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For the past several decades, both species biodiversity and productivity of

desert steppe have been reduced due to excessive use and climate factors.

To counteract this, Chinese government has supported large-scale grassland

ecological restoration programs since the year 2000. The policy needs a

standard for the evaluation of the effects of such restorative measures on the

grasslands after decades. Grassland insect diversity plays an important role in

the maintenance of plant species and functional diversity. To understand the

relation of grazing management and insect diversity, we use a complete two

factor design, two fencing periods (3 or 7 years) and three grazing intensities

(0, 6, or 12 sheep per ha), to examine the response of the insect diversity

to fencing and grazing in desert steppe. We found almost no significant

differences in either plant or insect species diversity between the sites fenced

for 3 and 7 years, as the pressure of grazing increased, insect diversity

decreased to a greater extent at 7-year enclosure sites than at 3-year sites.

We recommend the most suitable grazing intensity for the sustainability of

biodiversity of the desert steppe in Inner Mongolia is light grazing (8 sheep/ha

0.5 yr−1), and the most suitable fencing period is three years, which suggest

that policies that remove livestock from the desert grassland for long periods

(7 + years) are not beneficial for maintaining insect diversity, and heavy grazing

lead ecological environment weaker and insect diversity decreasing. Thus,

periodic livestock grazing is important in the design of management actions

to preserve biodiversity.

KEYWORDS

enclosure, livestock grazing, arid steppe, China, insect community biodiversity

Introduction

The “desert steppe” is a transitional region between the desert and traditional
grassland steppes on the Inner Mongolia plateau and is particularly vulnerable to
desertification (Yong et al., 2021). The region is dominated by Stipa klemenzii
Roshev. (Poaceae) and is important for the livelihood of pastoral communities (Ren
et al., 2011). However, for the past several decades, both species’ biodiversity and
grassland productivity have been reduced, causing serious damage to the ecology of
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the region (Zhang et al., 2010, 2020). Overgrazing is the main
factor that accelerates steppe degradation (He et al., 2019). The
Chinese government has supported an integrated portfolio of
large-scale grassland ecological restoration programs since 2000
to counteract grassland degradation, mainly involving fencing
for grazing control, increased numbers of protected areas, and
other forms of support to local communities (Cheng et al., 2016).
However, the policy lacks a general standard for the evaluation
of the effects of such restorative measures on grasslands.
Insects are the most biologically diverse group of animals
and are important primary consumers (pests), secondary
consumers (natural enemies), and decomposers (carrion and
fecal insects) in grassland ecosystems, playing an important role
in maintaining healthy grassland ecosystems (Yang and Yuan,
2019). Insects have been used in a wide range of ecological and
environmental applications as they occupy almost every type
of terrestrial and aquatic habitat and are extremely sensitive
to environmental change (Gerlach et al., 2013). Therefore, an
increasing number of studies are using insects as indicator
species for the assessment of the success of grassland restoration
(Alison et al., 2013; Alignan et al., 2018; Dröse et al., 2021).
Studies assessing the impact of grazing, as the main utilization
of grassland, have used insect diversity as an indicator with
inconsistent results. Compared with grazing exclusion, light
or moderate grazing results in high insect diversity, whereas
heavy grazing results in low insect diversity (Ma et al., 2017),
some studies reported that grazing increased insect diversity
(Jerrentrup et al., 2014; Johansson et al., 2017; Zhu et al., 2017,
2020a), while others showed reduced or no significant effects
on insect diversity in response to grazing (Wardle et al., 2001).
Factors that may have influenced these inconsistent results
may include differences in the type of grassland and grazing
pattern, including both grazing intensity and the size of the
herbivores and insect groups present (O’Neill et al., 2010; Zhu
et al., 2015; Ma et al., 2017). In this study, we sampled fields
in the desert steppe region of Inner Mongolia with different
fencing periods and grazing intensities. We measured insect
diversity to provide a reference evaluation of the recovery of the
steppes and a scientific basis for the relationship between insect
communities and the steppe environment. We hypothesized
that insect diversity in pastures that had been fenced longer
would be reduced compared with those fenced for shorter times
as a result of the negative influence of fencing and, in addition,
that the insect diversity would be higher in lightly grazed
pastures compared with those subjected to no grazing or heavy
grazing. We also expected changes in the species abundance
distribution, with reductions in species evenness in longer-
fenced pastures compared with those fenced for shorter times as
the most competitive group will tend to increase its dominance
in the process of community succession. We also hypothesized
that there would be variations in the group proportions as some
groups would be more affected by grazing than others.

Materials and methods

Study area

The study was conducted at Sonid Right Banner
(42◦47′19′′N, 112◦40′20′′E, 972 m a.s.l.) and Sonid Left
Banner (43◦42′44′′N, 113◦36′12′′E, 1070 m a.s.l.) temperate
desert steppe in Inner Mongolia, China. This region conforms to
a typical arid and semiarid temperate continental climate with
rich heat and is characterized by a mean annual temperature
of 3.1◦C and a mean annual precipitation of 180 mm, with
the growing season mainly from May to September (Ren
et al., 2011). Evaporation (between 0.15 and 0.30) is several
dozen times more than the “precipitation and moisture index.”
According to the Chinese Soil Database, the main soil types are
chestnut soil, brown soil, and sierozem (China Soil Database,
Institute of Soil Science, Chinese Academy of Sciences, 20191).
The soil has a thickness of 15–25 cm, with a thin layer of
humus. The vegetation is dominated by Stipa klemenzii Roshev.,
Cleistogenes songorica Roshev., and Artemisia frigida Willd. The
grass is sparse and short with less than 30% of coverage, a height
of 20–30 cm, and low primary production (Tana et al., 2011).

Design of experiment

We used two periods of fencing enclosures and three grazing
intensities in a complete randomized block design to create a
total of six treatments (Supplementary Table 1). Two fencing
periods, i.e., 3 and 7 years, were selected. For each fencing
period, three 45-ha plots (six in total) were established under
the same conditions. In each plot, three 15-ha sections (18 in
total) were divided and treated with three grazing intensities,
i.e., no grazing (CK), light grazing (8 sheep/ha; LG), and high
grazing (15 sheep/ha; HG). All the sample plots were enclosed
all year round, and the CK plots were not used for grazing,
while the LG and HG treatment areas were grazed from May
to October every year.

Vegetation and identification

The vegetation of each paddock was surveyed. Three 1 × 1-
m2 quadrats were then randomly placed within each sample
plot replication, and the vegetation composition and average
height and coverage were recorded. The average height of
the vegetation was measured. The coverage of the sward was
assessed as the percentage of aboveground vegetation within the
boundaries of the quadrat. Plants were identified to the species
or morphospecies level using specialized literature (Cao, 2017),
and the numbers were recorded.

1 http://vdb3.soil.csdb.cn/
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Insect sampling and identification

We surveyed insects using three randomly located 20 × 20-
m2 quadrats within each sample plot replication. There were
54 quadrats in total. Insects were sampled between July and
August 2012 using a checkerboard sweep net method (38 cm
in diameter), whereby samples were collected by making a total
of 250 sweeps, with five vertical sweeps (every 5 m) and five
horizontal sweeps (every 80 cm) (Andreas and Teja, 2002).
The sampled insects were stored in plastic bags with ethyl
acetate, followed by preservation in 95% ethanol before sorting
into taxonomic groups. We identified insects to the species
or morphospecies level according to appropriate identification
keys (Nonnaizab et al., 1988, 1999).

Phototropic insects, such as Lepidoptera, were attracted
using a white tent (1 × 1 × 2 m) and a high-pressure mercury
lamp (250 W). For insect collection, killing jars supplied with a
small amount of ether were used. All samples were sorted to the
species or morphospecies level in the field and kept in glassine
envelopes. Sampling was carried out from 9.00 to 12.00 p.m.
between July and August 2012. All specimens were identified in
consultation with taxonomic experts.

Data analysis

All statistical analyses were conducted in R version 4.1.3 (R
Core Team, 2022). Differences in plant cover, plant height, plant
Shannon–Wiener index, and plant Simpson index among the
two fencing periods and three grazing intensities were analyzed
using linear mixed-effects models with the “lme” function of the
nlme package. Linear mixed-effects models were followed by the
analysis of variance (ANOVA, with the “anova” function) and
Tukey tests using the multcomp package.

The insect diversity index was calculated by Past 4.08
software (Hammer et al., 2001). To assess insect community
diversity patterns in different grazing intensities and fencing
years, principal coordinate analysis (PCoA) with Bray–
Curtis distances was used in the vegan package (Oksanen
et al., 2018). Permutational multivariate analysis of variance
(PERMANOVA) (Anderson, 2017) was used to evaluate
differences in communities using the “adonis” function in the
vegan package (Oksanen et al., 2018).

To analyze the relationships between grazing intensities and
fencing years (fixed effects) and insect abundance, richness,
Shannon diversity, and Simpson diversity (response variables),
we created generalized linear mixed models (GLMMs) using the
glmmTMB function in the glmmTMB package with the model:
diversity measure ∼ grazing × fencing + (1| grazing/plot).
This was followed by the R2 explained by fixed and random
factors using the “r.squaredGLMM” function of the MuMIn R
package. A Poisson link was used for species richness, whereas a
Gaussian link was used for the other measures of diversity. Log

transformation of data was used in cases where improvement
was required for model fit. Redundancy analysis (RDA) was
used to visualize the associations between the abundances of
insect orders and the plant attributes, using the rda package.
Ordination plots were compiled for insect order abundance
in relation to plant variables, including plant species richness,
cover, height, and plant Shannon–Wiener index, using the
“envfit” function of the vegan package with 999 permutations.

Results

The total number of plant species found in the plots was as
follows: 47 species in no grazed pastures, 48 species in lightly
grazed pastures, 41 species in heavily grazed pastures, 47 in 3-
year fencing grasslands, and 48 species in the 7-year fencing
grasslands (Supplementary Table 2). In a comparison of the
two types of fencing grasslands, 33 plant species were found
in both treatments, 14 plant species were found only in the 3-
year fencing treatment, and 15 plant species were exclusive to
the 7-year fencing treatment (Supplementary Figure 1). No
differences in plant species richness, plant Shannon diversity,
plant cover and plant height were found (P > 0.05, Table 1 and
Supplementary Figure 2). The ungrazed (CK) sites had a higher
Shannon diversity than the heavily grazed (HG) sites (P < 0.05),
which did not differ from the lightly grazed (LG) sites (P > 0.05,
Supplementary Figure 3). Plant species richness showed no
differences between the three grazing intensity sites. Significant
differences were found for plant cover and plant height, which
were highest in the CK sites, lowest in the HG sites, and
intermediate in the LG sites (Supplementary Figure 3).

In total, 2601 individuals were collected from all sites,
which belonged to 165 species of 53 families of eight
orders (Supplementary Table 3). Cicadellidae, Gomphoceridae,

TABLE 1 ANOVA tables of mixed-effects models with plant species
richness, plant Shannon diversity, plant height, and plant cover as
dependent variables in two fencing periods in a desert steppe: 3-year
enclosure and 7-year enclosure. The plant cover was log-transformed.

numDEF denDG F-value P

Plant species richness

Intercept 1 47 46.99667 <0.0001

Fencing 1 4 2.52735 0.1871

Plant Shannon diversity

Intercept 1 47 357.8773 <0.0001

Fencing 1 4 0.3729 0.5744

Plant cover

Intercept 1 47 681.7816 <0.0001

Fencing 1 4 0.0950 0.7733

Plant height

Intercept 1 47 161.18649 <0.0001

Fencing 1 4 0.01679 0.9032
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FIGURE 1

Proportional abundance of insect species collected from two fencing periods in a desert steppe.

Coreidae, and Meloidae represented most of the collected
insects (Figure 1), accounting for 35, 15, 7.7, and 5% of the total
abundance, respectively (Figure 1). Cicadellidae was the most
abundant family in 3-year enclosure sites, representing 45% of
the total abundance, followed by Gomphoceridae with 7.5% of
the total abundance. In the 7-year enclosure sites, the proportion
of Cicadellidae decreased to 26%, while Gomphoceridae
increased to 22% of the total abundance (Figure 1). Overall,
the species composition differed significantly between the
different enclosure sites and different grazing sites (grazing:
R2 = 0.03, P = 0.048; fencing: R2 = 0.07, P = 0.001). Our
PERMANOVA pairwise comparisons indicated that all pairs of
grazing intensity sites differed from each other, and the PCoA
ordination plot showed clear distinctions, especially between
insect communities from 3-year and 7-year enclosure sites
(Figure 2). Among the 7-year enclosure sites, CK sites were
markedly more distant from the LG and HG sites, which were
closer to each other. This was also the case for the 3-year
enclosure sites.

Insect abundance was higher in the CK sites than in the
HG sites (P < 0.05), whereas there was no difference between
the CK and LG sites (P > 0.05, Table 2 and Figure 3A). This
was consistent with the trend of insect species richness (Table 3

and Figure 3B). However, there were no differences in insect
Shannon and Simpson diversity indices between the CK and
LG sites and between the CK and HG sites (Tables 4, 5 and
Figures 3C,D).

FIGURE 2

Principal coordinate analysis (PCoA) of insect communities
across two fencing periods and three grazing intensities. PCoA
was generated by the Bray–Curtis dissimilarity method.

Frontiers in Ecology and Evolution 04 frontiersin.org

https://doi.org/10.3389/fevo.2022.1021677
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/


fevo-10-1021677 November 26, 2022 Time: 12:37 # 5

Wang et al. 10.3389/fevo.2022.1021677

TABLE 2 Results of generalized linear mixed models (GLMMs) for
species abundance of insects sampled after 3 or 7 fencing years in
three grazing treatments in a desert steppe: Ungrazed plot (CK, used
as reference), light grazed (LG), and heavily grazed (HG).

Estimate Std. error Z-value P

Grazing

Intercept 67.778 15.166 4.469 <0.0001****

LG −16.778 21.448 −0.782 0.4341

HG −48.583 21.578 −2.251 <0.05*

Fencing

7 10.445 21.448 0.487 0.6263

Interaction

LG× 7 −6.084 30.332 −0.396 0.6924

HG× 7 −12.000 30.424 −0.200 0.8415

Variance explained by fixed effects: Marginal R2 = 0.34. Variance explained by the entire
model: Conditional R2 = 0.77. ****P < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.05.

There was no difference in insect abundance between
the 3- and 7-year enclosure sites (P = 0.6236, Table 2 and
Figure 4A). We also found no significant interactions between

grazing and fencing in relation to insect abundance (Table 2
and Supplementary Figure 4A). Higher insect abundance was
seen in the LG sites, compared with the CK and HG sites
in the 3-year enclosure sites, while the CK sites showed the
highest abundance in the 7-year enclosure sites (Supplementary
Figure 4A). Insect species richness did not differ between
the two enclosure times (Table 3 and Figure 4B). However,
we found a significant relationship between species richness
and both grazing and fencing (Table 3 and Supplementary
Figure 4B). In 7-year enclosure sites, species richness was
significantly higher in the CK sites than in the LG and HG
sites (Table 3 and Supplementary Figure 4B). Therefore,
grazing strongly reduced species richness in the 7-year enclosure
sites. The Shannon and Simpson diversity indices varied
with the different lengths of fencing without showing any
obvious trend (Tables 4, 5 and Supplementary Figures 4C,D).
Diversity was higher in the 3-year enclosure sites than in
the 7-year sites (Supplementary Figures 4C,D), implying that
the longer fencing time did not significantly improve the

FIGURE 3

Boxplots of insect species abundance (A), richness (B), Shannon diversity (C), and Simpson diversity (D) in three grazing intensities in a desert
steppe: Ungrazed plot (CK), light grazed (LG), and heavily grazed (HG).
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insect diversity. Grazing reduced both Shannon and Simpson
diversities, although not significantly (Tables 4, 5).

About 2.87% of the insect composition variation was
explained by plant attributes (F = 2.56; P = 0.001) in the RDA
model (Figure 5). Most of the variation in abundance was
explained by axis 1, which was negatively associated with all the
plant attributes, the same as the second axis of the RDA. Axis
1 separated the CK sites from the LG and HG sites while axis
2 separated the LG sites from the CK sites and some of the HG
sites for all plant attributes. Hemiptera were found to be more
abundant in the localities with higher plants while Orthoptera
were more abundant in areas with lower plants. Coleoptera,
Hymenoptera, and Lepidoptera were negatively associated with
all plant attributes. In the CK sites fenced for 3 years, Neuroptera
was strongly related to plant cover.

Discussion

In this study, we investigated the effects of fencing and
grazing and their interactions on the structure of the insect
communities of the desert grassland. Fencing represents one
of the restoration measures applied in grassland areas to
mitigate the negative effects of grazing on productivity and the
ecosystem. In contrast to our expectations, we found almost
no significant differences in either plant or insect species
diversity between the sites fenced for 3 and 7 years. This
showed that the fenced pastures established similar biological
communities, irrespective of the fencing period, suggesting
that fencing was successful in terms of community recovery
(Steiner et al., 2016). Furthermore, fencing was found to have
a significant effect on vegetation. For a certain period of
time, enclosure eliminates disturbances to plant community
structures produced by livestock trampling and foraging and
enhances seedling germination, conducive to the recovery of
plant productivity and the succession of community structures
(Wang et al., 2020). Grazing can also alter the structures of plant
communities by reducing species dominance and promoting the
restoration of rare species (Pulungan et al., 2019). Our results
showed that grazing significantly affected both plant height and
cover, although it had no significant effect on the plant species
diversity.

Our study showed varying degrees of change in the
dominant insect group in relation to the different fencing
periods. The proportion of the dominant insect family—
Gomphoceridae—was found to be quite different in each plot,
becoming more dominant as the time of enclosure increased,
while that of Cicadellidae declined (Figure 1). This illustrates
that extended fencing periods, together with pasture enclosure,
away from grazing cattle and other large animals, allow
previously less abundant insect groups to assume positions
of dominance in the community in contrast to others (Zhao
et al., 2010). Biotic organisms have been found to vary in their

TABLE 3 Results of generalized linear mixed models (GLMMs) for
species richness of insects sampled after 3 or 7 fencing years in three
grazing treatments in a desert steppe: Ungrazed plot (CK, used as
reference), light grazed (LG), and heavily grazed (HG).

Estimate Std. error Z-value P

Grazing

Intercept 2.6635 0.1293 20.604 < 0.0001****

LG −0.1379 0.1276 −1.081 0.2798

HG −0.6411 0.1534 −4.180 < 0.0001****

Fencing

7 0.2337 0.1783 1.311 0.1898

Interaction

LG× 7 −0.3770 0.1805 −2.089 < 0.05*

HG× 7 −0.5669 0.2237 −2.535 < 0.05*

Variance explained by fixed effects: Marginal R2 = 0.60. Variance explained by the entire
model: Conditional R2 = 0.69. ****P < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.05.

TABLE 4 Results of generalized linear mixed models (GLMMs) for
species Shannon diversity of insects sampled after 3 or 7 fencing years
in three grazing treatments in a desert steppe: Ungrazed plot (CK,
used as reference), light grazed (LG), and heavily grazed (HG).

Estimate Std. error Z-value P

Grazing

Intercept 0.30875 0.05813 5.312 <0.0001****

LG −0.01484 0.08220 −0.180 0.857

HG −0.04892 0.08288 −0.590 0.555

Fencing

7 0.05054 0.08220 0.615 0.539

Interaction

LG× 7 −0.09490 0.11625 −0.816 0.414

HG× 7 −0.19157 0.11673 −1.641 0.101

Variance explained by fixed effects: Marginal R2 = 0.27. Variance explained by the entire
model: Conditional R2 = 0.69. ****P < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.05.

sensitivities to grassland restoration and degradation (Helbing
et al., 2021), and our findings support this opinion (Figure 4).
Besides direct effects, livestock grazing can also affect insect
diversity indirectly in many cases. These indirect effects mainly
include changes in vegetation, the spatial heterogeneity of
the community, and microclimatic conditions resulting from
grazing (Jerrentrup et al., 2014; Zhu et al., 2020b). We observed
that the abundance of Orthoptera was negatively associated with
vegetation height in the pastures. This may be due to the supply
of oviposition sites, with more new growth providing greater
numbers of sites and changes in microclimate favoring locust
hatching following grazing (Zhu et al., 2020b).

According to previous studies, different grazing
management strategies significantly influences the composition
of grassland insect communities (Poyry et al., 2005; KÅrösi et al.,
2012). Our study showed that different fencing periods and
grazing intensities had different effects on the insect community.
We observed that light grazing maintained insect variety in
areas fenced for shorter times while the variety decreased with
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TABLE 5 Results of generalized linear mixed models (GLMMs) for
species Simpson diversity of insects sampled after 3 or 7 fencing years
in three grazing treatments in a desert steppe: Ungrazed plot (CK,
used as reference), light grazed (LG), and heavily grazed (HG).

Estimate Std. error Z-value P

Grazing

Intercept −0.352163 0.143320 −2.457 <0.05*

LG 0.022559 0.202685 0.111 0.911

HG 0.005291 0.205029 0.026 0.979

Fencing

7 0.082218 0.202685 0.406 0.685

Interaction

LG× 7 −0.215199 0.286640 −0.751 0.453

HG× 7 −0.400665 0.288302 −1.390 0.165

Variance explained by fixed effects: Marginal R2 = 0.15. Variance explained by the entire
model: Conditional R2 = 0.52. ****P < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.05.

increased grazing intensity in pastures fenced for longer time
periods (Supplementary Figure 4). We could see that species

diversity and insect richness did not increase as the fencing
period increased. It was, thus, possible to reach a maximum
insect diversity during the restoration. As the pressure of
grazing increased, insect diversity decreased to a greater extent
at 7-year enclosure sites than at 3-year sites, suggesting that
fencing for 7 years had no significant advantage, even in the
presence of interference by large animals, probably because the
long-term enclosure promoted the status of dominant species
and the vegetation structure became progressively homogenized
(Karg et al., 2015). These changes in the vegetation community
led to a decline in the variety of insects. In contrast, in the plots
fenced for 3 years with light grazing, species richness did not
differ significantly from sites without grazing, demonstrating
that light disturbances benefited both the number and diversity
of insects due to the maintenance of high plant diversity (Koch
et al., 2016; Ferreira et al., 2020). We found no significant effects
of the fencing period and grazing intensity on insect Shannon
and Simpson diversity. Similar to insect species richness, after
the inclusion of grazing, the insect Shannon diversity decreased
to a greater extent for 7-year of enclosure than for 3-year of the

FIGURE 4

Boxplots of insect species abundance (A), richness (B), Shannon diversity (C), and Simpson diversity (D) in two fencing periods in a desert
steppe: 3 fencing years and 7 fencing years.
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enclosure. This further demonstrated that extending the fencing
period does not contribute significantly to the maintenance
of biodiversity. Hence, grasslands, where grazing has been
prohibited, should gradually be restored according to the policy
of “rotation grazing.”

It was found that under the same fencing period, the
ungrazed plots showed the highest diversity, with light grazing
showing the second highest diversity, and heavy grazing the
lowest diversity. This indicated that an increase in grazing
stocking rates altered the abiotic and biotic properties so that
the dominance of more competitive or disturbance-tolerant
species was favored, thus reducing insect diversity (Gossner
et al., 2016). It has been found that when the grazing system
was changed, by allowing disturbance by sheep in the desert
steppe, the plant species, insect species, soil, and environment
changed as a result (Deng et al., 2014; Zhou et al., 2017).
Previous research has shown that factors such as biomass,
coverage, and species composition affect indicators such as the
diversity and richness of insects (Zhu et al., 2012; Jerrentrup
et al., 2014). These findings were supported by our RDA results
(Figure 5). Orthoptera was favored by a low cover and low

height of plants in the HG sites, indicating that Orthoptera
species were influenced by grazing through modifications in the
plant community structures, which is consistent with the results
of recent findings (Schwarz and Fartmann, 2022). In contrast,
Diptera and Hymenoptera were more strongly influenced by
plant height as they tend to have specific habitat requirements,
such as for refugees or oviposition (Morris, 2000).

In the present study, the results may have been influenced
by the climate at the time of sampling as during the months
from April to August 2010, the rainfall recorded was less
than that at other times over the Sonid Right Banner and
the Sonid Left Banner in Inner Mongolia, and the critical
period for herbage growth was during June, July, and August.
Continuous drought and less rainfall, in addition to the higher-
than-average temperatures, may have affected both the growth
of herbage and the accumulation of grass productivity. This is
likely to have decreased the insect diversity of the grassland,
especially in the plots with slight disturbance. Thus, further
research on fencing and grazing, together with continuous
monitoring of insect diversity, and the study of the influence of
environmental factors such as climate are of great importance

FIGURE 5

Effects of plant attributes on insect abundance based on redundancy analysis (RDA).
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to gain a deeper and more comprehensive understanding of the
regulatory mechanisms underlying environmental influences on
the recovery of insect diversity.
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