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			ABSTRACT

		

		
			Enclosures, mowing, and sustainable grazing were used to help restore biodiversity and the production of the natural grasslands in China. The effects of grassland management on invertebrate diversity and its associated environmental factors were less reported in northern China. The relationship between the activity-density of carabid beetles and environmental factors was conducted under three different grassland management regimes (typical enclosure, enclosed mowing, and farmer grazing practice) in the Ningxia Hui Autonomous Region, northwestern China, from May to September 2017. Eighteen species from nine genera were collected in all regimes. The largest size of species and individuals occurred in mid-August, and species diversity and abundance were significantly greater in the typical enclosure area and the enclosed mowing area compared to the grazed area. The dominant species were Carabus vladimirskyi and Poecillus gebleri in enclosure areas and mowing areas while was Carabus glyptoterus in grazing areas. The key environmental factors associated with the activity-density of carabid beetles were soil organic matter, phosphorus, plant coverage, and plant density in enclosure areas and mowing areas. But soil temperature and pH were the main factors in grazing areas. This study implied that conservation of biodiversity requires consideration of different environmental condition in different grassland management regimes. Moreover, soil and vegetation restoration were more important for enhancing biodiversity in a grazed area than in enclosures and mowed areas in northwestern China.
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			INTRODUCTION

			Biodiversity and ecosystem service (BES) are an important issue in ecology (Mace et al., 2012; Kindsvater et al., 2018), and biodiversity and maintain a high level of multifunctionality in ecosystem service (Hector and Bagchi, 2007; Gamfeldt et al., 2008). Specifically, habitat environmental variables are critical factors affecting relationship between species diversity and habitat characteristics, specially such as vegetation and soil condition (Liu et al., 2016). However, because the patterns of land use and management regimes change or interaction (Frank et al., 2017), the connection between species diversity and habitat environmental variables becomes more complex, and the biodiversity also changes, especially in grassland ecosystems (Lyons et al., 2017).

			Grazing, mowing, and enclosures (fencing) are important approaches used to protect grassland biodiversity (Tälle et al., 2015; Tälle et al., 2016). These approaches have often been used to manage grasslands in China rationally (Li et al., 2016; Qu et al., 2018). Grazing and mowing promotes grassland biodiversity by removing above-ground biomass and accelerating nutrient cycling (Al-Mufti et al., 1977). Moreover, enclosures can also deserve the species diversity and productivity of grasslands by eliminating the disturbances of trampling, animal feeding, and defecation (Yan et al., 2009; Li et al., 2014). However, most studies on grazing, mowing, and enclosures only were focused on plants. Different management regimes can affect the diversity of invertebrates by changing the original environmental conditions in some cases (Frank et al., 2017; Lyons et al., 2017). However, the mechanism of effects on animals are unclear, especially on the richness and diversity of invertebrates by management regimes (Jeanyves et al., 2009). 

			Ningxia Yunwu Mountain National Nature Reserve (NYMNNP) is an area of natural grassland restoration in the Loess Plateau of Western China. Its biodiversity has been substantially increased after more than 30 years of conservation (Zhao et al., 2014). Research on protected areas such as the NYMNNP have mainly focused on vegetation restoration and soil quality (Xie and Wittig, 2004; Cheng et al., 2012). Furthermore, studies on insect community structure and diversity have mainly focused on Orthoptera (Song et al., 2017), Lepidoptera (Zhang et al., 2016), and scarce Coleoptera (Wang et al., 2015). However, the research mentioned above largely ignored the effect of environmental factors on insect diversity which is one of crucial components in eco-service. And it is important to study the relationship between species diversity and the environment in different grassland management regimes during the process of large-scale habitat changes during the cycle of grassland recovery.

			Carabid beetles (Coleoptera: Carabidae) were selected as representatives of the surface arthropods of grasslands for good indicators in our study. For example, carabid communities always respond in different ways to management regimes (Lyons et al., 2017; Lessard-Therrien et al., 2018). This study used carabid beetles as a model group to determine the effects of enclosure (excluding grazing livestock), mowing, and grazing on biodiversity in typical grasslands, as well as which environmental factors were driven the activity-density of carabid beetles in management regimes. A total of 13 environmental variables were considered including 6 vegetational characteristics (plant biomass, height, density, coverage, species richness, and aboveground litter), 7 soil factors (moisture, temperature, bulk density, organic matter, total phosphorus, total nitrogen, and pH value). The abundance of carabid responses to these factors were determined and the richness and diversity were assessed in three grassland management regimes (typical enclosure, enclosed mowing, and farmer grazing practice). The following hypotheses were tested:

			Hypothesis 1: There will be relatively higher carabid species richness in grazed areas compared with enclosure and mowed areas. This is because grazing is an abiotic disturbance which increases landscape heterogeneity and biodiversity (Rook et al., 2004; Lyons et al., 2017). 

			Hypothesis 2: Plant biomass, density, coverage, height, and above ground litter will positively affect carabid activity-density because vegetation communities provide the microhabitats for carabid survival and vegetation serves as a shelter for the beetles (Fattorini et al., 2012; Wang et al., 2017).

			MATERIALS AND METHODS

			Study areas and sampling design

			The study was conducted at the national nature reserve of the Yunwu Mountain grassland in Guyuan County, southern Ningxia, China (36°13’–36°19’ N, 106°24’–106°28’ E) (Fig. 1A). This is a large grassland ecosystem dominated by Stipa bungeana (Gramineae) and located at an elevation of 1800~2150 m. The climate is temperate arid and semi-arid with an annual mean temperature of 7°C and annual rainfall of 425.5 mm. The annual amount of sunshine ranges from 2300~2500 h and the frost-free period is 137 d. Soil types are evenly distributed between light black loessial soil and loessial soil. Three different grassland management regimes were selected as experimental areas in line with local conventional land management patterns. These were Typical Enclosure area (TE), Enclosed Mowed area (EM), and Farmer grazing Practice area (FP) (Fig. 1B). All of management had similar elevation and flat terrain.
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			Fig. 1. Study areas in southern Ningxia (A) where carabid beetles diversity was assessed (B) under three management regimes: TE, typical enclosure; EM, enclosed with mowing and FP, farmer grazing practice (C)

			The typical enclosure area (TE), is situated about 1 km from the Yunwu Mountain protection station (Administrative department) on the western hillside. It has been enclosed for 30 years in the Core Area of the natural reserve. The main vegetation includes Stipa bungeana, Stipa grandis, Artemisia frigida, Thymus mongolicus, and Heteropappus altaicus. The average height of this plant community in summer is about 64 cm, and the ground surface coverage is about 80%.

			The enclosed mowed area (EM) is located in the fire belt with different slope directions around the southern 2 km of the protection station. The grass vegetation is crossed by areas of mowed grasses that serve as fire belts. The grass is cut each May and mowing height exceeds 2/3 of grass height (almost all biomass including litter and dry matter was removed), as managed by the government. The main vegetation is similar to TE, but the summer vegetation height is lower (41 cm) and ground coverage is reduced (54%).

			The farmer grazing practice area (FP) is situated on a hillside about 9.5 km southeast of the protection station in the Buffer Area of the natural reserve. This is a combination habitat of several farms and lightly grazed grassland (2 sheep per hectare, grazing 2-3 times a week). There is a sparse growth of Caragana korshinskii (Leguminosae), a shrub commonly used to improve soil quality and maintain soil moisture in northwest China. Major vegetation includes Stipa bungeana, Artemisia frigida, Thymus mongolicus, Potentilla acaulis. Potatoes and minor cereals are grown on the farms. The plant community average height is 39 cm, and the coverage is 42%. For management type, refer to Figure 1C.

			Table I. Correlation of eigenvalues for PCA axis and environment variables.
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			Carabid sampling

			Carabid beetles were monitored at 45 sample sites (15 sites per management type) using pitfall traps (Schirmel et al., 2015; Lyons et al., 2017). Each sampling site area was 50 m2 and separated from other sampling sites by at least 150 m. At each sampling site, five pitfall traps were placed at a distance of least 5 m from each other. Pitfall traps were made of plastic cups (diameter: 7.15 cm, depth: 9 cm) sunk into the ground and filled with 60 mL of an attractant solution (vinegar, sugar, 70% ethanol and water in a 2:1:1:20 ratio (wt/wt). Pitfall traps were set once monthly, at mid-month, from May to September in 2017, and collected three days later.

			A total of 1,125 pitfall traps were used in our study (45 sampling sites×5 pitfall traps×5 sampling dates). For analysis, the data from the 5 pitfall traps of each sampling site were pooled as a single sampling unit because the soil and vegetation characteristics were measured at the sampling site level for each of the 45 sites. Carabid data were obtained from all of the sampling sites, including those with no beetles; the annual number of lost traps was less than 10. The trapped beetles were counted, identified by taxonomist experts from the Chinese Academy of Sciences, and preserved in the insect collection of the school of agriculture, Ningxia University.

			Vegetation and soil sampling

			Thirteen environmental variables were measured, including six vegetation and seven soil factors (Table II). Except for soil organic matter, total nitrogen, total phosphorus, and pH, which were measured only once in August of 2017; other variables were measured each month. All of the environmental variables were investigated at the same time on the same day by three groups of survey teams under different management regimes.

			In each sampling site, one quadrat frame of 0.25 m2 was set up to record plant dry biomass (PB, g/m²), cover (PC, % of soil covered by plants), density (PD, number of plants per m²), height (PH, average, cm), richness (PSD, plant species diversity), and aboveground litter (litter, dry mass, g/m²) (Tsafack et al., 2019). 

			One sample near the quadrat frames was collected to measure soil moisture (SM, 10 cm depth, Thermo-gravimetric method, %) (Majumdar, 2001), bulk density (SBD, Ring knife method, g/cm3), total nitrogen (N, Kjeldahl nitrogen, g/kg), total phosphorus (P, Mo-Sb colorimetric method, g/kg), soil organic matter (C, Potassium dichromate volume method, g/kg), and soil pH value (pH) was determined using a pH acid-base indicator. This method of soil variables specific reference to protocol of the Chinese Academy of Sciences, Nanjing Institute of Soil Science Editor Soil Physical and Chemical Analysis in 1978.
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			Fig. 2. Carabidae species and individuals in the natural grassland of Yunwu Mountain. Vertical axes were log-transformed; CaloChi, Calosoma chinense; ReflRef, Reflexisphodrus reflexipennis; DoliHal, Dolichus halensis; CaloLug, Calosoma lugens; CaloAnt, Calosoma anthrax; PesuMon, Pseudotaphoxenus mongolicus; PesuRug, Pseudotaphoxenus rugipennis; CaraScu, Carabus sculptipennis; PoecGeb, Poecillus gebleri; CaraVla, Carabus vladimirskyi; CaraGly, Carabus glyptoterus; PoecFor, Poecillus fortipes; ZabrPot, Zabrus potanini; AmarDux, Amara dux; CaraAnc, Carabus anchocephalus; Amarsp, Amara sp; AmarHar, Amara harpaloides; BrosKoz, Broscus kozlovi.

			Table II. Correlation coefficients of environmental variables and the first two PCA axes.
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			SM, Soil moisture; SBD, Soil bulk density; Temp, Soil temperature; C, Soil organic matter; P, Total phosphorus; N, Total nitrogen; pH, pH value; PB, Plant biomass; PH, Plant height; PD, Plant density; PC, Plant coverage; PSD, Plant species diversity; Litter, Aboveground litter.

			Data analysis

			The activity density of the species was calculated as the number of beetles in the sampling site area. The dominant species (more than 10%), common species (1–10%) and scarce species (less than 1%) were divided according to the proportion of the number of individuals. We used the Shannon-Wiener index (H′) to calculate the species diversity of carabids, H`=Ʃsi=1Pi1nPi ; Species richness (D) was determined by Margalef richness index, D=(S-1)/lnN; Pielou evenness index (J′) was used to evaluate community stability, J′=H′/lnS; Simpson dominance index (C) was used to assess the of concentration community dominance, C=Ʃsi=1 Pi2. In the above formula, the S is the number of species in the community, N is the total number of collected individuals, Pi is the proportion of the number of the i group individuals in the total number of individuals in the community (Ma, 1994; Spellerberg and Fedor, 2003).

			Differences in species richness and diversity among the three management regimes were tested using one-way Analysis of Variance (one-way ANOVA) followed by post-hoc Tukey tests. Statistical analysis was done with SAS 8.2. Graph Pad Prism 5.0 was used for figure preparation. The relationships between carabid activity-density and the environmental variables were analyzed using Detrended Correspondence Analysis (DCA) and Principal Components Analysis (PCA) with Canoco 4.5 software (Lai, 2013). All data were standardized by [log (x+1)].

			Results

			Carabid beetle species composition among the three management regimes

			A total of 4206 carabid beetles were collected, belonging to 18 species and 9 genera (Fig. 2). There are fewer dominant species and more scarce species in our study in 2017, but the distribution of dominant and scarce species exhibited clear differences in each management type. Carabus vladimirskyi was dominant in TE and EM, accounting for 33.98% and 32.92% respectively, while it was a scarce species in PE, accounting for only 2.11%. Poecillus gebleri was a dominant species in the three regimes, accounting for 23.73%, 31.32%, and 21.88% of the total respectively. Carabus glyptoterus was dominant in FP, accounting for 53.00%, but only 4% and 9.99% in TE and EM, respectively. The scarce species Calosoma lugens and scarce genus Amara sp were only found in TE and EM.
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			Fig. 3. Temporal dynamics of carabid beetle individual and species richness in different management regimes.

			Carabid beetles spatiotemporal dynamic and diversity analysis

			The abundance of individuals and species richness were relatively similar in three management regimes. With the exception of species richness in TE, the peaks of species and individuals in other management regimes occurred in mid-August and sub-peaks appeared in mid-July (Fig. 3). The fluctuation of carabid numbers in EM may be related to the primary productivity increase after artificial mowing in May. There was no significant difference between richness (F=13.61, P<0.001) and activity density (F=23.1, P<0.001) in EM and TE, but they were both significantly higher than FP (Fig. 4). The Shannon-Wiener diversity index of TE and EM was significantly higher than FP (F=6.85, P=0.003), the Simpson dominance index was significantly lower than FP (F=7.33, P=0.002). There was no significant difference between TE and EM. Moreover, there was no significant difference in Pielou evenness index and Margalef richness index among the three management regimes (Fig. 5). These results suggest that the activity-density as well as the richness and diversity of carabids are affected by grassland management regimes. In addition, the results of boxplot distribution of four diversity indices showed that the dispersion degree of FP was higher than the other areas. There have higher species diversity, less variation and stronger community stability in TE and EM habitats.
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			Fig. 4. Spatial dynamics of carabid beetle activity density and species richness in different management regimes; ANOVA was used to compare differences among different interference levels. Different letters on the same type of bar indicate significant differences at the P < 0.05 level.
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			Fig. 5. Boxplot of (A) Dominance index, (B) Shannon-Wiener index, (C) Evenness index, (D) Richness index; The differences of carabid community diversity indices among different types of interference were compared using the one-way ANOVA. Different letters above the boxes indicate significantly different means according to the Tukey test (P < 0.05).

			The main environmental factors affecting carabids activity density

			The distribution characteristics of carabid communities were significantly affected by environmental factors, since the correlations between species distribution for the first two axes and environmental variables reached 0.951 and 0.863 in PCA analysis (Table I). C, P, PC, PD, and pH had close correlations with the first principal component axis, with correlation coefficients of -0.9179, -0.7639, -0.7135, -0.6191, and 0.6407, respectively. PB and Temp had close correlations with the second axis, with correlation coefficients of -0.6378 and 0.5981 (Table II). Therefore, the main environmental factors that affected the activity-density of the carabid were C, P, PC, PD, pH, PB, and Temp.

			The relationship between each species and environmental variable is presented in Figure 6A. Five environmental variables showed significant effects Axis 1: C, P, PD, and PC had negative correlations and pH had a positive correlation. Among these, there were four abundant species (CaraVla, CaraScu, PoecFor, PoecGeb) with high abundance levels that were positively correlated with C, P, PD, and PC. Two abundant species (CaraGly, CaraAnc) were positively correlated with pH. Two environmental variables showed significant effects: Axis 2: PB (negative) and Temp (positive). Among these, only one dominant species (CaraGly) was positively correlated with Temp. There were only two scarce species (CaloChi, BrosKoz) positively correlated with PB. PB was a limiting factor for dominant species (Fig. 6A).
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			Fig. 6. PCA ordination of (A) 18 species of beetle and 13 environmental factors, (B) 45 sample sites and 13 environmental factors; PB, Plant biomass; PC, Plant coverage; PD, Plant density; PH, Plant height; PSD, Plant species diversity; Litter, Aboveground litter; SBD, Bulk density; SM, Soil moisture; Temp, Soil temperature; C, Soil organic matter; P, Total phosphorus; N, Total nitrogen; pH, pH value. Environmental factors are represented by red arrows, carabid species are represented by blue arrows, dominant species are enclosed in red rectangular boxes.

			Table III. Correlation coefficients between the 13 environmental variables.
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			The correlation coefficient showed significant difference at P<0.05 level in Monte Carlo permutation test.

			The relationship between sampling sites and environmental factors in different management regimes was analyzed (Fig. 6B). Most of the TE sites were distributed in the third quadrant, showing a strong correlation with PC, N, SM, PH, Litter, and PB. More EM sites were distributed in the second quadrant, showing a strong correlation with PD, C, and P. Some sample sites between the two management regimes had interaction effects which were affected by the same environmental factors. The FP sites were distributed in the first and fourth quadrant and were positively correlated with Temp, pH, SBD, and PSD. 

			Activity-density and richness of carabids in FP was the lowest, and temp and pH were the most important factors in FP. C, P, PC, PD and PB positively affect carabid activity-density in TE and EM.

			The correlation between environmental factors

			The vegetation-soil interactions explained more of the composition variation in the beetle community. The main environmental factors that affected the activity-density of the carabid were C, P, PC, PD, pH, PB, and Temp (Table II). These main factors were affected by secondary factors. The correlation between environmental factors showed that litter, C, N, PH had a strong positive correlation and pH had a strong negative with PC; N, PB, PH, SM had a strong positive correlation with Litter; There is a strong positive correlation between PH and PB, C and P (Table III). 

			DISCUSSION

			Enclosure (TE), mowing (EM), and grazing (FP) are important land management regimes for biodiversity conservation in grassland ecosystems (Li et al., 2016; Tälle et al., 2016). The community structure of carabids was significantly different among these three management regimes and this was influenced by environmental variables in our study. 

			Activity-density and richness of carabids in FP was the lowest among the three grassland management (Figs. 4 and 5), which did not support our Hypothesis 1 and contrary to result of Rook and Scimone (Rook et al., 2004; Scimone et al., 2007). Although grazing can increase habitat heterogeneity and biodiversity, most studies have only focused on vegetation communities (Scimone et al., 2007) and the carabid response to grazing system appears different than the vegetation response (Lyons et al., 2017). In addition, it is recognized that overgrazing leads to grassland degradation, and long-term grazing will increase soil bulk density and decrease moisture, affecting the growth and survival of eggs and immatures (Supplementary Table I) (Lövei and Sunderland, 1996; Magura et al., 2003). This appears to be the reason why carabid density is lower in FP areas with long term management. Therefore, it is not consistent for the carabid diversity with habitat heterogeneity after grazing in smaller scale.

			The richness, activity-density, and diversity of carabids in the TE and EM were significantly higher, which also did not support our Hypothesis 1. EM was higher than TM but not significant. These results suggest that enclosure and mowing can enhance carabid community diversity. As the main measure for grassland restoration, enclosure will promote vegetation succession to a climax community with corresponding changes of physical and chemical properties of the soil (Yan et al., 2009). During this process, enclosure may provide a favorable environment for carabid survival. Liu et al. (2012) confirmed that the abundance and diversity of ground arthropods respond positively to enclosure areas. Mowing provides a better predation situation for carabids by reducing vegetation coverage, density, height, and biomass in our study (Supplementary Table II). Sparse vegetation areas are ideal hunting areas for mobile ground-dwelling soil arthropods such as carabids (Kromp, 1999; Batáry et al., 2012). In addition, Birkhofer et al. (2015) found that frequent mowing led to a higher abundance of predaceous and omnivorous ground beetles but a lower abundance of herbivorous species. However, since most of the dominant and abundant species are predatory, as indicated by feeding and literature references in our study, carabid activity-density and diversity were higher in the EM. This proved that EM had a strong influence on the distribution of carabids. Although EM sample as fire belt has a small area, it has a wide range. The above results were also supported that appropriate grassland management regimes such as enclosure and mowing can beneficially affect carabid species composition (Lyons et al., 2017) and biodiversity benefits of grasslands (Tälle et al., 2016).

			In our study, the results showed that plant coverage, density, biomass will affect activity-density in TE and EM positively, which supports our Hypothesis 2. This indicates that vegetation provide the microhabitats needed for carabid survival as shelter (Wang et al., 2017). In addition, soil organic matter, total phosphorus was affected the activity-density of carabids in the TE and EM areas significantly. Other studies were supported our finding, for instance, Liu et al. (2010) demonstrated that soil arthropod abundance, including some Coleoptera larvae, is related to soil organic matter. Total phosphorus is associated with dung beetles and saprophytic beetles (Liu, 2011). Soil temperature and pH value were the main factors in FP. We thought soil temperature should have a slight impact on beetle density because it needs a larger scale, but the results showed that soil temperature was a key factor. Therefore, the main reason is that grazing increases soil bulk density. And then, high-density soil leads to lower soil moisture, which in turn leads to an increase in soil temperature. Secondly, we also speculate that it may be vegetation effects (grazing reduces PC, PD), but not regional issues (9.5 km apart) and the slope (flat terrain). We thought that pH value had a greater impact on carabids in FP due to specialized land management. (Vittum and Tashiro, 1980) showed that larvae of the Japanese beetle do not survive in acidic environments (pH<5.9). We support this finding because grazing leads to a decrease in plant biomass and an increase in soil salinity, which in turn leads to an increase in pH, especially in Northwest China, where precipitation is scarce (Li et al., 2006).

			Moreover, the vegetation-soil interactions explained more of the variation in the beetle community than vegetation or soil alone (Liu et al., 2016). Exactly as result that soil organic matter, total phosphorus affects carabids by driving the growth and reproduction of vegetation. Liu et al. (2016) showed that the herbaceous plant biomass had a significant negative direct effect on species richness, but indirectly affected species richness via positive effects on shrub height and soil pH. In addition, the secondary factors also interact with each other, such as total nitrogen, plant biomass, plant height, soil moisture had a strong positive correlation with litter. We also supported the changes to vegetation variables had stronger bottom-up effects on beetle species composition than altered soil (Scherber et al., 2010; Gossner et al., 2019), because plant coverage as a main factor was affected by other soil variables in our study. Moreover, predator-prey interaction should be considered. Carabid beetles are active predators, and should be strongly influenced by the abundance of their prey group (Symondson et al., 2006). Therefore, carabids should be indirectly affected by vegetation and soil, or directly affected through by prey.

			In conclusion, this study determined the effects of the management regimes of enclosure, mowing, and grazing on the diversity of carabid beetles. The main environmental factors are associated with the activity-density of the carabids. The conservation of biodiversity requires consideration of different environmental variables in different grassland management regimes. Specifically, restoration on soil quality and vegetations are relatively more important to sustain the biodiversity of grazed areas. Further research should clarify the biology and ecological service of key carabid species and explore the relationships between environmental factors and taxonomic and functional group of carabid beetles.
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ABSTRACT
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Enclosures, mowing, and sustainable grazing were used to help restore biodiversity and the production
of the natural grasslands in China. The effects of grassland management on invertebrate diversity and

Key words

its associated environmental factors were less reported in northern China. The relationship between Grassland management regimes,
the activity-density of carabid beetles and environmental factors was conducted under three different Carabid beetles; Environmental
grassland management regimes (typical enclosure, enclosed mowing, and farmer grazing practice) in the impactS' Activity-density
Ningxia Hui Autonomous Region, northwestern China, from May to September 2017. Eighteen species DOI: h ° -

’ ’ : https://dx.doi.org/10.17582/

from nine genera were collected in all regimes. The largest size of species and individuals occurred

in mid-August, and species diversity and abundance were significantly greater in the typical enclosure Journal.pjz/ 20190608100630

area and the enclosed mowing area compared to the grazed area. The dominant species were Carabus *

Corresponding author: wangx-

viadimirskyi and Poecillus gebleri in enclosure areas and mowing areas while was Carabus glyptoterus in inpu@nxu.edu.cn
grazing areas. The key environmental factors associated with the activity-density of carabid beetles were 003 0_692% /2021/0006-2389 $

soil organic matter, phosphorus, plant coverage, and plant density in enclosure areas and mowing areas.

But soil temperature and pH were the main factors in grazing areas. This study implied that conservation 9.00/0

of biodiversity requires consideration of different environmental condition in different grassland Copyright 2021 Zoological Society
management regimes. Moreover, soil and vegetation restoration were more important for enhancing of Pakistan

biodiversity in a grazed area than in enclosures and mowed areas in northwestern China.

INTRODUCTION

Biodiversity and ecosystem service (BES) are an
important issue in ecology (Mace ef al, 2012;
Kindsvater er al., 2018), and biodiversity and maintain
a high level of multifunctionality in ecosystem service
(Hector and Bagchi, 2007; Gamfeldt er al., 2008).
Specifically, habitat environmental variables are critical
factors affecting relationship between species diversity
and habitat characteristics, specially such as vegetation
and soil condition (Liu ef al., 2016). However, because the
patterns of land use and management regimes change or
interaction (Frank ef al., 2017), the connection between
species diversity and habitat environmental variables
becomes more complex, and the biodiversity also changes,
especially in grassland ecosystems (Lyons ef al., 2017).
Grazing, mowing, and enclosures (fencing) are
important approaches used to protect grassland biodiversity
(Talleetal.,2015; Tilleetal.,2016). These approaches have
often been used to manage grasslands in China rationally
(Li et al., 2016; Qu et al., 2018). Grazing and mowing
promotes grassland biodiversity by removing above-
ground biomass and accelerating nutrient cycling (Al-
Mufti et al., 1977). Moreover, enclosures can also deserve
the species diversity and productivity of grasslands by
eliminating the disturbances of trampling, animal feeding,

and defecation (Yan et al., 2009; Li et al., 2014). However,
most studies on grazing, mowing, and enclosures only
were focused on plants. Different management regimes
can affect the diversity of invertebrates by changing the
original environmental conditions in some cases (Frank ef
al.,2017; Lyons et al., 2017). However, the mechanism of
effects on animals are unclear, especially on the richness
and diversity of invertebrates by management regimes
(Jeanyves et al., 2009).

Ningxia Yunwu Mountain National Nature Reserve
(NYMNNP) is an area of natural grassland restoration in
the Loess Plateau of Western China. Its biodiversity has
been substantially increased after more than 30 years of
conservation (Zhao et al., 2014). Research on protected
areas such as the NYMNNP have mainly focused on
vegetation restoration and soil quality (Xie and Wittig,
2004; Cheng ef al., 2012). Furthermore, studies on insect
community structure and diversity have mainly focused on
Orthoptera (Song ef al., 2017), Lepidoptera (Zhang ef al.,
2016), and scarce Coleoptera (Wang et al., 2015). However,
the research mentioned above largely ignored the effect of
environmental factors on insect diversity which is one of
crucial components in eco-service. And it is important to
study the relationship between species diversity and the
environment in different grassland management regimes
during the process of large-scale habitat changes during
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