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Abstract: Functional traits are pivotal for understanding the functional niche within plant com-
munities. Yet, the relationship between the functional niches of typical forest plant communities
across different climatic zones, as defined by functional traits, and their association with commu-
nity and phylogenetic structures remains elusive. In this study, we examined 215 woody species,
incorporating 11 functional traits spanning leaf economy, mechanical support, and reproductive
phenology, gathered from forests in four climatic zones from tropical, subtropical, warm-temperate
to cold-temperate zones in China and supplemented by the literature. We quantified the functional
niche hypervolume (FNH), reflecting the multidimensional functional niche variability. We then
probed into the correlation between the FNH and community and phylogenetic structures of forests.
Our findings reveal that species richness significantly influences the geographic variance of functional
niche space in forest vegetation across different climatic zones. Specifically, a community’s species
richness correlates positively with the functional niche breadth occupied by the community species.
The FNH of woody plants across diverse forest types shows significant associations with both the
mean phylogenetic distance (MPD) and the mean nearest phylogenetic taxon distance (MNTD) of
the communities. There is a progressive increase in tropical rainforest (TF), subtropical evergreen
deciduous broad-leaved mixed forest (SF), and warm-temperate coniferous broad-leaved mixed
forest (WF), followed by a decline in the cold-temperate coniferous forest (CF). This pattern suggests
potential environmental filtering in CF, which may constrain the spatial extent of plant functional
niches. Our research underscores the substantial variability in the FNH across China’s typical forest
vegetation, highlighting the complex interplay between functional traits, community richness, and
phylogenetic distance.

Keywords: woody plant; functional traits; Chinese typical forest; phylogenetic characteristics;
geographical differentiation

1. Introduction

The examination of functional traits and their diversity under varying environmen-
tal conditions forms the foundational pillar of functional biogeography [1]. Functional
diversity encapsulates the range and value of species or organisms’ functional traits that
influence ecosystem functions [2–4]. It serves not only as a marker for niche availability
within a community [5] but also mirrors the resilience and disturbance resistance of the
forest community [3,6]. Furthermore, functional diversity and its performance are key
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to bolstering ecosystem stability [7]. In habitats under stress, plants adapt through con-
servative functional strategies—characterized by a lower specific leaf area, a reduced leaf
nutrient content, and a higher specific stem density [8]. Nonetheless, under certain circum-
stances, plants enhance their adaptability to local stressors (e.g., drought, low temperatures,
and significant disturbances) through expedited resource acquisition strategies, such as a
higher specific leaf area and nutrient content, coupled with a lower specific stem density
in deciduous species, thereby enriching the community functional diversity [9]. However,
excessive disturbances typically diminish the community functional diversity, ultimately
eroding the ecosystem stability [6].

The functional niche intricately mirrors the adaptive strategies of plants across varied
environments, thereby playing a crucial role in deciphering community mechanisms and
forecasting species distributions along environmental gradients [10,11]. Defined by the
species’ relative positioning on the functional axis within a multidimensional niche space,
crafted from species’ functional traits [12–14], the functional niche can be quantified through
the conceptualization of the functional niche space. A novel methodology, predicated
on the variation of intraspecific traits, facilitates the calculation of this functional niche
space [15]. The functional space of plant communities is shaped by an amalgamation of
biotic and abiotic influences. These filters selectively act on functional traits, dictating
species establishment [16]. Thus, alterations in species’ functional niche space, rooted
in plant functional traits, are intrinsically tied to these dual factors [17]. Despite the
proliferation of research on the spatial dynamics of plant form and function and their
influencing factors [18], with a predominant focus on abiotic elements such as temperature,
precipitation, and soil nutrients—for instance, the notable expansion of functional trait
space with increasing mean annual temperature at lower altitudes within and across
mountainous terrains [19]—the impact of biotic factors, including community phylogenetic
structures on plant functional niche space, have been relatively underexplored.

It is commonly held that communities with higher species richness exhibit higher
functional diversity, encompass a larger functional niche space, and are better equipped to
access survival resources in dynamic environments [20]. Nonetheless, certain studies have
indicated that within plant communities, the magnitude of the plant functional space and
species diversity does not always show a uniform pattern of change [21]. For instance, a
negative correlation was observed between the extent of the community functional space
and species richness in the forest of northeast Spain [22]. This suggests that the correlation
between functional diversity and species diversity might hinge on the breadth of the species
trait pool and the manner in which species delineate the functional niche space they inhabit.
Conversely, in some regions, a positive correlation has been noted [23], underscoring the
need for more robust scientific inquiry into how community structure impacts the plant
functional niche space. The influence of community structures on the plant functional niche
space in different forest vegetation types remains to be fully elucidated.

Evolutionary processes are posited to foster niche complementarity and resource
partitioning [24]. Investigating plant community lineages can shed light on how species
evolution, or phylogeny, influences community assembly processes. Research has sub-
stantiated the significance of phylogeny in the evolution of plant functional traits [25,26].
For instance, Baraloto et al. evaluated the relationship between the utility of plant func-
tional traits and phylogenetic characteristics in forecasting community assembly processes,
utilizing the most extensive trait and phylogenetic database to date for any collection of
species-rich communities [27]. Donovan et al. investigated the influence of phylogeny on
the global leaf economic spectrum [28]. Hu et al. discovered that phylogeny significantly
affects the flowering phenology of plants in Gutian Mountain, with adaptations manifesting
as thick, involute, hairy leaves in colder climates versus thin leaves with distinct surface
structures in warmer climates [29]. Unique trait clusters were associated with the driest and
most seasonal climates. For example, picophyll, fleshy, and succulent leaves were prevalent
in arid climates, while leptophyll, linear, dissected, and revolute or involute leaves were
common in regions with highly seasonal rainfall. In wetter climates, various trait clusters
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emerged, such as microphyll leaves that are moderately thick, patent, and entire or noto-
phyll leaves that are waxy and dark green. The limited plasticity of leaf size, shape, color,
and other morphological traits in response to climate suggests that apparent changes along
climate gradients reflect plant responses to environmental conditions at a community level,
driven by species turnover. Leveraging information on leaf morphological traits, which is
readily available in floras, could enhance the predictive capabilities of models of species
distribution as well as vegetation function [30].

The concept of a plant functional niche delineates a species’ positioning along a
functional axis within a multidimensional niche space, which is defined by the species’
functional traits [12–14]. Since plant functional traits are influenced by community phy-
logeny, it stands to reason that plant functional niches, when based on these traits, might
also bear a strong relation to phylogeny. Delving into plant functional niches within
communities, while taking phylogenetic characteristics into account, can enhance our
comprehension of niche dynamics in community assembly. A fundamental premise in
community phylogeny is the hypothesis of phylogenetic conservatism, which suggests that
species with close phylogenetic relationships tend to exhibit similar functional traits [31].
Underpinning this hypothesis, ecologists postulate that the functional niche of species
exhibits conservatism; in other words, species sharing closer phylogenetic ties tend to
have overlapping functional niches [32]. Intriguingly, environmental filtering can lead
to distantly related species converging upon similar functional niches, indicative of the
periodicity of functional niches. This phenomenon is attributed to the convergent evolution
of morphological structures among species that have adapted to identical environmental
conditions over prolonged periods [33].

Previously, we unveiled significant functional niche differentiation among different
forest vegetation types across various climatic regions of China, including tropical rainfor-
est (TF), subtropical evergreen deciduous broad-leaved mixed forest (SF), warm-temperate
coniferous broad-leaved mixed forest (WF), and cold-temperate coniferous forest (CF),
based on plant functional traits [34]. Furthermore, we revealed that the sizes and overlaps
of their functional niche hypervolumes (FNHs) exhibit geographical differentiation, high-
lighting primary climatic factors [35]. However, to date, it remains unclear how community
structural characteristics relate to the size of trait-based ecological niche hypervolume.
Therefore, in this study, we computed the functional niche space for these four forest
types and evaluated the impact of community self-structures on the FNH under different
climatic conditions. Our methodology primarily involved calculating species richness,
individual abundance, potential maximum plant height (MPH), and diameter at breast
height (DBH) area, followed by examining the interplay between these four community
structure indicators and the dimensions of the functional niche space. The study aims to
address two key questions: (1) Is there a discernible connection between the functional
niche hypervolume and the forest vegetation community structure? (2) Does a relationship
exist between the functional niche hypervolume and the phylogenetic structure of forest
communities?

2. Materials and Methods
2.1. Study Area

The research was conducted in four distinct forest vegetation areas spanning tropical,
subtropical, warm-temperate, and cold-temperate climatic zones across China. These
included the TF, SF, WF, and CF, located in Bawangling Nature Reserve in Hainan, Mulinzi
and Xingdoushan Nature Reserve in Hubei, Xiaolongshan Nature Reserve in Gansu, and
Kanas Nature Reserve in Xinjiang, respectively (Figure 1). These locations represent
quintessential examples of China’s forest vegetation. Bawangling boasts one of China’s
most pristine tropical rainforests [36], which is particularly noted for its extensive coverage
of tropical mountain rainforest within the reserve. The SFs of Mulinzi and Xingdoushan
are characterized by pronounced seasonal variations, typically featuring a first forest
layer of deciduous broad-leaved trees, underpinned by a second layer of evergreen broad-
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leaved trees. Xiaolongshan’s WF is uniquely situated at the convergence of four natural
vegetation zones, offering a unique combination of geographic location and environmental
conditions [36]. This forest vegetation straddles the southern edge of the temperate zone,
embodying characteristics of the warm-temperate climate [36]. Kanas’s cool temperate
coniferous forest stands as a distinctive exemplar of the southern boreal forests of the West
Siberian Mountains within China and globally [36,37].

Figure 1. The typical forest vegetation types from the four climatic zones across China. (A), tropical
rainforest (TF) in Bawangling Nature Reserve in Hainan; (B), subtropical evergreen deciduous
broad-leaved mixed forest (SF) in Mulinzi Nature Reserve in Hubei; (C), warm-temperate coniferous
broad-leaved mixed forest (WF) in Xiaolongshan Nature Reserve in Gansu; (D), cold-temperate
coniferous forests (CF) in Kanas Nature Reserve in Xinjiang.

2.2. Plots and Species

For the study, forest dynamics plots (FPDs) were established randomly within each of
the four forest vegetation types, adhering to the standard methodologies of the Center for
Tropical Forest Science (CTFS) [38] between April 2018 and July 2019. A total of 200 plots,
each measuring 20 m × 20 m, were set up. Within each plot, every woody plant (trees
and shrubs) with a DBH of 1 cm or greater was investigated, tagged, measured, and
documented. This included the species identification, DBH, and coordinates within the
plot. Identification of all the woody plant species was performed with assistance from local
botanists, and the Latin scientific names were standardized according to the Flora of China
(http://efloras.org/ (accessed on 1 December 2021)).

2.3. Functional Traits

We evaluated and gathered data on 11 functional traits, categorized into 4 leaf eco-
nomic traits, 3 mechanical support traits, and 4 reproductive phenological traits (Table S1).
The leaf economic traits and mechanical support traits were directly measured from the
field samples, and the reproductive traits were derived from the Flora of China, with
supplementary data obtained through a literature review and local flora resources. In this
study, functional traits from 215 plants spanning 56 families and 116 genera were compiled.

http://efloras.org/


Forests 2024, 15, 954 5 of 13

Trait sampling was conducted during the peak growing seasons from June to Septem-
ber. All the procedures, from field sampling to laboratory analyses, adhered to standardized
protocols across the four study locations. To ensure the accuracy of the functional trait data
and secure an ample number of healthy samples for measurement and statistical analysis,
only woody plant species with an abundance greater than 20 within the sample plots were
selected. These species accounted for over 90% of the woody plant individuals in each
plot. The measurement of the functional traits followed the established guidelines for plant
functional traits [39]. Mature and healthy canopy leaves were collected from trees, with
sun-exposed leaves selected from shrubs. For each species, samples from 10 individual
plants were taken, including 5 leaves and a 10 cm twig per plant.

Reproductive phenological traits for each species were also compiled, utilizing the
Flora of China and supplemented by relevant literature reviews. The first and last flowering
months of each species, as listed in the Flora of China, were converted to Julian dates to
calculate the FLT, FLD, FRT, and FRD [40]. While the plant reproductive phenological
traits sourced from databases were not measured in the study’s plots, thus potentially
leading to variability in the data collection standards across species or plots, previous
research indicates that such data remain a reliable basis for quantifying changes in plant
reproductive phenology [40–42].

2.4. Phylogenetic Data Generation

We utilized Phylomatic 3.0 software to construct the phylogenetic tree based on the
APG classification system. Given that the species list in this study was derived according
to the Flora of China, which uses the Engler system for classification, it was necessary
to update this list to the APGIII version of the family, genus, and species list for the
215 species from four sample plots across different climatic regions into the “taxa =” box
in the Phylomatic 3.0 software. We selected “zanne 2014” for the “storedtree =”, set
“clean =” to “true”, and clicked “send” to generate the phylogenetic tree with branches
(http://phylodiversity.net/phylomatic/ (accessed on 31 December 2021)).

2.5. Index

We analyzed the community structure characteristics of different forest vegetation
types and organized the survey data from the four study areas. We counted the number of
families, genera, species, and individuals of woody plants in each of the 50 quadrats per
vegetation type. Here, the number of species indicated the species richness and individual
abundance was measured by the total number of plants. We calculated the plant density
per quadrat, which was the number of plants per unit area. The diameter class structure of
the community species was analyzed using 5 cm as the classification unit. First, the overall
diameter class structure of forest vegetation and woody plants in different climate areas was
calculated, followed by separate statistics for each vegetation type. We then examined the
relationship between the community structure characteristics and the functional niche space
of the forest vegetation in different climatic regions. The four fundamental community
structure characteristics calculated in each 20 × 20 m quadrat included species richness,
individual abundance, mean MPH, and DBH area, using the community weighted mean
for the latter two metrics. The three community phylogenetic characteristics calculated
were phylogenetic diversity (PD), mean phylogenetic distance (MPD), and mean nearest
phylogenetic taxon distance (MNTD) for all species pairs within each quadrat.

2.6. Data Analysis

We applied the “PCA of PCA” method to calculate the functional niche values (i.e.,
species load values) of the species along the PC1, PC2, and PC3 axes derived from the
functional niche spaces of the forest vegetation (FNSF) in various climatic zones. Then, the
n-dimensional hypervolume method [17] was used to calculate the functional niche space
for each 20 m × 20 m quadrat. Pearson correlation tests were employed to evaluate the
relationship between the community structure characteristics and the FNSF. Regression

http://phylodiversity.net/phylomatic/
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analysis was then performed to assess how the community structure characteristics impact
the geographical differentiation of the functional niche space across different climatic zones.
Using Phylocom, the “Phylocom PD > pd.output.txt” command was used to obtain the
PD results, and “Phylocom comlist > comlist.output.txt” was used to obtain the MPD
and MNTD results. The Kruskal Wallis nonparametric test was utilized to determine if
significant differences existed in the diversity of the forest vegetation communities across
different climatic regions. Linear regression was conducted to explore the relationship
between community lineage diversity and latitude and to assess potential geographic
patterns. Data analysis and plotting were performed in R version 3.6.0 [43]. The community
weighted Mean (CWM) was calculated by the “FD” package, while Pearson correlation
analysis and regression analysis employed the “stats” package, and plotting utilized the
“ggplot2” package.

3. Results
3.1. Relationship between Functional Niche Space and Community Structure Characteristics

The characteristics of the community structure significantly influence the geographical
differentiation of the functional niche space among different forest vegetation types. This
is demonstrable between various aspects of the community structure (Table 1). Species
richness showed a positive correlation with individual abundance and a negative corre-
lation with both the MPH and DBH area (p < 0.001). Likewise, the individual abundance
within the community was significantly negatively correlated with the MPH and DBH
area (p < 0.001). There existed a robust relationship between the community structure
characteristics and the functional niche space of the forest vegetation. Specifically, the
functional niche space was significantly related to the species richness (p < 0.001), with a
correlation coefficient of 0.610. However, it showed no significant relationship with the
individual abundance, MPH, or DBH area. The functional niche space of the forest vege-
tation exhibited a pattern of geographical differentiation correlated with species richness
(Figure 2), suggesting that a higher species richness within forest vegetation is associated
with larger functional niche spaces.

Figure 2. Relationship between functional niche space for woody plants in different forest vegetation
types and species richness. Note: p value is less than 0.01. TF–tropical rainforest; SF–subtropical
evergreen deciduous broad-leaved mixed forest; WF–warm-temperate coniferous broad-leaved mixed
forest; CF–cold-temperate coniferous forest.
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Table 1. Correlations of functional niche space for woody plants in different forest types and
community structure characteristics.

Niche
Hypervolume Abundance Richness MPH Area_DBH

Abundance 0.053 1
Richness 0.610 *** 0.581 *** 1

MPH −0.118 −0.800 *** −0.578 *** 1
Area_DBH 0.029 −0.766 *** −0.410 *** 0.971 *** 1

Note: *** describes a significant correlation at the 0.001 level.

3.2. Relationship between FNH of Woody Plants in Different Forest Vegetation Types and
Community Phylogenetic Characteristics

The community phylogenetic characteristics significantly influence the geographic
differentiation of the FNH of woody plants in different forest vegetation types (Figure 3).
The FNH in these forests showed a strong correlation with the MNTD of community species
(Figure 3A, p < 0.001) and a significant correlation with the MPD of community species
(Figure 3B, p < 0.05). Notably, the results showed that the MNTD had a more pronounced
impact on the FNH across these vegetation types. The hypervolume exhibited a unimodal
distribution with the changes in the MNTD, with a declining trend starting from the CF. In
the TF, SF, and WF, the FNH significantly expanded as the MNTD increased. Conversely, in
the CF, it decreased with an increase in the MNTD.

Figure 3. Relationships between hypervolumes of functional niches for woody plants in different
forest vegetation types and community phylogenetic characteristics. Note: (A), Relationship between
hypervolumes of functional niches and MNTD; (B), Relationship of hypervolumes of functional niches
and MPD. MNTD–mean nearest phylogenetic taxon distance; MPD–mean phylogenetic distance;
TF–tropical rainforest; SF–subtropical evergreen deciduous broad-leaved mixed forest; WF–temperate
coniferous broad-leaved mixed forest; CF–cold-temperate coniferous forest.

4. Discussion
4.1. Community Structure Characteristics and Their Differences in Different Forest
Vegetation Types

Understanding the current state of community species diversity, including community
composition and structural characteristics, is central to biodiversity research [44]. We
analyzed the basic community structure characteristics of forest vegetation across different
climatic zones in China. These forests are distributed from south to north across tropical,
subtropical, warm-temperate, and cold-temperate zones, each exhibiting distinct geograph-
ical differences in community structure. The TF, in particular, displays extremely high
species richness with a rich and diverse plant composition, significantly surpassing other
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forest types. It has long been recognized that species richness increases towards the tropics,
with numerous hypotheses proposed to explain this latitudinal diversity gradient [45]. High
diversity in the tropics is often attributed to minimal environmental stress, optimal year-
round temperatures, adequate rainfall, and abundant, well-balanced nutrients. Changes in
the ecological niche space are likely intertwined with species dispersal and evolution.

With increasing latitude, the species diversity of vegetation communities in different
climatic regions shows a declining trend. In the northernmost CF, the diversity is the lowest,
featuring only 6 species from 6 genera and 4 families, reflecting the response of different
vegetation communities to geographical environmental changes. Interestingly, despite
having the most species, the TF does not have the highest plant density. Both the SF and
the WF exhibit higher plant densities, possibly due to a higher proportion of small trees
filling gaps in the forest. Specifically, the proportion of small-diameter plants in subtropical
forests reaches 88.09%. The plant density in cold-temperate coniferous forests is very low
at 0.146 plants/m2, indicating sparse vegetation with large gaps.

The diameter class structure of woody plants across different climatic zones exhibits
a universal inverted “J” shape, with the highest proportion of small-diameter plants
(1 ≤ DBH < 10 cm). As the plant diameter class expands, the number of plants signifi-
cantly decreases, indicating that few individual tree species enter the main forest layer in
mature virgin forests. Although they are few, these large DBH trees form the backbone
of the community and are the main carriers of community biomass, warranting focused
attention [46]. Compared to the TF, SF, and WF, the number of individuals in the CF
decreases more slowly with increasing diameter class, suggesting a relatively small within-
community diameter class difference, with medium and large diameter trees having a
quantitative advantage.

4.2. Effects of Community Structure Characteristics on the Geographical Differentiation of the
Functional Niche Space

Our study explores how the characteristics of the community structure influence the
geographical differentiation of the functional niche space of woody plants in different forest
vegetation areas from a biological perspective. The findings offer crucial insights into the
mechanism driving biodiversity models across large-scale climatic gradients. We discov-
ered that among the four indicators of community structure—species richness, individual
abundance, MPH, and DBH area—though interrelated, only species richness had a signifi-
cant effect on the functional niche space of woody plants in various forest vegetation types.
There is a positive relationship between species richness and the functional niche space
occupied by forest vegetation; as the species richness increases, the functional niche space
also expands. This observation aligns with prior research. The impact of environmental
conditions on the changes in fern functional traits is indirect, with species richness being
the primary driver that fills the functional niche space of plants [47].

Why does higher species richness in a community correlate with a larger functional
niche space? One plausible explanation is that as species richness increases, the community
may evolve in two ways: by densely packing species within the existing functional niche
space or by expanding the resource space to accommodate more species. In the former
scenario, the functional distance between the species decreases, while in the latter, the
spatial volume of the functional niche occupied by all the species increases. According to the
niche differentiation theory, species sharing identical niches cannot coexist without niche
differentiation, which is essential for community stability. This differentiation results in
coexisting species developing distinct functional traits to occupy a broader functional niche
space. Therefore, communities with a greater number of species exhibit a wider range of
plant functional traits and, consequently, a larger functional niche space [48]. Generally, in
communities with high species richness, the functional diversity is also greater, suggesting
that the geographical differentiation of the functional niche space of woody plants in forest
vegetation in different climatic zones likely stems from species differences. Additionally, the
limited functional space occupied by community species might indicate the underutilization
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of some resources within the community. Hence, in forest vegetation with favorable natural
conditions, communities with lower species richness may harbor potential niches worth
exploring [49]. Nonetheless, some studies have identified no correlation or a negative
correlation between the spatial size of the plant functional niche and species richness, as
the relationship is subject to external disruptions [50]. When a community undergoes
disturbances, the relationship between the changes in the community functional space and
the species diversity fluctuates [50]. For instance, in riparian forest communities affected
by high-intensity disturbances, although the species richness increases, the plant functional
space contracts because the disturbance leads to the predominance of species with similar
functional traits [51].

4.3. Diversity and Distinction among Different Forest Vegetation Communities

According to the niche theory, each species within a community occupies a unique
niche, ensuring that no two long-standing species share the same niche. Various species
achieve stable coexistence by mitigating resource competition through niche differentia-
tion [52–54]. For instance, plants exhibit high differentiation among different tree species to
efficiently allocate light resources [55]. The lineage diversity of a community reflects the
differentiation in the functional niches of species based on their phylogenetic relationships.
Communities with a higher lineage diversity typically exhibit more complex species com-
positions, greater differentiation of functional niches, and more stable structures [56–58].
Forest vegetation community diversity varies significantly across different climatic regions.
TFs display the highest diversity, while CFs show the lowest diversity, suggesting simpler
species compositions in colder climates. This pattern aligns with previous research findings.
Tropical regions, in comparison to other climatic zones, generally boast a higher community
lineage diversity [59,60].

In SFs, species diversity is lower than in temperate coniferous broad-leaved mixed
forests. This may explain why the species diversity of woody plants in subtropical forests
is marginally higher than in temperate forests, yet the functional niche volume they occupy
is slightly smaller. The functional niche volume occupied by community species appears to
correlate more strongly with community lineage diversity than with species diversity alone.
The diversity of forest vegetation communities varies regularly along geographical gradi-
ents. Generally, as the latitude increases, the diversity of the forest vegetation communities
tends to decrease. Some studies suggest that the impact of large-scale geographical gradi-
ents on community lineage diversity is primarily driven by environmental filtering [61].
Therefore, studying the variation in lineage diversity along environmental gradients is
crucial for understanding the environmental processes involved in community assembly.

4.4. Effects of Community Phylogenetic Characteristics on the Geographical Differentiation of the
Functional Niche of Woody Plants

The functional niche volume of woody plants across various climatic regions’ forest
vegetation is significantly correlated with both the average nearest phylogenetic distance
and the average phylogenetic distance of community species. This correlation indicates
that the genetic relationship distance among community species profoundly impacts their
functional niche volume. Generally, the greater the genetic distance among woody plants
within a community, the larger the functional niche volume they occupy. Among different
forest types, the community phylogenetic distance is shortest in SFs, followed by TFs, WFs,
and CFs. This sequence suggests that species in subtropical communities are genetically
closest, whereas those in cold-temperate coniferous forests are farthest apart, which in-
cludes a mix of gymnosperms and angiosperms with diverse origins and distant genetic
relationships. Despite the high species count in TFs, functional redundancy is always
higher [62].

It is important to note that the influence of genetic relationship distance on the geo-
graphic differentiation of the functional niche volume in different forest vegetation types
is not absolute. The relationship between the community phylogenetic distance and func-
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tional niche volume is not linear, and the regression fitting line trend starting from the
cold-temperate coniferous forests indicates that the forest with the farthest community
phylogenetic distance does not possess the largest functional niche space for woody plants.
The restrictive environmental conditions of the cold-temperate zone, characterized by long
winters and extremely low temperatures, likely limit the functional niche of coniferous
forest plants through environmental filtration, hindering the expansion of their functional
niche space [63,64].

Currently, on the spatiotemporal scale of biogeography, climate and geomorphological
changes are the determining factors for the patterns of taxonomic diversity. At the commu-
nity level and on shorter time scales, current environmental conditions and interspecific
relationships play a more significant role. The exact impact of environmental filtration on
the functional niche space of community species remains undetermined. Two hypotheses
are proposed: one suggests that the environment initially influences the lineage, selecting
species with similar phylogenetic relationships (and similar evolutionary histories) because
these species share similar functional traits, thereby impacting the functional niche space.
Another hypothesis posits that environmental conditions and the lineage relationships of
species within a community affect the functional niche space jointly but independently.
In fact, we usually find some areas with significant taxonomic variability because of the
combinations of these two kinds of factors. These issues offer rich avenues for further
exploration and discussion in future studies.

5. Conclusions

Our research innovatively reveals the relationship between the FNH and community
and phylogenetic structures of forests in four climate regions. (1) Species richness signif-
icantly influences the geographic differentiation of the functional niche space of woody
plants in different climatic regions. Communities with a higher species richness occupy
larger functional niche volumes. (2) The FNH of woody plants is significantly correlated
with both the MNTD and MPD of community species. Additionally, the FNH exhibits
a unimodal pattern with respect to the phylogenetic distance of community species. It
increases in the TF, SF, and WF and decreases in the CF. This trend suggests the presence of
environmental filtration in cold-temperate coniferous forests, which may be limiting the
spatial extent of plant functional niches.

Supplementary Materials: The following supporting information can be downloaded at
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