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Abstract

Identifying the mechanisms that underlie the assembly of plant communities is criti-
cal to the conservation of terrestrial biodiversity. However, it is seldom measured or
quantified how much deterministic versus stochastic processes contribute to commu-
nity assembly in alpine meadows. Here, we measured the decay in community simi-
larity with spatial and environmental distance in the Zoige Plateau. Furthermore, we
used redundancy analysis (RDA) to divide the variations in the relative abundance of
plant families into four components to assess the effects of environmental and spa-
tial. Species assemblage similarity liner declined with geographical distance (p <.001,
R? = .6388), and it decreased significantly with increasing distance of total phospho-
rus (TP), alkali-hydrolyzable nitrogen (AN), available potassium (AK), nitrate nitrogen
(NO;*-N), and ammonia nitrogen (NH,*-N). Environmental and spatial variables
jointly explained a large proportion (55.2%) of the variation in the relative abundance
of plant families. Environmental variables accounted for 13.1% of the total variation,
whereas spatial variables accounted for 11.4%, perhaps due to the pronounced abiotic
gradients in the alpine areas. Our study highlights the mechanism of plant community
assembly in the alpine ecosystem, where environmental filtering plays a more impor-
tant role than dispersal limitation. In addition, a reasonably controlled abundance of
Compositae (the family with the highest niche breadth and large niche overlap value
with Gramineae and Cyperaceae) was expected to maintain sustainable development
in pastoral production. These results suggest that management measures should be
developed with the goal of improving or maintaining suitable local environmental

conditions.
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1 | INTRODUCTION

In ecology, determining the mechanisms that produce species di-
versity within communities is an important goal (McGill, 2010). A
major viewpoint in explaining community assembly mechanisms is
deterministic processes (e.g., species interactions and environmen-
tal filtering) based on niche differentiation (Keddy, 1992). According
to this theory, niche separation occurs along environmental or tem-
poral niche axes (Silvertown, 2004) due to variations in species' ca-
pacity to cope with environmental filtering (Cadotte & Tucker, 2017)
or limiting similarity (Violle et al., 2011). The stochastic processes
of neutral theory (e.g., random death, dispersal, and speciation)
have also been proposed as an important viewpoint in explaining
species distribution patterns. The importance of stochastic vs.
deterministic processes in community assembly is under continu-
ous debate (HilleRisLambers et al., 2012; Hubbell, 2011). In some
cases, neutral theory has been able to effectively predict species
abundance, suggesting that functional differences between species
are not necessary to explain the observed patterns of biodiversity
in nature. However, some studies suggested that most species did
not present random death, dispersal, and speciation (Chave, 2004;
Purves & Turnbull, 2010); moreover, other studies have shown that
community biodiversity cannot be understood without considering
deterministic mechanisms such as environmental filtering (Cadotte
& Tucker, 2017; Laliberté, Zemunik, et al., 2014) or species interac-
tions (Maire et al., 2012; Zuppinger-Dingley et al., 2014). The roles
of deterministic and stochastic processes in community assembly
may differ depending on the horizontal scales studied. For exam-
ple, as horizontal scales shrank, environmental heterogeneity de-
creased, resulting in lower habitat preferences and thus a greater
contribution of stochastic processes than deterministic processes
(Chase, 2014). In terms of integration, an increasing number of re-
searchers are attempting to combine neutral and niche theories by
incorporating neutral theory drift into niche theory or niche theory
into the neutral theory framework (Hubbell, 2006; Matthews &
Whittaker, 2014; Pinto & MacDougall, 2010; Stokes & Archer, 2010).

Environmental filtering is a deterministic process in the absolute
sense that abiotic factors prohibit organisms lacking specific phys-
iological characteristics from surviving in local populations (Kraft
et al., 2015). Dispersal limitation cannot be necessarily identified as
stochastic processes, which can be deterministic, stochastic, or both
(Zhou & Ning, 2017). It has been reported that the pervasive pat-
tern of plant distributions in natural communities has been mainly
attributed to the combined effect of environmental filtering and
dispersal limitation. Environmental filtering or dispersal limitation
has been observed to increase or decrease with tree life stages, re-
spectively (Yang et al., 2016). Moreover, the effects of environmental
filtering vs. dispersal limitation on community assembly can differ
based on the taxa involved (Franklin et al., 2013; Padial et al., 2014).
Environment filtering, for example, plays a greater role in shaping the
community assembly of temperate deciduous broad-leaved forests
in China (Liu et al., 2015). Conversely, non-random dispersal may be
a major driver of early successional riparian vegetation zonation and

biodiversity (Franklin et al., 2013). We can evaluate these impacts by
dividing the contribution of different factors to community assembly.

Community similarity decay is common in many taxa and regions
and can be caused either by dispersal limitation or by spatial configura-
tion. The use of distance decay models is crucial to understanding how
biological assemblages vary across space and identifying the processes
that drive these variations (Peguero et al., 2022; Soininen et al., 2007).
Changes in environmental conditions between sites are typically as-
sociated with increasing geographic distances, and relying solely on
geographic distances to infer dispersal limitations may confuse the
effect of ecological filtering with that of dispersal limitation (Gilbert &
Lechowicz, 2004). With this aim, several studies have assessed the rel-
ative explanatory power of environmental and spatial factors for par-
ticular biological groups, as dispersal limitation is predicted to produce
higher explanations of community similarity with spatial than with
environmental variables, while species sorting via ecological niches
is predicted to produce higher explanations with environmental than
with spatial variables (Legendre et al., 2009; Shi et al., 2021).

Alpine areas are zones of high species endemism. Indeed, be-
cause of the substantial abiotic gradients in alpine regions, a
niche-based explanation of alpine plant distribution appears to be
particularly evident (Kérner & Kéorner, 1999). On the contrary, dis-
persal limitation was an important factor for alpine plant community
diversity (Klanderud & Totland, 2007), which was inherently linked
to the dispersal capability of species (Vellend et al., 2007), but may
also be influenced by other factors (water and climate shifts with
elevation, competition, herbivory, mutualists, etc.). Recently, many
factors have resulted in the loss of diversity in numerous alpine
plant species. Such poisonous weed expansion, which causes alpine
meadow ecosystem unbalance, is one of the considerable ecological
problems and an important index of alpine meadow degeneration
(Liu & Diamond, 2005; Zhao et al., 2010). The majority of studies on
variables influencing plant community assembly are carried in tem-
perate or warm areas, while studies in alpine ecosystems being rare.
As a result, from the viewpoint of protecting alpine biodiversity, re-
searching the variables influencing species distributions may allow
predictions of future range changes and control of poisonous weed
expansion in alpine plant communities.

We assessed (i) how soil variables affected each plant fami-
ly's relative abundance, (ii) how the decay of community similarity
with spatial distance and environmental distance, and (iii) which
plant families of poisonous weeds mainly threaten palatable grass
(Cyperaceae and Gramineae) for livestock. We studied the soil
physicochemical properties related to species distribution patterns
(Laliberté, Legendre, et al., 2014; Laliberté, Zemunik, et al., 2014)
and the relative abundance of each plant family. Our first hypothe-
sis is that alpine plant community assembly is affected by dispersal
limitation to some degree. Our second hypothesis is that the vari-
ation of species assemblages explained by environmental filtering
should be higher than spatial variables. We expect that the results
will contribute to a better understanding of plant community assem-
bly mechanisms influencing the maintenance and generation of plant
biodiversity in the alpine ecosystem.
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2 | MATERIALS AND METHODS

2.1 | Study sites

The study was conducted in the alpine meadow area of the Zoige
Plateau (33°10’ to 34°06'N, 101°36' to 103°25'E), in the northeast-
ern corner of the Qinghai-Tibet Plateau (Figure S1). This region has
a typical humid and semihumid continental monsoon climate of the
plateau cold temperate zone (Bai et al., 2013). There is more rain
and heat in the same season, and the air temperature swings greatly
from day to night. The annual mean air temperature ranges between
0.6 and 1.2°C, with a long frost season. The annual mean precipita-
tion is 600-800mm (Ding et al., 2021), while the annual evaporation

is higher compared with the annual mean precipitation.

2.2 | Species distribution data

In April 2018, we selected 6 permanent meadows (s1-s6) along gra-
dients of altitude in Gamaliang, ranging from 3500 to 4000 m asl. At
each site, eight plots with the same altitude but different geographic
locations were randomly selected to conduct species distribution
and environmental data (Figure S1), and the geographic coordinates
were recorded in Appendix S2. In July 2020, we recorded all plant
species on three 2 mx 2 m quadrats and measured the relative abun-
dance (the number of individuals of one species as compared to that
of the whole community) of every species. In Appendix S2, species
were given full Latin names and their relative abundance was shown.

A total of 79 species belonging to 25 families were recorded.

2.3 | Environmental and spatial variables

We studied the soil physicochemical properties as soil physicochem-
ical properties influence species diversity and distribution patterns
(Laliberté, Zemunik, et al., 2014). At the sampling locations, nine soil
cores were collected at 30cm radial distances from the ground. At
each plot, composite soil samples were made by mixing three soil
cores. In total, 144 samples were obtained. Soil samples were dried
in a darkened area at room temperature. The soil was crushed and
filtered through a 2-mm mesh sieve after contaminants were re-
moved. Physical and chemical characteristics were then measured
using these samples. A pH meter was used to measure soil pH in a
1:2.5 (mass: volume) soil water suspension. The potassium dichro-
mate volumetric technique was used to determine organic matter
(SOM). The high-temperature combustion method was used to de-
termine total organic carbon (TOC). The semimicroKjeldahl method
was used to determine total nitrogen (TN). Nitrate nitrogen (NO,*-N)
and ammonia nitrogen (NH4+—N) were determined by Nessler's rea-
gent spectrophotometry. Flame photometry was used to measure
available potassium (AK) in 1 M ammonium acetate extracts (FP640,
INASA). 0.5M NaHCO, was used to extract available phosphorus
(AP), which was then measured using the molybdenum blue method.
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The total phosphorus (TP) was also determined using the molybde-
num blue method. Soil moisture content (SWC) and soil density (BK)
were determined using the core cutter method (Bao, 2000).
Furthermore, the spatial eigenfunctions were generated using
principal coordinates of neighbor matrices (PCNM) from the geo-
graphic coordinates of 48 quadrats, and the spatial variables were
represented by sections of the spatial eigenfunctions with positive

eigenvalues (Legendre et al., 2009).

2.4 | Statistical analysis
241 | Species assemblage similarity between
altitude groups and within altitude groups

The Bray-Curtis dissimilarity is extensively used to assess the dis-
similarity of species assemblages between two different locations
(Ricotta & Podani, 2017). The Bray-Curtis dissimilarity algorithm is
as follows: (Legendre & Legendre, 2012):

2¢;

si+s;

BCj=1-

where C,.J. is the sum of the lower values for just the species shared by
both locations. The total number of specimens counted at both sites is
represented by S; and Sj.

Species assemblage similarity was calculated as 1 -dissimilarity
of the Bray-Curtis metric. Analysis of similarity (Anosim) and permu-
tational multivariate analysis of variance (Adonis) are non-parametric
statistical tests widely used in the field of ecology (Assis et al., 2015;
Myers & Harms, 2011). Anosim was performed in the vegan package
to determine whether species assemblage dissimilarities between
altitude groups were greater than within altitude groups, and Adonis
was used to identify whether species assemblage dissimilarities con-
tained significant differences between altitude groups (Oksanen
et al., 2015). The analysis of beta diversity (variation in community
structure) over several spatial or temporal scales was facilitated by
permutation multivariate dispersion (PERMDISP) (Anderson, 2014).
The mean distance to a group centroid was utilized to describe
B-diversity for each group, and PERMDISP was used to assess f-
diversity differences between altitude groups (Price et al., 2019).
Functional diversity of different altitude groups was extracted using
FD package (Laliberté, Legendre, et al., 2014).

2.4.2 | Correlation analysis and multiple linear
regression model

Correlation analysis (Spearman correlation) and multiple linear re-
gression models together with variation partitioning analysis were
used to clearly analyze the impact of numerous soil factors on
each family's relative abundance. A Pearson correlation analysis
was performed by the cor.test function in the stats package (Field
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et al., 2012). To identify the main soil factors, a multiple regression
model (Im function in the stats package) with variation decomposi-
tion analysis (calc.relimp function in the relaimpo package) was used
(Grémping, 2015).

2.4.3 | Distance decay analysis

Geographical distances were extracted using the distHaversine
function of the Geosphere package (Hijmans et al., 2017), and they
were calculated from the geographic coordinates among pairs of
sampling points. Environmental distances were calculated as the
Euclidean distance among soil variables. The distance decay model
was run to test whether species assemblage similarity (based on the
Bray-Curtis similarity from abundance) decreased as geographi-
cal or environmental distances increased, and it was performed by
standard and partial Mantel tests, using the vegan package (Oksanen
et al., 2013). DDRs were calculated as the slopes of linear least-

squares regression.

2.4.4 | Variation partitioning

The ordiR2step function in the vegan package was used to choose
environmental variables by forwarding selection. If the significance
threshold (p>.05) was achieved, or if there was no improvement in
the selection criterion (R?) after adding any new factors, the test was
terminated. The selection procedure retained 3 PCNM and 8 soil
variables (Tables S2, S3 in Appendix S1). Redundancy analysis (RDA)
was performed using the rda function in the vegan package to divide

the variation in a species assemblage (Yeh et al., 2015). The variation
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in species assemblage was divided into four parts based on variables
that remained after selection: (a) variation that is purely explained by
environmental variables; (b) variation that is jointly explained by en-
vironmental variables and spatial variables; (c) variation that is purely
explained by spatial variables; and (d) variation that is unexplained
(Shi et al., 2021).

2.4.5 | Neutral community model (NCM)

The variation in species assemblages explained only by spatial vari-
ables was not fully attributable to dispersal limitation (Legendre
et al,, 2009), so we built two neutral community models for Al
(3500-3700m altitude gradient) and A2 (3800-4000-m altitude
gradient) to estimate the dispersal limitations of the plant commu-
nity. The estimated migration rate (m) was employed in this model to
assess the dispersal limitation, and higher m values imply less disper-
sal limitation (Burns et al., 2016).

2.4.6 | Niche breadth and niche overlap indexes of
different plant families

The niche.width function of the spaa package was used to calcu-
late niche breadth indexes of 25 plant families, and niche overlap
indexes among 25 plant families were run by the niche.overlap
function of the spaa package (Levins, 1968). According to the
niche breadth index, the species were divided into three catego-
ries: generalist species, specialist species, and neutral taxa (Wilson
& Hayek, 2015). All analyses were performed in R 3.6.0 (R Core
Team, 2013).

’é-b

-

e
L.

s3 s4 s5 s6
altitude

FIGURE 1 Speciesrichness, diversity,
and functional diversity of plant
community at various altitudes. Bars
marked with the same letter showed no

‘)

significant difference (p>.05) between
the two altitude groups

s3 s4 s5 s6
altitude
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3 | RESULTS

3.1 | Species assemblage similarity and
environmental drivers of relative abundance

The Anosim analysis revealed species assemblage dissimilarities be-
tween altitude groups were greater than those within altitude groups
(R? =1, p =.001) (Figure S2). Furthermore, Adonis and Anosim anal-
ysis revealed a significant difference in species assemblage between
random altitude groups (Table S1 in Appendix S1).

The species richness, Simpson's diversity index, Shannon-
Wiener diversity index, Pielou's evenness index (except s3), Chao
1 index, and ACE index of the plant community decreased with in-
creasing altitude (Figure 1).

The PERMDISP analysis showed significant p-diversity differ-
ences between altitude groups (p = .001), and it showed that the
B-diversity of different altitude groups was mainly separated from
each other in the first axis (Figure 2). Distances to the centroid of the
altitude groups increased with altitude.

The relative abundance of most plant families was strongly pre-
dicted by TP, NO,*-N, NH,*-N, and SWC. For example, the relative
abundance of Cyperaceae, Scrophulariaceae, Thymelaeaceae, and
Orchidaceae was substantially linked to TP. NO3+—N was essential
to Rosaceae and Plantaginaceae relative abundance, while NH4+—N
was important to Labiatae and Asparagaceae relative abundance.
SWC influenced the relative abundance of Plantaginaceae and

Asparagaceae (Figure 3).
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FIGURE 2 p-diversity differences between altitude groups
based on PERMDISP analysis. PERMDISP, permutation multivariate
dispersion; the p-diversity of each group was characterized by its
distance to the centroid
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3.2 | Distance decay of species assemblage
similarity

The DDRs were significant negative values (p <.001), and the fitness val-
ues were relatively high (R = .6388), showing that species assemblage
similarity declined rapidly with geographical distance, and it decreased
with increasing altitude distance (Figure 4). The Mantel tests revealed
that species assemblage similarity significantly decreased with increas-
ing distance of TP, AN, AK, NO,*-N, and NH,*-N, and it decreased with
increasing geographical distance (Figure 5). TP and NH4+—N distance
mainly affected species assemblage similarity with a slope of -0.1455
and -0.0134, respectively. Differences in AK minimally affected spe-
cies assemblage similarity with a slope of -0.00023. The distances of
N03+—N and AN affected species assemblage similarity modestly, with
slopes of -0.0048 and -0.00027, respectively (Figure 5).

3.3 | Variation partitioning in species assemblage
The results of variation partitioning showed that environmental and
spatial factors differed in their effects to explain variation in species
assemblage similarity. The majority of the variation in species assem-
blage similarity was explained by the combined effect of environ-
mental and spatial variables. The contribution of spatial variables,
however, was less than that of environmental variables (Figure 6).

The plant communities fit the neutral community model better
in the low-altitude gradient (3500-3700m) than in the high-altitude
gradient (3800-4000m). The rate of migration followed a similar
pattern (Figure 7). Low-altitude group had a substantially greater
m value than that of high-altitude group (p <.01). The breadth of
habitat niches in low-altitude communities was considerably greater
than in high-altitude groups (p <.01, Figure 7).

3.4 | Niche breadths and overlaps in plant families
In terms of habitat niche breadth at the community level, the
Ranunculaceae family had the greatest value in habitat niche
breadth, followed by the Cyperaceae and Compositae families, re-
spectively. The Asparagaceae family had the lowest value of habitat
niche breadth (Table S4). For Gramineae and Cyperaceae families,
Compositae was the family with the highest niche breadth and a
large niche overlap value with them (Table S4, Figure S3).

4 | DISCUSSION

4.1 | Dominant environmental factors influencing
the environment filtering

Despite the fact that specific soil plant communities have been ob-
served and described (Meyer & Garcia-Moya, 1989), there is abso-
lutely little information accessible on the procedures followed at
their community assembly. The soil factor can operate as a powerful
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(mass:volume); SOM, soil organic matter; SWC, soil moisture content; TN, soil total nitrogen; TOC, soil total organic carbon; TP, soil total
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abiotic filter, selecting which plants from a given species pool can es- was between 0.5 and 1 (Figure 5). The findings demonstrated that

tablish themselves in a given location under edaphically constrained
conditions (Weiher et al., 2004). In this study, the relative abundance
of various plant families was affected by different soil variables
(Figure 3), and the community similarity of different sampling points

soil filtering did not result in an all-or-nothing response in plant com-
munity assembly, similar to a previous study that found soil filtering
played a probabilistic role in plant community assembly (Luzuriaga
etal., 2015).
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In this study, total phosphorus (TP) was the strongest soil filter
in the plant community assembly. The alkali-hydrolyzable nitrogen
(AN), available potassium (AK), nitrate nitrogen (N03+—N), and am-
monia nitrogen (NH4+—N) played a certain filtering role in the plant
community assembly (Figure 5). Previous studies reported that soil
heterogeneity increased plant diversity (Baer et al., 2020). Soil het-
erogeneity has been found to determine the assembly of plant com-
munities (Trepanier et al., 2021; Williams & Houseman, 2014). This is
partly consistent with the conclusion of this study that soil variable

distance reduced the similarity of species assemblages.

Effect of environmental and spatial variables
on community assembly

Basically, spatial structures are generated by two mechanisms
(Fortin & Dale, 2009). First, the spatial structures identified in spe-
cies assembly may be attributed to environmental variation via
species-habitat associations (Legendre et al., 2009). Second, spatial
structures may arise from species assemblages, notably through

dispersion limitation, which can form aggregated patterns through
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NH4+—N, soil ammonia nitrogen; NO;—N, soil nitrate nitrogen; TP, soil total phosphorus



8of11 WI LEY-ECOIOgy and Evolution

YANG ET AL.

Open Access,

neutral mechanisms, given that individuals of all species have the
same set of demographic rates (Borda-de-Agua et al., 2007), result-
ing in spatial autocorrelation of species data. In the present study,
we observed a relatively strong (p <.001, R? =.6388) distance decay
of similarity with geographic distance (Figure 4), suggesting that the
spatial structures of plant communities were apparent. We further
examined variation partitioning in community assembly. Previous
research has found that environmental variables are frequently spa-

tially autocorrelated and have spatial structures (Legendre, 1993),

Environmental

Spatial variables

[c] 11.4%

variables
[a] 13.1%

[d] 20.3%

FIGURE 6 Variation partitioning in species assemblages is
explained by environmental and spatial variables. (a) Variation that
is purely explained by environmental variables; (b) variation that is
jointly explained by environmental variables and spatial variables;
(c) variation that is purely explained by spatial variables; and (d)
variation that is unexplained

supporting our finding that environmental and spatial factors jointly
accounted for a substantial percentage (~60%) of the variation in
community composition (Figure 6). This section was further seg-
mented into pure environmental variation ([a]), pure spatial variation
([c]), and a mix of the two ([b]). It is hardly surprising that most of
the environmental variation is spatially structured, given the large
altitudinal gradient of the sampling points. It is worth noting that en-
vironmental composition ([a+c]) accounted for a sizable proportion
of the variation in community composition (66.6% in Figure 6). Our
second hypothesis was confirmed by the results. The component
([c]) represented the contributions of unobserved factors that are
not related to soil but are spatially structured, such as climate char-
acteristics (e.g., directional temperature reduction), or other habitat
and biological factors.

It is worth noting that about 20% of the variation was unex-
plained ([d] in Figure 6).

Several hypotheses for the unexplained variation may be given,
additional nonspatially structured biological or environmental fac-
tors that were not observed in the research might be used to ac-
count for this variation. Another reasonable explanation is that it
was caused by stochastic processes. The latter hypothesis was the-
oretically related to the neutral theory. Dispersion has spatial struc-
ture and may cause variations in components ([c]) and ([d]), whereas
the effect of drift should manifest in component ([d]). If other envi-
ronmental (e.g., climatic conditions) or biological (e.g., species inter-
actions) variables were assessed and included in the research, the
variation decomposition shown in Figure 6 would most certainly
alter (Antonelli et al., 2018).

FIGURE 7 Fitting of the neutral
model in two plant communities. (a) NST

(normalized stochasticity ratio) of Al

(3500-3700m altitude gradient) and

A2 (3800-4000-m altitude gradient).

(b) A1 and A2 habitat niche breadth. (c)
The fit of the neutral model in Al plant
communities. (d) The fit of the neutral
model in A2 plant communities. The blue
dashed lines indicated the 95% confidence
intervals around the model prediction.
The fit to the neutral model and the
predicted migration rate were shown

by R? and m values, respectively, Nm
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In conclusion, our findings indicated that both deterministic (soil
and other spatially structured environmental factors) and stochas-
tic processes were major drivers in the alpine meadow community
assembly. Our study results were consistent with the finding that
environmental filtering was more important than dispersal limitation
in the community assembly of China's temperate deciduous broad-
leaved forests (Liu et al., 2015), and it was consistent with finding that
environmental filtering played a larger role in shaping the species
composition in a European grassland (Horn et al., 2015), and it was
consistent with the result that environmental variables contributed
more to community assembly than spatial variables (Shi et al., 2021).
Pure spatial variation may correspond to unmeasured environmental
variables and neutral processes (Legendre et al., 2009); it is currently
impossible to distinguish between these two sources of variation.
The neutral model's estimated migration rate (Figure 6) and linear
distance decay of species assemblage similarity with geographic dis-
tance (Figure 4) revealed that dispersal limitation accounted for a
part of the pure spatial variation. The results matched our first hy-
pothesis. Dispersal limitation is inherently linked to the dispersal ca-
pability of species (Vellend et al., 2007), but may also be influenced
by other factors (water and climate shifts with elevation, competi-
tion, herbivory, mutualists, etc.). It is currently impossible to distin-
guish which factors have limited the dispersal of species.

4.3 | Limitations and management implications
It is crucial to understand the relative contributions of environmen-
tal filtering and dispersal filtering in order to design effective con-
servation and restoration strategies. When environmental filtering
is dominating, actions must be taken to improve or maintain suit-
able local environmental conditions (Kareksela et al., 2015; Lamers
et al., 2015). When dispersal limitation dominates, however, it is crit-
ical to protect neighboring source populations and secure dispersal
routes (Brederveld et al., 2011; Fraaije et al., 2015). According to
our results, the proportion of environmental filtering explained was
more than that of spatial variables. Management measures should be
developed with the goal of improving or maintaining suitable local
environmental conditions.

Biodiversity is an important subject in ecology and society since
a significant loss of biodiversity might diminish ecosystem function-
ing and benefits (Cardinale et al., 2012). High plant diversity can in-
crease ecosystem multifunctionality and resilience to climate change
(Delgado-Baquerizo et al., 2017). The most common ecosystem
type on the Zoige Plateau is the alpine meadow. Poisonous weed
expansion, which causes alpine meadow ecosystem unbalance, is
one of the considerable ecological problems and an important indi-
cator of alpine meadow degeneration (Liu & Diamond, 2005; Zhao
et al., 2010). Conservation efforts should prioritize maintaining eco-
system stability and limiting the spread of poisonous weeds in alpine
meadows. Cyperaceae and Gramineae belong to palatable families
for cattle and sheep. In our current study, the Compositae was the
family with the highest niche breadth and large niche overlap value,
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along with Gramineae and Cyperaceae (Table S4, Figure S3). A rea-
sonably controlled abundance of Compositae is expected to main-
tain sustainable development in pastoral production.

However, because we did not analyze other environmental (e.g.,
climatic factors) or biological (e.g., species interactions) variables in
our observed research, we cannot confirm or count out their possible
impact on community assembly. Furthermore, because our research
was conducted in a regional climatic gradient with a humid and semi-
humid continental monsoon climate, further research along broader
climatic gradients with more aridity levels would be required to fully
assess the impacts of environmental variables, spatial variables, and
species interactions on community assembly.

5 | CONCLUSION

This study presented evidence supporting the notion that dispersal
limitation and environmental filtering jointly governed plant com-
munity assembly and that the plant community assembly in alpine
meadows was more constrained by environmental filtering than by
dispersal limitation. The results highlight that improving or main-
taining proper local environmental conditions could maintain and
improve the diversity of alpine plants. In addition, a reasonably
controlled abundance of Compositae (the family with the highest
niche breadth and large niche overlap value with Gramineae and
Cyperaceae) was expected to maintain sustainable development
in pastoral production. Given the importance of plant community
assembly for ecosystem stability and multifunctionality in alpine
meadows, future research could focus on the effects of climatic fac-
tors and biotic interactions on community assembly.

AUTHOR CONTRIBUTIONS

Jianping Yang: Conceptualization (lead); investigation (lead);
methodology (lead); software (lead); visualization (lead); writing
- original draft (lead); writing - review and editing (lead). Peixi Su:
Conceptualization (lead); investigation (lead); methodology (lead);
project administration (lead); software (equal); visualization (equal);
writing - original draft (lead); writing - review and editing (lead).
Zijuan Zhou: Investigation (equal); software (equal); visualization
(equal); writing - review and editing (equal). Rui Shi: Investigation
(equal); visualization (equal); writing - review and editing (equal).
Xingjing Ding: Investigation (equal); validation (equal); visualization

(equal); writing - review and editing (equal).

ACKNOWLEDGMENTS

This research was funded by the Strategic Priority Research Program
of the China Academy of Sciences (XDA20050102), the National
Science Foundation of China (41871043, 41701106).

CONFLICT OF INTEREST
The authors state that the research was conducted in the absence of
any commercial or financial relationships that could be construed as
a potential conflict of interest.



YANG ET AL.

100f 11 .
Ecol Evol
WI LE Y-Ecelogy and Evolution

Open Access,

DATA AVAILABILITY STATEMENT

Data and R code for correlation and best multiple regression model
and variation partitioning are available via figshare (https://figshare.
com/s/3cfdafadlaa2acec24ab).

ORCID

Jianping Yang "= https://orcid.org/0000-0001-6899-9808

REFERENCES

Anderson, M. J. (2014). Permutational multivariate analysis of variance
(PERMANOVA). Wiley statsref: statistics reference online, 1-15.

Antonelli, A, Kissling, W. D., Flantua, S. G., Bermudez, M. A., Mulch, A.,
Muellner-Riehl, A. N., Kreft, H., Linder, H. P., Badgley, C., Fjeldsa,
J., Fritz, S. A., Rahbek, C., Herman, F., Hooghiemstra, H., & Fjelds3,
J. (2018). Geological and climatic influences on mountain biodiver-
sity. Nature Geoscience, 11(10), 718-725.

Assis, R. L., Haugaasen, T., Schéngart, J., Montero, J. C., Piedade, M. T.,
& Wittmann, F. (2015). Patterns of tree diversity and composition
in Amazonian floodplain paleo-varzea forest. Journal of Vegetation
Science, 26(2), 312-322.

Baer, S. G., Adams, T., Scott, D. A,, Blair, J. M., & Collins, S. L. (2020). Soil
heterogeneity increases plant diversity after 20years of manipu-
lation during grassland restoration. Ecological Applications, 30(1),
e02014.

Bai, J. -H., Lu, Q. -Q., Wang, J. -J., Zhao, Q. -Q., Ouyang, H., Deng, W., &
Li, A. -N. (2013). Landscape pattern evolution processes of alpine
wetlands and their driving factors in the Zoige Plateau of China.
Journal of Mountain Science, 10(1), 54-67.

Bao, S. (2000). Soil and agricultural chemistry analysis. China Agriculture
Press.

Borda-de-Agua, L., Hubbell, S. P., & He, F. (2007). Scaling biodiversity
under neutrality. In Scaling biodiversity (pp. 347-375). Cambridge
University Press.

Brederveld, R. J., Jahnig, S. C., Lorenz, A. W., Brunzel, S., & Soons, M. B.
(2011). Dispersal as a limiting factor in the colonization of restored
mountain streams by plants and macroinvertebrates. Journal of
Applied Ecology, 48(5), 1241-1250.

Burns, A. R., Stephens, W. Z., Stagaman, K., Wong, S., Rawls, J. F,,
Guillemin, K., & Bohannan, B. J. (2016). Contribution of neutral
processes to the assembly of gut microbial communities in the ze-
brafish over host development. The ISME Journal, 10(3), 655-664.

Cadotte, M. W.,, & Tucker, C. M. (2017). Should environmental filtering be
abandoned? Trends in Ecology & Evolution, 32(6), 429-437.

Cardinale, B. J., Duffy, J. E., Gonzalez, A., Hooper, D. U., Perrings, C.,
Venail, P., Narwani, A., Mace, G. M., Tilman, D., Wardle, D. A.,
Kinzig, A. P., Daily, G. C., Loreau, M., Grace, J. B., Larigauderie, A.,
Srivastava, D. S., & Wardle, D. A. (2012). Biodiversity loss and its
impact on humanity. Nature, 486(7401), 59-67.

Chase, J. M. (2014). Spatial scale resolves the niche versus neutral theory
debate. Journal of Vegetation Science, 25(2), 319-322.

Chave, J. (2004). Neutral theory and community ecology. Ecology Letters,
7(3), 241-253.

Delgado-Baquerizo, M., Eldridge, D. J., Ochoa, V., Gozalo, B., Singh, B. K.,
& Maestre, F. T. (2017). Soil microbial communities drive the resis-
tance of ecosystem multifunctionality to global change in drylands
across the globe. Ecology Letters, 20(10), 1295-1305.

Ding, X., Su, P., Zhou, Z., Shi, R., & Yang, J. (2021). Responses of plant
bud bank characteristics to the enclosure in different desertified
Grasslands on the Tibetan Plateau. Plants, 10(1), 141.

Field, A., Miles, J., & Field, Z. (2012). Discovering statistics using R. Sage.

Fortin, M. J,, & Dale, M. R. (2009). Spatial autocorrelation in ecological
studies: a legacy of solutions and myths. Geographical Analysis,
41(4), 392-397.

Fraaije, R. G., ter Braak, C. J., Verduyn, B., Verhoeven, J. T., & Soons,
M. B. (2015). Dispersal versus environmental filtering in a dynamic
system: drivers of vegetation patterns and diversity along stream
riparian gradients. Journal of Ecology, 103(6), 1634-1646.

Franklin, J., Keppel, G., Webb, E. L., Seamon, J. O., Rey, S. J., Steadman,
D. W., Wiser, S. K., & Drake, D. R. (2013). Dispersal limitation, spe-
ciation, environmental filtering and niche differentiation influence
forest tree communities in West Polynesia. Journal of Biogeography,
40(5), 988-999.

Gilbert, B., & Lechowicz, M. J. (2004). Neutrality, niches, and disper-
sal in a temperate forest understory. Proceedings of the National
Academy of Sciences of the United States of America, 101(20),
7651-7656.

Gromping, U. (2015). Variable importance in regression models. Wiley
Interdisciplinary Reviews: Computational Statistics, 7(2), 137-152.

Hijmans, R. J., Williams, E., Vennes, C., & Hijmans, M. R. J. (2017). Package
‘geosphere’. Spherical trigonometry, 1(7), 1-45.

HilleRisLambers, J., Adler, P. B., Harpole, W. S., Levine, J. M., & Mayfield,
M. M. (2012). Rethinking community assembly through the lens
of coexistence theory. Annual Review of Ecology, Evolution, and
Systematics, 43, 227-248.

Horn, S., Hempel, S., Ristow, M., Rillig, M. C., Kowarik, I., & Caruso, T.
(2015). Plant community assembly at small scales: spatial vs. en-
vironmental factors in a European grassland. Acta Oecologica, 63,
56-62.

Hubbell, S. P. (2006). Neutral theory and the evolution of ecological
equivalence. Ecology, 87(6), 1387-1398.

Hubbell, S. P. (2011). The unified neutral theory of biodiversity and biogeog-
raphy (MPB-32). Princeton University Press.

Kareksela, S., Haapalehto, T., Juutinen, R., Matilainen, R., Tahvanainen,
T., & Kotiaho, J. S. (2015). Fighting carbon loss of degraded peat-
lands by jump-starting ecosystem functioning with ecological res-
toration. Science of the Total Environment, 537, 268-276.

Keddy, P. A.(1992). Assembly and response rules: two goals for predictive
community ecology. Journal of Vegetation Science, 3(2), 157-164.

Klanderud, K., & Totland, @. (2007). The relative role of dispersal and
local interactions for alpine plant community diversity under simu-
lated climate warming. Oikos, 116(8), 1279-1288.

Koérner, C., & Kéorner, C. (1999). Alpine plant life: Functional plant ecology
of high mountain ecosystems. Springer.

Kraft, N. J., Adler, P. B., Godoy, O., James, E. C., Fuller, S., & Levine, J. M.
(2015). Community assembly, coexistence and the environmental
filtering metaphor. Functional Ecology, 29(5), 592-599.

Laliberté, E., Legendre, P., Shipley, B., & Laliberté, M. E. (2014). Package
‘FD’. Measuring functional diversity from multiple traits, and other tools
for functional ecology, 1.0-12.

Laliberté, E., Zemunik, G., & Turner, B. L. (2014). Environmental filter-
ing explains variation in plant diversity along resource gradients.
Science, 345(6204), 1602-1605.

Lamers, L. P, Vile, M. A., Grootjans, A. P., Acreman, M. C., van Diggelen,
R., Evans, M. G,, Richardson, C. J., Rochefort, L., Kooijman, A. M.,
Roelofs, J. G. M., Smolders, A. J. P, & Roelofs, J. G. (2015). Ecological
restoration of rich fens in Europe and North America: From trial
and error to an evidence-based approach. Biological Reviews, 90(1),
182-203.

Legendre, P. (1993). Spatial autocorrelation: trouble or new paradigm?
Ecology, 74(6), 1659-1673.

Legendre, P., & Legendre, L. (2012). Numerical ecology. Elsevier.

Legendre, P., Mi, X., Ren, H., Ma, K., Yu, M., Sun, |.-F., & He, F. (2009).
Partitioning beta diversity in a subtropical broad-leaved forest of
China. Ecology, 90(3), 663-674.

Levins, R. (1968). Evolution in changing environmentssome theoretical ex-
plorations (0691080623).

Liu, J., & Diamond, J. (2005). China's environment in a globalizing world.
Nature, 435(7046), 1179-1186.


https://figshare.com/s/3cfdafa41aa2acec24a6
https://figshare.com/s/3cfdafa41aa2acec24a6
https://orcid.org/0000-0001-6899-9808
https://orcid.org/0000-0001-6899-9808

YANG ET AL.

Liu, Y., Tang, Z., & Fang, J. (2015). Contribution of environmental filtering
and dispersal limitation to species turnover of temperate decidu-
ous broad-leaved forests in C hina. Applied Vegetation Science, 18(1),
34-42.

Luzuriaga, A. L., Gonzélez, J. M., & Escudero, A. (2015). Annual plant
community assembly in edaphically heterogeneous environments.
Journal of Vegetation Science, 26(5), 866-875.

Maire, V., Gross, N., Borger, L., Proulx, R., Wirth, C., Pontes, L., Soussana,
J.-F., & Louault, F. (2012). Habitat filtering and niche differentiation
jointly explain species relative abundance within grassland com-
munities along fertility and disturbance gradients. New Phytologist,
196(2), 497-509.

Matthews, T. J., & Whittaker, R. J. (2014). Neutral theory and the spe-
cies abundance distribution: recent developments and prospects
for unifying niche and neutral perspectives. Ecology and Evolution,
4(11), 2263-2277.

McGill, B. J. (2010). Towards a unification of unified theories of biodiver-
sity. Ecology Letters, 13(5), 627-642.

Meyer, S. E., & Garcia-Moya, E. (1989). Plant community patterns and
soil moisture regime in gypsum grasslands of north central Mexico.
Journal of Arid Environments, 16(2), 147-155.

Myers, J. A., & Harms, K. E. (2011). Seed arrival and ecological filters in-
teract to assemble high-diversity plant communities. Ecology, 92(3),
676-686.

Oksanen, J., Blanchet, F. G, Kindt, R., Legendre, P., Minchin, P. R., O'hara,
R., Simpson, G., Solymos, P., Stevens, M., & Wagner, H. (2013).
Package ‘vegan’. Community ecology package, version, Community
ecology package, version, 2(9), 1-295.

Oksanen, J., Blanchet, F. G, Kindt, R., Legendre, P., Minchin, P.R., O'hara,
R., Simpson, G., Solymos, P., Stevens, M., & Wagner, H. (2015).
vegan: Community Ecology Package. R package version 2.2-1.

Padial, A. A., Ceschin, F., Declerck, S. A., De Meester, L., Bonecker, C. C.,
Lansac-Toéha, F. A, Rodrigues, L., Rodrigues, L. C., Train, S., Velho,
L. F. M., & Velho, L. F. (2014). Dispersal ability determines the role
of environmental, spatial and temporal drivers of metacommunity
structure. PLoS One, 9(10), e111227.

Peguero, G., Ferrin, M., Sardans, J., Verbruggen, E., Ramirez-Rojas, |., Van
Langenhove, L., Verryckt, L. T., Murienne, J., Iribar, A., Zinger, L.,
Grau, O, Orivel, J., Stahl, C., Courtois, E. A., Asensio, D., Gargallo-
Garriga, A, Llusia, J., Margalef, O., Ogaya, R, ... Zinger, L. (2022).
Decay of similarity across tropical forest communities: integrating
spatial distance with soil nutrients. Ecology, 103(2), e03599.

Pinto, S. M., & MacDougall, A. S. (2010). Dispersal limitation and envi-
ronmental structure interact to restrict the occupation of optimal
habitat. The American Naturalist, 175(6), 675-686.

Price, E. P, Spyreas, G., & Matthews, J. W. (2019). Wetland compensation
and its impacts on p-diversity. Ecological Applications, 29(1), e01827.

Purves, D. W., & Turnbull, L. A. (2010). Different but equal: the implau-
sible assumption at the heart of neutral theory. Journal of Animal
Ecology, 79(6), 1215-1225.

R Core Team. (2013). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing.

Ricotta, C., & Podani, J. (2017). On some properties of the Bray-Curtis
dissimilarity and their ecological meaning. Ecological Complexity, 31,
201-205.

Shi, W., Wang, Y. Q., Xiang, W. S., Li, X. K., & Cao, K. F. (2021).
Environmental filtering and dispersal limitation jointly shaped the
taxonomic and phylogenetic beta diversity of natural forests in
southern China. Ecology and Evolution, 11(13), 8783-8794.

Silvertown, J. (2004). Plant coexistence and the niche. Trends in Ecology &
Evolution, 19(11), 605-611.

Ecology and Evolution 110f 11
=t e W1 LEY- 1o

Soininen, J., McDonald, R., & Hillebrand, H. (2007). The distance decay of
similarity in ecological communities. Ecography, 30(1), 3-12.

Stokes, C., & Archer, S. (2010). Niche differentiation and neutral theory:
An integrated perspective on shrub assemblages in a parkland sa-
vanna. Ecology, 91(4), 1152-1162.

Trepanier, K. E., Pinno, B. D., & Errington, R. C. (2021). Dominant driv-
ers of plant community assembly vary by soil type and time in re-
claimed forests. Plant Ecology, 222(2), 159-171.

Vellend, M., Verheyen, K., Flinn, K. M., Jacquemyn, H., Kolb, A., Van
Calster, H., Peterken, G., Graae, B. J., Bellemare, J., Honnay, O,
Brunet, J., Wulf, M., Gerhardt, F., Hermy, M., & Honnay, O. (2007).
Homogenization of forest plant communities and weakening of
species-environment relationships via agricultural land use. Journal
of Ecology, 95(3), 565-573.

Violle, C., Nemergut, D. R, Pu, Z., & Jiang, L. (2011). Phylogenetic lim-
iting similarity and competitive exclusion. Ecology Letters, 14(8),
782-787.

Weiher, E., Forbes, S., Schauwecker, T., & Grace, B. (2004). Multivariate
control of plant species richness and community biomass in black-
land prairie. Oikos, 106(1), 151-157.

Williams, B. M., & Houseman, G. R. (2014). Experimental evidence that
soil heterogeneity enhances plant diversity during community as-
sembly. Journal of Plant Ecology, 7(5), 461-469.

Wilson, B., & Hayek, L.-A. C. (2015). Distinguishing relative specialist and
generalist species in the fossil record. Marine Micropaleontology,
119, 7-16.

Yang, Q.-S., Shen, G.-C,, Liu, H.-M., Wang, Z.-H., Ma, Z.-P., Fang, X.-F.,
Zhang, J., & Wang, X.-H. (2016). Detangling the effects of environ-
mental filtering and dispersal limitation on aggregated distribu-
tions of tree and shrub species: life stage matters. PLoS One, 11(5),
e0156326.

Yeh, Y. C., Peres-Neto, P. R., Huang, S. W., Lai, Y. C., Tu, C. Y., Shiah,
F. K., Gong, G. C., & Hsieh, C. H. (2015). Determinism of bacterial
metacommunity dynamics in the southern East China Sea varies
depending on hydrography. Ecography, 38(2), 198-212.

Zhao, B.-Y,, Liu, Z.-Y., Hao, L., Wang, Z.-X., Sun, L.-S., Wan, X.-P., Guo, X.,
Zhao, Y., Wang, J., & Shi, Z.-C. (2010). Damage and control of poi-
sonous weeds in western grassland of China. Agricultural Sciences in
China, 9(10), 1512-1521.

Zhou, J., & Ning, D. (2017). Stochastic community assembly: Does it
matter in microbial ecology? Microbiology and Molecular Biology
Reviews, 81(4), e00002-00017.

Zuppinger-Dingley, D., Schmid, B., Petermann, J. S., Yadav, V., De
Deyn, G. B., & Flynn, D. F. (2014). Selection for niche differenti-
ation in plant communities increases biodiversity effects. Nature,
515(7525), 108-111.

SUPPORTING INFORMATION
Additional supporting information can be found online in the
Supporting Information section at the end of this article.

How to cite this article: Yang, J., Su, P,, Zhou, Z., Shi, R., &
Ding, X. (2022). Environmental filtering rather than dispersal
limitation dominated plant community assembly in the Zoige
Plateau. Ecology and Evolution, 12, €9117. https://doi.
org/10.1002/ece3.9117



https://doi.org/10.1002/ece3.9117
https://doi.org/10.1002/ece3.9117

	Environmental filtering rather than dispersal limitation dominated plant community assembly in the Zoige Plateau
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study sites
	2.2|Species distribution data
	2.3|Environmental and spatial variables
	2.4|Statistical analysis
	2.4.1|Species assemblage similarity between altitude groups and within altitude groups
	2.4.2|Correlation analysis and multiple linear regression model
	2.4.3|Distance decay analysis
	2.4.4|Variation partitioning
	2.4.5|Neutral community model (NCM)
	2.4.6|Niche breadth and niche overlap indexes of different plant families


	3|RESULTS
	3.1|Species assemblage similarity and environmental drivers of relative abundance
	3.2|Distance decay of species assemblage similarity
	3.3|Variation partitioning in species assemblage
	3.4|Niche breadths and overlaps in plant families

	4|DISCUSSION
	4.1|Dominant environmental factors influencing the environment filtering
	4.2|Effect of environmental and spatial variables on community assembly
	4.3|Limitations and management implications

	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


