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Introduction: Leaf functional traits constitute a crucial component of plant

functionality, providing insights into plants’ adaptability to the environment and

their regulatory capacity in complex habitats. The response of leaf traits to

environmental factors at the community level has garnered significant

attention. Nevertheless, an examination of the environmental factors

determining the spatial distribution of leaf traits in the karst region of

southwest China remains absent.

Methods: In this study, we established a 25 ha plot within a karst forest and

collected leaf samples from 144 woody species. We measured 14 leaf traits,

including leaf area (LA), leaf thicknes (LT), specific leaf area (SLA), leaf length to

width ratio (LW), leaf tissue density (LTD), leaf carbon concentration (LC), leaf

nitrogen concentration (LN), and leaf phosphorus concentration (LP), leaf

potassium concentration (LK), leaf calcium concentration (LCa), leaf magnesium

Concentration (LMg), leaf carbon to nitrogen ratio (C/N), leaf carbon to

phosphorus ratio (C/P), and leaf nitrogen to phosphorus ratio (N/P), to

investigate the spatial distribution of community-level leaf traits and the

response of the leaf trait community-weighted mean (CWM) to topographic,

soil, and spatial factors.

Results: Results showed that the CWM of leaf traits display different spatial

patterns, first, the highest CWM values for LT, LTD, C/N, and C/P at hilltops,

second, the highest CWM values for LA, SLA, LW, LC, LN, LP, and LK at

depressions, and third, the highest CWM values for LCa, LMg, and N/P at

slopes. The correlation analysis showed that topographic factors were more

correlated with leaf trait CWM than soil factors, with elevation and slope being

the strongest correlations. RDA analysis showed that topographic factors

explained higher percentage of leaf trait CWM than soil factors, with the

highest percentage of 19.96% being explained by elevation among
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topographic factors. Variance Partitioning Analysis showed that the spatial

distribution of leaf traits is predominantly influenced by the combined effects

of topography and spatial factors (37%-47% explained), followed by purely spatial

factors (24%-36% explained).

Discussion: The results could improve our understanding of community

functional traits and their influencing factors in the karst region, which will

contribute to a deeper understanding of the mechanisms that shape plant

communities.
KEYWORDS

leaf trait, CWM, spatial distribution, environmental factor, community assembly,
karst ecosystem
1 Introduction

Functional traits encompass a range of physiological and

ecological indicators that profoundly influence plant survival,

growth, and mortality. These traits have gradually developed

through the long evolutionary process of exotic plants, which have

adopted diverse strategies for resource acquisition and allocation

(Reich et al., 2003; Meng et al., 2007; Liu andMa, 2015). Certain traits

can partially reflect species’ adaptation to their environment and their

impacts on ecosystem functioning (McIntyre et al., 1999), making

them crucial for investigating species coexistence, community

assembly, and ecosystem function (Diaz et al., 2004; Violle et al.,

2012). In the context of ecosystem development, leaves play a vital

role as the primary site of plant photosynthesis and a significant

organ for energy acquisition (Ackerly et al., 2002). Leaf functional

traits can illuminate fundamental characteristics of plants and their

efficient resource utilization. The application of leaf traits in studying

plants’ adaptation mechanisms to the environment represents a

recent breakthrough in physiological ecology (Pierce et al., 2017;

Rawat et al., 2021). Leaf traits include morphological traits (LA, LT,

LTD, etc.), elemental traits (LC, LN, etc.), leaf lifespan, and

photosynthetic capacity (Cornelissen et al., 2003). These leaf

functional traits differ substantially in different environments and

reflect the ability of leaves to acquire resources and adapt to the

environment (Stahl et al., 2013). The continuous deepening of

research on leaf functional traits can clarify the influence of leaf

traits on ecosystem processes and improve the knowledge of

community construction and ecosystem function, which has

important ecological significance.

Previous studies have primarily focused on examining the

variation and correlations of species traits, as well as the

relationship between individual traits and the environment (Pang

et al., 2021). However, our understanding of leaf traits at the

community level, including their variation and driving factors,

remains limited compared to individual and species levels (He

et al., 2018). To examine how these plant communities can be

described from a functional perspective, Garnier tested the biomass

ratio hypothesis and proposed “functional markers”, or community-
02
aggregated (i.e., weighed according to the relative abundance of

species) functional leaf traits, to assess the impact of community

change on ecosystem properties (Garnier et al., 2004). Nowadays, leaf

community trait values are widely described by CWM, which is a

weighted average of a functional trait based on the species breast area

to determine the mean value of the functional trait in the community.

For example, Zhang found that the CWM of C:N:P ecological

stoichiometry in Chinese forests can represent ecological

stoichiometry at the community level quite adequately (Zhang

et al., 2018). It can effectively reflect the trait characteristics of the

community, capture the selection of plant leaf functional properties to

the environment, reveal the adaptation strategies of plants at the

community level, and quantify the functional trait characteristics

spatially. Spatial patterns manifest in both physical and biological

variables in nature (Legendre et al., 2002; Tuda, 2007). Spatial

autocorrelation in the distribution of individuals may arise due to

biological processes (e.g., dispersal, competition), historical factors

(e.g., disturbances), or spatially structured environmental factors

(Ives and Zhu, 2006). While these processes may not be directly

measurable, their influence can be evident in raw data or model

residuals. Considering these spatial structures as contributions from

biological processes can greatly aid our understanding of community

assembly (Keitt and Urban, 2005). The study of the spatial

distribution pattern of functional traits in communities not only

helps to describe the structure of functional traits in communities

more accurately (Wang et al., 2010), but also reveals the

interrelationships and adaptation strategies between traits and

environmental factors such as topography and soil.

Environmental factors exert control over the spatial

redistribution of light, heat, water, and soil nutrients through

geomorphic processes and morphological changes, significantly

influencing the functional traits of plants in forest ecosystems

(Bennie et al., 2008; Zhu et al., 2016). Topographic factors play a

substantial role in shaping plant functional traits by indirectly

affecting plant growth through their influence on the

redistribution of climatic factors such as light, temperature, and

precipitation (Yang et al., 2014). Key topographic factors affecting

plant growth include elevation, slope, and slope direction (Zhong
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et al., 2019). In regions characterized by complex topography,

diverse habitats are formed by various topographic factors (Fang

et al., 2004), leading to complex and variable effects on plant leaf

functional traits (Kikuchi and Miura, 1993; Hara et al., 1996; Yang

and A., 2006). Investigating the response mechanisms of plant leaf

functional traits to different topographic factors can enhance our

understanding of plants’ adaptation strategies and ecological

responses to the environment (Qin and Shangguan, 2019).

Soil provides nutrients and a growth environment for terrestrial

plants (Pandey, 2015). There were experiments on climate and plant

response in the Arctic showed that soil fertility has an effect on plant

biomass, and leaf stoichiometry traits (Dormann and Woodin, 2002).

The supply of nutrient elements from the surrounding environment is

in relative balance with the elemental content in biological organisms,

thus the elemental content of the soil affects the elemental

stoichiometry characteristics of plant leaves and other organs.

Nutrient content in soil factors Reflects the degree of soil fertility,

and its content is a good indicator of the ecological stoichiometry of

plant leaf nutrients (Yang et al., 2019). Additionally, soil pH value

influences soil nutrient element content and, to some extent, plant

growth (Tahmasebi Kohyani et al., 2008). Exploring the response of

plant functional traits to topographic changes can reveal plants’

adaptation strategies to the environment, providing a basis for

ecological restoration in areas with complex topography.

The South China Karst region is recognized as one of the

world ’s largest exposed carbonate rock areas, covering

approximately 1.9 million km2 (Brandt et al., 2018). Karst,

characterized by its unique geomorphology, represents an area

with highly developed karst features and an extremely fragile

ecosystem (Legrand, 1973). This region is distinguished by low

environmental carrying capacity, shallow soils, sparse vegetation,

and limited water storage capacity (Zeng et al., 2007). Due to the

distinctive geological background and the binary hydrogeological

structure leading to rapid water infiltration, plants face challenges in

accessing sufficient water, resulting in slow growth (Chen and

Wang, 2008). Over time, plant species in karst areas have

undergone long-term natural selection and have developed

characteristics such as lithogenicity, calcium preference, and

tolerance to barren conditions (Wang et al., 2003), which are

reflected in their leaf traits as unique adaptation mechanisms.

However, only relatively few studies have investigated leaf trait

analysis at the plant community level in karst areas, and the

mechanisms by which plant communities respond to spatial

heterogeneity and environmental change remain unclear.

Quantifying leaf traits and their environmental drivers at the

community level can help to explore the relationship between

karst vegetation and the environment in greater depth and

contribute to the restoration of degraded ecosystems. In this

study, we established a 25-ha forest plot in Mulun National

Natural Reserve, located in Karst region of southwestern China,

focusing on 14 leaf traits of woody plants. The primary objectives

were to assess the spatial distribution of functional traits at the

community level, examine their associations with environmental

factors. We hypothesized that the spatial pattern of leaf trait CWM

is more variable under different microhabitats in karst areas and

that there are discrepancies in the contributions of different
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environmental factors. To test this hypothesis, we measured leaf

morphology and elemental characteristics of 144 species (≥25

individuals) in various microhabitats in the Karst region of

southwest China. Specifically, our objectives were: (a) to evaluate

the spatial distribution patterns of different leaf trait CWMs across

different habitats; (b) to explore the correlation between plant leaf

trait CWMs and environmental factors, (c) to quantify the

contribution of environmental factors in explaining the variation

in leaf traits CWM, and to analyze their main effects on functional

traits of the community.
2 Materials and methods

2.1 Study site

The study site is situated in the Mulun National Nature Reserve,

Huanjiang County, Guangxi Province, China (25°7’-25°12’N, 107°

54’-108°5’E). The area is characterized by a subtropical monsoon

climate, with a mean annual temperature (MAT) ranging of 15.0°C

to 18.7°C, and a mean annual precipitation (MAP) ranging of 1530

mm to 1820 mm. Typically, precipitation occurs on 130-140 days

per year, primarily between May and September. In 2014, a 25-ha

(500 m × 500 m) dynamic sample plot was established in Mulun

National Nature Reserve, following the standard field protocol of

the Center for Tropical Forest Science (CTFS). The topographic

features of the dynamic plot exhibit karst peak cluster depressions,

resulting in variable terrain and complex habitats. In the sample

plot, there were 108,667 individual woody plants with diameter at

breast height (DBH) ≥1 cm, belonging to 227 species in 147 genera

of 61 families. Dominant species within the plot include

Cryptocarya macrocarpa, Itoa orientalis, Platycarya longipes, and

Lindera communis (Du et al., 2017; Lu et al., 2021).
2.2 Species selection and leaf
traits measure

The 144 species with a number of individuals greater than or

equal to 25 in the plot were selected and investigated. To ensure

representative sampling, 10-15 mature and well-grown individuals

of each tree species were randomly selected from the sample site.

The spatial distribution of the selected individuals covered various

habitat types within the plot, providing a comprehensive

representation of the forest stand’s diameter structure.

Following the guidelines from Pérez-Harguindeguy’s functional

trait collection manual and the standards of the Center for Tropical

Forest Science (CTFS), leaf samples were collected from the south,

north, east, and west sides of the canopy where there was minimal

shading. A minimum of 20 leaves were collected from each selected

plant. Leaf area (LA, mm2) and leaf length-width ratio (LW) were

measured using the ZhongJing SM I800 Plus scanner and theWanshen

LA-S series plant image analysis system. Leaf thickness (LT, mm) was

measured using a thickness gauge, avoiding the leaf veins during

measurement. The collected leaves were placed in envelopes and

then dried in a laboratory oven at 60°C until a constant weight was
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reached (approximately 48 hours). The dry weight of the leaves was

recorded. For further analysis, the dried leaf samples were ground to

100 meshes using a ball mill. The element content of the samples was

determined using various methods: leaf carbon (LC) and nitrogen (LN)

concentration were analyzed using an element analyzer, phosphorus

content was determined using ammonium molybdate

spectrophotometry, and the concentration of elements such as

potassium (LK), calcium (LCa), magnesium (LMg), aluminum (LAl),

iron (LFe), zinc (LZn), manganese (LMn), sodium (LNa), and sulfur

(LS) were analyzed using the ICP-OES - 5110 instrument.
2.3 Environmental variables

To establish a grid system, Real-time kinematic (RTK) and total

station measurements were used to measure and fix 10m × 10m grid

points, resulting in a total of 2601 points. The average elevation

(ELE) of each quadrat (20m×20m) was obtained by calculating the

average values of the four corner points. The slope (SLO) and slope

aspect (ASP) within each quadrat were measured using a compass.

The concavity (CON) was calculated as the difference in elevation

between the average elevation of the target quadrat and the average

elevation of the surrounding eight quadrats. The rock outcrop rate

(ROC) was estimated based on field observations within each

quadrat. The terrain wetness index (TWI) was calculated using

the system for automated geoscientific analyses (SAGA GIS).

For soil analysis, a total of 625 soil samples were collected from the

center of the 20 m sample plots and the center of four smaller plots (5

points in total). The samples were taken from the 0-10 cm surface soil

layer. The collected soil samples were screened using a 2mmmesh, air-

dried in a ventilation chamber, and then ground in a ball mill for

chemical analysis. Several soil parameters were measured in the mixed

soil samples, including soil pH, soil organic carbon (SOC), soil available

nitrogen (AN), soil available phosphorus (AP), soil available potassium

(AK), and the concentrations of five chemical elements (nitrogen,

phosphorus, potassium, calcium, and magnesium). The soil pH was

measured using the electrode potential method. SOC was determined

using the potassium dichromate oxidation-external heating method.

Total nitrogen (TN) was measured using the semi-micro Kelvin

method-flow injection instrument method. Total phosphorus (TP)

was analyzed using the NaOH melting - molybdenum-antimony anti-

chromogenic - ultraviolet spectrophotometry. AN was determined

using the alkali-hydrolysis-diffusion method. AP was measured

using the molybdenum-antimony anti-chromogenic - ultraviolet

spectrophotometry. AK was determined using atomic absorption

method. Calcium and magnesium concentrations were analyzed

using inductively coupled plasma emission spectrometry (ICP).
2.4 Statistical analysis

Leaf traits were analyzed at the community level to explore

spatial characteristics and their responses to the environment. At

the community level, CWM was used to evaluate the trait values in

leaves. The CWM of the trait values were calculated for each plot j

as follows:
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CWMj = SWi j � t r a i ti j

where Wij is the weighted average of the sum of DBH of species

i in plot j, and traitij is the leaf trait value of species i in plot j.

Pearson correlation analysis was used to analyze the correlation

between the functional traits of the species and environmental

factors. And applied a redundancy analysis (RDA) to explore the

association between explanatory variables (environmental factors)

and variations in leaf traits CWM. Moran’s eigenvector maps

(MEM) is an improvement of the traditional principal coordinate

neighbor matrix (PCNM), which is based on a truncated Euclidean

distance matrix. Distance-based Moran’s eigenvector maps

(dbMEM) was utilized as a spatial variables. We using Variance

Partitioning Analysis (VPA) to partition the environmental sources

of variance driving the differences found in leaf traits CWM,

allowing testing the proportion of variation attributable to

environmental effects, interaction effects, and unexplained effects.

Above analyses were conducted in the R 4.2.2 R Core Team,

(2021). The calculation of CWM was calculated with the “FD”

package (Laliberté et al., 2014), the dbMEM were calculated using

“adespatial” package (Dray et al., 2020), the RDA analysis and VPA

analysis were performed using the “vegan” package (Oksanen et al.,

2015), the Hierarchical Partitioning analysis was calculated using

“rdacca.hp” package (Lai et al., 2022).
3 Results

3.1 Spatial pattern of leaf traits

The distribution of trait values CWM in the dynamics plot

exhibited distinct spatial patterns (Figure 1). For traits such as LA,

SLA, LW, LC, LN, LP, and LK, the CWM values were higher in

depression areas and lower in slope and summit areas. In contrast,

traits like LT, LTD, C/N, and C/P exhibited lower values in

depression areas but higher values in slope and summit areas.

Additionally, the CWM values for LCa and LMg, as well as N/P,

were higher in slope areas and lower in depression and summit areas.
3.2 Correlation between traits
and environment

The correlation between the CWM of traits and various

environmental factors exhibited variability, with terrain factors

generally showing stronger correlations compared to soil factors.

Among all the factors, ELE exhibited the highest correlation with

trait CWM values (Figure 2). Elevation was significantly positively

correlated with LT, LTD, LCa and LMg, as well as C/N, C/P, and N/

P. Conversely, elevation showed a significant negative correlation

with LA, SLA, LW, as well as LC, LN, LP, and LK. Regarding other

factors, SLO, ASP, CON, ROC, soil pH, SOC, and TN, as well as Mg,

exhibited similar correlation trends as elevation. The TWI, TP, TK,

and AP showed an opposite correlation trend compared to

elevation. AK, AN, and Ca displayed a slightly different trend,

mainly reflected in their correlation with LTD and C/N ratios.
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FIGURE 1

Spatial distribution pattern of function traits CWM. Green represents lowest content, followed by yellow, orange, pink, and the highest is white.
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3.3 Effects of environmental factors on
traits CWM

The topographic RDA revealed that the first and second axes

explained 50.49% and 5.73% of the variance in functional traits,

respectively, contributing to a cumulative explanation of 56.22%

(Figure 3). On the other hand, the soil RDA accounted for 16.27% of

the variance in the first axis and 2.41% in the second axis, resulting

in a total contribution of 18.68%. Concerning topographic factors,

the first axis explained most of the total variance and was negatively

correlated with both SLO and ELE. While ROC and STK showed an

opposite trend to the trait CWM values, contributing significantly

to the second axis. Among all the topographic factors, elevation had

the highest contribution value (19.96%), while TWI had the lowest

contribution (1.29%). Additionally, the shared contribution of ELE

and SLO accounted for 7.7% of the total variation (Appendix S1).

Regarding soil factors, only soil pH showed a negative correlation

with the second axis. TN and SOCmade significant contributions to

the second axis. Among all the soil factors, TP had the highest

individual contribution (4.35%), while AN had the lowest (0.37%).

The highest contribution of all the pure and shared environmental

factors was attributed to TP at 2.9% (Appendix S1).

The Variance Partitioning Analysis was conducted to assess the

proportion of variation in functional trait values explained by

topography, soil, and spatial factors at the plant community level.

It was found that the highest percentage of the variation in LA, LN,

LP, LK, C/N, and C/P was explained by the interaction of

topographic and spatial factors (Figure 4), with 37-47% of the
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explanation. On the other hand, purely spatial factors were the

largest explanatory factors for LT, SLA, LW, LTD, LC, LCa, LMg,

and N/P with 24-36% of the explanation. Overall, the combined

effect of the interaction between topography factors and spatial

factors, along with pure spatial factors, accounted for the majority

of the observed variations in leaf traits. Interestingly, the interaction

between topography factors and soil did not explain any of the

observed variables across all traits.
4 Discussion

In this study, the community-level functional traits showed

distinct distribution patterns within the 25 ha sample plots, and

their patterns were largely influenced by the ELE. Three broad

distribution patterns of leaf traits were observed: high values in

depressions but low values in hillsides and hilltops, high values in

hillsides and hilltops but low values in depressions, and high values

in hillsides but low values in hilltops and depressions. The CWM of

LA, SLA, and LW were higher in the depression areas. This may be

attributed to plants allocating more resources to leaf production in

environments with greater light competition, resulting in larger leaf

areas to enhance their competitive advantage (Wilsey, 1996). On the

other hand, LT and LTD exhibited higher values at hilltops and

lower values in depressions, indicating that plants in hilltop

environments adopt thicker leaf structures to cope with drier

conditions and maintain better drought resistance (Poorter et al.,

2009). The elemental traits of leaves are closely related to soil
FIGURE 2

Correlation coefficients between environment factors and traits CWM. ELE, average elevation; SLO, slope; ASP, aspect; CON, convexity; TWI,
topographic wetness index; STK, soil thick; ROC, rock outcrop ratio; pH, soil pH value; SOC, soil organic carbon; TN, soil total nitrogen; TP, soil total
phosphorus; TK, soil total potassium; AN, soil available nitrogen; AP, soil available phosphorus; AK, soil available potassium; Ca, Soil calcium content;
Mg, Soil magnesium content; LT, leaf thickness; LA, leaf area; SLA, specific leaf area; LW, leaf length to width ratio; LTD, leaf tissue density; LC, leaf
carbon content; LN, leaf nitrogen content; LP, leaf phosphorus content; LK, leaf potassium content; LCa, leaf calcium content; LMg, leaf magnesium
content; CN, leaf carbon to nitrogen ratio; CP, leaf carbon to phosphorus ratio; NP, leaf nitrogen to phosphorus ratio. * P<0.05; **P<0.01;
***P<0.001.
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chemical properties. Depressions tend to have thicker soil layers

and better nutrient conditions due to rainfall flushing and gravity,

leading to higher LC, LN, LP, and LK concentrations in these areas

(Hinsinger, 2001; Coelho et al., 2018). The high rock exposure rate

in karst slope habitats accelerates the decomposition of Ca elements

in limestone due to intense rainfall and weathering, resulting in

higher Ca content in soils on slopes (Li et al., 2004). Vegetation

cover, well-developed plant roots, and rich soil organic matter on

hillsides promote karstic processes and elemental migration, leading

to higher Mg content in slope soils, which positively affects leaf Ca

and Mg concentrations (Li et al., 2004; Huang et al., 2016). The

higher leaf C:N and C:P ratios observed at hilltops indicate that

plant leaves at the summit have relatively higher carbon content.

Carbon content is often associated with the construction of leaf

structures, suggesting that leaves at the summit contain more

carbon-based secondary compounds such as lignin and tannin
Frontiers in Ecology and Evolution 07
(Poorter and De Jong, 1999), which is consistent with the higher

leaf tissue density observed at the summit. N content was positively

correlated with rock exposure, resulting in higher LN content on

slopes with a higher rock outcrop rate, leading to higher leaf N:P

ratios on slopes (Zhang et al., 2007). Overall, the distribution

patterns of community-level functional traits in the dynamics plot

are shaped by the interplay between topographic factors, soil

properties, and environmental conditions. Elevation, in particular,

plays a significant role in driving these patterns, influencing various

leaf traits and their elemental concentrations across different habitat

types within the study area.

During the long-term evolution of plants, different traits exhibit

correlations with the environment, reflecting the adaptability of

plant functional traits to specific ecological conditions (Reich,

2014). In this study, the functional trait values CWM showed

significant correlations with various environmental factors, albeit
A

B

FIGURE 3

Redundancy analysis of the effects of topography factors (A) and soil factors (B) on leaf traits CWM. Red arrows represent environmental factors,
black arrows represent leaf traits.
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with variations among different traits. Overall, the correlations

between leaf trait CWM and environmental factors can be

broadly categorized into two groups. The first group of leaf traits

showed negative correlations with ELE, SLO, ASP, CON, ROC,

pH, SOC, TN, AN, Ca, and Mg. These traits were negatively

correlated with TWI, STK, TP, and AP. On the other hand, the

second group of leaf traits exhibited opposite correlations with these

environmental factors. LA and LW were negatively correlated with

most topographic factors but positively correlated with TWI and

STK. This suggests that plants in karst areas tend to increase leaf

area in areas with abundant nutrients and better water conditions

to enhance their competitiveness. LT and LTD, which are

associated with drought resistance, showed positive correlations

with ELE, SLO, and ASP, and negative correlations with TWI,

reflecting plants’ strategies to resist leaf damage and enhance

drought resistance under dry and hot conditions (Comstock and

Mencuccini, 1998).

LC, LN, LP, and LK concentrations exhibited similar

correlations with environmental factors, with their correlations

with topographic factors coinciding with the high or low content

of soil elements in different topographies. Among the soil factors,

SOC, TN, and AN showed negative correlations with LC, LP, and

LK. This could be attributed to plants in depressions, which have

higher soil nutrient elements and tend to adopt a resource

acquisition strategy, resulting in lower leaf reserve capacity and

lower nutrient element content (Navas et al., 2010). LCa and LMg

concentrations were positively correlated with most environmental

factors, except TWI, STK, TP, and AP. Thicker soils tend to have

better water storage capacity, suggesting weaker weathering of

calcium and magnesium in such soils, resulting in lower soil Ca

and Mg contents and consequently affecting leaf Ca and Mg

concentrations. The results of this study provide insights into the
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correlations between plant leaf functional traits and different

environmental factors. This understanding contributes to

uncovering the adaptation strategies and ecological responses of

plants to their environments, thereby providing a theoretical

foundation for ecological restoration and biodiversity

conservation in karst regions.

In this study, variation partitioning analysis revealed that a

significant portion of the variation in leaf trait CWM could be

explained by the combined effects of topography and spatial factors.

Different topographic features, such as ELE, ASP, and STK, play

important roles in driving vegetation patterns at the landscape scale

(Li et al., 2013). Moreover, as the residual effects of human

disturbance diminish along the vegetation succession gradient, the

intensity of topographic factors increases, making them reliable

predictors of natural vegetation recovery. The spatial pattern of

community dynamics can be influenced by both environmental and

spatial processes, as described by the neutral theory (Hubbell, 2006).

According to the neutral theory, the spatial structure of species

composition is primarily shaped by dispersal rather than habitat

filtering (McGill et al., 2006). Some studies have shown that

environmental gradients significantly affect species composition in

subtropical karstic regions (Guo et al., 2017).

However, in this study, spatial processes were found to have a

greater contribution to species composition, suggesting that spatial

processes are the dominant drivers of community composition. It is

important to note that the contribution of spatial processes may

also include the effects of unmeasured environmental variables,

such as sunlight and soil microbes, which strongly influence plant

growth and species distribution in arid regions (Jafari et al., 2004;

Yang et al., 2020). In the context of this study, most environmental

processes were found to interact with spatial processes. The

depressions between karst hills in the study plots created a habitat
FIGURE 4

Individual contribution of primary parameters to the proportion (%) of variation explained in leaf traits CWM in plots.
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gradient with a distinct spatial pattern. This gradient likely

contributes to the observed variations in species composition and

community dynamics. The unique environmental conditions and

spatial configuration of the depressions may create microhabitats

that support specific plant species and promote species aggregation.

These spatial processes, along with environmental factors, play a

crucial role in shaping the community structure in the study area.

5 Conclusions

In this study, we revealed the spatial distribution of CWM for leaf

traits. The differences in the distribution of different traits reflect the

adaptation of plants to the special karst habitat and the results of long-

term evolution. The relative contributions of environmental and spatial

processes in subtropical karst forests were synthesized. It showed that

the correlation between topographic factors and leaf trait CWM was

higher than that of soil factors, with the strongest correlation between

elevation and slope, environmental and spatial processes jointly

contributed to the spatial pattern of plant leaf trait CWM. The

results reveal the relationship between the relative contributions of

ecological niche and spatial processes and species diversity. The results

also highlight the importance of topographic moisture indices in

shaping karst forest community structure, and the study of the

driving mechanisms of species coexistence in karst forest ecosystems

can help improve understanding of plant community construction and

provide important insights for vegetation restoration.
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