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Abstract

Studying [S-diversity and its components, which reflect spatiotemporal differ-
ences or changes in species composition among different communities, helps
improve understanding and knowledge of community structure and its mainte-
nance mechanisms. The forest herbaceous layer is an important component of
forest communities and forest ecosystems. Although there have been some rel-
evant studies on [S-diversity of understory herbaceous plant communities, there
is still a lack of unified understanding regarding the relative proportions of (-
diversity components (such as species turnover and nestedness components),
influencing factors, and their degree of influence. This study, based on survey
data of herbaceous layer plant communities from 168 natural forest plots in
Henan Province, analyzes the §-diversity patterns of natural forest herbaceous
layer plant communities in Henan Province through methods such as Jaccard
dissimilarity index and variance partitioning, and quantifies the relative con-
tributions of influencing factors such as spatial distance, environmental factors,
and species richness to their S-diversity. The results show that: (1) The Jaccard
dissimilarity index of total S-diversity for natural forest herbaceous layer plant
communities in Henan Province is 0.94, which mainly originates from the species
turnover component (accounting for 96.8% of total S-diversity). (2) The total
B-diversity and species turnover component of natural forest herbaceous layer
plant communities show a significant increasing trend with increasing spatial
distance, while the nestedness component shows a significant decreasing trend
with increasing spatial distance. (3) Mantel test shows that spatial distance,
environmental factors, and species richness all have significant effects on the
total S-diversity of natural forest herbaceous layer plant communities, with en-
vironmental factors having the greatest influence, followed by spatial distance,
and species richness having the smallest influence; variance partitioning results
further show that spatial distance, environmental factors, and species richness
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together explain 27.14% and 20.35% of the variation in total S-diversity and its
turnover component, respectively, with environmental factors alone explaining
the most variation (accounting for 10.62% of total S-diversity and 9.35% of the
turnover component, respectively). This study helps enhance understanding of
the patterns of plant composition changes and their influencing factors in natu-
ral forest herbaceous layers, thereby providing a solid scientific basis for forest
vegetation conservation management and ecological restoration.
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Abstract: Research on S-diversity and its components, which reflect spatial or
temporal variations in species composition among communities, enhances our
understanding of community structure and its maintenance mechanisms. The
herbaceous layer constitutes an important component of forest communities
and ecosystems. Although some studies have examined [-diversity in under-
story herbaceous plant communities, consensus remains lacking regarding the
relative proportions of S-diversity components (such as species turnover and
nestedness), their influencing factors, and the magnitude of their effects. Based
on survey data from 168 natural forest plots in Henan Province, this study
analyzed (-diversity patterns of herbaceous layer plant communities using the
Jaccard dissimilarity index and variance partitioning methods, while quantifying
the relative contributions of spatial distance, environmental factors, and species
richness. The results showed: (1) The total S-diversity of herbaceous layer plant
communities in Henan Province, measured by the Jaccard dissimilarity index,
was 0.94, derived primarily from the species turnover component (accounting
for 96.8% of total S-diversity). (2) Both total -diversity and its turnover com-
ponent increased significantly with spatial distance, while the nestedness compo-
nent decreased significantly with spatial distance. (3) Mantel tests revealed that
spatial distance, environmental factors, and species richness all significantly in-
fluenced total S-diversity, with environmental factors having the greatest effect,
followed by spatial distance, and species richness the least. Variance partition-
ing further showed that these three factors jointly explained 27.14% and 20.35%
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of the variation in total S-diversity and its turnover component, respectively,
with environmental factors alone explaining the most variation (10.62% of total
B-diversity and 9.35% of turnover component). This study enhances under-
standing of plant composition variation patterns and their drivers in natural
forest herbaceous layers, providing a scientific foundation for forest vegetation
conservation management and ecological restoration.

Keywords: [-diversity, species turnover, species nestedness, spatial distance,
natural forest herbaceous layer, Henan Province

Introduction

[B-diversity reflects spatial or temporal differences in species composition among
communities (Chen et al., 2010; Jiang et al., 2021; Qu et al., 2022; Qian & Qian,
2023), linking local-scale a-diversity with regional-scale v-diversity (Whittaker,
1972; Li et al., 2023). [-diversity can be decomposed into two components:
species turnover and species nestedness. Species turnover describes the phe-
nomenon of species replacement along spatial or environmental gradients, while
nestedness describes the presence or absence of species in specific environments
(Baselga, 2010). Investigating these components and their influencing factors
improves our understanding of community structure and functioning (Si et al.,
2017; Soininen et al., 2018; Jiang et al., 2020; Jiang et al., 2022).

The distribution patterns of plant community S-diversity are influenced by mul-
tiple factors (Chen et al., 2010; Weng et al., 2019; Shi et al., 2021), generally
including biotic factors, abiotic environmental factors, and spatial distance. Abi-
otic environmental factors such as climate (Wang et al., 2021; Li et al., 2022;
Qu et al., 2022; Yang et al., 2023), elevation gradients (Lu et al., 2010; Han
et al., 2023; He et al., 2023), slope position (Tan et al., 2013; Hu et al., 2024),
slope gradient (Tan et al., 2013; He et al., 2023), convexity (Yang et al., 2014;
He et al., 2022), and soil (Wang et al., 2013; Xu et al., 2022; Jiang et al.,
2022) affect plant S-diversity. Spatial distance relates to dispersal processes,
with studies reporting that S-diversity increases with spatial distance (Soininen
et al., 2007; Chapman & McEwan, 2013; Li et al., 2016; Fang et al., 2023).
Canopy composition (Singh et al., 2023) and canopy size (Sha et al., 2023) also
influence plant community S-diversity. Additionally, human disturbance affects
B-diversity patterns (Schulz et al., 2019; Gao et al., 2022).

Current research on the formation and maintenance mechanisms of plant com-
munity S-diversity primarily focuses on niche theory and neutral theory. Niche
theory posits that species composition is influenced by both environmental fac-
tors and species interactions, changing along environmental gradients (Chase
& Leibold, 2009; Fang et al., 2023). Generally, as environmental differences
between communities increase, so do differences in species composition, leading
to higher S-diversity (Tuomisto et al., 2003; Tan et al., 2013; Jiang et al., 2021).
Neutral theory considers dispersal limitation as a primary factor affecting (-
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diversity patterns (Hubbell, 2001; Soininen et al., 2007; Niu et al., 2009), with
B-diversity typically increasing with spatial distance due to dispersal constraints
(Cacciatori et al., 2020; Jiang et al., 2021; Yang et al., 2021; Li et al., 2023).
Some studies have found that habitat filtering and dispersal limitation jointly
determine S-diversity patterns, with their relative importance varying across
communities and scales (McClain & Rex, 2015; Mi et al., 2022; Mugnai et al.,
2022; Peguero et al., 2022; Zhao et al., 2023). Integrating niche and neutral the-
ories and considering multiple dimensions from species to function to phylogeny
has gained increasing attention in S-diversity research.

Previous research on forest community §-diversity has focused more on tall trees
or woody plants (Weng et al., 2019; Shi et al., 2021; Yang et al., 2023). As under-
standing of the crucial role of understory herbaceous layers in forest ecosystems
has grown—such as promoting biodiversity, accelerating litter decomposition,
and driving nutrient cycling (Gilliam, 2007)—the herbaceous layer has received
increasing attention (Nilsson & Wardle, 2005). Studies on understory plant S-
diversity have emerged, including research on understory vegetation in major
forest types of Saihanba (Yang & Tian, 2012), herbaceous layers of old-growth
forests in southeastern Kentucky, USA (Chapman & McEwan, 2013), temper-
ate forest understories in eastern North America (Buskey et al., 2020), under-
story plants of Castanopsis hystriz forests in Pingxiang, Guangxi (You et al.,
2016), herbaceous layers of planted forests in the central Loess Plateau (Shi
et al., 2019), understory plants of Pinus tabulaeformis and Quercus wutaishan-
ica forests on the Loess Plateau (Wang et al., 2021), understory herbs in the
alpine valley area of the lower Yarlung Zangbo River (Du et al., 2022), and
understory plants of natural Betula platyphylla forests in the Greater Khingan
Mountains (Zhang, 2023). Understory herbaceous layer S-diversity is typically
influenced by multiple factors. For example, Deng et al. (2023) identified tem-
perature as an important factor affecting understory plant community diversity
in Platycladus orientalis and Pinus elliottii communities. Shi et al. (2019) found
that geographic distance explained the highest proportion of variation in species
composition among plots, followed by annual precipitation. Zhang (2023) dis-
covered that latitudinal differences influenced understory herbaceous species
composition in Betula platyphylla forests. Other studies have found that ele-
vation gradients affect understory plant community composition (Wang et al.,
2021; Du et al., 2022; Han et al., 2023). Jiang et al. (2021) found that increas-
ing stand age reduced heterogeneity of understory vegetation communities in
Halozylon persicum plantations, while Mao et al. (2021) found no significant
effect of stand age on understory species diversity in Castanopsis hystriz plan-
tations. Despite existing research on understory herbaceous layer S-diversity,
consensus remains lacking regarding the proportions of its components (turnover
vs. nestedness), influencing factors, and their relative effects.

Henan Province, located in central China and being a major agricultural and
populous province, urgently requires strengthened scientific research on natural
vegetation conservation and restoration, including studies on S-diversity. This
research focuses on herbaceous layer plant communities in 168 natural forest
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plots in Henan Province, analyzing patterns and influencing factors of total (-
diversity and its components to address three scientific questions: (1) What are
the patterns of total S-diversity and its turnover and nestedness components
in natural forest herbaceous layers? (2) How does S-diversity change with in-
creasing spatial distance? (3) What are the relative effects of environmental
factors, spatial distance, and biotic factors on S-diversity and its components?
The findings will provide a scientific basis for forest vegetation conservation and
ecological restoration.

1.1 Study Area

Henan Province is located in central-eastern China, with geographic coordinates
of 110°21 -116°39 E, 31°23 —36°22 N. The province spans approximately 580
km east-west and 550 km north-south. Most of the region lies in the warm
temperate zone, with the southern part crossing into the subtropical zone, char-
acterized by a continental monsoon climate transitioning from north subtropical
to warm temperate. Over the past decade, the average annual temperature in
Henan has been 15.1-15.9 °C, average annual precipitation 512.6-1,129.1 mm,
average annual sunshine hours 1,774.5-2,024.1 h, and frost-free period 207.9—
271.7 d (https://www.henan.gov.cn/2023/06-13/2760285.html). The climate
exhibits transitional characteristics from plains to hilly mountains, with distinct
seasons, concurrent rainfall and heat, and high complexity. Major vegetation
types include forests, shrublands, grasslands, and croplands, with forests being
the dominant natural vegetation type. Natural forest resources are mainly dis-
tributed in the Dabie, Funiu, and Taihang Mountains, accounting for 90.09% of
the province’s total natural forest area (Zhang et al., 2009). Understory herba-
ceous plants play crucial roles in regulating forest community structure stability
and ecosystem functioning, representing an indispensable component of forest
ecosystems.

[Figure 1: see original paper| Distribution map of the studied sites in Henan
Province

1.2 Plot Establishment and Species Richness Data Collection

We surveyed 168 herbaceous layer plant community plots in natural forest en-
vironments across Henan Province, recording species names, heights, and abun-
dance for all herbaceous plants. For each plot, we conducted complete tree
surveys for individuals with diameter at breast height (DBH) > 5 cm, recording
density, average height, and basal area. Each natural forest herbaceous layer
plot measured 50 m x 20 m. Within each plot, we established three 10 m x 10
m shrub subplots, and within each shrub subplot, one 2 m x 2 m herbaceous
layer quadrat, totaling 504 herbaceous quadrats. We used GPS to determine
the latitude and longitude coordinates of all 168 plots. Minimum and maximum
distances between plots were 0.12 km and 485.40 km north-south, and 0.39 km
and 555.16 km east-west, respectively. Elevation ranged from 52 to 1,720 m.
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1.3 Environmental Factor Acquisition and Analysis

We used elevation data recorded during field surveys as the topographic fac-
tor. Nineteen climate variables were obtained from the WorldClim database
(http://www.worldclim.org/) and extracted using ArcGIS based on plot coordi-
nates: annual mean temperature (BIO1), mean diurnal range (BIO2), isother-
mality (BIO3), temperature seasonality (BIO4), max temperature of warmest
month (BIO5), min temperature of coldest month (BIO6), temperature annual
range (BIO7), mean temperature of wettest quarter (BIO8), mean tempera-
ture of driest quarter (BIO9), mean temperature of warmest quarter (BIO10),
mean temperature of coldest quarter (BIO11), annual precipitation (BIO12),
precipitation of wettest month (BIO13), precipitation of driest month (BIO14),
precipitation seasonality (BIO15), precipitation of wettest quarter (BIO16), pre-
cipitation of driest quarter (BIO17), precipitation of warmest quarter (BIO18),
and precipitation of coldest quarter (BIO19).

To avoid multicollinearity, we standardized elevation and the 19 climate vari-
ables using the “scale” function in R to eliminate dimensional differences, then
performed cluster analysis using the “varclus” function in the “Hmisc” package
(Harrell, 2023). We assessed collinearity by calculating Spearman correlation
coefficients and removed variables with Spearman 2 > 0.7, retaining seven cli-
mate variables: elevation, temperature seasonality, min temperature of coldest
month, max temperature of warmest month, mean temperature of warmest
quarter, temperature annual range, mean diurnal range, and precipitation of
wettest month. Stand structure characteristics such as tree density, average
tree height, and total basal area can affect understory plant growth by influ-
encing light penetration. We included 11 variables as environmental factors:
tree density, average tree height, basal area, elevation, and the seven climate
variables. We calculated environmental distances (Euclidean distance) using
the “vegan” package (Oksanen et al., 2019) and spatial distances based on plot
coordinates using the “geosphere” package (Hijmans et al., 2022).

1.4 Data Analysis

We calculated -diversity indices (Jaccard dissimilarity index) between different
plots to represent species composition differences (Jaccard, 1912; Chen et al.,
2010; Fang et al., 2023). This method considers only species presence-absence
data (1 for presence, 0 for absence) (Si et al., 2017; Fang et al., 2023). We used
the “betapart” package in R (Baselga & Orme, 2012; Baselga et al., 2023) to
calculate total S-diversity (Btotal) and its turnover (Sturnover) and nestedness
(Bnestedness) components, then analyzed how these processes affect community
diversity differences. We used linear and logarithmic equations to model rela-
tionships between total S-diversity (and its components) and spatial distance.

Jaccard dissimilarity index:
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Protal = 3 1

Turnover component:

min(b, ¢)
ﬂturnover = T N
a + min(b, ¢)

Nestedness component:

ﬁnestedness = Btotal - Bturnover

Simulation equations:

y=ay, +b; (linear)

y = aglog(z) + by, (logarithmic)

where a is the number of shared species between two communities, b and ¢ are
species unique to each community, z is spatial distance, y is S-diversity, and a,,
ay, by, by are coeflicients.

We used Mantel analysis to test correlations between spatial distance, environ-
mental factors, species richness, their pairwise interactions, and their combined
effects with plant community total S-diversity and its components as response
variables. Partial Mantel tests controlled for geographic, environmental, or
species richness effects to examine correlations between pairwise interactions
and [-diversity components. We used Pearson correlation with 999 permuta-
tions to obtain 7 values and significance levels. We performed multiple regression
on dissimilarity matrices (MRM) analysis (Lichstein, 2007) using the “vegan”
package to test effects on community composition. Variance partitioning using
the “varpart” function in “vegan” decomposed (-diversity into components ex-
plained by spatial distance, environmental factors, and species richness, plus
unexplained variation. All analyses and figures were produced using R version
4.2.3.

Results

2.1 p-Diversity and Its Components in Natural Forest Herbaceous
Layers

Analysis of S-diversity (measured by Jaccard dissimilarity index) and its com-
ponents in natural forest herbaceous layers of Henan Province showed that total
[-diversity among communities was approximately 0.94. Decomposition using
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the betapart package revealed that turnover component (0.91) far exceeded nest-
edness component (0.03), accounting for 96.8% and 3.2% of total S-diversity,
respectively (Fig. 2).

[Figure 2: see original paper] Total S-diversity (left), turnover component (mid-
dle), and nestedness component (right) in herbaceous layer of natural forests in
Henan Province in China

2.2 Spatial Distance Relationships of -Diversity

Analysis of Sg-diversity patterns with spatial distance showed that logarithmic
regression models provided better fit than linear models (Fig. 3). Both total
[B-diversity and its turnover component increased significantly with spatial dis-
tance (P < 0.001), while the nestedness component decreased significantly with
spatial distance (P < 0.001).

[Figure 3: see original paper] The relationships between total S-diversity (left)
and its components of turnover (middle) and nestedness (right) and spatial
distance for herbaceous layer of natural forests in Henan Province

2.3 Effects of Spatial Distance, Environmental Factors, and Species
Richness

Mantel and partial Mantel tests revealed: (1) For total S-diversity, the ranking
of highly significant correlations (P < 0.001) was: combined effect of spatial
distance x environmental factors x species richness > spatial distance x envi-
ronmental factors > environmental factors > environmental factors x species
richness > spatial distance > spatial distance x species richness > species rich-
ness (Table 1). (2) For turnover component, the ranking was: spatial distance
x environmental factors > environmental factors > spatial distance > com-
bined effect of all three > environmental factors x species richness > spatial
distance (P < 0.001); species richness and spatial distance X species richness
showed no significant correlation (P > 0.05). (3) For nestedness component,
only spatial distance x species richness and species richness showed highly sig-
nificant correlations (P < 0.001); spatial distance, environmental factors, and
their interactions showed no significant correlations (P > 0.05).

MRM analysis further confirmed that spatial distance, environmental factors,
and species richness significantly affected total S-diversity (P < 0.001, Table
2), with spatial distance having the largest individual effect, followed by en-
vironmental factors and species richness. All factors except species richness
significantly affected the turnover component.

Variance partitioning showed that spatial distance, environmental factors, and
species richness jointly explained 27.14% of total S-diversity variation (Fig. 4),
with environmental factors having the highest individual explanatory power
(10.62%), followed by spatial distance (7.89%) and species richness (2.13%).
For the turnover component, these factors explained 20.35% of variation, with
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environmental factors again explaining the most (9.35%), followed by spatial
distance (6.01%) and species richness (0.21%). For nestedness, they explained
12.19% of variation, with species richness explaining the most (6.05%), followed
by environmental factors (3.43%) and spatial distance (1.57%).

The correlation between [-diversity with spatial distance, environmental factors
and species richness for herbaceous layers of natural forest using Mantel and
partial Mantel tests

Results of multiple regression analysis on MRM for S-diversity in herbaceous
layers of natural forest

[Figure 4: see original paper] Effects of spatial distance, environmental factors
and species richness on total S-diversity (A) and its components of turnover (B)
and nestedness (C)

Discussion

3.1 p-Diversity and Its Components in Natural Forest Herbaceous
Layers

Previous studies decomposing [S-diversity have shown that turnover component
dominates S-diversity (Li et al., 2022; Qu et al., 2022; Fang et al., 2023). Using
the Jaccard dissimilarity index, our results demonstrate that species turnover
contributed more to total S-diversity (96.8%) than nestedness (3.2%) in Henan
Province’s natural forest herbaceous layers. This indicates that S-diversity is
primarily driven by species replacement among plots, with relatively low nest-
edness contribution. The turnover component was mainly influenced by spatial
distance, elevation, and temperature seasonality. Since species composition
differences primarily arise from turnover, conservation efforts should prioritize
establishing protected areas across multiple regions to maximize protection of
natural forest herbaceous species.

3.2 Spatial Distance Patterns of g-Diversity

Spatial distance is considered a key metric for dispersal limitation (Blundo et
al., 2016). Our results show that both total S-diversity and turnover compo-
nent increase with spatial distance, consistent with studies on plant community
similarity-distance relationships (Qian et al., 2005; Cacciatori et al., 2020; Yang
et al., 2021; Qu et al., 2022; Fang et al., 2023). This pattern likely results from
combined effects of niche processes, neutral processes, and other mechanisms.
The nestedness component decreased with spatial distance, possibly related to
differential dispersal abilities, environmental heterogeneity, and biotic interac-
tions. Similar patterns have been reported (Fang et al., 2023), though other
studies found different relationships (Qu et al., 2022; Yang et al., 2021).
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3.3 Influences of Spatial Distance, Environmental Factors, and Species
Richness

Increasing evidence supports that S-diversity is jointly influenced by environ-
mental filtering and dispersal limitation (Wang et al., 2013; Zhao et al., 2017;
Peguero et al., 2022; Fang et al., 2023). Our results show significant correlations
between all three factors and total g-diversity, indicating that habitat filtering,
dispersal limitation, and community structure all shape §-diversity patterns in
Henan Province. However, their effects differ: environmental factors have the
greatest individual effect on total S-diversity and turnover component, followed
by spatial distance and species richness. Environmental factors explaining more
variation than spatial distance suggests a stronger environmental than spatial
effect, consistent with other studies (Qu et al., 2022; Wang et al., 2022).

Our analysis of individual factor contributions revealed that elevation had the
highest influence on total S-diversity and turnover component, along with mean
diurnal temperature range, mean temperature of warmest quarter, and max
temperature of warmest month. Other studies have also highlighted the im-
portance of elevation and climate factors (Qu et al., 2022; Li et al., 2022).
Elevation affects plant communities through its influence on climate and soil,
and the maximum elevation difference exceeding 1,600 m among plots likely
explains its strong effect. The greater importance of environmental over spatial
factors suggests that conservation and restoration should prioritize environmen-
tal conditions while also considering spatial factors and their interactions.

The substantial unexplained variation indicates that community species compo-
sition is influenced by multiple factors and ecological processes not captured in
our study. Soil physicochemical properties and nutrients correlate with plant
B-diversity (Wang et al., 2013; Xu et al., 2022; Jiang et al., 2022; Li et al.,
2023), and human disturbance also affects S-diversity patterns (Schulz et al.,
2019; Gao et al., 2022). Future studies incorporating soil properties could im-
prove explanatory power and enhance understanding of S-diversity patterns and
mechanisms.

References

BASELGA A, 2010. Partitioning the turnover and nestedness components of
beta diversity[J]. Global Ecol Biogeogr, 19(1): 134-143.

BASELGA A, ORME CDL, 2012. Betapart: an R package for the study of
beta diversity[J]. Meth Ecol Evol, 3(5): 808-812.

BASELGA A, ORME D, VILLEGER S, et al., 2023. Betapart: Partitioning
beta diversity into turnover and nestedness components. R package version 1.6.
https://CRAN.R-project.org/package=betapart.

BLUNDO C, GONZALEZ-ESPINOSA M, MALIZIA LR, 2016. Relative con-
tribution of niche and neutral processes on tree species turnover across scales in

seasonal forests of NW Argentina[J]. Plant Ecol, 217: 359-368.

chinarxiv.org/items/chinaxiv-202408.00077 Machine Translation


https://chinarxiv.org/items/chinaxiv-202408.00077

ChinaRxiv [$X]

BUSKEY TM, MALONEY ME, CHAPMAN JI, et al., 2020. Herb-layer dynam-
ics in an old-growth forest: vegetation-environment relationships and response
to invasion-related perturbations[J]. Forests, 11(10): 1069.

CACCIATORI C, TORDOIN E, PETRUZZELLIS F, et al., 2020. Drivers of
distance-decay in bryophyte assemblages at multiple spatial scales: dispersal
limitations or environmental control? [J]. J Veg Sci, 31(2): 293-306.

CHAPMAN JI, MCEWAN RW, 2013. Spatiotemporal dynamics of a- and (-
diversity across topographic gradients in the herbaceous layer of an old-growth
deciduous forest[J]. Oikos, 122(12): 1679-1686.

CHASE JM, LEIBOLD MA, 2009. Ecological niches: linking classical and
contemporary approaches[M]. Chicago: University of Chicago Press.

CHEN SB, OUYANG ZY, XU WH, et al., 2010. A review of beta diversity
studies[J]. Biodivers Sci, 18(4): 323-335. [Chen Shengbin, Ouyang Zhiyun,
Xu Weihua, et al., 2010. Research progress on beta diversity[J]. Biodiversity
Science, 18(4): 323-335.]

DENG N, CAIXIA L, MA F, et al., 2023. Understory vegetation diversity
patterns of Platycladus orientalis and Pinus elliottii communities in Central
and Southern China[J]. Open Life Sci, 18:

DU FX, LI JJ, WU JH, et al., 2022. Study on the variation characteristics
of understory herb diversity along the altitude gradient in the alpine valley
area of the lower reaches of the Yarlung Zangbo River[J]. Environ Ecol, 4(12):
37-45. [Du Fangxue, Li Jingji, Wu Jianhui, et al., 2022. Study on variation
characteristics of understory herb diversity along altitude gradient in the alpine

valley area of the lower reaches of the Yarlung Zangbo River[J]. Environmental
Ecology, 4(12): 37-45.]

FANG WJ, CAI Q, JI CJ, et al., 2023. Life forms affect beta-diversity patterns
of larch forests in China[J]. Plant Divers. https://doi.org/10.1016/j.pld.2023.10.003.

GAO LX, LAN TY, ZHAO ZX, et al., 2022. Spatial turnover of shrubland
communities and underlying factors in northern mid-subtropical China[J]. Chin
J Plant Ecol, 46(11): 1411-1421. [Gao Luxin, Lan Tianyuan, Zhao Zhixia, et
al., 2022. Spatial turnover of shrubland communities and underlying factors in
northern mid-subtropical China[J]. Chinese Journal of Plant Ecology, 46(11):
1411-1421.]

GILLIAM FS, 2007. The ecological significance of the herbaceous layer in tem-
perate forest ecosystems[J]. Bioscience, 57(10): 845-858.

HAN J, YIN H, XUE J, et al., 2023. Vertical distribution differences of the
understory herbs and their driving factors on shady and sunny slopes in high
altitude mountainous areas[J]. Front For Glob Change, 6: 1138317.

HARRELL JR FE, 2023. Hmisc: Harrell Miscellaneous. R package version
5.1-1. https://CRAN.R-project.org/package=Hmisc.

chinarxiv.org/items/chinaxiv-202408.00077 Machine Translation


https://chinarxiv.org/items/chinaxiv-202408.00077

ChinaRxiv [$X]

HE CC, ZHANG CY, ZHAO XH, 2022. Factors influencing g diversity of conif-
erous and broad-leaved mixed forest in Jiaohe, Jilin Province, China [J]. Chin J
Appl Environ Biol, 28 (2): 325-330. [He Cuncun, Zhang Chunyu, Zhao Xiuhai,
2022. Factors influencing 8 diversity of coniferous and broad-leaved mixed for-
est in Jiaohe, Jilin Province[J]. Chinese Journal of Applied and Environmental
Biology, 28(2): 325-330.]

HE X, ARIF M, ZHENG J, et al., 2023. Plant diversity patterns along an
elevation gradient: the relative impact of environmental and spatial variation
on plant diversity and assembly in arid and semi-arid regions[J]. Front Environ
Sci, 11: 1021157.

HIJMANS RJ, WILLIAMS E, VENNES C, et al.,, 2022. Geosphere:
Spherical Trigonometry. R package version 1.5-18.  https://CRAN.R-
project.org/package=geosphere.

HU G, PANG Q, HU C, et al., 2024. Beta diversity patterns and determi-
nants among vertical layers of tropical seasonal rainforest in karst peak-cluster
depressions[J]. Forests, 15: 365.

HUBBELL SP, 2001. The unified neutral theory of biodiversity and biogeogra-
phy[M]. New Jersey: Princeton University Press.

JACCARD P, 1912. The distribution of the flora in the alpine zone[J]. New
Phytol, 11(2): 37-50.

JIANG L, LV G, GONG Y, et al., 2021. Characteristics and driving mech-
anisms of species beta diversity in desert plant communities[J]. PLoS ONE,
16(1): 0245249.

JIANG LM, HU D, WANG HF, et al., 2022. Discriminating ecological processes
affecting different dimensions of a- and [-diversity in desert plant communi-
ties[J]. Ecol Evol, 12(3): e8710.

JIANG XL, SUN ZY, HAO Q, et al., 2020. Interpretation of environmental
factors affecting beta diversity and its components of secondary forest in Lao
Mountain[J]. Chin J Ecol, 39(10): [Jiang Xiaolei, Sun Zhenyuan, Hao Qing, et
al., 2020. Interpretation of environmental factors affecting beta diversity and its

components of secondary forest in Lao Mountain[J]. Chinese Journal of Ecology,
39(10): 3211-3220.]

JIANG YW, ZHANG H, TAO HF, et al., 2021. Study on succession pattern of
undergrowth plants during the recovery process of vegetation in the Haloxylon
persicum plantation[J]. J Xinjiang Agric Univ, 44(3): 213-222. [Jiang Youwei,
Zhang Heng, Tao Hongfei, et al., 2021. Study on succession pattern of un-
dergrowth plants during the recovery process of vegetation in the Haloxylon
persicum plantation[J]. Journal of Xinjiang Agricultural University, 44(3): 213-
222]

LI DB, ZHONG YP, GONG XF, et al., 2023. Analysis of species and phy-
logenetic 8 diversity drivers in the Masson pine forests in Suichang, Zhejiang

chinarxiv.org/items/chinaxiv-202408.00077 Machine Translation


https://chinarxiv.org/items/chinaxiv-202408.00077

ChinaRxiv [$X]

Province[J]. Guihaia, 43(7): 1258-1267. [Li Dabiao, Zhong Yuping, Gong Xi-
aofei, et al., 2023. Analysis of species and phylogenetic 8 diversity drivers in
the Masson pine forests in Suichang, Zhejiang Province[J]. Guihaia, 43(7): 1258-
1267.]

LI X, XIN ZM, DONG X, et al., 2022. S diversity and explanation of plant
communities in Beishan and Mane Mountain areas of Dunhuang[J]. Arid Zone
Res, 39(5): 1464-1472. [Li Xing, Xin Zhiming, Dong Xue, et al., 2022. f
diversity and explanation of plant communities in Beishan and Mane Mountain
areas of Dunhuang[J]. Arid Zone Research, 39(5): 1464-1472.]

LI XH, LIU YH, LIU Y, et al., 2016. Impact of geographical distance and
environmental differences on the beta diversity of plant communities in the
dry-hot valley of the Yuanjiang River[J]. Biodivers Sci, 24(4): 399-406. [Li
Xinhui, Liu Yanhong, Liu Ye, et al., 2016. Impact of geographical distance
and environmental differences on the beta diversity of plant communities in the
dry-hot valley of the Yuanjiang River[J]. Biodiversity Science, 24(4): 399-406.

LICHSTEIN JW, 2007. Multiple regression on distance matrices: a multivariate
spatial analysis tool[J]. Plant Ecol, 188: 117-131.

LU XL, HU N, DING SY, et al., 2010. The pattern of plant species diversity
of Funiu Mountain nature reserve[J]. Acta Ecol Sin, 30(21): 5790-5798. [Lu
Xunling, Hu Nan, Ding Shengyan, et al., 2010. The pattern of plant species
diversity of Funiu Mountain nature reserve[J]. Acta Ecologica Sinica, 30(21):
5790-5798.]

MAO YY, CHEN FQ, GUO Y, et al., 2021. Restoration dynamics of under-
story species diversity in Castanopsis hystriz plantations at different ages[J].
Chin J Appl Environ Biol, 27(4): 930-937. [Mao Yiyang, Chen Fugiang, Guo
Yong, et al., 2021. Restoration dynamics of understory species diversity in Cas-
tanopsis hystrix plantations at different ages[J]. Chinese Journal of Applied and
Environmental Biology, 27(4): 930-937.]

MCCLAIN CR, REX MA, 2015. Toward a conceptual understanding of (-
diversity in the deep-sea benthos[J]. Ann Rev Ecol Evol Syst, 46: 623-642.

MI XC, WANG XG, SHEN GC, et al., 2022. Chinese forest biodiversity monitor-
ing network (CForBio): Twenty years of exploring community assembly mecha-
nisms and prospects for future research[J]. Biodivers Sci, 30(10): 211-233. [Mi
Xiangcheng, Wang Xugao, Shen Guochun, et al., 2022. Chinese forest biodi-
versity monitoring network (CForBio): Twenty years of exploring community

assembly mechanisms and prospects for future research[J]. Biodiversity Science,
30(10): 211-233.]

MUGNAI M, TRINDADE DPF, THIERRY M, et al., 2022. Environment and
space drive the community assembly of Atlantic European grasslands: Insights
from multiple facets[J]. J Biogeogr, 49(4): 699-711.

NILSSON MC, WARDLE DA, 2005. Understory vegetation as a forest ecosys-

chinarxiv.org/items/chinaxiv-202408.00077 Machine Translation


https://chinarxiv.org/items/chinaxiv-202408.00077

ChinaRxiv [$X]

tem driver: evidence from the northern Swedish boreal forest[J]. Front Ecol
Environ, 3(8): 421-428.

NIU KC, LIU YN, SHEN ZH, et al., 2009. Community assembly: the relative
importance of neutral theory and niche theory[J]. Biodivers Sci, 17(6): 579-593.
[Niu Kechang, Liu Yining, Shen Zehao, et al., 2009. Community assembly: the
relative importance of neutral theory and niche theory[J]. Biodiversity Science,
17(6): 579-593.]

OKSANEN J, BLANCHET FG, Friendly M, et al., 2019. Vegan: Com-
munity Ecology Package. R package version 2.5-4.  https://CRAN.R-
project.org/package=vegan.

PEGUERO G, FERRIN M, SARDANS J, et al., 2022. Decay of similarity across
tropical forest communities: integrating spatial distance with soil nutrients[J].
Ecology, 103(2): €03599.

QIAN H, QIAN SH, 2023. Geographic patterns of taxonomic and phylogenetic
B-diversity of angiosperm genera in regional floras across the world[J]. Plant
Divers, 45: 491-500.

QIAN H, RICKLEFS RE, WHITE PS, 2005. Beta diversity of angiosperms in
temperate floras of eastern Asia and eastern North America[J]. Ecol Lett, 8(1):
15-22.

QU MJ, NUERYILA ABABAIKE, ZOU XG, et al., 2022. Influence of geo-
graphic distance and environmental factors on beta diversity of plants in the
Alxa Gobi region in northern China[J]. Biodivers Sci, 30(11): 22029. [Qu
Mengjun, Nuer Yila Ababaiker, Zou Xuge, et al., 2022. Influence of geographic
distance and environmental factors on beta diversity of plants in the Alxa Gobi
region in northern ChinalJ]. Biodiversity Science, 30(11): 22029.]

SCHULZ K, GUSCHAL M, KOWARIK I, et al., 2019. Grazing reduces plant
species diversity of Caatinga dry forests in northeastern Brazil[J]. Appl Veg Sci,
22(2): 348-359.

SHA H, LIANG YL, PENG N, et al., 2023. Effect of forest gap size
on species diversity of vascular plants in shrub and herb layer of Picea
crassifolia in Helan Mountains[J/OL]. Chin J Ecol: 1-16[2024-05-06].
https://link.cnki.net /urlid /21.1148.Q.20231122.1015.006.  [Sha Huan, Liang
Yongliang, Peng Niu, et al., 2023. Effect of forest gap size on species
diversity of vascular plants in shrub and herb layer of Picea crassifolia
in Helan Mountains[J/OL]. Chinese Journal of Ecology: 1-16[2024-05-06].
https://link.cnki.net /urlid/21.1148.Q.20231122.1015.006.]

SHI JJ, ZHAO MF, WANG YH, et al., 2019. Community assembly of herba-
ceous layer of the planted forests in the central Loess Plateau, China[J]. J Plant
Ecol, 43(9): 834-842. [Shi Jingjing, Zhao Mingfei, Wang Yuhang, et al., 2019.
Community assembly of herbaceous layer of the planted forests in the central
Loess Plateau, China[J]. Chinese Journal of Plant Ecology, 43(9): 834-842.]

chinarxiv.org/items/chinaxiv-202408.00077 Machine Translation


https://chinarxiv.org/items/chinaxiv-202408.00077

ChinaRxiv [$X]

SHI W, WANG YQ, XTANG WS, et al., 2021. Environmental filtering and dis-
persal limitation jointly shaped the taxonomic and phylogenetic beta diversity
of natural forests in southern Chinal[J]. Ecol Evol, 11(13): 8783-8794.

SI XF, ZHAO YH, CHEN CW, et al., 2017. Beta-diversity partitioning:
methods, applications and perspectives[J]. Biodivers Sci, 25(5): 464-480. [Si
Xingfeng, Zhao Yuhao, Chen Chuanwu, et al., 2017. Beta-diversity partition-
ing: methods, applications and perspectives[J]. Biodiversity Science, 25(5):
464-480 ]

SINGH A, WAGNER B, KASEL S, et al., 2023. Canopy composition and
spatial configuration influences beta diversity in temperate regrowth forests of
southeastern Australia[J]. Drones, 7(3): 155.

SOININEN J, HEINO J, WANG J, 2018. A meta-analysis of nestedness and
turnover components of beta diversity across organisms and ecosystems|J].
Global Ecol Biogeogr, 27:

SOININEN J, MCDONALD R, HILLEBRAND H, 2007. The distance decay of
similarity in ecological communities|J]. Ecography, 30(1): 3-12.

TAN SS, YE ZL, YUAN LB, at al., 2013. Beta diversity of plant communities in
Baishanzu Nature Reserve[J]. Acta Ecol Sin, 33(21): 6944-6956. [Tan Shanshan,
Ye Zhenlin, Yuan Liubin, et al., 2013. Beta diversity of plant communities in
Baishanzu Nature Reserve[J]. Acta Ecologica Sinica, 33(21): 6944-6956.]

TUOMISTO H, RUOKOLAINEN K, YLI-HALLA M, 2003. Dispersal, environ-
ment, and floristic variation of western Amazonian forests[J]. Science, 299(5604):
241-244.

WANG D, WANG XA, GUO H, et al., 2013. Effect of species dispersal and
environmental factors on species assemblages in grassland communities[J]. Acta
Ecol Sin, 33(14): 4409-4415. [Wang Dan, Wang Xiaoan, Guo Hua, et al., 2013.
Effect of species dispersal and environmental factors on species assemblages in
grassland communities[J]. Acta Ecologica Sinica, 33(14): 4409-4415.]

WANG JM, QU MJ, WANG Y, et al., 2022. The drivers of plant taxonomic,
functional, and phylogenetic -diversity in the gobi desert of northern Qinghai-
Tibet Plateau[J]. Biodivers Sci, 30(6): 21503. [Wang Jianming, Qu Mengjun,
Wang Yin, et al., 2022. The drivers of plant taxonomic, functional, and phy-
logenetic S-diversity in the gobi desert of northern Qinghai-Tibet Plateau[J].
Biodiversity Science, 30(6): 21503.]

WANG JM, WANG Y, LI MX, et al., 2021. Divergent roles of environmental
and spatial factors in shaping plant S-diversity of different growth forms in
drylands[J]. Global Ecol Conserv, 26: €01487.

WANG SX, GUO H, WANG XA, et al., 2013. Dispersal limitation versus en-
vironment filtering in the assembly of plant communities in the Ziwu Moun-
tains[J]. Chin Agric Sci, 46(22): 4733-4744. [Wang Shixiong, Guo Hua, Wang
Xiaoan, et al., 2013. Dispersal limitation versus environment filtering in the

chinarxiv.org/items/chinaxiv-202408.00077 Machine Translation


https://chinarxiv.org/items/chinaxiv-202408.00077

ChinaRxiv [$X]

assembly of plant communities in the Ziwu Mountains[J]. Scientia Agricultura
Sinica, 46(22): 4733-4744.]

WANG SX, XTA TT, WANG XA, 2021. Understory 3 diversity differences and
influential factors between Pinus tabulaeformis plantation and natural Quercus
wutaishanica forest on Loess Plateau[J]. Guihaia, 41(3): 362-371. [Wang Shix-
iong, Xia Tingting, Wang Xiaoan, 2021. Understory § diversity differences and
influential factors between Pinus tabulaeformis plantation and natural Quercus
wutaishanica forest on Loess Plateau[J]. Guihaia, 41(3): 362-371.]

WENG CL, ZHANG TT, WU DH, et al., 2019. Drivers and patterns of a-
and (-diversity in ten main forest community types in Gutianshan, eastern
China[J]. Biodivers Sci, 27(1): 33-41. [Weng Changlu, Zhang Tiantian, Wu
Donghao, et al., 2019. Drivers and patterns of a- and [-diversity in ten main
forest community types in Gutianshan, eastern China[J]. Biodiversity Science,
27(1): 33-41)]

WHITTAKER RH, 1972. Evolution and measurement of species diversity[J].
Taxon, 21(2/3):

XU W, GONZALEZ-RODRIGUEZ MA, LI Z, et al., 2022. Effects of edaphic
factors at different depths on S-diversity patterns for subtropical plant commu-
nities based on MS-GDM in southern Chinal[J]. Forests, 13(12): 2184.

YANG H, WANG Y, WANG JM, et al., 2021. Effects of environmental filtering
and dispersal limitation on the [-diversity of plant communities in the south
fringe of Kumtag Desert[J]. J Desert Res, 41(3): 147-154. [Yang Huan, Wang
Yin, Wang Jianming, et al., 2021. Effects of environmental filtering and dis-
persal limitation on the S-diversity of plant communities in the south fringe of
Kumtag Desert[J]. Journal of Desert Research, 41(3): 147-154.]

YANG J, LU MM, CAO M, et al., 2014. Phylogenetic and functional alpha and
beta diversity in mid-mountain humid evergreen broad-leaved forest[J]. Chin
Sci Bull, 59: 2349-2358. [Yang Jie, Lu Mengmeng, Cao Min, et al., 2014.
Phylogenetic and functional alpha and beta diversity in mid-mountain humid
evergreen broad-leaved forest[J]. Chinese Science Bulletin, 59(24): 2349-2358.]

YANG X, YAO ZL, WANG B, et al., 2023. Driving effects of forest stand struc-
ture of a subtropical evergreen broad-leaved forest on species composition vari-
ation: From local to regional scales[J]. Biodivers Sci, 31(2): 22139. [Yang Xin,
Yao Zhiliang, Wang Bin, et al., 2023. Driving effects of forest stand structure
of a subtropical evergreen broad-leaved forest on species composition variation:
From local to regional scales[J]. Biodiversity Science, 31(2): 22139.]

YANG XQ, TIAN GH, 2012. Research on diversity of understory vegetation
of main forest community in Saihanba[J]. Hebei J For Orchard Res, 27(1): 10-
13. [Yang Xiaoqin, Tian Guoheng, 2012. Research on diversity of understory
vegetation of main forest community in SaihanbalJ]. Hebei Journal of Forestry
and Orchard Research, 27(1): 10-13.]

chinarxiv.org/items/chinaxiv-202408.00077 Machine Translation


https://chinarxiv.org/items/chinaxiv-202408.00077

ChinaRxiv [$X]

YOU YM, XU JY, CAI DX et al., 2016. Environmental factors affecting plant
species diversity of understory plant communities in a Castanopsis hystriz plan-
tation chronosequence in Pingxiang, Guangxi, China[J]. Acta Ecol Sin, 36(1):
164-172. [You Yeming, Xu Jiayu, Cai Daoxiong, et al., 2016. Environmen-
tal factors affecting plant species diversity of understory plant communities in a
Castanopsis hystrix plantation chronosequence in Pingxiang, Guangxi, Chinal[J].
Acta Ecologica Sinica, 36(1): 164-172.]

ZHANG L, GUO JR, TANG YL, et al., 2009. Roles of natural forest in eco-
construction of Henan Province[J]. J Henan For Sci Technol, 29(3): 62-64.
[Zhang Li, Guo Jirong, Tang Yulu, et al., 2009. Roles of natural forest in
eco-construction of Henan Province[J]. Henan Forestry Science and Technology,
29(3): 62-64.]

ZHANG YC, 2023. Understory plant species diversity and its influencing factors
in Betula platyphylla natural forest at different latitudes in the Greater Khingan
Mountains[D]. Hohhot: Inner Mongolia Agricultural University: 37-42. [Zhang
Yichao, 2023. Understory plant species diversity and its influencing factors in
Betula platyphylla natural forest at different latitudes in the Greater Khingan
Mountains[D]. Hohhot: Inner Mongolia Agricultural University: 37-42.]

ZHAO MF, WANG GY, XING KX, et al., 2017. Patterns and determinants
of species similarity decay of forest communities in the western Qinling Moun-
tains[J]. Biodivers Sci, 25(1): 3-10. [Zhao Mingfei, Wang Guoyi, Xing Kaixiong,
et al., 2017. Patterns and determinants of species similarity decay of forest com-
munities in the western Qinling Mountains[J]. Biodiversity Science, 25(1): 3-10.]

ZHAO Z, HE L, LI G, et al., 2023. Partitioning beta diversity of dry and hot
valley vegetation in the Nujiang River in Southwest China[J]. Front Ecol Evol,
11: 1199874.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202408.00077 Machine Translation


https://chinarxiv.org/items/chinaxiv-202408.00077

	Beta Diversity of Herbaceous Layer Plant Communities and Its Driving Factors in Natural Forests of Henan Province (Postprint)
	Abstract
	Full Text
	Preamble
	Introduction
	1.1 Study Area
	1.2 Plot Establishment and Species Richness Data Collection
	1.3 Environmental Factor Acquisition and Analysis
	1.4 Data Analysis

	Results
	2.1 \beta-Diversity and Its Components in Natural Forest Herbaceous Layers
	2.2 Spatial Distance Relationships of \beta-Diversity
	2.3 Effects of Spatial Distance, Environmental Factors, and Species Richness

	Discussion
	3.1 \beta-Diversity and Its Components in Natural Forest Herbaceous Layers
	3.2 Spatial Distance Patterns of \beta-Diversity
	3.3 Influences of Spatial Distance, Environmental Factors, and Species Richness

	References


