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Trait-based community assembly
and functional strategies across
three subtropical karst forests,
Southwestern China
Yong Jiang, Zhenqing Chen, Haili Lin, Rongxin Deng,
Zhihui Liang, Yuling Li and Shichu Liang*

Key Laboratory of Ecology of Rare and Endangered Species and Environmental Protection, Ministry of
Education, College of Life Sciences, Guangxi Normal University, Guilin, China
Background: Variations in community-level plant functional traits are widely

used to elucidate vegetation adaptation strategies across different environmental

gradients. Moreover, studying functional variation among different forest types

aids in understanding the mechanisms by which environmental factors and

functional strategies shift community structure.

Methods: Based on five plant functional traits, including four leaf and one wood

trait, for 150 woody species, we analyzed shifts in the community-weighted

mean trait values across three forest types in a karst forest landscape: deciduous,

mixed, and evergreen forests. We also assessed the relative contributions of

stochastic processes, environmental filtering, and niche differentiation to drive

community structure using a trait-based null model approach.

Results: We found marked changes in functional strategy, from resource

acquisition on dry, fertile soil plots in deciduous forests to resource

conservation on moist, infertile soil conditions in evergreen forests. The trait-

based null model showed strong evidence of environmental filtering and

convergent patterns in traits across three forest types, as well as low niche

differentiation in most functional traits. Some evidence of overdispersion of

LDMC and LT occurred to partially support the recent theory of Scheffer and

Van Nes that competition could result in a clumped pattern of species along a

niche axis.

Discussion: Our findings suggest a change in environmental gradient from

deciduous to evergreen forest, together with a shift from acquisitive to

conservative traits. Environmental filtering, stochastic processes, niche

differentiation, and overdispersion mechanisms together drive community
Abbreviations: SWC, soil water content; ST, soil thickness; TN, total nitrogen; AN, available nitrogen; AP,

available phosphorus; Ca, water-soluble calcium; CO, canopy openness; BRR, rock-bareness ratio; LA, leaf

area; SLA, specific leaf area; LDMC, leaf dry matter content; LT, leaf thickness; WD, wood density; CWM,

community-weighted mean; CV_NND, coefficient of variation of the nearest-neighbor distance.
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assembly in karst forest landscapes. These findings will contribute to a deeper

understanding of the changes in functional traits among karst plants and their

adaptive strategies, with important implications for understanding other

community assemblies in subtropical forest systems.
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1 Introduction

Functional traits are composed of a series of physiological,

ecological, and behavioral characteristics that strongly influence

individual recruitment, reproduction, and mortality. These trait

attributes gradually developed through the long evolutionary

history of nonindigenous plant species, which have adopted

convergent and divergent ecological strategies for resource

capture and allocation (Nock et al., 2016; Long et al., 2023). Some

traits partially reflect an individual species’ adaptation to changing

environmental gradients (McIntyre et al., 1999), which makes them

important for exploring species maintenance and assembly

structure (Violle et al., 2012). For example, in resource-rich, dry

habitats, short-lived species are grouped as fast resource acquisition

species that invest in cheap, transitory leaves, high specific leaf area,

and low wood density that afford a fast return on investment

(Zhang et al., 2021; Wang et al., 2023). In contrast, shade-tolerant

species in harsh, wet habitats display conservative strategies that

showcase slow growth rates and ultimately invest in long-lasting

tissues and high leaf dry matter content that aid in their defense

against herbivores, pathogens, and physical damage (Weiher et al.,

2011; Zhang et al., 2021; Wang et al., 2023). Together, these trade-

offs in functional traits along resource-use environmental gradients

are not well understood and could potentially explain key

differences in community assembly. Karst regions are unique and

complex ecosystems that have not been extensively studied and are

characterized by exceptional geological, environmental, and floristic

conditions. The landscape features steep, irregular soil surfaces with

rocky outcrops, where soil properties are influenced by the water

dissolution of soluble bedrock (Chen et al., 2013). Long-term

dissolution and erosion have led to bare rock distributions and

diverse topographies with fragmented structural attributes, limiting

vegetation growth. Species in this region are often patchily

distributed due to drought risks and nutrient-poor soils (Veress,

2020; Liu et al., 2021). The functional traits of these species are

adapted to specific strategies that counteract drought stress (Wei

et al., 2020). For instance, evergreen trees in karst areas typically

exhibit lower specific leaf area and leaf area, along with higher leaf

dry matter content and thickness, enabling them to develop

drought-resistant characteristics suited to the stress of poor karst

soils and limited water supply (Muscarella et al., 2020). Therefore,
02
understanding community assembly mechanisms along

environmental gradients from a functional trait perspective is

crucial for elucidating the adaptive strategies of plant species in

karst regions.

The environment acts as a filter for selecting viable strategies

with optimal trait distribution that leads to trait convergence by

controlling the spatial distribution of light, soil water, and nutrient

gradients through geographic processes (Zhu et al., 2016).

Furthermore, convergent local trait distributions tend to have

similar resource requirements for survival that make competition

more intense (Marteinsdóttir et al., 2018; Qiao et al., 2023). In this

regard, intense competition is expected to exclude species with

highly similar traits and form divergent distributions (Bernard-

Verdier et al., 2012; Xu et al., 2018; Zhang et al., 2020). However,

competitive exclusion could also contribute to functional clustering

(i.e., overdispersion pattern) by excluding functionally similar

species with low competitive abilities (Yan et al., 2012; Li et al.,

2015). Ultimately, these changes demonstrate that trait

distributions within communities allow for the quantification of

distinct screening processes and restrictions on assembly structure

along environmental gradients (Freschet et al., 2011; Violle et al.,

2012; Chen et al., 2022; Fu et al., 2023). Together, they tend to

reflect the important fundamental niche axes that allow species to

differentiate and assess trait convergence, divergence, and

overdispersion patterns (Violle and Jiang, 2009; Marcilio-Silva

et al., 2016).

Previously, some studies have indicated that trait-mediated

abiotic filtering plays a pivotal role in subtropical forest

ecosystems (Liu et al., 2021; Wang et al., 2023; Vleminckx et al.,

2023), while other research suggests that niche differentiation is the

main ecological driver in some tropical forest ecosystems (Meilhac

et al., 2019; Wang et al., 2022a; Nomura et al., 2023; Wang et al.,

2023; Han et al., 2023). Likewise, stochastic processes, to some

extent, have also been proposed as potential interpretations for the

assembly and ecological community structure (Czortek et al., 2021;

Chen et al., 2023; Leps ̌ and De Bello, 2023). In particular, Uriarte

et al. (2010) found that plant traits tend to exhibit an overdispersion

pattern as niche differentiation among taxa increases under stressed

conditions. However, it remains unclear how specific forest regions,

such as the Karst Forest, respond to functional traits along different

resource-use environmental gradients.
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In this work, we used three natural forest types with species-rich

karst-hill plant communities to investigate the determinants of plant

community assembly. The communities covered a range from

deciduous broad-leaved forests (deciduous forests), mixed evergreen

and deciduous broad-leaved forests (mixed forests), and evergreen

broad-leaved forests (evergreen forests) with their own unique

ecological and functional attributes. Deciduous dominance forests

have been found to contribute significantly to seasonal changes that

bring about striking transformations in the landscape by adopting a

falling strategy to face the harsh winters (Letcher et al., 2015). With the

mixed forests, it acts as a transition between the deciduous and

evergreen species and hosts a fascinating blend of flora. Additionally,

it often exhibits contrasting ecological strategies to cope with the

turnover of environmental factors (Ge et al., 2019). In comparison,

evergreen forests are characterized by the dominance of evergreen trees

that present an acquisitive strategy with strong texture leaves, as well as

low photosynthesis rates with slow growth rates to resist stressed

habitats (Lv et al., 2022). Taking into account these different forest

types, it is necessary to explore the ecological strategies of these forests

to elucidate their resource utilization capacity in karst forest landscapes.

Thus, we explored differences in five CWMtraits with environmental

gradients across three forest types to answer two questions below: (1)

How do the functional traits of plant communities and their adaptation

strategies vary by forest types, and (2) Are assembly-based traits

structured by different processes with these specific forest types? We

hypothesized that functional community-level responses and strategy

variations to resource availability changes would strongly depend on

community relationships with the affected resource. We also expected

that there would be different factors, including abiotic and biotic, that

modify assembly processes with different forest types. Ultimately, this

process will permit us to discover which distribution trait patterns

allow for the assembly of communities with changing habitat gradients.
2 Materials and methods

2.1 Study location

The study area was located in the Guilin karst hills region in the

northeastern Guangxi Zhuang Autonomous Region, China.

Elevation ranges from 180 to 230 m above sea level. The region

has a typical subtropical monsoon climate with hot and wet
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summers and cold and dry winters. Mean annual precipitation

ranges from 1,814 to 1,941 mm, and rainfall is unevenly distributed

throughout the year, with 62% of the annual rainfall from April to

July. The mean annual air temperature is 17.8°C–19.1°C, with a free

frost period of 309 days (data from the China Meteorological Data

Service Center, http://data.cma.cn). The soil layer is thin and

discontinuous, primarily found in rock fractures (Liang et al.,

2020). The vegetation in the study area had naturally regenerated

after significant industrial activities in 1958–1960 (Huang, 2012),

and the government banned the felling of trees and promoted the

natural recovery of vegetation.

In this paper, we identified three typical vegetation types:

deciduous forests, mixed forests, and evergreen forests as the

sample points according to source publications or local flora

reference guides, for instance, the Vegetation of China, the Forest

of Guangxi (Guo et al., 2020; Wen et al., 2022), and research on

karst forests (Su and Li, 2003). In addition, we applied the following

statistical tests to the cross-validation data: (1) Importance

value (IV) was used as a comprehensive quantitative index to

rank the dominant plant species per forest type (Jiang et al.,

2021). (2) Correspondence analysis (CA) method was performed

on species importance value data to distinguish three different forest

types. (3) Means of analysis of similarities (ANOSIM; Clarke, 1993)

was applied using the Bray–Curtis distance matrix to test for

statistically significant difference between two forest types.

A more detailed supplementary information is shown in

Supplementary Table 1 and Supplementary Figures 1–3. The local

terrain, environmental factors, and dominant species are different

for each of these forest types. Deciduous forests are mainly made up

of lianas, shrubs, and a range of shade-intolerant deciduous

species. This area is characterized by low water levels, high soil

nutrient content, and a relatively thick soil layer (< 35 cm). Shade-

intolerant deciduous dominant species were Celtis sinensis,

Choerospondias axillaris, and Boniodendron minus. The

environment of the mixed forests changed with gradually

increasing soil water content and intermediate soil nutrient levels.

These forests were characterized by highest rock exposure and a

relatively shallow soil layer (< 30 cm). The dominant species

comprise Quercus glauca, Zelkova schneideriana, Boniodendron

minus, Alchornea trewioides, Callicarpa bodinieri, and Mallotus

philippensis. Evergreen forests are distributed in areas with poorer

soil conditions, characterized by low soil nutrient content, rock
TABLE 1 Basic information on different forest types.

Parameters Deciduous forests Mixed forests Evergreen forests

Tree layer Shrub layer Tree layer Shrub layer Tree layer Shrub layer

Deciduous/evergreen species richness 22/16 29/32 30/32 29/34 29/35 38/34

Deciduous/evergreen species abundance 276/245 864/1,555 235/405 529/436 598/1,635 2192/2,576

Deciduous/evergreen important value (%) 64.76/35.24 65.62/34.38 45.50/54.50 49.90/50.10 26.29/73.71 48.71/51.29

Convexity − 8.5 to 12.3 − 13.3 to 8.6 − 10.2 to 10.3

Elevation (m) 184–228 179–244 195–240

Slope 15.06°–59.38° 24.71°–47.63° 17.96°–45.88°
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exposure, and highest soil water content. These forests tend to be

located on relatively flat slopes with the thickest soil layer (< 37 cm)

compared with the other two forest habitats. The main tree species

include Quercus glauca, Mallotus philippensis, Pittosporum

planilobum, and Alchornea trewioides. Basic information on

species features and soil terrain for different forest types is

presented in Table 1.
2.2 Field sampling

We did field surveys during three separate periods: July to

September in 2019, 2021, and 2022. For each forest type, 25 parallel

plots (20 m × 20 m) with a buffer distance of > 10 m between

adjacent plots were randomly selected in some sections under the

same slope (i.e., Mao Village in Lingchuan County, Long Village in

Yongfu County, and Beitou Village in Yangshuo County). Each 20

m × 20 m plot was further divided into four 10 m × 10 m subplots

for surveying. The deciduous forests have two standing strata: the

first is mainly composed of trees that are 4–8 m tall, and the other is

mainly dominated by shrubs and vines. The mixed forests have two

standing layers. The first is made up of sparse woody species with a

plant height ranging from 8 to 12 m. The second consists of a sparse

understory with shrubs and herbaceous perennials. The evergreen

forests contain three vertical layers; large trees above 12 m form the

first layer with a relatively closed canopy. The second encompasses

juvenile trees of diverse sizes, and the third contains typical

understory shrub trees and herbaceous perennials. Within each

10 m × 10 m subplot, we enumerated, measured, and taxonomically

identified all free-standing woody trees with a diameter of ≥ 1 cm at

1.3 m height. Species nomenclature followed Flora of China

(English version, https://www.iplant.cn/focnt.cn) and expert

identification. In total, we sampled 11,546 woody stems that

belong to 150 species, 104 genera, and 47 families.
2.3 Measurement of environmental factors

Environmental variables, including physical and chemical soil

properties, were measured at each 20 m × 20 m sampling plot per

forest type. At each 20 m × 20 m sampling plot, five soil samples

were collected randomly from the 20 cm of topsoil at the four

corners and center of the sampling plot. Leaf litter, rocks, and other

major debris were removed before sampling. Approximately 10 g of

each fresh soil sample was dried at 105°C for 6 h to measure soil

water content (SWC, %). Soil thickness (ST, cm) was measured

using a 1.5-m steel bit hammered into the parent rock at each soil

location. The other soil samples were dried naturally at room

temperature within a month and then sieved through a 2-mm

mesh sieve for further laboratory experimentation. Soil properties

including soil pH, total nitrogen (TN, g/kg), available nitrogen (AN,

mg/kg), available phosphorus (AP, mg/kg), and water-soluble

calcium (Ca, g/kg) were quantified according to standard soil

agricultural and chemical analysis protocols (Bao, 2000).

Understory irradiance was estimated using hemispherical canopy

photographs taken at each 10 m × 10 m sampling subplot, 1.5 m
Frontiers in Plant Science 04
above ground level, with a fisheye lens mounted on a camera (Nikon

D80). A canopy cover was obtained from each photo occupying the

proportion of closed-canopy pixels by a software Gap Light

Analyzer (Frazer et al., 2000). Canopy openness (CO, %) was

calculated as one-canopy cover. CO in deciduous forests was

estimated during the period of leaf fall, and the other two forest

types were obtained as usual. The rock–bareness ratio (BRR, %) was

visually estimated as the proportion of the aboveground rocks to the

ground surface within each 10 m × 10 m sampling subplot.

Elevation and other topographic data were automatically acquired

using the JRBP Geographic Information System (GIS).
2.4 Measurement of functional trait

We sampled each individual to quantify five functional traits for

150 species identified at different forest types, referring to the

criteria of Pérez-Harguindeguy et al. (2013). These five functional

traits were leaf area (LA, cm2), specific leaf area (SLA, cm2/g), leaf

dry matter content (LDMC, g/g), leaf thickness (LT, mm), and

wood density (WD, g/cm2), representing a wide range of plant

ecological utilization strategies related to competitiveness, chemical

defenses, drought stress, and light capture (Pérez-Harguindeguy

et al., 2013). For example, SLA and LA with LDMC are a series of

traits partly belonging to the leaf economic spectrum, which is

affected by light intensity, resource acquisition, and water balance

(Ma et al., 2021; Wang et al., 2022b). LT is associated with defensive

ability, tolerance to photosynthetic intensity, and water and

material storage (Schmitt et al., 2022). WD has been thought to

be orthogonal to other leaf traits as an important determinant of

xylem water transport, drought tolerance strategies, and mechanical

support (Chave et al., 2009; Wu et al., 2021). For each individual,

three recently mature leaves and three 1–2-cm diameter branches

were collected from the upper branches. Leaves were not necessarily

“sun-exposed”, as many species grow to their maximum size in the

understory and never experience full sunlight exposure. If the

canopy height reached 10 m or more, leaf samples were picked

from sun-exposed branches using high-branch scissors. For

understory species, leaves were selectively sampled from the

upper parts of the plants (Pérez-Harguindeguy et al., 2013).

Collected leaves and branches were first placed into sealed plastic

bags, then transferred to a big woven polypropylene bag, and finally

shipped to the laboratory for further measurement within 12 h of

collection. In total, 34,827 leaves were sampled, belonging to 11,546

individuals. LA was detected by a YMJ-C scanner (Tuopu, Zhejiang,

China) with a corresponding self-developed software system. SLA

was calculated from LA and LDMC measurements (at 70°C for 48

h). The LDMC was determined by calculating the ratio of the mass

after oven-drying to the initial fresh mass. LT was detected with

calipers using three replicates for each sample (precision: 0.05 mm).

To characterize species wood density, we collected three branches

per tree. The pith, phloem, and bark were removed using a lopper.

Fresh volume was measured by water displacement, followed by

determination of dry mass after oven-drying at 70°C for 6 h until a

constant weight was reached. WD was calculated based on the ratio

of oven dry mass to fresh volume (Bu et al., 2014).
frontiersin.org

https://www.iplant.cn/focnt.cn
https://doi.org/10.3389/fpls.2024.1451981
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Jiang et al. 10.3389/fpls.2024.1451981
2.5 Statistical analyses

To better compare and analyze trait variation at different forest

types, we calculated the community weighted mean (CWM) values

for 25 plots in each one on the basis of a species-trait dataset and a

plot-species abundance dataset. The CWM values were weighted by

plot abundance and summed across all species traits within the plot,

representing a community-level mean trait value and emphasizing

the importance of the more abundant species. The formula is as

follows:

CWM =o
S

i=1
Wi � Xi

Where S represents species number at a plot within each forest

type, Wi is the relative abundance of species I, and Xi is the

functional trait value of species i at each plot within each one

(Jiang et al., 2015). We then applied a one-way analysis of variance

and Tukey’s multiple comparison treatments to evaluate differences

in both community-level traits and environmental factors between

two groups of different forest types (Kazakou et al., 2022).

We have used a trait-based null model approach to detect

nonrandom assembly processes by calculating two metrics within

plots relative to simulated communities at different forest types. The

first metric was the range of traits (metric 1), which was used to

detect environmental filtering (Jung et al., 2010; Lhotsky et al.,

2016). The second metric was the variation coefficient of the

nearest-neighbor distance (CV_NND, metric 2) between traits,

which was used to test for niche differentiation (Jung et al., 2010;

Kohli et al., 2018). Null models were constructed using a two-step

procedure to detect trait distributions. First, we randomly selected

species without replacement from a total species pool, including
Frontiers in Plant Science 05
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previously selected species a random species mean trait. Next, 999

random communities were constructed for species richness within

plots of different forest types. For metric 1 (range), an observed trait

value less than the null expectation indicates that environmental

filtering had a significant difference in trait distribution. For metric

2 (CV_NND distance), an observed trait value lower than expected

under the null model (i.e., trait values more evenly spaced) indicates

niche differentiation (Kraft et al., 2008). In order to estimate

observed trait distribution deviation direction from the those

expected by chance, the standardized effect size (SESI) was

examined for each plotI within each one, which was conducted

using the “picante” package in R (Kembel et al., 2010):

SESI =
Iobs − Inull

snull

Where Iobs is the observed trait mean value in plotI , Inull is the null

model trait mean value in plotI , and snull is the null model standard

deviation in the plotI . The positive effect showed an observed value

greater than the average expected value, and the negative effect

indicated an observed value lower than the average expected value.

Here, to avoid potential misleading results from SES calculations when

trait distribution does not conform to the normal distribution, we

applied a log transformation to the data before calculating the SES

values (Botta-Dukát, 2018). Finally, we used a nonparametric

Wilcoxon statistical test to assess the significant difference between

the observed trait mean distribution and the null trait mean

distribution among plots at different forest types, where the alpha

was set to a 95% confidence interval with a p < 0.05 set as significant.

The nonparametric Wilcoxon statistical analysis was tested using the

“stats” package in R (version 4.3.2, R Core Team 2024).
FIGURE 1

Difference in five community-weighted (A–E) mean functional traits across three forest types. The distinct letters (a–c) stand for significant
differences among the three forest types (p < 0.05). LACWM, community-weighted mean leaf area; SLACWM, community-weighted mean specific leaf
area; LDMCCWM, community-weighted mean leaf dry matter content; LTCWM, community-weighted mean leaf thickness; WDCWM, community-
weighted mean wood density.
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3 Results

3.1 Change in CWMtraits and environmental
variables at different forest types

Five CWMtraits and nine environmental factors significantly differ

in deciduous, mixed, and evergreen forests (p < 0.05, Figures 1, 2).

Among them, the SLACWM, LDMCCWM, and LTCWM showed

significant differences across three forest types (p < 0.05,

Figures 1B–D, respectively). In contrast, no significant differences

were found in LACWM and WDCWM between deciduous and mixed

forests (p > 0.05), but these two differed from evergreen forests (p <

0.05, Figures 1A, E). The soil factors SWC, pH, and TN revealed

significant differences among the three forests (p < 0.05, Figures 2A,

B, E). The AN and CO were significantly lower in evergreen forests

than in deciduous and mixed forests (Figures 2C, H).

Additionally, the Ca content for deciduous and evergreen forests

was lower than that for mixed forests, and significant differences were

exhibited between deciduous and evergreen forests (p< 0.05,

Figure 2F). Furthermore, the AP for deciduous forests was

significantly greater than for mixed and evergreen forests (p < 0.05,

Figure 2D), whereas BRR for evergreen forests was obviously lower

than for mixed and deciduous forests (p < 0.05, Figure 2G). In

addition to these attributes, the ST was markedly lower in mixed
Frontiers in Plant Science 06
forests compared to deciduous and evergreen forests, but no

significant differences were found between these two (p >

0.05, Figure 2I).
3.2 Null model test at different forest types

For the trait range (metric 1) that was used to detect

environmental filter (Figures 3A–C), we found that the SES

values for all the traits were significantly different from zero at

different forest types (p< 0.01), except that SLA showed no

significant difference from zero in deciduous forests (p > 0.05,

Figure 3A) but was significantly different from zero in mixed and

evergreen forests (p< 0.01, Figures 3B, C).

For the CV_NND (metric 2) that was used to test for niche

differentiation (Figures 3D–F), the SES value of LA, LDMC, and

WD were all significant differences from zero in deciduous forests

(p < 0.05, Figure 3D), whereas only the SES values of LDMC were

significant differences from zero in mixed forests (p < 0.05,

Figure 3E). Still, SLA did not present a significant difference from

zero between deciduous and mixed forests (p > 0.05, Figures 3D, E)

but was significantly different from zero in evergreen forests (p <

0.01, Figure 3F). The LDMC and LT standard deviations for the

nearest-neighbor distances were markedly greater than zero in

evergreen forests (p< 0.05, Figure 3F).
FIGURE 2

Changes in environmental factors (A–I) across three forest types. The distinct letters (a–c) stand for significant differences among the three forest
types (p < 0.05). SWC, soil water content; pH, pondus hydrogenii; AN, available nitrogen; AP, available phosphorus; TN, total nitrogen; Ca, water-
soluble calcium; BRR, rock-bareness ratio; CO, canopy openness; ST, soil thickness.
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4 Discussion

4.1 CWMtraits response to environmental
conditions at different forest types

With the changes in soil water and soil nutrient content,

topographical factors (such as rock-bareness rate, slope, and

elevation), and light conditions across three forest types, the

CWMtraits shifted accordingly (Figures 1, 2; Supplementary

Figure 4). The SLACWM was the highest in deciduous forests,

followed by mixed and evergreen forests, whereas the LDMCCWM

displayed the opposite trend. It is well known that SLA and LDMC

are considered useful proxies for axes of resource capture and use

(Wang et al., 2023). This result fits our expectations, as deciduous

habitat had high soil AN, AP, and TN (Figures 2C–E). Deciduous

trees tend to have relatively higher SLA but lower LDMC than

evergreen trees, reflecting the “fast” vs. “slow” life-history strategies

of these two tree groups (Wang et al., 2023). Similarly, we found

relatively higher LACWM in both the deciduous and mixed forests

compared with evergreen forests, in line with the greater CO in

forests dominated by deciduous taxa (Schönbeck et al., 2015; Lusk

et al., 2019). This indicated deciduous species had a strong ability to

capture light resources and a higher relative growth rate by

increasing LA (Cheng et al., 2022).

Other characteristics are also changed by variable forest

habitats. For example, LTCWM was higher in more evergreen

forest plots and also positively related to SWC (Figures 1D, 2A;

Supplementary Figures 4, 5). Thicker leaves are often related to

water and material storage (Schmitt et al., 2022), adopting a survival
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strategy for plants in arid and poor environments. Similar to

Kröber’s findings, evergreen species tend to have thicker leaves,

which help the tissue maintain turgor pressure and avoid water

stress (Kröber et al., 2015). In contrast, deciduous species may use

better drought-coping strategies to enhance water use efficiency; for

instance, Vargas et al. (2021) found that deciduous species have

higher SLA in drought environments, thus providing enhanced root

foraging capacity for water under drought conditions (Wellstein

et al., 2017). Additionally, WDCWM had the lowest values in

deciduous forests because of low water and high soil nutrients,

which indicates that species with low WD tend to grow rapidly

because of low investment in structural material. Conversely,

species with the highest WD were typically found in evergreen

forests where soil nutrients, such as AP, AN, and TN, were

significantly lower than the other two forest habitats, which

suggests that these species have enhanced resistance to structural

damage and mortality caused by drought. In summary, we found

that functional traits shift with changing environmental gradients at

different forest types in the karst forest landscape and reflect a

general transition from a fast-growing strategy toward a more

resource-conservative strategy.
4.2 Environmental filtering of different
traits at different forest types

Our results indicate that environmental filtering deterministic

processes are a major contributor to community assemblies in karst
FIGURE 3

Comparison of null models (A–F) for five functional traits across three forest types. Note: The asterisks represent that the observed community
significantly differs from the random community under the Wilcoxon signed-rank test (*p < 0.05; **p < 0.01; ns, difference is not significant). LA, leaf
area; LDMC, leaf dry matter content; LT, leaf thickness; SLA, specific leaf area; WD, wood density; CV_NND, coefficient of variation of the nearest-
neighbor distance.
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forests, and a significantly reduced range of five functional

compared to null expectations was observed (Figures 3A–C). At

the same time, we found that SWC, AP, AN, CO, and slope

significantly influenced five CWMtraits in deciduous forests, while

SWC, TN, AP, BRR, and slope had a strong impact on them in

evergreen forests, as evidenced by the correlation of environmental

factors with traits in the CCA ordination analysis (Supplementary

Figure 5), which further well supported the driving role of

environmental filters in the assembly of karst forest communities.

These findings were in line with the previous studies conducted in

different forest types. For example, higher LA and lower LDMC, as

well as WD in deciduous dominance forests, provide strong

evidence that light availability and soil phosphorus are important

environmental filters (Huang et al., 2018; Shivaprakash et al., 2018).

Huang et al. (2021) also found patterns of shifts in functional trait

distribution such as SLA, LDMC, and WD were strongly influenced

by the combined impacts of environmental and terrain factors

within the subtropical evergreen broadleaved forests. Similarly, in

karst forest systems, some experimental studies have emphasized

that plants showed convergent distribution of functional traits

(SLA) as stressed environmental conditions (such as the limited

water and lower soil phosphorus) become more evident (Zhang

et al., 2020; Liu et al., 2021; Wang et al., 2022b). In the present study,

our findings clearly support the hypothesis that environment

filtering may exist in three distinct forest types due to resource

availability. This may be limited in karst, diverse topographies with

fragmented structural attributes because typical rock-soil structures

cause serious differences in soil water-holding capacity and its

nutrient content under different forest habitats. Specifically, at

deciduous forest plots, SWC was the lowest and possessed a high

bare soil surface that made intense competition for resources very

unlikely. Thus, this trait convergence is likely the result of special

karst habitat filtering (Chen et al., 2013). The mixed forests, a

transition between deciduous and evergreen species, should exhibit

contrasting ecological assembly mechanisms to be in a state of

simultaneous coexistence under this complex habitat, such as

competition intensity, nutrient availability, and the level of

importance of habitat filtering (Purschke et al., 2013). However,

in these mixed forests, environmental factors are still the prominent

drivers in structuring community assembly. Ultimately, this is

possible because fitness disparities between these strategies in this

“comprehensive milieu” are likely to be less than special karst

habitat differences. Here, we found in evergreen plots that SWC

continued to increase (Figure 2A), while the bare ground cover

decreased (Figure 2G), and the soil layer is the thickest with low

light availability (Figures 2H, I), which would likely increase

competition intensity. As a corollary, we should observe

functional divergence during evergreen forests. For instance,

Backhaus et al. (2021) showed that trait divergence becomes more

common at later stages in evergreen habitats, mainly due to

competition limiting the trait similarity of species. Nevertheless,

we mainly observed that environmental factors are still part of the

major mechanism in evergreen forests (Figure 3C). This result may

be closely related to the low light availability, poor soil nutrients,

and special local topography under this forest habitat. Together,

these observations also support the theory that light, soil properties,
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and topographical factors operate as comprehensive environmental

filters for plants with functional traits to tolerate special karst

environmental conditions.
4.3 Niche differentiation of diverse traits at
different forest types

For the CV_NND that was used to test niche differentiation, we

observed that most functional traits displayed a stochastic pattern

(Figures 3D–F) with weak-to-no evidence of niche differentiation

across three different types. This may be attributed to the

characteristics of the karst environment, which is prone to water

shortages, has poor soil nutrient availability, and features unique

local topography. Consequently, plant communities in karst areas

tend to exhibit strong environmental filtering due to these harsh

abiotic conditions (López-Martıńez et al., 2013). We also discovered

that stochastic processes, rather than niche differentiation,

predominated in the infertile, dry soil environment for most of

the studied traits. However, both environmental filtering and

competitive exclusion may produce opposing influences on

community composition, potentially canceling each other out and

resulting in an overall stochastic outcome (Bernard-Verdier et al.,

2012; Marteinsdóttir et al., 2018). For example, it is possible that

both competitive ability differences for light in height and

differences in preference for soil can cancel each other out,

leading to a random pattern (Mayfield and Levine, 2010).

Additionally, we identified some evidence of trait divergence in

particular traits and plots. Specifically, divergence in LA, LDMC,

and WD was noted in deciduous and mixed forest plots, likely

driven by intense competition resulting from limited resources

(such as water, soil nutrients, and local topography) (Buzzard

et al., 2016; Blanchard et al., 2021; Li et al., 2021; Wu, 2023).

Furthermore, the trait divergence for SLA in evergreen forests may

also stem from distinct strategies for resource usage and capture

(Mudrák et al., 2016; Doležal et al., 2019). We observed a significant

change in environmental factors, moving from low water with rich

soil nutrient content in deciduous forests to high water with poor

soil nutrient content in evergreen forests. This change indicates that

soil nutrient availability in evergreen-dominance forests is a

limiting resource for SLA, resulting in intense competition as

species strive to exploit a larger SLA functional trait space to

enhance niche differentiation among co-occurring species.

Altogether, our findings concerning the overdispersion of traits

in evergreen forests support the theory of Scheffer and Van Nes

(2006) and are in contrast to classical niche theory (Tilman, 2004),

where species exhibited weak competition once they have set up an

even trait distribution. According to Scheffer and Van Nes’s theory,

competition occurs within clusters of similar species. However, if

there is symmetrical distribution and it does not result in the long-

term exclusion of a species, a different outcome occurs. This process

mostly occurs in stressful conditions where competitors have

similar traits to one another and results in more intense

competition along different niche axes (Yan et al., 2012). We

observed the overdispersion of LDMC and LT in evergreen

forests, which supports this hypothesis. This may be closely
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related to the stressful habitat of evergreen forests, characterized by

low soil nutrient content, limited light availability. During forest

sampling investigation, we found that evergreen species in both the

tree and shrub layers occupied a large proportion of individuals

compared to the other two forest types. The community structure

was relatively complex, consisting of three vertical strata of trees,

with the tree layer forming a closed canopy that established its own

local habitat. We noted that species with a combination of higher

LDMC and LT traits were more abundant in some plots than in

others. Generally, species with more similar traits will be more

competitive under limited resource conditions. These species with

large abundance could allow them to flow over into the niches of

other species through a kind of mass effect (Guélat et al., 2008; Yan

et al., 2012) and hence rule out other species with neighboring

niches and diverse trait combinations. For instance, in evergreen-

dominant forests, deciduous species characterized by higher SLA,

LA, and lower WD, LDMC, and LT were excluded by evergreen

species possessing higher LDMC and LT, alongside lower SLA, LA,

and WD. This combination of functionally equivalent traits (i.e.,

clumps of functionally equivalent traits) may hinder competitive

exclusion and lead to an overdivergent trait distribution (Hubbell,

2001; Vialatte et al., 2010; Yguel et al., 2011; Yan et al., 2012).
4.4 Some ideas for restoring karst forests
in SW China from a trait-based point
of view

The functional trait approach has significantly advanced the

field of community ecology, transforming it from a complex to a

simple research process. Additionally, the development of

functional ecology has enabled ecologists to accurately identify

functional trait axes related to resource acquisition, forest

regeneration, and environmental tolerance, linking functional

diversity to ecological strategies, processes, and functions, thus

providing a new tool for research that classical community

ecology could not offer. Since different species possess different

functional traits, they play diverse functional roles in different forest

ecosystems. This work’s main focus should be on how to identify

species with the optimal combination of functional traits for

restoration and reconstruction based on the special karst habitat.

This includes the selection of species with drought resistance, low

nutrient tolerance, and adaptability to harsh conditions. By doing

so, we can effectively assemble a species composition that is not only

resilient to environmental stressors but also capable of supporting

the overall health and functionality of the karst forest ecosystem.
5 Conclusions

This study revealed the adaptation of community-level

functional traits shifts with changing environmental gradients at

different forest types and reflects a general transition from a fast-

growing strategy toward a more resource-conservative strategy.

Environmental filtering, stochastic processes, niche differentiation,
Frontiers in Plant Science 09
and overdispersion mechanisms together drive community

assembly in karst forest landscapes. These findings will contribute

to a deeper understanding of the changes in functional traits in karst

plants and their adaptative strategies and have important

implications for understanding other community assemblies in

subtropical forest systems.
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D., et al. (2021). Beyond leaf habit: generalities in plant function across 97 tropical dry
forest tree species. New Phytol. 232, 148–161. doi: 10.1111/nph.17584

Veress, M. (2020). Karst types and their karstification. J. Earth Sci. 31, 621–634.
doi: 10.1007/s12583-020-1306-x

Vialatte, A., Bailey, R. I., Vasseur, C., Matocq, A., Gossner, M. M., Everhart, D., et al.
(2010). Phylogenetic isolation of host trees affects assembly of local Heteroptera
communities. Proc. R. Soc B Biol. Sci. 277, 2227–2236. doi: 10.1098/rspb.2010.0365

Violle, C., Enquist, B. J., McGill, B. J., Jiang, L., Albert, C. H., Hulshof, C., et al. (2012).
The return of the variance: intraspecific variability in community ecology. Trends Ecol.
Evol. 27, 244–252. doi: 10.1016/j.tree.2011.11.014

Violle, C., and Jiang, L. (2009). Towards a trait-based quantification of species niche.
J. Plant Ecol. 2, 87–93. doi: 10.1093/jpe/rtp007

Vleminckx, J., Barrantes, O. V., Fortunel, C., Paine, C. E. T., Bauman, D., Engel, J.,
et al. (2023). Niche breadth of Amazonian trees increases with niche optimum across
broad edaphic gradients. Ecology 104, e4053. doi: 10.1002/ecy.4053

Wang, L., He, Y., Umer, M., Guo, Y., Tan, Q., Kang, L., et al. (2023). Strategic
differentiation of subcommunities composed of evergreen and deciduous woody
species associated with leaf functional traits in the subtropical mixed forest. Ecol.
Indic. 150, 110281. doi: 10.1016/j.ecolind.2023.110281

Wang, X., Sun, S., Sedio, B. E., Glomglieng, S., Cao, M., Cao, K., et al. (2022a). Niche
differentiation along multiple functional-trait dimensions contributes to high local
diversity of Euphorbiaceae in a tropical tree assemblage. J. Ecol. 110, 2731–2744.
doi: 10.1111/1365-2745.13984

Wang, Y., Zhang, L., Chen, J., Feng, L., Li, F., and Yu, L. (2022b). Study on the
relationship between functional characteristics and environmental factors in karst plant
communities. Ecol. Evol. 12, e9335. doi: 10.1002/ece3.9335

Wei, Y., Wang, Z., Liang, W., Ma, F., and Han, L. (2020). Response and adaptation of
twig-leaf functional traits of Populus euphratica to groundwater gradients. Acta Bot.
Boreali-Occident. Sin. 40, 1043–1051. doi: 10.7606/j.issn.1000-4025.2020.06.1043

Weiher, E., Freund, D., Bunton, T., Stefanski, A., Lee, T., and Bentivenga, S. (2011).
Advances, challenges and a developing synthesis of ecological community assembly
theory. Philos. Trans. R. Soc B Biol. Sci. 366, 2403–2413. doi: 10.1098/rstb.2011.0056

Wellstein, C., Poschlod, P., Gohlke, A., Chelli, S., Campetella, G., Rosbakh, S., et al.
(2017). Effects of extreme drought on specific leaf area of grassland species: A meta-
analysis of experimental studies in temperate and sub-Mediterranean systems. Glob.
Change Biol. 23, 2473–2481. doi: 10.1111/gcb.13662

Wen, Y., Zhou, X., Wang, L., and Sun, D. (2022). Vegetation survey, classification
and the research and compilation of vegegraphy of Guangxi, China. J. Guangxi Acad.
Sci. 38, 245–253. doi: 10.13657/j.cnki.gxkxyxb.20221019.004

Wu, T. (2023). Study on leaf functional traits in different succession stages ofMaolan
karst forest (Master's thesis) (Guizhou normal university).

Wu, G., Chen, D., and Zhou, Z. (2021). Contrasting hydraulic efficiency and
photosynthesis strategy in differential successional stages of a subtropical forest in a
karst region. Plants 10, 2604. doi: 10.3390/plants10122604

Xu, J., Chai, Y., Wang, M., Dang, H., Guo, Y., Chen, Y., et al. (2018). Shifts in Plant
Community Assembly Processes across Growth Forms along a Habitat Severity
Gradient: A Test of the Plant Functional Trait Approach. Front. Plant Sci. 9.
doi: 10.3389/fpls.2018.00180

Yan, B., Zhang, J., Liu, Y., Li, Z., Huang, X., Yang, W., et al. (2012). Trait assembly of
woody plants in communities across sub-alpine gradients: Identifying the role of
limiting similarity. J. Veg. Sci. 23, 698–708. doi: 10.1111/j.1654-1103.2011.01384.x

Yguel, B., Bailey, R., Tosh, N. D., Vialatte, A., Vasseur, C., Vitrac, X., et al. (2011).
Phytophagy on phylogenetically isolated trees: why hosts should escape their relatives.
Ecol. Lett. 14, 1117–1124. doi: 10.1111/j.1461-0248.2011.01680.x
frontiersin.or
g

https://doi.org/10.1111/1365-2745.12532
https://doi.org/10.1111/ele.12476
https://doi.org/10.3975/cagsb.2020.070902
https://doi.org/10.1177/1940082920980279
https://doi.org/10.1177/1940082920980279
https://doi.org/10.1007/s10265-021-01330-3
https://doi.org/10.3389/fevo.2023.1230819
https://doi.org/10.1371/journal.pone.0073660
https://doi.org/10.1111/nph.15849
https://doi.org/10.1016/j.ecolind.2022.109469
https://doi.org/10.13448/j.cnki.jalre.2021.339
https://doi.org/10.1111/j.1461-0248.2010.01509.x
https://doi.org/10.1111/j.1461-0248.2010.01509.x
https://doi.org/10.1556/168.2016.17.1.11
https://doi.org/10.1002/ecy.2079
https://doi.org/10.2307/3237077
https://doi.org/10.1038/s41477-019-0569-7
https://doi.org/10.1111/ecog.01723
https://doi.org/10.1111/1365-2745.13261
https://doi.org/10.1002/9780470015902.a0026282
https://doi.org/10.1007/s11258-023-01329-x
https://doi.org/10.1007/s11258-023-01329-x
https://doi.org/10.1071/BT12225
https://doi.org/10.1111/1365-2745.12098
https://doi.org/10.1007/s11104-023-05910-1
https://doi.org/10.1073/pnas.0508024103
https://doi.org/10.1111/plb.13395
https://doi.org/10.3390/f6062047
https://doi.org/10.1186/s40663-018-0144-0
https://www.researchgate.net/publication/285751370
https://www.researchgate.net/publication/285751370
https://doi.org/10.1073/pnas.0403458101
https://doi.org/10.1111/j.1461-0248.2010.01541.x
https://doi.org/10.1111/nph.17584
https://doi.org/10.1007/s12583-020-1306-x
https://doi.org/10.1098/rspb.2010.0365
https://doi.org/10.1016/j.tree.2011.11.014
https://doi.org/10.1093/jpe/rtp007
https://doi.org/10.1002/ecy.4053
https://doi.org/10.1016/j.ecolind.2023.110281
https://doi.org/10.1111/1365-2745.13984
https://doi.org/10.1002/ece3.9335
https://doi.org/10.7606/j.issn.1000-4025.2020.06.1043
https://doi.org/10.1098/rstb.2011.0056
https://doi.org/10.1111/gcb.13662
https://doi.org/10.13657/j.cnki.gxkxyxb.20221019.004
https://doi.org/10.3390/plants10122604
https://doi.org/10.3389/fpls.2018.00180
https://doi.org/10.1111/j.1654-1103.2011.01384.x
https://doi.org/10.1111/j.1461-0248.2011.01680.x
https://doi.org/10.3389/fpls.2024.1451981
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Jiang et al. 10.3389/fpls.2024.1451981
Zhang, J., Swenson, N. G., Liu, J., Liu, M., Qiao, X., and Jiang, M. (2020). A phylogenetic
and trait-based analysis of community assembly in a subtropical forest in central China.
Ecol. Evol. 10, 8091–8104. doi: 10.1002/ece3.6465

Zhang, H., Yang, Q., Zhou, D., Xu, W., Gao, J., and Wang, Z. (2021). How evergreen
and deciduous trees coexist during secondary forest succession: Insights into forest
Frontiers in Plant Science 12
restoration mechanisms in Chinese subtropical forest. Glob. Ecol. Conserv. 25, e01418.
doi: 10.1016/j.gecco.2020.e01418

Zhu, Y., Wang, X., Wang, X., and Deng, M. (2016). Effect of slope aspect on the
functional diversity of grass communities in the Loess Plateau. Acta Ecol. Sin. 36, 21.
doi: 10.5846/stxb201505010900
frontiersin.org

https://doi.org/10.1002/ece3.6465
https://doi.org/10.1016/j.gecco.2020.e01418
https://doi.org/10.5846/stxb201505010900
https://doi.org/10.3389/fpls.2024.1451981
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Trait-based community assembly and functional strategies across three subtropical karst forests, Southwestern China
	1 Introduction
	2 Materials and methods
	2.1 Study location
	2.2 Field sampling
	2.3 Measurement of environmental factors
	2.4 Measurement of functional trait
	2.5 Statistical analyses

	3 Results
	3.1 Change in CWMtraits and environmental variables at different forest types
	3.2 Null model test at different forest types

	4 Discussion
	4.1 CWMtraits response to environmental conditions at different forest types
	4.2 Environmental filtering of different traits at different forest types
	4.3 Niche differentiation of diverse traits at different forest types
	4.4 Some ideas for restoring karst forests in SW China from a trait-based point of view

	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


