD measured on
999 null communities. Null communities for a quad-
rat were created by randomly drawing an equal num-
ber of species from the plot-wide phylogeny. NTI then
represents the standardized effect size (SES) of MNTD
[38]. Positive values of NTI indicate that taxa are more
related than expected (phylogenetically clustered), while
negative values indicate that taxa are less related than
expected (phylogenetically overdispersed).

NTTI s calculated as:

NTI = —(MNTD,ps — mean(MNTD,,,;;)) /sd(MNTD,,,,;;)

The MNTD,, is the observed value of the mean near-
est taxon distances. The mean (MNTD, ) is the mean
value from a null distribution where species names were
randomly shuffled on the tips of the community phylog-
eny 999 times, and the MNTD values were calculated
each time for each quadrat. The sd(MNTD, ) is the
standard deviation of the null distribution. For a more
intuitive and convenient comparison between the results
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of taxonomic and phylogenetic structures, we used
— 1 x NTI in our study.

A Student’s t test was used to test for significant
deviations of NTI from the expectation of zero. To test
whether the phylogenetic structure of local communities
depends on the spatial scale, an ANOVA was performed
to detect differences among NTI at different scales. A
similar test was also applied to SES of the taxonomic
ratios.

All statistical analyses were conducted with the soft-
ware R 3.3.3 (R Development Core Team).

Results

Taxonomic structures

The ratios of generic richness to species richness (G/S)
were 0.64 in the Jiaohe and 0.71 in the Liangshui study
areas. The ratios of family richness to species richness
(F/S) were 0.38 and 0.48, respectively.

The G/S and F/S ratios were related to the spatial
scales. With increasing area, the value of both ratios, as
the mean of all quadrats, decreased in both study areas
(Table 1). Based on the analysis of the environmental data
of Jiaohe on the 20 m x 20 m scale, we found that of the
four major terrain factors, the variables with significant
correlation to the ratio of generic richness to species
richness were elevation, aspect, and convexity. The ratio
of family richness to species richness showed a signifi-
cant correlation with elevation (Table 2).

We used a power function to estimate the relationship
between species richness and generic/family richness
across quadrats (Fig. 1). As for the genus-species rela-
tionship, the exponents, determined on all five scales in
Liangshui (Fig. 2), showing little variation. In compari-
son to the genus-species relationship, the family-species
relationship in both study areas displayed greater stability
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Table 2 Pearson correlation coefficients and their confi-
dence intervals (in brackets) between the taxonomic ratio
(G/S or F/S) and topographic variables at the 20 m x 20 m
scalein Jiaohe

Topographic  G/S F/S

variable

Elevation —0.11** (- 0.18, — 0.04) —0.11% (— —0.04)
Slope —0.06(—=0.13,0.02) —0.01 (- 0.08,0.06)
Aspect — 0.12%** (O 06, 0.20) — 007 (= 0.01,0.14)
Convexity — 0.09% (0.02,0.16) — 0.04 (= 0.11,0.04)

*** Indicates p < 0.001, ** indicates p < 0.01, * indicates p < 0.05

with the change of scale. For example, the exponent in
Jiaohe decreased with successive increases in scale.

Taxonomy-based test

For the Jiaohe plot, the SESs of genus—(G/S) and fam-
ily to species (F/S) ratios were negative or not signifi-
cantly different from 0. As sampling sizes increased from
20 m x 20 m to 50 m x 50 m, the magnitudes of SESs of
taxonomic ratios also increased. We detected a positive
mean SES of genus to species ratio (G/S) for the Liang-
shui plot at the 20 m x 20 m scale. The deviation of taxo-
nomic structure between the empirical and simulated
community decreased under Null model 2, relative to
Null model 1 (Fig. 3).

Phylogeny-based test

The Jiaohe plot was phylogenetically clustered at the
scales from 20 m x 20 m to 40 m x 40 m, with NTT sig-
nificantly greater than 0. Although the mean NTI > 0 at
the scales of 50 m x 50 m and 100 m x 100 m, indicating
a slight overall trend of phylogenetic clustering at the two
scales, these quadrats were not phylogenetically clustered

Table 1 Ratios of generic richness to species richness (G/S) and of family richness to species richness (F/S) at five different

spatial scales

Research plot Spatial scale Genus/species (G/S) Family/species (F/S)
Max Min Mean Max Min Mean
Jiaohe 20m x 20 m 1.00 0.54 0.76 1.00 0.36 0.63
30m x 30m 091 06 0.75 0.75 041 057
40m x 40m 0.86 0.59 0.74 0.73 0.40 0.55
50m x 50m 0.83 0.64 0.73 0.63 0.40 052
100m x 100 m 0.79 0.62 0.7 0.55 043 0.48
Liangshui 20m x 20m 1.00 0.55 0.82 1.00 0.33 0.58
30m x 30m 1.00 063 0.78 0.75 035 051
40m x 40m 0.91 0.67 0.76 0.63 0.35 0.49
50m x 50m 0.83 067 0.75 0.59 0.38 047
100m x 100 m 0.78 0.69 0.74 0.57 0.41 047
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Fig. 1 The relationships between species richness and generic/family richness (black line/red dashed line) in the Jiaohe and Liangshui study areas
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Fig. 2 Exponents of genus-species and family-species relationships in the Jiaohe and Liangshui study areas at different sample scales

or overdispersed because NTI did not differ significantly
from 0. The phylogenetic structure in the Jiaohe plot
showed no scale dependency. We detected significant
phylogenetic overdispersion at the 20 m x 20 m and
30 m x 30 m scales in the Liangshui study area. As the
scale increased, the phylogenetic structure became clus-
tered, with positive values of NTI (Fig. 4).

Discussion

Taxonomic structure of the two communities

Enquist et al. [2] used data from woody plant communi-
ties in different biogeographic regions, continents and
geologic time periods to identify that there was a gen-
eral pattern in the taxonomic structure and found that
the genus/family-species relationship could be effec-
tively described by a power function. This type of analysis
has been applied to communities of animals, plants and
microbes [2, 11, 18]. Our results, consistent with previ-
ous studies, showed that model fit was satisfactory and
the taxonomic structure of forest community presented
a pattern that is similar with other types of communi-
ties [31]. As the number of species increases, the number
of genera/families was also increasing. The taxonomic
structure represents the rate of diversification of the
genus or family, relative to the level of the species [15, 31,
39)].

The taxonomic ratios of Jiaohe showed a significant
relationship with topographic variables. These results
suggest that differences in the taxonomic structure may
significantly differ among environments. An increase in
species richness was mainly attributable to species that

belonged to the same higher taxon. For a given genus
richness, niche differentiation was greater at higher ele-
vations. This result indicates an environmental constraint
affecting the taxonomic composition of forest communi-
ties in Jiaohe [31].

Local ecological processes

In this study, we applied a phylogenetic approach to
detect community assembly processes and compared the
results to those obtained with a taxonomic approach. The
general trends were very similar between the two meth-
ods. We found phylogenetic clustering in the Jiaohe plot
at almost all scales and phylogenetic overdispersion at
fine scales in the Liangshui study area.

The taxonomic ratios scaling exponents of the genus/
family-species relationships in the observed communi-
ties were found to be significantly lower than those in
the two simulated null communities at almost all scales.
This shows that for a given species richness, our observed
communities have fewer numbers of genera and families
than random communities based on the studied species
pools. These results suggest that abiotic filtering was
more effective in determining the current taxonomic
structures, which confirms earlier investigations [13, 40,
41]. Swenson et al. [7] found that the effect of competi-
tion could significantly change the phylogenetic struc-
ture of a tropical forest community, but only at scales less
than 5 m x 5 m. The effect of environmental filtering was
always a dominant factor at greater scales. Wang et al.
[18] reached the same conclusion based on their research
in temperate forest communities in China, where the
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Fig. 3 The standardized effect size (SES) (mean value and the 95% confidence interval) of the two null models at different scales in the Jiaohe and
Liangshui study areas. Notes: Different capital letters indicate significant differences among different spatial scales under Null model 2, *** indicate
that SES of taxonomic ratios at a given scale differs from 0. Different lowercase letters indicate significant differences among different spatial scales
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effect of abiotic filtering was always greater than the
effect of competition.

In the Liangshui plot, we found that the mean SES of
G/S was positive and phylogenetically overdispersed
at fine scales, indicating intense competitive exclusion.
The communities at these scales in the Liangshui plot
mainly consisted of species from two speciose lineages,
Pinus and Acer. Pinus and Acer have many congeners and
thus may be more likely to show overdispersion than less

species lineages if, for example, increased diversity leads
to increased competition among closely related species.
In developing Null Model 2 for a taxonomy-based
test, rather than arbitrarily choosing a species, we con-
sidered the probability of a species occurring in a spe-
cific simulated quadrat, thus accounting for the effects of
environmental filtering and dispersal limitation to some
degree. As the null model is restricted, the deviation of
the empirical taxonomic structure from null expectation
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decreased, suggesting reduced regulatory effects caused
by environmental filtering or dispersal limitation. Com-
pared to Null Model 1, Null Model 2 thus generated a
taxonomic structure that was more consistent with the
empirical one. These results further confirmed the domi-
nant influence of environmental filtering and dispersal
limitation. It was necessary to preserve the spatial disper-
sion of species to avoid making an arbitrary inference of
the effect of a particular process [34].

Recently, many studies have shown that the effects of
environmental filtering have been largely overestimated
[8]. Mayfield and Levine argued that interspecific com-
petition would only occasionally eliminate more closely
related species and that competition exclusion caused by
the fitness difference between species will result in phy-
logenetic clustering [17]. For example, in a hypothetical
light-limited environment, a fitness difference between
species may be indicated by the height of individuals,
which may be indicative of a competitive ability differ-
ence. Competitive exclusion will preferentially elimi-
nate species with slow height growth, which may cause
more distantly related competitors less likely to coex-
ist. We found some evidence of environmental filtering
or dispersal limitation which may also reflect the influ-
ence of competitive exclusion resulting from competitive
advantages like tree height to some extent. The role of
competition in shaping community assemblies requires
more attention in future studies. However, this is not a
trivial problem which requires assessment of multiple
competition effects (root competition, crowding and

overtopping) and requires analysis of multiple response
patterns for different species, tree dimensions and devel-
opment stages, as has been shown by Seifert et al. [42].

Scale dependence

We found a clear downward trend in the taxonomic ratios
with increasing spatial scale. This phenomenon seems to
be closely related to changes in the intensity of different
local ecological processes as the spatial scale increases.
As the sampled area increases, more essential resources
become available and competition between species with
similar resource requirements is reduced [26, 29]. Hence,
more congeneric/confamilial species are found on larger
plots. However, any increase in environmental hetero-
geneity and space weakens the intensity of the effects of
environmental filtering [9, 43, 44], thus increasing the
probability of species belonging to various genera and
families within a given community [19]. It is thus difficult
to distinguish between the effects of environmental fil-
tering/dispersal limitation and interspecific competition.
However, in this study we found evidence of abiotic filter-
ing (e.g. environmental filtering and dispersal limitation)
at almost all scales. Consequently, we conclude that vari-
ations in the taxonomic structure with increasing scale of
the subsample are due to the reduced effects of interspe-
cific competition, which increases the probability of co-
existence of congeneric/confamilial species in the local
community [11, 45]. The scale dependence of the taxo-
nomic structure is the result of the combined effect of the
two types of local processes.
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It appears that, as the scale increases, the magni-
tude of SES of genus—(G/S) and family (F/S) to species
ratios, which reflects the combined effects of abiotic fil-
tering and interspecific competition, increases from the
20 m x 20 m to the 50 m x 50 m quadrat size, suggest-
ing that the species composition of observed communi-
ties became more closely related. At greater scales, the
observed taxonomic structure is more similar to that
found in a random assemblage community which further
suggests that the balance effect of opposing processes are
changing along spatial scales [22].

Surprisingly, the analyses of scale-dependent taxo-
nomic structures provided similar insights when com-
pared with the results of the phylogenetic analyses,
especially when we applied a more conservative null
model. The spatial scaling results for Jiaohe using phy-
logenetic methods are consistent with those of a recent
study by Kembel and Hubbell [40]. This study found a
clustered to random signal across spatial scales ranging
from 400 m? to 1 ha. The random or close-to-random
structure observed at larger scales and the lack of signifi-
cant N'TI clustering at larger scales could be due to lower
power. Other recent work using phylogenies found that
at spatial scales finer than 100 m? phylogenetic over-
dispersion is more evident [28], similar to our result in
Liangshui. At larger spatial scales, the overdispersed
structure progressively turns into a random or clustered
structure. This suggests that the degree of phylogenetic
relatedness between co-occurring species is most impor-
tant at very small and very large spatial scales. It is still
unclear whether the random pattern detected at the
50 m x 50 m scale in our study is due to the mixing of
overdispersion and clustering or is actually indicative of
neutral processes.

Conclusions

The analysis of taxonomic structures provides insights
that are similar to those obtained using phylogenetic
information, especially when a conservative null model
is applied. The effect of environmental filtering and dis-
persal limitation in our temperate forest community was
found to be greater than the effect of interspecific com-
petition in shaping the local tree community at almost
all scales. This result is based on both, the taxonomic
and the phylogenetic structure. Local processes do influ-
ence the taxonomic structure, but their combined effects
may vary with scale. The taxonomic and phylogenetic
approaches used in this study can help to explain the par-
ticular assembly of the temperate forest community. The
phylogenetic structure was influenced by the accuracy of
the phylogeny, the grouping into tree size classes and the
chosen phylogenetic index. For improved understanding
of variations in community structure at different spatial

Page 10 of 11

scales, we suggest that in future studies information on
species functional traits need to be included.
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