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patterns of soil macroarthropod
communities in the Nianchu
River Basin, Tibet, China
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and Bu Pu™

!College of Ecology and Environment, Tibet University, Lhasa, China, ?Institute of Aquatic Sciences, Tibet
Autonomous Region Academy of Agricultural and Animal Husbandry Sciences, Lhasa, China

Introduction: The study of how soil fauna interact with soil ecosystems is an
important research field. At present, there has been little research on the diversity
and distribution patterns of soil macroarthropods and on the relationship
between soil fauna and environmental factors in Tibet.

Methods: The data collection for soil macroarthropods and soil samples was
conducted using the plum blossom five-point sampling method. Subsequently,
the gathered data were meticulously organized and analyzed through a blend of
ecological and statistical approaches.

Results: In total, 2880 soil macroarthropods were captured from 19 plots in the
Nianchu River Basin, and the soil macroarthropod Hill numbers was at its lowest in
spring. Sea buckthorn forest habitats had the highest Hill numbers. We found that
Carabidae, Lycosidae, and Formicidae were always dominant species during
seasonal changes in the Nianchu River Basin. Among the four different habitat
types studied, Carabidae always appeared across the four studied habitat types and
was one of the most significant taxa. The niche range of soil macroarthropods was
wetland habitat > farmland habitat > sea buckthorn forest habitat > grassland habitat,
and their community within sea buckthorn forest habitats was stable. The niche
breadth of soil macroarthropods was the largest in summer, and the community
was stable. Soil temperature and soil water content were the most important factors
affecting the alpha diversity of soil macroarthropods, while altitude and soil
temperature were the most important factors affecting their beta diversity.

Discussion: In summary, the results provide a comprehensive overview of the
seasonal and habitat dynamics of soil macroarthropods in the Nianchu River Basin;
it is strongly believed that the research carried out in this paper can contribute
valuable information toward further research on the soil fauna diversity and
ecological functions in this area and provide a strong scientific basis for the
protection and sustainable development of the Nianchu River Basin ecosystem.
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1 Introduction

Soil is one of the major components of a terrestrial ecosystem,
and, more importantly, it provides the basic living conditions for
the soil fauna. Soil macroarthropods are those that contact the soil
surface or that live in the soil for a certain period of their life and
have a certain impact on the soil (Yin, 2001; Coyle et al., 2017; Luo
et al,, 2018). Soil macroarthropods play an indispensable role in the
material circulation and energy exchange of the soil ecosystem,
contributing to soil looseness, maintaining the physical and
chemical properties of the soil ecosystem, aiding in the
reproduction of biological population, reflecting soil pollution,
regulating the function of soil microorganisms, and indicating
environmental and global ecological changes (Davis et al., 20065
Riutta et al., 2012; Slade and Riutta, 2012; Tiegs et al., 2013; Wang
et al,, 2020). Although soil macroarthropods are the most visible
components of the soil environment, they are still under-
represented in global surveys (Phillips et al., 2019), because there
is no accepted standard of survey methods in the world that
accounts for them (Anderson and Ingram, 1994; Rombke et al,
2006), and also because the role of soil macroarthropods in
ecosystems has been previously underestimated, leading to a lack
of quantitative assessment regarding them, and thereby hindering
our understanding of the role of soil macroarthropods in
global ecosystems.

In recent years, extensive investigations and research on soil
fauna have been conducted by numerous scholars. These studies
have primarily focused on their spatiotemporal distribution
patterns (Pequeno et al, 2017; Yang et al, 2021) and diversity
(Aratjo et al, 2010; Yin et al, 2017), as well as the impact of
different land use patterns on soil macroarthropod community
characteristics (Jiang et al., 2015; Kelly et al., 20205 Li et al., 2020)
and the relationships between soil fauna and other environmental
factors (Yang et al, 2020; Tang et al, 2020). As ecological
restoration efforts are being implemented in Northwest China,
significant changes are expected to occur among the animal
groups and populations in the local soil ecosystem. However,
limited data are available regarding the impact on local soil fauna,
leaving ample room for future research in Northwest China.
Moreover, little research has been conducted on the
characteristics of the soil macroarthropod community in the
Qinghai-Tibet Plateau, and no studies have investigated the
characteristics and spatial distributions of soil macroarthropods
in the Nianchu River Basin in Tibet thus far.

The Nianchu River Basin, situated in the southern part of the
Tibet Autonomous Region on the Tibetan Plateau, holds the
distinction of being the largest river among the tributaries on
the right bank of the Yarlung Zangbo River. It is bordered by the
Karorah Snow Mountain and Yamdro-Moyunco Valley to the east,
the Himalayas to the south, the State of Bhutan and the Lower Buqu
Valley to the west, and the Yarlung Zangbo River main stream basin
to the north. This region is of great agricultural significance in Tibet;
its main crop is highland barley, and it is characterized by dense
cultivated land and a dense population. The Nianchu River Basin
spans an area of approximately 11,130 square kilometers and
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features an average basin slope of 6.1% (Yang et al,, 2012). The
Nianchu River stretches for 217 kilometers and exhibits a total drop
of 1,322 meters. The study area falls within the plateau’s temperate
semi-arid climate zone, known for its low temperatures, significant
daily temperature variations, limited precipitation intensity, intense
solar radiation, and high evaporation rates. The average annual
temperature is about 7.2°C at the confluence and 2.4°C at the source
of the river, and the temperature is gradually rising from the upper
to the lower reaches. The average annual precipitation is
approximately 365 mm, with uneven distribution across the
region; however, the wet and dry seasons are more distinct, and
the annual precipitation is mainly distributed in June to September
(Liu and Chen, 1995; Wang and Liu, 20005 Li et al., 2018).

This study firstly investigated the season and habitat dynamics
of the soil macroarthropod community in the Nianchu River Basin,
Tibet. Traditional morphological methods were used to investigate
the community composition, ecological division, and diversity of
soil macroarthropods over different habitats and seasons in the
Nianchu River Basin. The differences in the physical and chemical
properties of the soil in different seasons and different habitat types
were studied. The effects of environmental factors on the niche and
diversity of soil macroarthropod communities were further
determined. By deepening our understanding of soil fauna
communities, this research will provide essential theoretical
support for biodiversity conservation, deepen our understanding
of the environmental adaptability of macroarthropods living in the
soil habitats of the Tibetan Plateau, and could also be a vital
addition to global biogeographic diversity information.

2 Materials and methods
2.1 Study area and sampling

The study area is located in the Nianchu River Basin (28°
10~29°20° N, 88°35°~90°15" E) in Tibet, China. According to the
geographical location and the habitat types in the Nianchu River
Basin, 95 sampling sites in 19 of the first class quadrats were
selected, including grassland (GL; 4 first-order quadrats with
20 sampling points), wetland (WL; 5 first-order quadrats with 25
sampling points), farmland (FL; 5 first-order quadrats with
25 sampling points), and sea buckthorn forest (SF; 5 first-order
quadrats with 25 sampling points) areas. In compliance with the
United States Department of Agriculture’s soil classification
standards, this research categorizes the soil of the grassland
sample areas as Gelisols. It classifies the soil from the wetland
sampling sites and the farmland sample plots as Histosols, while
designating the soil in the sea buckthorn forest sample areas as
Spodosols. Three periods of sampling were carried out, in spring,
summer, and autumn of 2020. The distribution of quadrats in each
habitat type is shown in Figure 1. The soil samples were collected
using a cylindrical ring knife (30 cm in height, 5 cm in diameter),
and five small pieces were placed. The soil samples were mixed,
stored in a sealed bag, brought back to the laboratory in the dark for
air drying, and transported to the laboratory for further processing.
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Distribution of the 19 sampling sites in the Nianchu River Basin.

2.2 Laboratory processing of samples and
measurement of environmental parameters

Soil macroarthropods were extracted from each soil core using
modified Tullgren extractors (Tullgren Funnel Unit, BURKARD,
UK). All extracted faunal samples were preserved in 75% ethanol
and subsequently sorted under a dissecting microscope (Eclipse
E200, Nikon, Japan). In each sample plot (20 m * 20 m), five
quadrats (20 cm * 20 cm) were selected according to the five-point
plum blossom pattern sampling method. Soil samples (0~10 cm)
were collected from each quadrat. Soil macroarthropods on the
surface and inside of each sample were picked up using tweezers
and stored in collection tubes with 75% alcohol. These samples were
brought back to the laboratory for morphological identification.
After the soil macroarthropods were removed from the collection
tubes, they were repeatedly cleaned with 95% alcohol, and their
characteristics were observed under Leica stereo (Leica Camera Co.,
LTD., EZ4W, Berlin, Germany). For morphological identification,
specialized bibliographies were consulted (Yin, 1992; Yin, 1998; Yin,
2000), the samples was sorted and identified at the order, family
level, and the number of individuals and the species of each
individual were recorded.

The soil surface temperature was measured using a soil
temperature gun (Hong Kong Xima Instrument Co., LTD.,,
AS700, Hongkong, China). The latitude, longitude, and altitude
were recorded using a global positioning system (Beijing Jiaming
Avionics Technology Co. LTD., GPSMAP631csx, Beijing, China).
The soil moisture content was measured using a soil moisture tester
(Liaoning Saias Instrument Co., LTD., SBS-SE, Liaoning, China).
The organic matter and total nitrogen in the soil was measured
using an acid burette. The effective phosphorus was extracted with
sodium bicarbonate-molybdenum antimony spectrophotometry.
The rapidly available potassium was measured with a quick-
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acting potassium atomic absorption spectrophotometer, and the
pH was measured with a pHS-3C meter (Shanghai Leimi Electronic
Technology Co., LTD., Shanghai, China). The determination of soil
organic matter is conducted through acid titration, adhering to the
NY/T 1121.6-2006 standard. Total nitrogen content is quantified
using the Kjeldahl method as per HJ 717-2014, utilizing an acid
titration approach. The measurement of available phosphorus is
achieved through sodium bicarbonate extraction followed by
antimony molybdenum colorimetric analysis, in accordance with
HJ 704-2014. For available potassium, atomic absorption
spectrophotometry is employed, guided by the NY/T 889-2004
standard. Finally, the soil pH value is accurately assessed using a
pHS-3C pH meter, as specified in NY/T 1121.2-2006.

2.3 Statistical analysis

Statistical analyses were conducted in R-4.2.1 [https://cran.r-
project.org/(accessed on 21 June 2022)]. Alpha diversity indices
(including the richness index, Shannon-Wiener diversity index,
Pielou evenness index, and Simpson dominance index) were
calculated using “vegan” package in R. Two-way analysis of
variance was used to determine the significance of the
associations of the alpha diversity indices with seasons and
habitat types. Alpha diversity measurements were conducted
using the “INEXT” function within the iNEXT package for R,
ensuring thorough and complete sampling across all examined
habitats. Principal coordinate analysis (PCoA) and analysis of
similarities (ANOSIM) were performed based on the Bray—Curtis
distance using the “vegan” package in R. The niche breadth stability
was calculated for each community using the “spaa” and “microeco”
packages in R. To delve deeper into the community dynamics of soil
macroarthropod, we evaluated their structural variations by season
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and habitat type through the calculation of Hill numbers. We
performed a detailed calculation of Hill numbers for
macroarthropod communities in soil, encompassing: Species
Richness (Hill number NO, q=0), Exponential Shannon-Wiener
Index (Hill number N1, q=1), Inverse Simpson’s Concentration
Index (Hill number N2, q=2), and Inverse Berger-Parker Index
(Hill number N3, q=3) and the environmental parameters were
calculated using regression analysis. Multiple samples were
compared using the nonparametric Kruskal-Wallis test, followed
by Dunn’s multiple comparison test. Mantel tests were used to
determine correlations between environmental variables and
selected characteristics of macroarthropod composition in the
“linkET” package in R. Sampling sites were mapped in
ArcMap 10.6.1.

3 Results

3.1 High variation in soil macroarthropod
diversity in different seasons and habitats

In total, 2880 samples of soil macroarthropods, among these
samples, 7 samples were identified at the genus level, 37 groups were
identified at the family level, and 14 groups were identified at the
order level, were captured in the Nianchu River Basin
(Supplementary Table 4). The Hill numbers of these soil
macroarthropods varied among different samples for the
calculated indices (Supplementary Table 2): richness indices
ranged from 5 to 17. The diversity indices revealed that the
exponential Shannon index of soil macroarthropods spanned
from 1.38 to 9.18. In contrast, the inverse Simpson and Berger-
Parker indices of soil macroarthropods fluctuated between 1.22 to
7.21 and 1.17 to 1.64, respectively. Seasonal analysis revealed that

10.3389/fevo.2024.1297609

both the exponential Shannon-Wiener index and the inverse
Simpson index reached their zenith during summer, eclipsing the
figures observed in both spring and autumn. In contrast, autumn
witnessed the acme of the inverse Berger-Parker index, notably
surpassing its counterparts in the spring and summer seasons
(Figure 2A). Considering different habitats, the Seabuckthorn
forest demonstrated superior values in the exponential Shannon
index, the inverse Simpson index, and the inverse Berger-Parker
index, distinctly outperforming the three other habitats under study
(Figure 2B). In general, the diversity of soil macroarthropods
exhibited variations in seasonal and habitat-dependent manners.

3.2 Habitat and seasonal variation in soil
macroarthropod communities in Nianchu
River Basin

ANOSIM showed that the composition of soil macroarthropod
communities in the Nianchu River Basin exhibited significant
variation (P <0.05), depending on season and habitat type.
Habitat type (ANOSIM R*> = 0.14) had a greater effect than
collection site (ANOSIM R? = 0.084) on the composition of soil
macroarthropod communities. PCoA, conducted based on Bray-
Curtis distance to investigate differences in soil macroarthropod
communities among the studied seasons and habitat types, showed
that the PCoAl and PCoA2 explained 16.9% and 14.2%,
respectively, of the total variation in soil macroarthropod
communities (Figures 3A, B). There was no significant difference
in the soil macroarthropod community between spring and
summer, but a significant difference was observed between spring
and autumn and summer and autumn (Figure 3A). However, soil
macroarthropod communities showed significant difference among
habitat types (Figure 3B).
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There were some observations regarding the high variation in
the relative abundance of soil macroarthropods exhibited across
different seasons and habitat types (Figure 4A). In spring, the
predominant groups were Carabidae (24.75%), Lycosidae
(22.58%), Formicidae (15.90%), Dipteralarva (9.62%),
Lithobiomorpha_X (5.35%), and Orthoptera_X (3.29%). In
summer, the predominant groups were Formicidae (17.53%),
Carabidae (12.62%), Lithobiomorpha_X (11.31%), Lycosidae
(10.95%), and Hemiptera_X (9.85%). Lastly, in autumn, the
predominant groups were Lycosidae (16.82%), Formicidae
(15.12%), Lygaeidae (13.16%), Carabidae (9.40%), and
Lepidopteralarva (7.62%) (Figure 4B; Supplementary Tables 3, 4).
The predominant groups comprising the proportion of relative
abundance and community composition of soil macroarthropods
demonstrated differences across three seasons. Analysis of the
relative abundance of soil macroarthropods in the different
habitat types studied showed that, in grassland habitat types, the
predominant groups were Carabidae (15.28%), Meloidae (14.91%),
Lygaeidae (11.46%), Formicidae (10.87%), and Hemiptera_X
(10.76%). In farmland habitat types, the predominant groups
were Lycosidae (25.95%), Carabidae (13.16%), Dipteralarva
(12.62), Lithobiomorpha_X (9.69%), and Lepidopteralarva
(9.51%). In wetland habitat types, the predominant groups were
Formicidae (25.29%), Carabidae (24.51%), Lycosidae (11.63%),
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Orthoptera_X (6.67%), and Lithobiomorpha_X (6.54%). Lastly, in
sea buckthorn forest habitat types, the predominant groups were
Formicidae (24.95%), Lycosidae (20.96%), Lithobiomorpha_X
(11.44%), Carabidae (9.36%), and Dipteralarva (9.02%)
(Figure 4C; Supplementary Tables 3, 4). Located in the upper
reaches of the Nianchu River Basin, the grassland habitat is
situated at a comparatively higher elevation. This geographic
positioning contributes to a more homogeneous and limited
variety of species. Consequently, this leads to a reduced relative
abundance of species in the grassland habitat when contrasted with
the diversity found in the other three habitats.

3.3 Niche breadth and community stability
of soil macroarthropods

Niche breadth reflects the number of spatial resource slots
occupied by different species and the extent and uniformity of
their spatial distribution. The competition among species maintains
the state of community balance and species diversity and can
maintain the stability of species composition over a long period
of time. The niche breadth of soil macroarthropods varied among
the different seasons studied, but ranged from 1.00 to 10.26 for the
different indices. The community stability index of soil

frontiersin.org


https://doi.org/10.3389/fevo.2024.1297609
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Wang et al.

10.3389/fevo.2024.1297609

Summer

Spring

GL FL WL SF

B 00, c

0475_I~- I ' I
0.50-
0.254 I I
0.00-

Spring Summer Autumn

L

k=
S

0.

9
9

0.

193
=)

0.

Relative abundance
j3 o)
W

0.

k=

1.007

0.751

0.50

Relative abundance
Relative abundance

0.25 1

0.00-

FIGURE 4

Habitat and seasonal variation in soil macroarthropod abundance (Orthoptera_X is a family of Orthoptera, Lithobiomorpha_X is a family of
Lithobiomorpha, Hemiptera_X is a family of Hemiptera, Opiliones_X is a family of Opiliones). (A) Relative abundance of major groups of soil
macroarthropods in the different seasons and habitat types studied. (B) Relative abundance of major groups of soil macroarthropods among the
three studied seasons. (C) Relative abundance of major groups of soil macroarthropods among the four studied habitat types.

macroarthropods ranged from 0.2 to 0.51 among the different
studied seasons. The niche breadth of soil macroarthropods was
the largest in summer, and the community was relatively stable
(Figure 5; Supplementary Tables 6, 7). The niche breadth of soil
macroarthropods varied among different habitat types, ranging
from 1.00 to 9.83 for the different indices. The community
stability index of soil macroarthropods ranged from 0.2 to 0.51
among the different studied habitat types. The niche breadth of soil
macroarthropods was relatively large in wetland habitat types, and
the community stability of soil macroarthropods in sea buckthorn
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forest habitats was relatively strong (Figure 5; Supplementary
Tables 5, 8).

3.4 Links between soil macroarthropod
communities and environmental factors

Comparisons of the average environmental factors, by season
and habitat type, are presented in Table 1 (Supplementary Table 1).
Environmental factors such as pH, available phosphorus, and
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Niche breadth and community stability of soil macroarthropods. (A) Niche breadth of soil macroarthropods among the different studied seasons.
(B) Community stability of soil macroarthropods in the different seasons studied. (C) Niche breadth of soil macroarthropods in the different habitat
types studied. (D) Community stability of soil macroarthropods in the different habitat types studied. In the diagram, solid dots are used to denote
outliers, illustrating values that deviate significantly from the norm, whereas hollow dots are employed to signify the mean values, representing the
average tendency of the data.
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TABLE 1 Environmental factors and properties of soil in the Nianchu River Basin.

ST (°C) SWC (%) pH TN (mg/kg) AP (mg/kg) RAK (mg/kg) SOM (g/kg)

Spring 14.00 + 6.27a 22.36 + 15.67a 7.22 +0.48a 2099.11 + 1502.43a 8.48 + 12.67a 153.08 + 41.60a 2690 + 3191a
Summer 17.53 + 5.63a 21.22 + 13.81a 7.52 + 0.23b 1683.79 + 1776.15a 1.16 + 0.67b 68.31 + 24.95b 31.63 + 32.54a
Autumn 15.96 + 6.58a 16.50 + 15.29a 7.81 £ 0.36¢ 1651.68 + 1911.77a 2.05 + 1.10b 58.00 + 29.62b 37.99 + 43.34a
GL 1991 + 6.17a 6.03 + 3.62¢ 7.56 £ 0.43a 1630.67 + 753.74ab 2.23 + 1.24b 9591 + 59.43a 30.03 + 8.62b
WL 14.69 + 6.15b 37.70 = 8.74a 7.36 £ 0.25a 2761.13 + 2940.70a 2.05 + 2.59b 99.22 + 47.55a 55.72 + 63.49a
FL 16.13 + 6.43ab 12.26 + 9.96¢ 7.49 + 0.58a 1302.26 + 525.67b 9.09 + 14.21a 81.48 + 55.25a 20.08 + 8.04b
SF 13.41 + 4.94b 21.32 + 11.54b 7.66 = 0.42a 1515.87 + 1044.18ab 1.88 + 1.56b 96.47 + 57.00a 22.45 + 12.58b

GL, grassland; WL, wetland; FL, farmland; SF, sea buckthorn forest. Different letters indicate significance levels (ANOVA Duncan multiple comparison, significance level 0.05). ST, soil
temperature; SWC, soil water content; TN, total nitrogen; AP, available phosphorus; RAK, rapidly available potassium; SOM, soil organic matter.

rapidly available potassium showed significant seasonal changes (P
< 0.05), whereas other factors, such as total nitrogen, soil water
content, and soil temperature, did not. The pH values were highest
in autumn and lowest in spring. The rapidly available potassium
values were higher in spring than in summer and autumn. In
contrast, soil temperature, total nitrogen, soil organic matter, and
available phosphorus showed significant changes among the
different habitat types investigated (P < 0.05). The soil
temperature values in grassland habitat types were significantly
higher than those in wetland and sea buckthorn forest habitat types,
while the soil water content values in wetland habitats were
significantly higher than those in sea buckthorn forest habitats.
The total nitrogen values in wetland habitats were significantly
higher than those in farmland habitats, and the available
phosphorus values in farmland habitats were significantly higher
than in grassland, wetland, and sea buckthorn forest habitats.
Additionally, the soil organic matter values in wetland habitats
were significantly higher than in grassland, farmland, and sea
buckthorn forest habitats. There were no significant differences
observed in pH and available potassium values among the different
habitat types studied.

We analyzed the relationships between alpha and beta diversity
for the macroarthropods and environmental factors. Regarding
alpha diversity, the Simpson, Richness, Shannon, and Pielou
indices for macroarthropods were most significantly affected by
ST and SWC levels (Figures 6A, B). This result indicates a narrow
alpha diversity for soil macroarthropods in soil with extremely high
ST and SWC levels. The alpha diversity of macroarthropods was
also negativity correlated with RAK, indicating a high alpha
diversity for macroarthropods in areas with low RAK values. For
beta diversity, the Jaccard and Bray-Curtis distances of soil
macroarthropod communities positivity correlated with ALT and
ST values, indicating that temperature is a main factor influencing
the diversity of soil macroarthropods in the Nianchu River
Basin (Figure 6C).

Meanwhile, Mantel tests were used to explore the effects of
environmental factors on the variation in soil macroarthropod
communities among the different seasons and habitat types
studied. With regards to seasons, soil macroarthropod
community variation showed significant correlations with soil
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temperature and altitude in autumn (Figure 7A). With regards to
habitat, soil macroarthropod community variation showed
significant correlations with rapidly available potassium in
grassland habitats, and with soil water content in farmland and
wetland habitats (Figure 7B). These results suggest that temperature
and soil water content are the most important environmental
factors affecting the variation in soil macroarthropod
communities in the Nianchu River Basin.

4 Discussion

4.1 Comprehensive analysis on diversity of
soil macroarthropods in Nianchu
River Basin

The primary characteristics of soil macroarthropod
communities include species composition, quantitative
characteristics, and comprehensive characteristics. Soil
macroarthropod community structures are closely related to
diversity and the living environment; its community structure
characteristics are additionally affected by geographical location,
vegetation type, and environmental factors, leading to differences in
the animal structure characteristics of the soil. The number of soil
macroarthropods, the number of groups, and their diversity indices
can objectively reflect the species composition among different
habitats (Liu et al., 2008; Oxbrough et al., 2010; Culliney, 2013).
As far as we know, this is the first study on the diversity, as well as
the seasonal and biogeographical dynamics, of soil
macroarthropods in the Nianchu River Basin. These results
provide new research ideas regarding the dynamics of soil
organisms and their adaptability to the environment in the river
ecosystem of the Qinghai Tibet Plateau. Over the three seasons
considered in this study, a total of 2880 soil macroarthropod
specimens were captured in the Nianchu River Basin. Dominant
species had obvious controlling effects on the formation of
community structures and environments, and they are an
important part of the basic characteristics of the community. In
this study, the dominant groups, consisting of Carabidae,
Formicidae, and Lycosidae, were abundantly distributed among
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Relationship between soil macroarthropod diversity and environmental factors. (A) Relationship between soil macroarthropod Inverse Simpson and
environmental factors. (B) Relationship between soil macroarthropod Richness diversity and environmental factors. (C) Relationship between soil
microarthropod beta diversity (Based on Jaccard and Bray) and environmental factors.

the four habitats and three seasons investigated, and they seemed to
be the most important soil animal groups in the Nianchu River
Basin, playing an important role in the ecosystem.

4.2 Temporal and spatial patterns of soil
macroarthropods in the Nianchu
River Basin

Climate conditions are generally considered to be the key
determinants of soil animal communities (Lavelle et al., 1997).
Soil macroarthropods are affected by climate factors, such as
temperature (Irmler, 2006), precipitation, solar radiation (Salmon
et al.,, 2008) and soil moisture (Huhta et al., 1967). Our research
clearly shows the spatial and temporal pattern of soil
macroarthropods in the Nianchu River Basin. From spring to
autumn, the composition of soil macroarthropod communities
fluctuated significantly. Similarly, there are seasonal differences in
soil animal communities in other rivers (Ye and Liu, 2021). The
diversity index is an important tool with which to reflect the
functional organization of soil animal communities. The larger
the biodiversity index, the more abundant the species, the more
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complex their community structure, and the more uniform the
distribution of the various taxa. The evenness of the distribution can
reflect that of individual numbers of each species, and the
dominance usually indicates the status and role of a species
within the community. In this study, the Hill number serves as a
comprehensive approach to assessing biodiversity, encapsulating
both species richness and evenness. An upward trend in this metric
during the summer months signifies a dual phenomenon: a rise in
the variety of soil macroarthropod species, coupled with a more
equitable distribution across these species. Many studies have
shown that seasonal increases in temperature and precipitation
can lead to a decrease in the number of individuals and groups of
some soil animals, thereby affecting their community diversity
(Bokhorst et al., 2008; Liao et al., 2013). The Nianchu River Basin
has distinct seasons, and the rainy season is concentrated in
summer. The appropriate temperature and soil moisture cause
increases in the density and diversity index of soil
macroarthropods in summer. Different ecosystems have different
seasonal effects on soil macroarthropods (Noti et al., 1997). The
seasonal variation in vegetation types directly affected the diversity
of soil macroarthropods among the four studied habitat types in the
Nianchu River Basin. The differences in the seasonal dynamics of
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plant communities may also lead to differences in the microclimate,
resource availability, and soil properties among different habitats,
thereby directly or indirectly affecting soil animal communities
(Irmler, 2006). The study found that sea buckthorn forest habitats
had the highest diversity and Hill number of soil macroarthropods.
An elevated Hill number in sea buckthorn forests suggests not
only a variety of species but also a balanced distribution among
these species. This balance is crucial for maintaining ecosystem
functions, as it ensures that no single species dominates to the
detriment of others. This suggests a unique ecological niche or
favorable conditions in these forests that support a diverse
arthropod community.

4.3 Temperature and water content are
important determinants of soil
macroarthropod communities in the
Nianchu River Basin

During the long-term adaptation of soil macroarthropods to
their living environment, these creatures affected soil physical and
chemical properties through their physiological activities, and, in
turn, changes in soil nutrient content and other physical and
chemical properties also made an impact on the spatial scale,
difference distribution, and diversity index of the soil
macroarthropods (Li et al, 2017; Lu et al., 2018; Tresch et al,
2019; Ye and Liu, 2021). Soil macroarthropods are significantly
affected by several environmental factors, including altitude, soil
temperature, and soil water content (Wang et al., 2013; Hao et al,
2020; Xu et al.,, 2021). Soil water content is the main environmental
factor affecting soil macroarthropod communities (Setdila et al,
1995; Wall et al., 2010). The temperature difference between day
and night in the Qinghai Tibet Plateau region is relatively large, and
the average temperature is relatively low. A suitable temperature is
more conducive to the survival of soil animals, and, as the
temperature increases, the number of individual soil animals
increases (Qian and Wang, 19955 Wang et al., 2021). Different
types of soil animals have different requirements for soil moisture
content, because different soil macroarthropods have different
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ecological niches and resource utilization capacities; thus, there
are differences in their responses to environmental changes.
Differences in soil moisture content can affect the number and
species of soil animals, and high or low moisture can affect their
number and distribution (Huang et al., 2009). In this study, the
most important factors affecting the o diversity for soil
macroarthropods were soil temperature and soil water content,
and the higher the soil temperature and soil water content, the lower
the diversity index. Altitude and soil temperature were the main
factors affecting the B diversity for soil macroarthropods. Soil
macroarthropod communities showed significant correlations
with soil temperature and altitude in autumn, as well as with
rapidly available potassium in grassland habitats, and soil water
content in farmland and wetland habitats. Other environmental
factors also have a certain impact on soil macroarthropod
communities, because the effects of environmental factors on soil
animals are the results of not one, but multiple factors. Nevertheless,
the effect turned negative when the amount of nutrients exceeded
that required for soil animals to survive (Villenave et al., 2010;
Ayuke et al,, 2011). The differences in soil physical and chemical
factors among different habitats had different effects on the spatial
distribution of soil macroarthropods.

5 Conclusions

From the above experiments and analyses, the following
conclusions can be drawn. Firstly, the composition and
distribution of soil macroarthropods vary among habitat types.
The Hill number of Soil macroarthropod was lowest in summer.
Compared with other habitats, the Hill number in sea buckthorn
forest habitats was the highest, and the community was relatively
stable. The niche breadth of soil macroarthropods was largest in
summer, and the community was relatively stable. Soil temperature
and soil water content are the most important factors affecting the o
diversity of soil macroarthropods, while altitude and soil
temperature are the most important factors affecting the f
diversity of soil macroarthropods. In addition, we found spatial
and temporal heterogeneity in the community composition of soil
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macroarthropods. Among the environmental factors, altitude, soil
temperature, and soil water content are the most important
environmental factors affecting the spatiotemporal differences in
soil macroarthropod communities. The relationships between soil
macroarthropod communities and environmental factors indicated
that the adaptive mechanism between soil macroarthropod
communities and their living environment has long been present
in the Qinghai-Tibet Plateau.
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