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* Ground arthropods distribution was com-
pared at the local and regional scales.

« Beta-diversity finds distinct communities at
the regional but not local scales.

» Turnover contributed more than nestedness
of all arthropods at multiple scales.

* Spatial variables were important regulators
at the local scale.

» Spatially structured environmental factors
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ABSTRACT

Understanding the factors determining the formation of each community and metacommunity across
a landscape is one of the most important ideas in soil animal ecology. However, the variables and
parameters that shape soil arthropod communities in agroecosystems have not been resolved.

Keywords:

4 . These arthropods can serve as important bioindicators of field management and its sustainability.
Species turnover We sampled five corn plantations in each of three locations across a region spanning 600 km to
Nestedness come up with these determinants of the community structure of ground-dwelling spiders (Erigoninae:

Araneae), carabids (Coleoptera: Carabidae), and ants (Hymenoptera: Formicidae). The analysis of
the five fields within each of the three locations represent our local-scale samples, while the
Agroecosystem comparisons of the 15 sites across all three locations represent the regional scale samples. We
tested the hypothesis that in the models we sampled, environmental/soil variables would drive
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community assembly locally (within location comparisons), but at the regional scale (between
location comparisons), climatic and spatial variables would drive metacommunity assembly. The
outcomes of our study showed distinct communities at each of the three locations when compared
across regions but locally, fields were similar in species composition, as expected. Locally, spatial
variables were important but not soil variables, regulated species richness and abundance. Turnover
contributed more than nestedness to explain the biodiversity of spiders, carabids, and ants at both
the local and regional scales. Neither purely climate variables, nor purely soil or spatial variables
were significant enough explanations for the regional scale arthropod community composition.
However, spatially structured environmental factors contributed most to explain the patterns
supporting our hypothesis. We conclude that biodiversity in this agroecosystem area can be
promoted by a mosaic of land uses being encouraged to increase landscape complexity at the

regional scale.

1 Introduction

Frequent field disturbance by agriculture may promote habitat
homogenization and cause biodiversity loss since it causes
the destruction of some microhabitats (Murria et al., 2017;
Landis, 2017). With frequent disturbance, sensitive or rare
species tend to be lost, and over time promotes fewer species
become tolerant to regular disturbance (Cerda et al., 2009).
From these studies it was realized that the most probable
cause for this loss and biodiversity simplification is reduced
food availability and decreased niche availability by habitat
fragmentation, for example, with detrimental effects on
ground-dwelling carabids (Hendrickx et al., 2009).

Drivers of community assembly are scale dependent and
can change with spatial scales (Lindo and Winchester, 2008;
Li et al.,, 2020; Sreekar et al., 2020). Previous studies
demonstrated that only limited to single scale may lead to
biased conclusions (Sasaki and Yoshihara, 2013; Banaszak-
Cibicka and Zmihorski, 2020) and studies at both local and
regional scales allow researchers to identify the most
important processes operating across multiple spatial scales
(Benocci et al., 2015; Hamaoka et al., 2020). Biodiversity in
farmland at local scale in turn leads to biodiversity at the
regional scale. It is not straightforward to explain how the
impact of biodiversity changes at local-scale effect biodiver-
sity changes at regional scale. Technically, loss of one species
at one location simply lowers the number of species by one at
that location; and if it is a species found only at that site, it will
contribute to a regional loss of one species. However, bearing
in mind complicated species interactions, through the food
web or by competition for resources, effects on one species
affect the interdependent species, with consequences that
ripple through the community and ecosystem. Compensation
for local species losses in a community, and by stochastic
processes mean that loss of species at local level has effect,
be it large or small, on regional biodiversity (Hendrickx et al.,
2009). Few studies have addressed biodiversity loss in
agroecosystems at multiple scales (Pitta et al., 2017).

Identifying agroecosystem biodiversity and its underlying
processes does not only consider the number of species and
how many each species has, but also includes compositional
differences among different communities at multiple scales.
Beta diversity is the most direct and informative measure of
variation in species composition at local sites across a
landscape (Anderson et al., 2011). It is common knowledge
that beta diversity patterns are determined by two distinct
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processes (Baselga, 2010): the turnover and the nestedness
components. Turnover means that one species replaces
another with no change in richness. Nestedness means that
the difference in the richness of a community is as a result of
species gain or loss (Baselga, 2010). Turnover and nested-
ness can be analyzed separately to identify variables/
processes that control species composition and richness
variations at both local and regional scales. Mechanisms that
bring about turnover originate from environmental filtering,
competition, and historical events (Melo et al., 2009; Kraft et
al., 2011). Mechanisms that bring about nestedness stem
from species thinning, or from other ecological processes
such as physical barriers of human disturbance (Baselga,
2010; Melo et al., 2009; Kraft et al., 2011; Legendre, 2015).
However, the majority of studies on beta diversity have been
conducted at one spatial scale or with aboveground ecosys-
tems, thus shedding light to the lack of beta diversity studies
for soil animal communities at local and regional scales.
Ecosystems with high structural complexity are spatially
more heterogeneous, giving room for more diversity of
resources, more niches, and therefore have greater soil
arthropod diversity than simplified habitats (MacArthur et al.,
1962; Gongalves et al., 2018; Galle et al., 2018). Agroeco-
systems are known for reduced habitat heterogeneity
especially at the local scale, therefore, farmland at the local
scale contains lower species richness. Generally, a local-
scale community is a subset of a regional scale metacommu-
nity and the regional scale metacommunity is an inventory of
local-scale communities, thus, farmland at the regional scale
usually has higher species richness (Simido-Ferreira et al.,
2018). In addition, dispersal process among local commu-
nities was said to be a driving force for species richness in
agroecosystems (Hendrickx et al., 2009). Logically, move-
ment among the communities at a local scale is easy because
of the short distance and more homogeneous spatial matrix.
However, dispersion among local communities at the regional
scale gets harder due to the long distance and increased
spatial heterogeneity. Consequently, communities of soil
animals at the local scale would be more similar in species
richness and composition, but would be different in species
richness and composition at the regional scale. Then, we
expect distinctiveness of community compositions to exist at
the regional scale but not at the local scale. Therefore, the
turnover of beta diversity of soil animals is supposed to be
higher at the regional scale than that at the local scale.
Habitat heterogeneity locally is as a result of variations in
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soil parameters that create various microhabitats. These soil
parameters act as filters on species that affect species
richness of the regional pool (such as water content, soil
organic matter content) (Guo et al., 2019), and community
structure at the local scale (such as soil organic matter
content, water availability) (Zaitsev et al., 2013; Quist et al.,
2019). Spatial processes operate at local and regional scales
(Curry et al., 2015). Climate, altitude and latitudinal gradients,
other environmental factors operate at the regional scale to
shape community composition, while this has very little or no
effect at all at the local scale (Ameline et al., 2017; Entling et
al., 2010). Since the probabilities of successful dispersal
among local communities are negatively correlated with the
spatial distance between them, dispersal limitation of soail
animals causes spatial structure in community composition.
Accordingly, it is wise to think that soil variables are more
important drivers at local scales, and climate and spatial
variables are more relevant when considering regional scales
for soil arthropod species distribution.

Spiders, carabids, and ants are successful natural enemies
for pest control in agroecosystems (Eyre et al., 2016; Jacquot
et al., 2017; Benhadi-Marin et al., 2020). They are sensitive
agroecosystem bioindicators that have been used to monitor
anthropogenic impact and agroecosystem health (Widhiono
et al,, 2017; Avgin et al., 2010; Borchard et al., 2014).
Additionally, they are a practical tool for measuring variations
in species richness and beta diversity at multiple sampling
scales (Clough et al., 2007; Hendrickx et al., 2009; Koivula,
2011). For example, turnovers were the dominant compo-
nents of beta diversity for spiders, carabids, and ants along
elevational gradients, indicating the importance of dispersal
limitation in community assembly (Fontana et al., 2020). Local
changes in species composition of carabids affect beta
diversity at the regional scale, which may have been caused
by the depletion of low-dispersing carabids at the local scale
(Hendrickx et al., 2009). And environmental factors at both
local and landscape scales affect the functional beta diversity
of spiders (Delgado de la flor et al., 2020). However, beta
diversity of spiders, carabids, and ants at local and regional
scales in agroecosystems is still not definite.

The purpose of this research was to examine beta diversity
and its underlying variables of main ground-dwelling arthro-
pods at local and regional scales. We tested the hypothesis
that for spider, carabid, and ant community compositions, soil
factors and climate, spatial factors were more relevant at the
local and regional scales, respectively. Our hypothesis had it
further that turnover components would be larger than
nestedness components for all arthropods at the local and
regional scales, and the turnover at regional scale was larger
compared to that at the local scale. We measured (1) the
species richness and abundance of spiders, carabids, and
ants; (2) the beta diversity of spiders, carabids, and ants,
partitioned between turnover and nestedness variables. We
then (3) took into consideration how spiders, carabids, and
ants relate with soil, climate, and spatial variables. We

assumed that (1) species richness and abundance were
lower at local scale but higher at regional scale; (2) overall
beta diversity of spiders, carabids, and ants were lower at
local scale but higher at regional scale, so that a difference in
the structure of these arthropod communities would be
detected at the regional scale, but not at the local scale.

2 Material and methods
2.1 Study area

The three selected local sites along latitudinal gradient locate
in northeast China. Each local site had had corn cultivated
continuously for more than 30 years. They were Beian (BA;
48°06'N, 126°41' E) and Hulan (HL; 46°17"N, 126°51'E)in
Heilongjiang Province, Dehui (DH; 44°35' N, 125°32' E) in
Jilin Province (please sea (Guo et al., 2019) for more
information). The experiment was carried out in the black
soil region with an average of organic matter content between
3% and 10%. The black soil is usually highly fertile and is
suitable for plant growth. The region is cold temperate semi-
humid with four seasons and mean annual temperature of
0.5-6°C (Cui et al., 2003). The annual average rainfall is 400—
700 mm, with about 70% occurring July to September, often
as heavy rainfall.

2.2 Sampling spiders, carabids, and ants

Five plots were set in each local site, with a separating
partition of not less than 500 m between them. Within each
plot, five sample points with measured spatial coordinates
were selected to collect soil arthropods and soil samples
(please see (Guo et al., 2019)). According to previous
published studies, soil arthropods are abundant during
growing seasons in black soil area (Yang et al., 2016; Liu et
al., 2017). Therefore, samplings were carried out in June, July,
and September in 2015, respectively. Pitfall traps were utilized
in catching the ground-dwelling arthropods. Then a degrad-
able plate was set above each trap about 10 cm to prevent
litters and arthropods from the corn crop. Traps (7-cm
diameter and 12-cm depth) were active for seven days in
the three months mentioned above. Each trap was filled with
saturated sodium chloride solution. In each plot, 15 traps were
collected from three traps x five sampling points. Therefore,
there were 225 traps (15 traps x 5 plots x 3 local sites) every
time the sampling was done, and all time points were pooled
for this analysis. Three soil squares (25-cm length x 25-cm
width x 20-cm depth) around each sampling point were dug at
the same day using spades. Spiders, carabids, and ants were
immediately collected by hands. Thus, a total of 450 samples
were collected including the two sampling methods.

The ground-dwelling and belowground arthropods were
preserved in 95% alcohol. They were identified to species
level and counted with a binocular microscope. Larva and
adults were separated for carabids because of the difference
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in morphology and habits. As a result of the low number of
larva and the difficulties of identifying them, only adult
carabids were included for subsequent data analysis. Con-
sidering the low count and species richness of belowground
arthropods in this experiment, aboveground and belowground
arthropods were combined, and then named as soil arthro-
pods. There was a consent of the landowners to do the
collection of the arthropods for the study.

2.3 Statistical analysis

Spiders, carabids, and ants sourced from a particular local site
(BA, HL or DH) were defined as communities. Arthropods
collected from all three locations were termed as the
communities at regional scale. Species richness and abun-
dance of spiders, carabids, and ants were calculated at both
local and regional scales.

As an evaluation for the effectiveness of our sampling, a
sample-based rarefaction curve was used (Gotelli and
Colwell, 2001; Crist and Veech, 2006) . Communities with
fewer than two species were not included in the local-scale
rarefaction curve analysis. Therefore, 2, 0, and 3 communities
were not included for spiders, carabids and ants at regional
scale. The rarefaction curve analysis was not performed on
communities of ants in BA and spiders in DH because of less
than two species in all sampling points. The sample-based
rarefaction curve was performed by specaccum function in
“vegan” package in R 3.4.1 (Team, 2017).

Generalized linear mixed-effects models was utilized in
evaluating the differences in species richness and abundance
(Bolker et al., 2009; Zuur et al., 2009). We included regional
sites as fixed factor and local sites as random factor in the
model for abundance and richness at regional scale. We
included plots as fixed factor and quadrats as random factor in
the model at local scale. The models assumed Poisson error
distributions for abundance and richness, and we confirmed
that the model residuals were not over-dispersed. Data
analysis were performed by glmer function in “Ime4” package
using R 3.6.2 (Bates, 2010).

To evaluate whether community compositions of spiders,
carabids, and ants were unique across plots at the local scale,
and across local sites at the regional scale, a non-metric
multidimensional scaling (NMDS) using the site-by-species
matrix in abundance was employed. The NMDS was
conducted with metaMDS function in “vegan” package in R
3.6.3 (Oksanen et al., 2017).

To examine the change in composition of the community
among the five plots at the local scale and among the three
local sites at the regional scale, beta diversity was calculated.
The beta diversity of spiders, carabids, and ants was
determined using multiple-site indices based on presence-
absence species data at local and regional scales. For both
indices, the Sorensen dissimilarity was used to make the
calculations, resulting in the following three dissimilarity
coefficients: (1) Sorensen coefficient (i.e., a measure of
overall beta diversity, Bsor), (2) Simpson coefficient (i.e. a

measure of turnover immune to nestedness derived from
species richness differences, Bs), and (3) a coefficient
measuring nestedness-resultant beta diversity (Bsne) (Base-
Iga, 2010). The Simpson coefficient explains species turnover
without being affected by richness gradients, whereas the
nestedness component of beta diversity is the direct
difference between Bsor and Bsv. The three beta diversity
coefficients were calculated using the functions betapart.cor
and beta.multi using the R package “betapart” (Baselga et al.,
2013). In the beta diversity calculations, communities with less
than two species were eliminated, because low numbers of
species produce unstable beta diversity estimates since the
change of a single species could have adverse effects. We did
not use a larger threshold because soil arthropod richness in
the farmland was low, and higher thresholds would dramati-
cally reduce our sample number.

To remove the relative importance of variables at both local
(including soil and spatial variables) and regional scales
(including soil, climatic and spatial variables) on the arthropod
compositions, a variation partitioning method was used
(Legendre and Legendre, 1998; Blanchet et al., 2014). Sail
variables were measured for each sampling point in June
2015 and included soil organic matter content (SOM), soil pH
and total nitrogen (TN, g kg™') (Appendix A1). The collected
soil samples were air-dried at controlled temperature for one
week and sieved with 1 mm mesh size. Then SOM (Anne’s
method described by Duchaufour (1976)), pH (Pansu et al.,
2003) and TN (Kjeldahl's method described by Duchaufour
(1976)) were measured in public technical service center of
Northeast Institute of Geography and Agroecology, Chinese
Academy of Sciences (http://service.iga.cas.cn/). Climatic
factors were collected from published articles for three local
sites, and included mean annual temperature (°C), mean
annual precipitation (mm), annual frost-free period (days),
mean annual hours of sunshine (hours), and maximum depth
of frozen earth (m) (Appendix B1). Based on geographical
coordinates, principal coordinates of neighbor matrices
(PCNM) was used to measure spatial variables. PCNM
variables represent a spectral decomposition of the spatial
relationships among the study sites (Dray et al., 2006). At
local scale, 2, 2 and 2 PCNM variables were selected for
spiders, carabids, and ants in BA; 2, 1 and 1 PCNM variables
were selected for spiders, carabids, and antsin HL; 7, 7, and 1
PCNM variables were selected for spiders, carabids, and ants
in DH (Appendix A2). At regional scale, there were 1, 1, and 1
PCNM variables for spiders, carabids, and ants (Appendix
A3). Soil and PCNM variables were utilized at local scale, and
soil, climatic and PCNM variables were used at regional scale.
Then a partial redundancy analysis (pPRDA) was employed to
differentiate the total variation of a presence-absence species
matrix into fractions that represents the contributions of the
pure soil, pure climate, pure PCNM and their shared fractions
(spatially structured environmental factors) (Peres-Neto et al.,
2006). The importance of every source of variation was
evaluated with a Monte Carlo permutation test (999 permuta-
tions). The PCNMs were calculated with the PCNM function in
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“PCNM” packages in R software. The variation partitioning
was performed with varpart function and significance evalua-
tion was performed with anova.cca function in the “vegan”
package in R software.

3 Results
3.1 Diversity at the local scale

In total, 12, 9, 7 species and 136, 359, 2386 individuals were
collected for spiders, carabids and ants, respectively (Appen-
dix B2). Significant differences were only realized between
plots IV-V for carabid abundance in BA (Fig. 1A and B).
Significant differences were observed between different plots
for carabid species and ant abundance in HL (Appendix A4-
(a), (b)). Significant differences were detected between

different plots for spider, carabid and ant abundance in DH
(Appendix A4-(C), (D)).

Ant abundance was significantly lower than carabid
abundance (p<0.05) in BA. The number of ants was notably
higher compared to that of both the spider and carabid in both
HL and DH (p<0.05). Species richness of ants was
significantly lower than that of spiders in BA and significantly
lower than that of carabids in DH (p<0.05). While species
richness of ants was significantly higher than that of spiders
and carabids in HL (p<0.05).

The sampling efforts were sufficient to examine the overall
species richness of carabids and ants in HL and DH, while the
curves of spiders were relatively sharp in BA and DH
(Appendix A5). The distinctiveness of plots was not noted
for spiders, carabids, and ants in each local site, inferring
relatively low turnover across five plots at local scale (Fig. 2).
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Fig. 1 Abundance and species richness of spiders, carabids and ants at BA local scale [(A), (B)] and regional scale [(C), (D)].
Different capital letters mean significant differences. Hollow circles indicate outliers.
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The turnover component of beta diversity (Bsim) was larger
than nestedness component (Bnes) of spiders, carabids, and
ants at all local sites (Table 1). The overall beta diversity of
ants was higher than that of carabids in HL. However, the
turnover component of ants was lower compared to that of
carabids, inferring low spatial turnover among the five plots for
ants than that for carabids. The overall beta diversity of ants
was lower in comparison to spiders and carabids in DH, and
the turnover of ants was the lowest among the three
arthropods. The beta diversity of spiders, carabids, and ants
were the highest in DH, HL, and BA, respectively (Table 1).
Both carabids and ants in HL were controlled by purely
PCNM factors, inferring important regulators of pure spatial
factors. However, spiders, carabids, and ants were controlled
neither by soil nor PCNM variables in both BA and DH (Fig. 3).

3.2 Diversity at the regional scale

Abundance of ants was significantly larger compared to
spiders at regional scale (p<0.05). Abundance and species
richness of spiders, carabids, and ants were notably lowest in
HL, HL, and BA, respectively (Fig. 1C, D). The sampling
efforts gave a sufficient description of the overall species
richness of carabids and ants at regional scale. However, the
curve for spiders was still increasing (Appendix A6). The
uniqueness in community composition were relatively high for
spiders and ants, translating to relatively high turnover for
these arthropods across the three local sites at regional scale
(Fig. 4). Overall beta diversity (Bsor) was the highest for
spiders and the lowest for carabids. The turnover component
of beta diversity (Bsim) across the three local sites had the
major contribution to overall beta diversity for all arthropods at
regional scale (Bsor): 80, 71 and 64% for spiders, carabids,

and ants, respectively (Table 1). However, ants had the lowest
turnover component, inferring the lowest spatial turnover of
ants than that of spiders and carabids (Table 1). The pure soil,
pure climate, and pure PCNM variables were not relevant
regulators for spider, carabid, and ant compositions at
regional scale. However, the shared fractions between soil
and climate variables, or the shared fractions among soil,
climate and PCNM variables for the three arthropods were
more than 20% (Fig. 5).

4 Discussion

This research found that each BA, HL, and DH local site
contributes similarly to the overall species pool at the regional
scale because the species dissimilarity across local sites is
mostly as a result of species replacement rather than by
species richness change (Dunck et al., 2016). Therefore, in
view of the representativeness of the three local sites across
the black soil area, we make a conclusion that the local
biodiversity simplification in the black soil agricultural region
do not cause a significant biodiversity decrease at the regional
scale. Since biodiversity homogenization at each local site
causes a larger species compensation among different local
sites, biodiversity increases instead of decreasing at the
regional scale.

One of the main aims of soil animal ecology is to come up
with factors regulating the composition and distribution of
communities, and the causes underlying the distributions at
multiple scales. Local environmental filtering has been
suggested as a key regulatory factor on soil arthropods
(Kovacs-Hostyanszki et al., 2013; Liu et al., 2016). Some
published literatures found that soil variables filter assem-
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Fig. 2 Non-metric multidimensional scaling (NDMS) ordination for spiders, carabids, and ants at local scale for BA, HL, and DH
and at local scale. The ellipses envelop 95% plots of each local site.
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Table 1
local and regional scales.

Partitioning of beta diversity into species turnover (Bs;) and nestedness (Bnes) of species community for spiders, carabids and ants at

Scale Site Arthropod Turnover (Bsiv) Nestedness (Bnes)
Local scale BA Spider 0.58 0.28
Carabid 0 0.71
Ant 1 0
HL Spider 0 0.89
Carabid 0.80 0.12
Ant 0.50 0.50
DH Spider 0.81 0.11
Carabid 0.50 0.34
Ant 0.43 0.32
Regional scale Spider 0.80 0.08
Carabid 0.71 0.11
Ant 0.64 0.19

BA, HL, and DH are three local sites.

blages of spiders (Ziesche and Roth, 2008), carabids (Pake-
man and Stockan, 2014) and ants (Schmidt et al., 2017) at the
local scale. To the contrary, several studies discovered a weak
relationship between soil properties and spider (Li et al.,
2018), carabid (Liu et al., 2006), and ant (Jacquemin et al.,
2012) communities, respectively. Soil properties were rela-
tively homogenous with irrelevant differences among most
plots at local sites in the study area (Appendix A1). In our
study, soil variables were not relevant control factors for all
arthropods at BA, HL, and DH local sites. However, commu-
nity compositions of carabids and ants at local sites were
significantly regulated by purely spatial variables (PCNM),
partly supporting dispersal-based processes acquired from
neutral theory (Heino et al., 2017). Hendrickx et al. (2009)
argued that dispersal limitation has an effect on community
composition of ground carabids in agriculture habitats
because of the landscape fragmentation. Although the patch
isolation or connections were not clearly stipulated in this
study, they noted that fragmentation at each local site was not
severe. Furthermore, topographic factors (such as altitude,
slope, and orientation of a field) have been proven to affect the
composition and distribution of carabids (Schuldt and Ass-
mann, 2011) and ants (Crist and Wiens, 1996). In our study,
terrain at each local site is very flat with no more than 0.5 m
altitude difference (measured data), this means there were no
considerable geographical barriers for arthropods dispersal at
the local scale. Considering the dispersal abilities of carabids
and ants (Schuldt and Assmann, 2011), we showed that the
high dispersal abilities of carabids and ants allowed move-
ment from one plot to the other, so that a significant spatial
signal was detected for both carabids and ants (Gao et al.,
2018).

Atthe regional scale, neither environmental factors (climate

and soil variables) nor spatial factors significantly contributed
to each arthropod composition and distribution. These out-
comes were in opposition to our hypotheses. Climatic factors
and/or geographical isolation have been supported function
for community composition, distribution of spiders (Finch et
al., 2008), carabids (Hendrickx et al., 2009) and ants (Liu et
al., 2018) at regional scale. Other studies came to the
conclusion that environmental heterogeneity, not spatial
distances, control ground arthropods at the regional scale
(Aisen et al., 2017). However, the shared fractions between
soil and climate variables, and the shared fractions among the
various factors contributed to the more than 50% of variations
for all arthropods. They argued that some unmeasured
spatially structured variables at the regional scale were
significant but had not been taken into account. Land-use
practices (Gaigher and Samways, 2014), their duration at
each site (Eggleton et al., 2005), and landscape complexity
(Schroder et al., 2011) affect ground arthropod compositions
at the regional scale. Landscape complexity, with a mosaic of
the various ways land has been utilized, has increased
recently in the black soil region in northeast China (Zhang et
al., 2015). Therefore, the diverse mosaics with different non-
agricultural and non-urban landscape types potentially pro-
vide refugia, and a large regional species pool for arthropods
(Vergnes et al., 2014), and this has been proven for species
richness and composition of carabids and spiders in other
studies (Schroder et al., 2011; Zhang et al., 2015; Vergnes et
al., 2014; Mader et al., 2017). As already remarked earlier
(Landis, 2017), we suggest that that there be more focus on
landscape dynamics, fragmentations, and the landscape
mosaic at regional scales.

Dispersal and land movement is very important in curbing
ground arthropods disturbance brought about by farming and
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Fig. 3 Variation partitioning for spider, ant, and carabid communities in each local site tested by partial redundancy analysis
(pRDA). Pure environmental, pure spatial, and shared fractions are given. Negative values are not displayed. * p<0.05.
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Fig. 5 Variation partitioning for spiders, carabids, and ants at regional scale tested by partial redundancy analysis (pRDA).
Purely environmental, purely spatial, and shared fractions are provided. Negative values are not shown.

to search for food, mates, reproduction sites across time and
space (Schellhorn et al., 2014). Ground spiders, carabids, and
ants have differing feeding habits and dispersal abilities in
farmland. Spiders and most carabids are predators, while
other carabids and the ants are omnivore or scavengers
(Chang et al., 2012; Zhang et al., 2012; Lu and Chen, 2016).
Those arthropods vary significantly the way they can disperse
typically from just a few meters to a few kilometers (Bonte et
al.,, 2003; Bell et al., 2005). Carabids feed on ants, small
spiders, earthworms, snails and seeds (Bonte et al., 2003;
Bell et al., 2005; Kotze et al., 2011; Zhang et al., 2012; Lu and
Chen, 2016). The ability of the carabids to disperse is highly
dependent on the wing morphology and body size, and they
can be defined as species with low, moderate, high and very
high dispersal ability (Hendrickx et al., 2009). In our study
area, ants were scavengers and predators that search food
over a broad area and prefer insects, eggs, and larvae of
spiders and carabids, honey-dew, and certain leaves. This
therefore means a significant interspecific competition among
macroarthropod ground predators in farmland (Schellhorn et
al., 2014). Dispersal abilities, feeding preferences, and
competition for resources could have adverse effects on the
diversity of the ground arthropods we studied, but the details
have not been well looked into. These potentially important
biotic interactions probably contribute significantly to under-
standing the unexplained variations.

The unexplained variations were more than 80% for all
arthropods at the local scale and about 37% for all arthropods
at the regional scale. Therefore, there are necessary
parameters that are not typically measured in geospatial
species distribution studies that should be factored in at the
local scale in future studies, such as unmeasured environ-
mental variables, species dispersal abilities, biotic interac-
tions, and stochastic processes. While at regional scale, more
parameters should be considered for spatially structured
environmental variables, landscape fragmentation, and spe-
cies dispersal ability.

5 Conclusions

This research concludes that intensive agriculture practices
provide a more homogeneous species richness and biodi-
versity of ground arthropod communities at the local scale.
However, processes lead to larger species differences across
different local communities. Therefore, the simplified habitat
structure lowered the diversity of species at the local scale,
but resulted in a relatively higher species diversity in the
regional species pool. Dispersal-based factors (stochastic
processes), not soil factors (deterministic processes), regu-
lated the homogeneous community composition of carabids,
spiders, and ants at the local scale. However, at the regional
scale, spatially structured environmental factors were domi-
nant. Basing our argument on this outcome, we propose that
to maintain and promote regional diversity, there must be
planned landscape complexity to include a non-agricultural
mosaic of habitats at the regional scale.
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