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Abstract
The Daxia River Basin on the eastern edge of the Chinese Qinghai-Tibetan Plateau is one of the typical distribution regions
of alpine wetlands and a global biodiversity hotspot. The aim of this study is to analyze the composition and spatio-
temporal distribution of the soil arthropods, and to use them as an indicator for the soil environment in the wetland. The soil
arthropods of 32 taxa and 7706 individuals were collected from the soil samples at two soil layers (0–10 and 10–20 cm
depth) in each habitat of six habitats along the Daxia River in cold season and warm season between 2016 and 2017. The
habitat of Tumenguan had a greater arthropod abundance than all other habitats in both cold season and warm season. A
signi�cant seasonal variation was observed in the composition, abundance and diversity of the soil arthropod community in
each habitat. In cold season the dominant groups were Chironomidae larvae, Sejidae and Trombidiidae. In warm season the
dominant groups were Chironomidae larva, Onychiurus, Pygmephorus and Tullbergia. The soil arthopod communities
exhibited signi�cant differences among the habitats at the 0–10 and 10–20 cm depth. The multivariate tests with the linear
model redundancy analysis (RDA) revealed the signi�cant impact of soil physical and chemical factors on the seasonal
change of soil arthropod community. The results demonstrate that soil arthropods in the study area respond more actively to
temporal changes than to habitat changes.

Introduction
Soils is one of the last great frontiers for biodiversity research and home to an extraordinary range of soil biota1. In most
ecosystems, soil is extremely rich in invertebrates, which comprise a high proportion of the total biodiversity2. It was reported
that soil invertebrates represent as much as 23% of the total diversity of living organisms that has been described to date3.
Soil arthopods are a critical part of soil invertebrates, serve as a nutrition mediator between the primary producers and
secondary consumers, making them an important food. They also promote the decomposition of soil organic matter,
accelerate the circulation of nutrient elements, regulate energy �ow, and monitor and indicate the soil environment4-8.

Soil arthopods are an important component in wetland ecosystems, and a key point in the food chain9, 10 . Their community
composition varies with spatial and temporal variability11, 12 . The spatial distribution of soil arthropod communities can be
affected by abiotic and biotic factors both above- and belowground, including climate13, 14, plant community11, 12 and soil
properties15. However, it is not clear which of these factors is most important in determining the spatial distribution of soil
arthropods. Moreover, seasonal changes in their habitats can directly or indirectly in�uence the soil invertebrate community.

The Qinghai-Tibet Plateau is an ecological security barrier of southwestern China, and plays a driving and increasing effect
on the ecosystems of China and the Eastern Hemisphere depending on the degree of ecological sensitivity in global
change16. The wetlands of the Qinghai-Tibet Plateau is an unique wetland type in China17. According to the de�nition of
wetland in Convention on Wetlands (Ramsar, Iran, 1971), the Qinghai-Tibet plateau wetland can be divided in to four types:
grass wetland, wood wetland, river wetland and lake wetland. The wetland in the cold regions of China covers the northern
part of cold-temperate and mid-temperate zone. The plateau wetlands perform many ecological functions, such as
supplying water and regulating climate16. Previous studies have mainly focused on the climate18, 19, vegetation20-22, soil
microorganism23-26, soil nematodes27 and macroinvertebrate28 of alpine wetland on the Qinghai-Tibet Plateau. Research
regarding soil arthropods of the wetlands on the Qinghai-Tibetan Plateau has rarely been reported16.

The objectives of this study are to examine for the �rst time the characteristics of the ecological distribution, to describe the
composition and spatio-temporal dynamics of the soil arthropod communities in the wetland of the Daxia River on the
Qinghai-Tibet Plateau. We hypothesize that (1) the composition of the soil arthropod community in this biodiversity hotspot
would show a unique zonal pattern due to the complex geographical environment; (2) the structure and diversity of the soil
arthropod community would vary with the habitats environment due to the important role of plant communities and soil
properties in different habitats; and (3) the soil arthropod community would show stronger temporal variation than spatial
variation because the soil arthropods are more sensitive to seasonal changes.
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Results
Soil physical and chemical properties.  Figure 1, Supplementary Table S1 and Supplementary Table S2 show that the soil
properties in different habitats and different seasons. The difference in the soil temperatures (ST) at various habitats was
signi�cant in the warm season (P< 0.05). The seasonal difference in the average temperatures of the super�cial layer (0~10
cm) was signi�cant and not signi�cant in those of the deep layer (10–20 cm) (P< 0.05) (Fig.1 a, b). The difference in soil
pHs between soil layers at various habitats and between seasons were not signi�cant (Fig. 1 e, f). The difference in soil
water content (WC), total nitrogen (TN), total phosphorus (TP) and soil organic carbon (SOC) between habitats in cold
season and warm season was signi�cant (Fig. 1 c, d, g-l, Supplementary Table S1, Supplementary Table S2).

Component of soil arthropod communities.  Table 2 and Supplementary Table S3 shows that the number and abundance of
individual soil arthropods and groups at both larval and adult stages. We collected 7706 individuals belonging to 32 taxa,
and classi�ed them into 3 classes, 9 orders, 30 families. In the cold season, the dominant groups were Chironomidae larvae,
Sejidae and Trombidiidae, accounting for 36.30% of the total individuals. The common groups included Arrhopalites,
Ceratopgonidae, Doilchopodidae, Entomobrya, Isotoma, Isotomiella, Oribatella, Phlaeothripidae, Proisotoma, Sminthurus,
Tabanidae and Uropodidae, accounting for 61.19% of the total individuals. The other 4 taxa were in the rare groups,
accounting for 2.51% of the total individuals. In the warm season, the dominant groups were Chironomidae larva,
Onychiurus, Pygmephorus and Tullbergia, accounting for 43.57% of the total  individuals. The common groups included
Aphididae, Cecidomyidae,Cryptopygus, Doilchopodidae, Entomobrya, Galumna, Isotoma, Limoniidae, Oribatella, Proisotoma,
Staphylinidae, Tabanidae, Trichoceratidae and Trombidiidae, accounting for 46.04% of the total individuals. The other 4
groups were rare groups, accounting for 10.39% of the total individuals. In whole year, the dominant group was
Chironomidae larva, accounting for 14.61% of the total individuals. The common groups included Aphididae,
Ceratopgonidae, Cryptopygus, Doilchopodidae, Entomobrya, Isotoma, Isotomiella, Limoniidae, Onychiurus, Oribatella,
Phlaeothripidae, Proisotoma, Pygmephorus, Sejidae, Tabanidae, Trichoceratidae, Trombidiidae, Tullbergia and Uropodidae,
accounting for 81.07% of the total individuals. The other 10 groups were rare groups, accounting for 4.32% of the total
individuals (Table 2). Some were only found in the cold season (Arrhopalites, Ceratopgonidae larva, Chrysomeilidae,
Elateridae, Formicinae, Isotomiella, Phlaeothripidae larva, Sejidae, Sminthurus, Uropodidae), and some were only found in the
warm season (Aphididae, Cecidomyidae, Cicadellidae, Coreidae, Ephydridae, Galumna, Limoniidae, Onychiurus,
Pygmephorus, Tenthredinidae, Trichoceratidae, Tullbergia). 
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Arthropod Cold season Warm season Whole year

Individuals % A Individuals % A Individuals % A

Aphididae       31.00±9.83 1.06 ++ 31.00±9.83 0.40 +

Arrhopalites 240.53±10.50 5.04 ++       240.53±10.50 3.12 ++

Cecidomyidae       65.28±0.83 2.22 ++ 65.28±0.83 0.85 +

Ceratopgonidae
larva

223.11±3.72 4.68 ++       223.11±3.72 2.90 ++

Chironomidae larva 480.99±0.24 12.18 +++ 644.63±3.42 18.56 +++ 1125.62±0.15 14.61 +++

Chrysomeilidae 20.64±9.27 0.43 +       20.64±9.27 0.27 +

Cicadellidae       6.96±0.84 0.24 + 6.96±0.84 0.08 +

Coreidae       6.39±1.55 0.22 + 6.39±1.55 0.08 +

Cryptopygus 122.34±0.92 2.56 ++ 43.94±4.61 1.50 ++ 166.28±6.18 2.16 ++

Doilchopodidae
larva

396.90±4.15 8.32 ++ 243.27±4.55 8.29 ++ 640.17±2.47 8.31 ++

Elateridae 41.39±0.05 0.87 +       41.39±0.05 0.54 +

Entomobrya 137.38±2.83 2.88 ++ 84.51±0.22 2.88 ++ 221.89±3.62 2.88 ++

Ephydridae       22.29±0.82 0.76 + 22.29±0.82 0.29 +

Formicinae 20.55±3.91 0.43 +       20.55±3.91 0.27 +

Galumna       58.94±4.18 2.01 ++ 58.94±4.18 0.76 +

Isotoma 414.27±1.85 8.68 ++ 59.41±0.66 2.02 ++ 473.68±7.35 6.15 ++

Isotomiella 343.37±8.44 7.20 ++       343.37±8.44 4.46 ++

Limoniidae       43.27±4.18 1.47 ++ 43.27±4.18 0.56 +

Onychiurus       417.69±3.88 14.23 +++ 417.69±3.88 5.42 ++

Oribatella 123.29±3.16 2.58 ++ 56.74±2.65 1.93 ++ 180.03±3.55 2.34 ++

Phlaeothripidae
larva

90.29±3.52 1.89 ++       90.29±3.52 1.18 ++

Proisotoma 454.57±1.91 9.53 ++ 99.17±3.28 3.38 ++ 553.74±6.58 7.19 ++

Pygmephorus       535.25±6.11 18.24 +++ 535.25±6.11 6.95 ++

Sejidae 651.52±9.42 13.65 +++       651.52±9.42 8.45 ++

Sminthurus 141.37±6.19 2.96 ++       141.37±6.19 1.83 ++

Staphylinidae 37.51±0.08 0.79 + 47.23±5.66 1.61 ++ 84.74±0.57 1.10 +

Tabanidae larva 53.38±5.62 1.12 ++ 65.83±0.69 2.24 ++ 119.21±6.55 1.55 ++

Tenthredinidae       16.17±4.72 0.55 + 16.17±0.33 0.21 +

Trichoceratidae       99.17±3.41 3.38 ++ 99.17±3.41 1.29 ++

Trombidiidae 499.37±5.53 10.47 +++ 71.25±0.38 2.43 ++ 570.62±2.53 7.40 ++

Tullbergia       316.54±8.19 10.79 +++ 316.54±8.19 4.11 ++
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Uropodidae 178.81±0.18 3.75 ++       178.81±0.18 2.32 ++

Table 2. Composition of soil arthropod in Gannan section of Daxia River wetland. Note: A: abundance, +++: dominant groups
(percentage of individual number>10 %), ++: common groups (1 %<percentage of individual number<10 %), +: rare groups
(0.1 %<percentage of individual number<1 %).

Spatio and temporal variations of community composition

Distribution of soil arthropods between seasons.  Figure 2, Supplementary Table S4, Supplementary Table S5 show that the
soil arthropod communities showed signi�cant differences among the habitats (P < 0.05) and between the seasons. In the
cold season, Tumenguan of the habitat 6 had a greater abundance than the other habitats (P < 0.05), accounting for 41.39%
of the total individuals. Sejidae and Trombidiidae were dominant groups in Tumenguan. Sangke of the habitat 1 had less
arthropods than Tumenguan and more than other habitats, accounting for 21.55% of the total individuals. Chironomidae
larva was the dominant group. In the warm season, Tumenguan also had a greater abundance than the other habitats (P <
0.05), accounting for 37.92% of the total individuals. Tullbergia was the dominant group. Sangke was nearly essentially
equal Tumenguan, accounting for 37.83 % of the total individuals. Chironomidae larva and Onychiurus were dominant
groups. Quao of the habitat 5 had less arthropods than Sangke and more than other habitats, accounting for 12.32% of the
total individuals. Pygmephorus was the dominant group. In whole year, Chironomidae larva was the only dominate group.
Tumenguan and Sangke had a greater abundance than the other habitats, accounting for 30.00% and 29.49% of the total
individuals.

Fig. 2 c, d, Supplementary Table S4, Supplementary Table S5 show that distribution differences exist in the groups among
the habitats and seasons. In the cold season, Quao had a greater abundance than the other habitats (P < 0.05), accounting
for 59.38% of the total groups. The arthropods in Sangke and Tumenguan accounted for 56.25% and 46.88% of the total
groups, respectively. In the warm season, Sangke had a greater abundance than the other habitats (P<0.05), accounting for
65.63% of the total groups. The arthropods in Quao and Tumenguan accounted for 62.50% and 56.25% of the total groups,
respectively.

Distribution of soil arthropod between soil layers.  Figure 2 shows that the warm season had a higher abundance than the
cold season in the 0–10 cm soil layer (P < 0.05), accounting for 87.55% of the total individuals. The cold season had a
higher abundance than the warm season in the 10–20 cm soil layer (P < 0.05) (Fig. 2), accounting for 82.44% of the total
individuals. In cold season the number of individuals in the 0~10 cm soil layer was less than in 10–20 cm soil layer,
accounting for 12.45% of the total individuals. In the 0–10 cm soil layer Chironomidae larva and Sejidae were the dominant
groups. Nine groups were common, i.e., Arrhopalites, Ceratopgonidae larva, Chironomidae, Cryptopygus, Entomobrya,
Isotomiella, Onychiurus, Phlaeothripidae larva, Sminthurus. In the 10–20 cm soil layer Doilchopodidae larva, Isotoma,
Proisotoma were the dominant groups. Eleven groups were common, i.e., Arrhopalites, Entomobrya, Oribatella,
Phlaeothripidae larva, Pygmephorus, Sejidae, Sminthurus, Tabanidae larva, Trombidiidae, Tullbergia, Uropodidae. In general,
in the cold season the dominant groups increased as the soil layer deepened.

However, in the warm season the number of individuals in the 0–10 cm soil layer was more than 10–20 cm soil layer,
accounting for 94.83% of the total individuals. Chironomidae larva, Doilchopodidae larva, Pygmephorus, Trombidiidae were
the dominant groups in the 0–10 cm soil layer. Fifteen groups were common, i.e., Arrhopalites, Cecidomyidae larva,
Ceratopgonidae larva, Cryptopygus, Entomobrya, Ephydridae, Isotoma, Oribatella, Proisotoma, Phlaeothripidae larva, Sejidae,
Staphylinidae larva, Tenthredinidae, Trichoceratidae larva, Tullbergia. In the 10–20 cm soil layer Limoniidae larva, Tabanidae
larva, Trichoceratidae larva were the dominant groups. Nine groups were common, i.e., Chironomidae, Cryptopygus,
Isotomiella, Isotoma, Onychiurus, Proisotoma, Sminthurus, Trichoceratidae larva, Tullbergia.

Spatio-temporal variations of the community abundance and diversity.  Figure 2 shows that the community abundance and
diversity varied among the habitats and sampling seasons. Figure 3 shows that the Shannon index, Pielou index and Simple
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index were sensitive to the sampling seasons (P < 0.01). The multiple-comparison tests showed that the abundance (Table
2) responded signi�cantly to habitats variation in cold season and warm season. The richness (Table 2) , Shannon index,
Pielou index and Simple index varied signi�cantly among habitats in cold season and warm season (Fig. 3). The temporal
variations in the community abundance and richness were sensitive to the sampling period in all six habitats.

The relationship between soil arthropod community and environmental factors. Table 3 shows that the impacts of each soil
physical and chemical factors are estimated by RDA. The importance of ST, WC, pH, TN, TP and SOC all exceed 0.21 and all
pass the test of P < 0.005. Altitude (Al) is signi�cant but less important (Table 3), so this variable is removed. Figure 4 shows
that the RDA analysis results of ST, WC, pH, TN, TP and SOC variables were retained. Table 4 shows the correlation
coe�cient between the �rst two axes of RDA ranking and soil physical and chemical factors, indicating that the ranking axis
re�ects most of the information about the relationship between soil physical and chemical factors and soil arthropod
community.

  ST WC pH TN TP SOC Al

Importance factor 0.36 0.31 0.33 0.27 0.28 0.21 0.07

Signi�cance level 0.003 0.002 0.004 0.003 0.003 0.003 0.003

Table 3. Importance and signi�cance level of each variable. Note: ST: Soil temperature; WC: Water content; TN: Total
nitrogen; TP: Total phosphorus; SOC: Soil organic carbon; Al: Altitude.

RDA sequencing described the correlation between the number of individuals and groups of arthropods in different soil
layers and the main physicochemical factors of soil in cold season and warm season (Fig. 4). Figure 4 (a) explains the
change of arthropod community in 0–10 cm soil layer in the cold season. It can be seen from the �gure that the three factors
(WC, TP and ST), have the greatest impact on the structural characteristics of soil arthropod community (Table 4). In general,
WC, TP, ST and pH were positively correlated with the number of arthropod groups, while TN and SOC were positively
correlated with the number of arthropod individuals. Figure 4 (b) explains the changes of arthropod community in the 10–20
cm soil layer in the cold season. TP, TN and pH have the greatest impact on the structural characteristics of the arthropod
community(Table 4). In general, TP, WC, SOC and ST were positively correlated with the number of arthropod groups, while
TN and pH were positively correlated with the number of arthropod individuals. Figure 4 (c) explains the change of arthropod
community in 0–10 cm soil layer in warm season. ST, WC and TP have the greatest impact on the structural characteristics
of soil arthropod community (Table 4). In general, ST, TN, SOC and pH were positively correlated with the number of
arthropod groups, while WC and TP were positively correlated with the number of arthropod individuals. Figure 4 (d) explains
the changes of arthropod community in the 10–20 cm soil layer in warm season. TN, SOC and pH have the greatest impact
on the structural characteristics of soil arthropod community (Table 4). In general, TN, SOC and TP were positively correlated
with the number of arthropod groups, while pH, ST and WC were positively correlated with the number of arthropod
individuals. Thus, the RDA sequence diagram can directly re�ect the impact of soil physical and chemical factors on the
seasonal change of soil arthropod community and the degree of impact. 
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factors Cold season Warm season

0-10 cm 10-20 cm 0-10 cm 10-20 cm

R 1st
axis

2nd
axis

R 1st
axis

2nd
axis

R 1st
axis

2nd
axis

R 1st
axis

2nd
axis

ST 0.493 0.258 0.339 0.308 0.062 0.009 0.483 -0.382 0.191 0.300 0.348 -0.191

WC 0.551 0.537 0.001 0.466 0.104 0.231 0.304 0.317 0.267 0.285 0.136 -0.083

pH 0.036 0.175 0.280 0.263 -0.226 -0.194 0.316 -0.114 0.142 0.321 0.419 -0.351

TN 0.157 -0.268 0.315 0.271 -0.319 0.204 0.412 -0.286 -0.319 0.527 -0.508 0.262

TP 0.100 0.308 -0.100 0.519 0.436 -0.183 0.298 0.290 -0.325 0.381 -0.094 0.262

SOC 0.082 -0.296 -0.201 0.310 0.113 -0.098 0.390 -0.238 -0.261 0.499 -2.105 -0.026

Table 4. Correlation coe�cients of �rst two RDA axes and physical and chemical factors of soil. Note:ST: Soil temperature;
WC: Water content; TN: Total nitrogen; TP: Total phosphorus; SOC: Soil organic carbon; R: resolution.

Discussion
Community composition.  The community composition observed in this study differs from that of communities in the
wetlands of the Lhasa River of the Qinghai-Tibet Plateau, where Oribatida and Isotomidae were the dominant groups16. Our
results also differ from those of the communities in the Hengduan Mountains of the Qinghai-Tibet Plateau, where
Poduromorpha, Oribatida and Entomobryomorpha were the dominant groups1, and from the wetland ecosystems in Lhalu
Wetlands of the Qinghai-Tibet Plateau, where the dominant group were Enchytraeidae8. The taxa of soil arthropod (thirty-
two) in the wetland of the Daxia River was more than that (thirty) in typical wetlands of the Lhasa River, Tibet, China. These
differences suggest that the soil arthropod community in the wetland of the Daxia River shows a unique zonal
characteristics and higher taxonomic richness, indicating that this region is also a hotspot for the soil arthropods. Therefore,
our �rst hypothesis was con�rmed.

The community composition and density of soil arthropods depend to a great extent on the sampling and extraction
procedures used34. In particular, variable extraction e�ciencies depend on extraction procedure, on animal taxa involved,
and to a certain extent on the vegetation/soil types35. Our results rely on six samples at 83.5 km river bank, which were
extracted in conventional funnels by drying out the samples after 3 days of storage at variable ambient temperatures during
transportation. Our results also depict only a “snapshot” of the soil arthropod community structure in a particular year.
Differences between different parts of the year and between years may be substantial.

Spatial variability.  In this study, soil arthropods were identi�ed as macroarthropods and microarthropods. The habitats did
not signi�cantly affect the community structure and diversity of soil microarthropods, which differed from those of soil
macroinvertebrates36. Many studies demonstrated that spatial variations in soil invertebrate communities are affected by
plant community11, 12, soil properties15 and elevation37. Wenninger and Inouye (2008)38 showed that plant community was
closely related to soil microarthopods. However, the community composition of Mesostigmata and Prostigmata did not
entirely depend on the plants on the ground due to its omnivorous feeding and worldwide distribution39. Wu et al. (2014)1

also found no signi�cant correlations between the diversity of soil-microarthropod community and plant community. Other
studies have also reported that Oribatid and Prostigmatid mites did not respond signi�cantly to habitat differences40.

In our result population of soil arthropod tend to be signi�cantly correlated with soil temperature but no signi�cant change
was found with the habitat elevation. Soil arthopods live in the soil, thus soil properties ought to affect soil arthopod
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diversity and distribution characteristics. For example, various factors in the soil restricted the mobile ability of soil
microarthopods41. Previous studies demonstrated that there was a close relationship between soil quality and soil fauna42.  

Furthermore, the microenvironment including soil temperature will cause the change of soil water content and then affect the
characteristics of soil arthropod community. In our study, the water contents of the 0–10 cm and 10–20 cm layers in the
habitats were signi�cant difference in different seasons. In cold season, the water content was positively correlated with the
number of soil arthropod groups. In warm season, it was positively correlated with the number of soil arthropod individuals.
Soil microarthropods are sensitive to enrichment of soil carbon and nutrients43. In our study, SOC, TN and TP of soil affected
the individuals and groups of soil arthropod (Fig. 3) as previous studies on soil total K and TN16, soil SOC and TN and soil
pH44. In present study, we found that pH affected the individuals and groups of soil arthropod though there was no
signi�cant difference in soil pH between various habitats (Fig. 1).

Therefore, these results suggest that the plant community, soil properties and elevation were the limiting factors only for the
spatial distributions of special taxon.  However, we could not draw the conclusion like Wu et al. (2014)1 which of plant
community, soil properties or elevation is most important in determining the spatial distribution of soil arthropods and our
second hypothesis was uncon�rmed.

Temporal variability.  Seasonality is a distinct feature in most terrestrial ecosystems. Seasonal variations in soil invertebrate
communities have been reported in many ecosystems45. In the present study, the abundance and taxonomic richness of the
soil arthropods in all habitats were signi�cantly higher during warm season than during cold season. Climatic conditions are
generally considered to be critical determining factors in soil invertebrate communities46. Soil arthropods were in�uenced by
temperature8, precipitation47, light48 and solar ultraviolet radiation12. Shen et al.35 found that the most important climatic
factor was soil moisture content.

In the study area, monthly mean temperatures were higher warm season than cold season in different soil layers. Soil water
content appeared seasonal variation. In the warm season, though precipitation increases gradually, temperature rises so
quickly that evaporation of soil moisture increases and soil water contents decreases. In the cold season, with an
accumulation of warm season rainfall, the surface runoff of Daxia River increases and water level rises to make the soil of
sampling points along the river suffer more seepage and soaking, thus the soil water content rises again. Moreover, soil
arthropod reproduction may attribute to the seasonal dynamics of the community1. In the wetland of Daxia River ultraviolet
radiation in warm season is strong, which may also in�uence the seasonal change of the component of the soil arthropods
community. This makes it di�cult to draw any conclusion on seasonal patterns of reproduction and about the ecological
signi�cance of seasonal variations 49.

The seasonal effect on soil arthropods varies among different ecosystems50. In the present study, the temporal dynamics of
the community composition and diversity and of the abundance of each taxonomic group differed among the six habitats.
The habitats of the wetland of Daxia River responses to seasonal changes in litter production and nutrient cycling differed
among vegetation and seasons. These differences in the seasonal dynamics of the vegetation community may lead to
variations in microclimate, resource availability and soil properties among different habitats, and thus directly or indirectly
affect the soil arthropod community. The soil arthropod community showed a stronger temporal variation in the wetland of
Daxia River among habitats (Fig. 2, Fig. 3). Previous study showed that different groups of soil invertebrates varied in their
responses to climatic changes51. For example, increasing temperatures may signi�cantly decrease the number of
Prostigmata mites, but increase the diversity of fungivorous mites51. In the present study, the arthropod community generally
responded more strongly to the sampling periods than to the habitats, suggesting the soil arthropod community would show
stronger temporal variation than spatial variation because the soil arthropods are more sensitive to seasonal changes (our
third hypothesis).

Conclusions
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The composition of the soil arthropod community in the Daxia river wetland exhibits a unique zonal pattern compared to
other China localities. The soil arthropods vary signi�cantly across the sampling periods in each habitat. In both cold and
warm seasons, the habitat of Tumenguan had a greater abundance than all the other habitats. The warm season had a
higher abundance than the cold season in the 0–10 cm soil layer, accounting for 87.55% of the total number of individuals.
The cold season had a higher abundance than the warm season in the 10–20 cm soil layer, accounting for 82.44% of the
total number of individuals. Signi�cant seasonal variation was observed in the composition, abundance and diversity of the
soil arthropod in each habitat. In cold season the dominant groups were Chironomidae larvae, Sejidae and Trombidiidae. In
warm season the dominant groups were Chironomidae larva, Onychiurus, Pygmephorus and Tullbergia. The soil arthopod
communities was signi�cantly correlated with SOC, TN and TP. The results demonstrate that soil arthropods in the study
area respond more actively to temporal changes than to habitat changes.

Materials And Methods
Site description.  The experiment was carried out at the wetlands of the Daxia River (35°06′25′′ – 35°24′95′′ N, 102°25′56′′ –
102°56′51′′ E) on the eastern edge of the Qinghai-Tibet plateau, China. The Daxia river is a primary tributary of the Yellow
river. The Xiahe river from Dabuleheke mountain and the Luohe river from Lalida mountain converge at Wangatan and form
the Daxia river, which �ows through Xiahe County, Linxia County, Linxia City and Dongxiang County into Liujiaxia Reservoir
at Kangjia Bay. It has a full length of 203 km and a drainage area of 7152 km2. The Gannan section of the Daxia river has a
length of 83.5 km and �ows through Sangke grassland, passing the county town Labrang Monastery, a sacred
site of Tibetan Buddhism, to Tumenguan out of Xiahe county.

Sampling Design.  To analyze the characteristics of ecological distribution of soil microarthropod communities in the
wetlands of the Daxia river, the wetlands were divided into six habitats based on their vegetation community features and
environment (Table 1). The habitat 1 (N35°06′25′′, E102°25′56′′) is set in the Sangke grassland at the headwaters of the
Daxia river, where the riparian vegetation covers well and human activities are mainly grazing. The habitat 2 (N35°12′93′′,
E102°40′50′′) is in the Damai area of Xiahe county with sparse riparian vegetation. The habitat 3 (N35°13′41′′, E102°49′38′′)
is at Luo river (a tributary of Daxia river) in the downstream of the living area of Hezuo city. The habitat 4 (N35°14′50′′,
E102°49′30′′) is in Wangertang at the con�uence of Daxia river and Luo river with sparse riparian vegetation. The habitat 5
(N35°21′90′′, E102°53′01′′) is in Quao, with sparse riparian vegetation and little human activities. The habitat 6 (N35°24′95′′,
E102°56′51′′) is at the inlet of Tumenguan reservoir with sparse vegetation along the river bank. 
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Habitat
code

Location Elevation Main vegetation

1# N35°06′25′′

E102°25′56′
′

2,780 m Kobresia capillifolia Kobresia humilis Ligularia dentata spp. Artemisia
sieversiana Anemone silvestris Elsholtzia ciliata Plantago asiatica Elymus
nutans Thalictrum sp. Potentilla bifurca Potentilla anserina Heteropappus
hispidus

2# N35°12′93′′

E102°40′50′
′

2,758 m Kobresia capillifolia Artemisia sieversiana Elsholtzia ciliata Plantago asiatica
Potentilla bifurca Potentilla anserina Heteropappus hispidus

3# N35°13′41′′

E102°49′38′
′

2,510 m Kobresia humilis Ligularia dentata spp. Elsholtzia ciliata Potentilla anserine

4# N35°14′50′′

E102°49′30′
′

2,413 m Kobresia humilis Ligularia dentata spp. Elsholtzia ciliata Elymus nutans
Potentilla bifurca Melissitus ruthenicus

5# N35°21′90′′

E102°53′01′
′

2,269 m Kobresia capillifolia Artemisia sieversiana Elsholtzia ciliata Plantago asiatica
Potentilla bifurca Potentilla anserina Heteropappus hispidus

6# N35°24′95′′

E102°56′51′
′

2,143 m Kobresia capillifolia Anemone silvestris Elsholtzia ciliata Plantago asiatica
Potentilla bifurca Elymus nutans

Table 1. Location and vegetation characteristics of sampling point. Note: 1# is the habitat in the Sangke grassland. 2# is the
habitat in the Damai. 3# is the habitat in the Luo river. 4# is the habitat in the Wangertang. 5# is the habitat in the Quao. 6#
is the habitat in the Tumenguan. 

The plots (5 m × 50 m) were established using permanent signs in each of the six habitats. Within each plot, �ve subplots
were selected at 10 m horizontal intervals. Soil arthropods were identi�ed as macro-arthropods (body width≥2 mm) and
meso- and micro-arthropods (body width<2 mm)29. The samples (50 cm × 50 cm) for macro-arthropods and the samples (10
cm×10 cm) for meso- and micro-arthropods were collected in each subplot from the soil layers of 0–10 cm and 10–20 cm
during the warm seasons (June July August 2016) and the cold seasons (May 2016, September, October 2017). Therefore,
a total of 360 soil samples (6 habitats × 5 subplots ×2 sample types ×2 soil lays × 3 biological repetition) were collected. 

Soil analysis and fauna identi�cation.  The soil samples (0–10 cm and 10–20 cm soil layers) were collected at each
subplot. The soil samples were then used for determination of soil temperature, water content, pH, total N, P and organic
carbon. The soil temperature meter (ADCON ST, USA) was used to measure and record the soil temperatures at a depth level
of 0 cm, 10 cm and 20 cm. The soil temperatures at the surface and at the depth of 10 cm, and at the depths of 10 cm and
20 cm were averaged as the temperature of 0–10 cm and the temperature of 10–20 cm, respectively. The soil water content
was measured by oven drying method (105℃ 24h) (BGX198, China). The soil pH was measured by the pH meter (STARTER
3C, China). Total soil nitrogen (N) and phosphorus (P) were measured by elemental analyzer (UNICUBE Elementar, Germany).
The soil organic carbon was measured by the soil organic carbon meter (LH-SOC350, China).

The soil macro-arthropods were separated manually at the subplot, the soil samples of soil meso- and micro-arthropods
were labelled, bagged with sealed packages and took to labs. In the laboratory, the soil arthropods were extracted from each
of the soil samples using a Tullgren funnel extractor, then preserved in 75% alcohol. They were then counted under a
stereoscopic microscope, and identi�ed to the levels of order or family29. The extracted arthropod samples are stored in the
Longdong Normal University, Qingyang, China.
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Biodiversity of soil arthropods.  The soil arthropods are classi�ed into three groups based on their abundance in the
community: those with an abundance of 10% are classi�ed as the dominant groups, those with an abundance of 1% –10%
are classi�ed as the common groups, and those with an abundance of 0.1% –1.0% are classi�ed as the rare group.

The biodiversity of soil arthropod community was estimated using the total abundance of soil arthropods, total group
number of soil fauna8,30, the Shannon-Wiener index (H′) H′= -Σ(PilnPi);

31, Simpson index (C) C=ΣPi;
32 and Evenness index (E)

E= H′/lnS 33; where S is the number of groups, and Pi is the ratio of individuals to the total collected individuals in group i for
each habitat.

Statistical analysis.  All statistical analyses were preformed using the software Microsoft excel 2016. The abundance of soil
arthropods and soil physical and chemical factors of the samples can be regarded as variables. To examine the correlation
between the soil arthropod groups and the soil physical and chemical properties, the multivariate tests RDA (Redundancy
Analysis) were done with R version 3. 6. 1 for Windows. The variation range of soil arthropod community structure is
relatively small, so a linear model analysis method, namely redundancy analysis (RDA), is selected to analyze the
relationship between soil arthropod community and the main physical and chemical properties of soil.

Data Availability

The datasets analyzed during during the current study are available from the corresponding author on reasonable request.

Declarations
Acknowledgements

We thank Professor Jingjiang Zhou and JJ Scienti�c Consultant Ltd, UK for English editing. Comments from two
anonymous reviewers helped improve the manuscript. This work was supported by the National Natural Science Foundation
of China (Grant No. 31960351).

Author Contributions

DLC designed the experiment and performed �eld investigations, data analysis and manuscript writing. CZL and ZXM
identi�ed soil arthropods. JJS identi�ed vegetation. All authors discussed the results and commented on the manuscript.

Competing Interests: The authors declare that they have no competing interests.

References
1. Wu, P. F. et al. Composition and spatio-temporal variation of soil microarthropods in the biodiversity hotspot of northern

Hengduan Mountains, China. Eur. J. Soil Biol. 62, 30–38, https://www.researchgate.net/publication/260806708 (2014).

2. Anderson, J. M. The enigma of soil animal species diversity. Prog. Soil Zoology (ed. J. Vanek), pp. 51-58, Academia,
Prague. https://doi.org/10.1007/978-94-010-1933-0_5 (1975).

3. Decaëns, T. et al. The values of soil animals for conservation biology. Eur. J. Soil Biol. 42, 23-38,
https://doi.org/10.1016/j.ejsobi.2006.07.001 (2006).

4. Wardle, D. A. Impacts of disturbance on detritus food webs in agroecosystems of contrasting tillage and weed
management practice. Adv. Eco. Res. 26, 105–185, https://doi.org/10.1016/S0065-2504(08)60065-3 (1995).

5. Rohan, G. C. & Richard, D. B. How changes in soil faunal diversity and composition within a trophic group in�uence
decomposition processes. Soil Biol. Biochem. 33, 2073–2081, https://doi.org/10.1016/S0038-0717(01)00138-9 (2001).

�. Wu, J. H. et al. Soil faunal response to land use: effect of estuarine tideland reclamation on nematode communities.
Appl. Soil Ecol. 21, 131–147, https://doi.org/10.1016/S0929-1393(02)00065-3 (2002).

https://www.researchgate.net/publication/260806708
https://doi.org/10.1007/978-94-010-1933-0_5
https://doi.org/10.1016/j.ejsobi.2006.07.001
https://doi.org/10.1016/S0065-2504(08)60065-3
https://doi.org/10.1016/S0038-0717(01)00138-9
https://doi.org/10.1016/S0929-1393(02)00065-3


Page 12/18

7. Davis, C. A. , Austin, J. E. & Buhl, D. A. Factors in�uencing soil invertebrate communities in riparian grasslands of the
central platte river �oodplain. Wetlands. 26, 438–454, https://doi.org/10.1672/0277-5212(2006)26[438:FISICI]2.0.CO;2
(2006).

�. Chen, D. L. et al. Characteristics of soil animal community in Lhalu Wetlands during the summer. Chinese J. Zoology (in
Chinese). 46, 1–7, https://doi.org/10.13859/j.cjz.2011.05.001 (2011).

9. Bischof, M. M. et al. Invertebrate community patterns in seasonal ponds in minnesota, USA: response to hydrologic and
environmental variability. Wetlands. 33, 245–256, https://doi.org/10.1007/s13157-012-0374-9 (2013).

10. Wyss, L. A. et al. Effects of grass seed agriculture on aquatic invertebrate communities inhabiting seasonal wetlands
the Southern Willamette Valley, Oregon. Wetlands. 33, 921–937, https://doi.org/10.1007/s13157-013-0453-6 (2013).

11. Franklin, E., Magnusson, W. E. & Luizão, F.J. Relative effects of biotic and abiotic factors on the composition of soil
invertebrate communities in an Amazonian savanna, Appl. Soil Ecol. 29, 259-273,
https://doi.org/10.1016/j.apsoil.2004.12.004 (2004).

12. Salmon, S. et al. Relationships between soil fauna communities and humus forms: response to forest dynamics and
solar radiation, Soil Biol. Biochem. 40, 1707-1715, https://doi.org/10.1016/j.soilbio.2008.02.007 (2008).

13. Wall, D. H. et al. Global decomposition experiment shows soil animal impacts on decomposition are climate-dependent.
Global Change Biol. 14, 2661-2677, https://doi.org/10.1111/j.1365-2486.2008.01672.x (2008).

14. Briones, M. J. I., Garnett, M. H. & Ineson, P. Soil biology and warming play a key role in the release of ‘old C’ from organic
soils. Soil Biol. Biochem. 42, 960-967, https://doi.org/10.1016/j.soilbio.2010.02.013 (2010).

15. Wiwatwitaya, D. & Takeda, H. Seasonal changes in soil arthropod abundance in the dry evergreen forest of north-east
Thailand, with special reference to collembolan communities, Ecol. Res. 20, 59-70, https://doi.org/10.1007/s11284-004-
0013-x (2005).

1�. Yin, X. Q. et al. Characteristics of Ecological Distribution of Soil Microarthropod Communities in the Wetlands of the
Lhasa River on the Qinghai-Tibet Plateau. Wetlands. 35, 589–596, https://doi.org/10.1007/s13157-015-0649-z (2015).

17. Liu, H. Y., Zhao, Z. C. & Lu, X. G. A study on wetland resources and protection in China. Resources Sci. 21, 34–37,
https://doi.org/10.3321/j.issn:1007-7588.1999.06.009 (1999).

1�. Yu, Zhang., Wang, G. X. & Wang, Y.B. Changes in alpine wetland ecosystems of the Qinghai–Tibetan plateau from 1967
to 2004. Environ. Monit. Assess. 180:189-199, https://doi.org/10.1007/s10661-010-1781-0 (2011).

19. Deng, C. & Zhang, W. Spatiotemporal distribution and the characteristics of the air temperature of a river source region
of the Qinghai-Tibet Plateau. Environ. Monit. Assess. 190: 368, https://doi.org/10.1007/s10661-018-6739-7 (2018).

20. Wen, L. et al. The effects of biotic and abiotic factors on the spatial heterogeneity of alpine grassland vegetation at a
small scale on the Qinghai–Tibet Plateau (QTP), China. Environ. Monit. Assess. 185, 8051–8064,
https://doi.org/10.1007/s10661-013-3154-y (2013).

21. Li, S. et al. Different responses of multifaceted plant diversities of alpine meadow and alpine steppe to nitrogen addition
gradients on Qinghai-Tibetan Plateau. Sci. Total Env. 688: 1405-1412, https://doi.org/10.1016/j.scitotenv.2019.06.211
(2019).

22. Wang, H. et al. Vegetation dynamic analysis based on multisource remote sensing data in the east margin of the
Qinghai-Tibet Plateau, China. Peer Journal. 7: e8223,
https://doi.org/10.7717/peerj.8223 (2019).

23. Dai, Y. et al. The composition, localization and function of low temperature-adapted microbial communities involved in
methanogenic degradations of cellulose and chitin from Qinghai–Tibetan Plateau wetland soils. J. Appl. Micro. 121,
163-176,
https://doi.org/10.1111/jam.13164 (2016).

24. Zhao, S.Y. et al. High-throughput analysis of anammox bacteria in wetland and dryland soils along the altitudinal
gradient in Qinghai–Tibet Plateau. Microbiologyopen. 7:e556, https://doi.org/10.1002/mbo3.556 (2018).

https://doi.org/10.1672/0277-5212(2006)26%5b438:FISICI%5d2.0.CO;2
https://doi.org/10.13859/j.cjz.2011.05.001
https://doi.org/10.1007/s13157-012-0374-9
http://dx.doi.org/10.1007/s13157-013-0453-6
https://doi.org/10.1016/j.apsoil.2004.12.004
https://doi.org/10.1016/j.soilbio.2008.02.007
http://dx.doi.org/10.1111/j.1365-2486.2008.01672.x
https://doi.org/10.1016/j.soilbio.2010.02.013
https://doi.org/10.1007/s11284-004-0013-x
https://doi.org/10.1007/s13157-015-0649-z
https://doi.org/10.3321/j.issn:1007-7588.1999.06.009
http://dx.doi.org/10.1007/s10661-010-1781-0
https://doi.org/10.1007/s10661-018-6739-7
https://doi.org/10.1007/s10661-013-3154-y
https://doi.org/10.1016/j.scitotenv.2019.06.211
https://doi.org/10.7717/peerj.8223
https://doi.org/10.1111/jam.13164
https://doi.org/10.1002/mbo3.556


Page 13/18

25. Li, Z. F. et al. Response of arbuscular mycorrhizal fungal community in soil and roots to grazing differs in a wetland on
the Qinghai-Tibet plateau. Peer Journal. 8: e9375, https://doi.org/10.7717/peerj.9375 (2020).

2�. Zhang, S.Y. et al. Sources of seasonal wetland methane emissions in permafrost regions of the Qinghai-Tibet Plateau.
Sci. Rep. 10, 7520, https://doi.org/10.1038/s41598-020-63054-z (2020).

27. Wu, P. F. et al. Impacts of alpine wetland degradation on the composition, diversity and trophic structure of soil
nematodes on the Qinghai-Tibetan Plateau. Sci. Rep. 7, 837, https://doi.org/10.1038/s41598-017-00805-5 (2017).

2�. Zhou, X. D. et al. Responses of macroinvertebrate assemblages to environmental variations in the river-oxbow lake
system of the Zoige wetland (Bai River, Qinghai-Tibet Plateau). Sci. Total Environ. 659, 150-160,
https://doi.org/10.1016/j.scitotenv.2018.12.310 (2019).

29. Yin, W. Y. Pictorial keys to soil animals of China. Science Press, Beijing.(2000).

30. Zhu, X. & Zhu, B. Diversity and abundance of soil fauna as in�uenced by long-term fertilization in cropland of purple
soil, China. Soil Till. Res. 146, 39–46, https://dx.doi.org/10.1016/j.still.2014.07.004 (2015).

31. Whittaker, R. H. Evolution and measurement of species diversity. Taxon. 21, 213–225,
https://doi.org/10.2307/1218190 (1972).

32. Simpson, E. H. Measurement of diversity. Nature. 163, 688,
https://doi.org/10.1136/thx.27.2.261 (1949).

33. Pielou, E. C. Ecological Diversity. Wiley Inc., New York. (1975).

34. Edwards, C. A. The assessment of populations of soil-inhabiting invertebrates. Agr. Ecosyst. Environ. 34, 145–176,
https://doi.org/10.1016/0167-8809(91)90102-4 (1991).

35. Shen, J. et al. Differences in Soil Arthropod Communities along a High Altitude Gradient at Shergyla Mountain, Tibet,
China. Arct. Antarct. Alp. Res. 37, 261–266, https://doi.org/10.1657/1523-0430(2005)037[0138:E]2.0.CO;2 (2005).

3�. Wu, P. F., Liu, S. R. & Liu, X. L. Composition and spatio-temporal changes of soil macroinvertebrate communities in the
biodiversity hotspot of the northern Hengduanshan Mountains, China. Plant Soil. 357, 321-338,
https://doi.org/10.1007/s11104-012-1166-y (2012).

37. Illig, J. et al. Density and community structure of soil- and bark-dwelling microarthropods along an altitudinal gradient in
a tropical montane rainforest. Exp. Appl. Acarol. 52, 49-62, https://doi.org/10.1007/s10493-010-9348-x (2010).

3�. Wenninger, E. J. & Inouye, R. S. Insect community response to plant diversity and productivity in a sagebrush–steppe
ecosystem. J. Arid Environ.72, 24–33, https://doi.org/10.1016/j.jaridenv.2007.04.005 (2008).

39. Schneider, K. et al. Trophic niche differentiation in soil microarthropods (Oribatida, Acari): evidence from stable isotope
ratios (15N/14N). Soil Biol. Biochem. 36, 1769–1774, https://doi.org/10.1016/j.soilbio.2004.04.033 (2004).

40. Zaitsev,A. S. et al. Oribatid mite diversity and community dynamics in a spruce chronosequence. Soil Biol. Biochem. 34,
1919-1927, https://doi.org/10.1016/S0038-0717(02)00208-0 (2002).

41. Sandrine, S. et al. Relationships between soil fauna communities and humus forms: response to forest dynamics and
solar radiation. Soil Biol. Biochem. 40, 1707– 1715,
https://doi.org/10.1016/j.soilbio.2008.02.007 (2008).

42. Lu, P. et al. Relationship between cropland soil arthropods community and soil properties in black soil area. Sci. Agric.
Sin. 46, 1848–1856, https://doi.org/10.3864/j.issn.0578-1752.2013.09.012 (2013).

43. Fu, S. L., Zou, X. M. & Coleman, D. C. Highlights and perspectives of soil biology and ecology research in China. Soil Biol.
Biochem. 41, 868–876,
https://doi.org/10.1016/j.soilbio.2008.10.014 (2009).

44. Wang, S. J. et al. Responses of soil microarthropods to inorganic and organic fertilizers in a poplar plantation in a
coastal area of eastern China. Appl. Soil Ecol. 89, 69–75,
https://doi.org/10.1016/j.apsoil.2015.01.004 (2015).

https://doi.org/10.7717/peerj.9375
https://doi.org/10.1038/s41598-020-63054-z
https://doi.org/10.1038/s41598-017-00805-5
https://doi.org/10.1016/j.scitotenv.2018.12.310
https://dx.doi.org/10.1016/j.still.2014.07.004
https://doi.org/10.2307/1218190
https://doi.org/10.1136/thx.27.2.261
https://doi.org/10.1016/0167-8809(91)90102-4
https://doi.org/10.1657/1523-0430(2005)037%5b0138:E%5d2.0.CO;2
https://doi.org/10.1007/s11104-012-1166-y
https://doi.org/10.1007/s10493-010-9348-x
https://doi.org/10.1016/j.jaridenv.2007.04.005
https://doi.org/10.1016/j.soilbio.2004.04.033
https://doi.org/10.1016/S0038-0717(02)00208-0
https://doi.org/10.1016/j.soilbio.2008.02.007
https://doi.org/10.3864/j.issn.0578-1752.2013.09.012
https://doi.org/10.1016/j.soilbio.2008.10.014
https://doi.org/10.1016/j.apsoil.2015.01.004


Page 14/18

45. Pen-Mouratov, S. et al. Spatial and temporal dynamics of nematode populations under Zygophyllum dumosum in arid
environments. Eur. J. Soil Biol. 40, 31-46,
https://doi.org/10.1016/j.ejsobi.2004.01.002 (2004).

4�. Lavelle, P. D. et al. Soil function in a changing world: the role of invertebrate ecosystem engineers. Eur. J. Soil Biol. 33,
159-193,
https://doi.org/10.1023/A:1007339916013 (1997).

47. Irmler, U. Climatic and litter fall effects on Collembolan and Oribatid mite species and communities in a beech wood
based on a 7 years investigation. Eur. J. Soil Biol. 42, 51-62, https://doi.org/10.1016/j.ejsobi.2005.09.016 (2006).

4�. Salmon, S. & Ponge, J. F. Response to light in a soil-dwelling springtail. Eur. J. Soil Biol. 34, 199-201,
https://doi.org/10.1016/S1164-5563(00)86662-5 (1998).

49. Rochefort, S. et al. Species diversity and seasonal abundance of Collembola in turfgrass ecosystems of North America.
Pedobiologia. 50, 61-68,
https://doi.org/10.1016/j.pedobi.2005.10.007 (2006).

50. Salamon, J. A. et al. Soil oribatid mite communities (Acari: Oribatida) from high Shaba (Zgire) in relation to vegetation.
Appl. Soil Ecol. 5, 81-96, https://doi.org/10.1016/S0929-1393(96)00122-9 (1996).

51. Briones, M. J. I. et al. Functional shifts of grassland soil communities in response to soil warming. Soil Biol. Biochem.
41, 315-322, https://doi.org/10.1016/j.soilbio.2008.11.003 (2009).

Figures

https://doi.org/10.1016/j.ejsobi.2004.01.002
https://doi.org/10.1023/A:1007339916013
https://doi.org/10.1016/j.ejsobi.2005.09.016
https://doi.org/10.1016/S1164-5563(00)86662-5
https://doi.org/10.1016/j.pedobi.2005.10.007
https://doi.org/10.1016/S0929-1393(96)00122-9
https://doi.org/10.1016/j.soilbio.2008.11.003


Page 15/18

Figure 1

Physical and chemical factors of soil in the study area (mean ± S.E. P< 0.05). Habitat codes 1–6 correspond to the Wetlands
listed in Table 1. Capital letters behind the legends indicate cold season (CS) and warm season (WS).
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Figure 2

Distribution of individuals and groups of soil arthropods in two soil layers. Note: 1. CS:cold season; WS:warm season. 2.Ind.:
individuals.
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Figure 3

Diversity index of soil arthropod. Note: 1. CS:cold season; WS:warm season. 2. H': Shannon index; E: Pielou index; C: Simple
index.
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Figure 4

RDA analysis ordination diagram of community structure features-environment relationships for arthropods (The length of
the solid arrow line indicates the correlation between soil physical and chemical factors and the temporal variation of soil
arthropod group number and individual number. The longer the line, the greater the correlation, and vice versa. The quadrant
where the solid arrow is located represents the positive and negative correlation between soil physical and chemical factors
and the ordination axis.). Note: CS:cold season; WS:warm season; I:individual; G:group; ST: Soil temperature; WC: Water
content; TN: Total nitrogen; TP: Total phosphorus; SOC: Soil organic carbon.
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