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Abstract It is well known that human activities and climate change have increased 

steppe habitat loss and fragmentation in Northwest China. Carabid beetles are often 

used as bioindicators of environmental change because they are extremely sensitive to 

disturbance. We chose 42 landscapes (18 fragmented and 24 continuous) in both 

desert and typical steppes of Northwest China to examine the influence of habitat loss 

and fragmentation on carabid beetle communities. The results showed the largest 

correlation coefficient between carabid communities and landscape compositions 

within a 7-km spatial scale in both desert and typical steppes. Further, the response of 

carabid communities to habitat fragmentation was species-specific in both desert and 

typical steppes. Habitat fragmentation in the desert steppe had positive effects on the 

richness and abundance of carabid communities, while in the typical steppe, the 

effects were negative. Additionally, habitat fragmentation significantly decreased the 

abundance of two common carabid species in the desert steppe. Therefore, the effects 

of habitat fragmentation on carabid biodiversity differ with species characteristics and 

habitat traits, where plant communities, soil structure, and microclimate vary in the 

different steppe types. The results of this study provide experimental evidence and 

technical support for biodiversity conservation management in the steppes of 

Northwest China.  

Keywords steppe, habitat fragmentation, carabid beetles, community, richness, 

abundance  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 November 2019                   doi:10.20944/preprints201911.0376.v1

https://doi.org/10.20944/preprints201911.0376.v1


1. Introduction 

In Northwest China, the steppe is the largest terrestrial ecosystem and of great 

importance in socio-economics, culture, ecology, and environmental quality, because 

it harbors highly diverse landscape types and rich species communities, such as 

plants, soils, and insects [1-4]. However, the continued loss and fragmentation of 

natural habitats following increasing intensity of land use and climate change have 

caused the degeneration of the steppe and relevant ecosystem function in the past few 

decades, which has led to widespread concern around the world [5,6].  

Fragment size and the degree of isolation have been identified as key 

determinants of species diversity in fragmented systems [7-9]. Moreover, 

fragmentation per se is a landscape level phenomenon, which not only decreases 

habitat size and quality but also raises isolation and causes ecological boundaries that 

are extremely distinct from true core habitats [10]. Therefore, there are widespread 

and increasing concerns about the impact of habitat loss and fragmentation on 

biodiversity [7,11].  

However, there are debates among researchers about the impacts of habitat 

fragmentation on biodiversity. The general trend considers habitat fragmentation a 

major threat [7,12-16] with strong negative effects on biodiversity [17]. Conversely, 

habitat fragmentation was also thought to have positive influences on biodiversity. 

For instance, McGarigal & McComb reported that there were positive effects of 

habitat fragmentation on late-seral forest species [18], and Tscharntke et al. 

demonstrated a positive effect on endangered butterfly species [19]. Furthermore, 
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there was another point of view that species response to fragmentation can change 

when habitat conditions are altered through disturbances [20], such as livestock 

grazing [21] and road proximity [22]. May et al. suggested that there is a difference 

between geometric and demographic fragmentation influences on biodiversity [23]. 

Therefore, the effect of habitat fragmentation on biodiversity is uncertain due to 

different biological species and ecological conditions of habitats [20]. 

Meanwhile, researchers were concerned about the effects of habitat patch and 

boundaries on biology and thought that particular spatial traits of patches and 

boundaries influence organism communities [24-30]. In theory, ecologists determined 

that boundaries generally delimitate habitat patches. The boundaries identify patch 

shapes and signal the change to a non-patch habitat [31]. As there can be many shape 

descriptions, patch perimeter-to-area ratios affect animal movement into and out of 

habitat patches within different spatial scales. Relevant research has shown that 

emigration increased with increasing perimeter-to-area ratios [32].  

North China steppes have been subjected to loss and fragmentation to a greater 

extent than most other ecosystems [33]. Nevertheless, they have acquired 

comparatively little attention on the background of ecological response to habitat loss 

and fragmentation. Actually, steppe is a collective name and includes multiple types, 

such as desert, typical, meadow, and alpine steppes, according to the plant species 

construction and altitudes in China [1]. Ground beetles are very sensitive to landscape 

fragmentation and environmental variables [34,35]. Thus, carabid beetles, which are a 

kind of ground beetle, are often used to study response to habitat alteration due to 
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their distributional patterns and community structure being strongly affected by 

landscape fragmentation [36-41]. Given the expectation of various habitat loss and 

fragmentation effects, the importance of the different types of steppes, and carabid 

beetle characteristics, we addressed the following questions: (1) What size spatial 

scale has the greatest influence on carabid communities? (2) Are carabid species 

richness and abundance affected by habitat fragmentation in the different steppe 

types? (3) How does habitat loss and fragmentation impact the richness and diversity 

of carabid communities in the different steppe types? (4) Are the responses of 

different carabid groups to habitat loss and fragmentation similar within the same 

steppe? 

2. Materials and Methods 

2.1 Study area 

The study area was in the Ningxia Hui Autonomous Region of Northwest China 

(104°17´-107°39´E, 35°14´-39°23´N; total area of 6.64×106 hm2), which is part of the 

Eurasian Steppe. The steppe is the largest terrestrial ecosystem in Ningxia, comprises 

about 2.44×106 hm2, and occupies 36.75% of the national land area of Ningxia. The 

region has a typical continental climate [42]. The average yearly temperature is 

8.22℃, and the effective accumulated temperature (≥10℃) range is from 1,500 to 

2,000 day degrees in Ningxia. The average yearly evaporation and annual 

precipitation are 2,075.1 mm and 276 mm, respectively. The precipitation is unevenly 

distributed throughout the year and about 70% falls from June to September [43,44]. 

Desert and typical are the main types of steppe in Ningxia, which account for 
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55% and 24% of the total steppe area, respectively. These two steppe types consist of 

significantly different plants and species communities. Thus, each type is further 

divided into different community types according to the constructive plant species 

[1,44].  

As the most arid grassland ecosystem type in China, desert steppe is distributed 

in areas with an annual precipitation below 200 mm and under the influence of 

continental climatic conditions. In desert steppe, the effective accumulated 

temperature (≥10℃) is 1,500 to 1,700 day degrees and constructive plant species 

mainly include Stipa breviflora, Convolvulus tibetica, Salsola passerine, Reaumuria 

soongorica, Glycyrrhiza uralensis, and Sophora alopecuroide. The desert steppe 

spreads into the middle and northern parts of Ningxia [1,44]. 

Typical steppe occurs in regions with an annual precipitation from 250 to 450 

mm and altitudes ranging from 1,000 to 1,500 m. The effective accumulated 

temperature (≥10℃) is 1,600 to 1,800 day degrees. The dominant constructive plant 

species are Stipa bungeana, Artemisia gmelinii, Potentillae chinensis, Lespedeza 

potaninii, and Thymus serpyllum var. mongolica (Kang et al., 2007; Zhao et al., 

2018a). There are many typical steppes in the middle and southern parts of Ningxia.  

In the entire steppe, a total of 42 landscapes, including 24 desert steppe 

landscapes and 18 typical steppe landscapes, were monitored for carabid beetles and 

sampled for vegetation from July 20 to August 20 between 2016 to 2018. Landscapes 

were separated by at least 1 km from each other (Figure 1). All experimental 

landscape patches have been completely protected since 2006 to remove random 
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disturbances and human activity, such as grazing and excavating. 

2.2 Carabid beetle collection 

At every landscape sampling site, we collected carabid beetles using a random 

five-point sampling method, which is an empirical method for insect collection 

[45,46]. Each sampling point included 10 pitfall traps that were comprised of plastic 

jars (caliber 75 mm，depth 90 mm) dug into the ground with the rim level with the 

soil surface, filled with 100 ml of attractant solution (1:2 glycol-water mixture), and 

arranged in a circle [47]. After 10 days, the trapped beetles were collected and 

conserved in 75% ethanol, and then taken back to the laboratory for identification. 

Carabid beetles were determined to species level according to the Carabidae of the 

World web service (www.carabidage.org) for classification system and nomenclature  

and referring to Wang et al. [48,49]. 

2.3 Vegetation collection 

At each sampling site, three quadrates (1×1 m) on the diagonal were selected for 

plant community sampling. In each quadrate, we measured three variables that 

included plant dry biomass (PB, g/m2), cover (PC, percent of soil covered by plants), 

and richness (PR, number of plants per m2). Plant cover was estimated using the 

projection method and visual investigation (one component of four degrees and one 

determination method) [50]. For the plant cover data, we recorded species identity and 

frequency within each quadrate. All plants were identified to the species level. 

Finally, we cut off all above-ground plant tissues in the quadrate and took the samples 

to the laboratory in a paper bag where they were dried in an oven in order to 
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determine the dry biomass. 

2.4 Landscape data 

Candidate landscape variables consisted of patch five different fragmentation 

levels from 1 km to 11 km (Table 1). Patch area (hectare) and perimeter (kilometer) 

were extracted from a digital terrain map from 2009 (1:50,000). A base digital map 

(vectorized) of the Ningxia steppe was obtained from the China Resource Satellite 

Application Center (http://www.cresda.com). For fragmentation level, we used ratios 

of perimeter to area as a following measure [32,51] (Equation 1), which is a non-

species-specific measure incorporating both sampling patch perimeter and area. 

𝐹𝑖𝑗 =
𝑃𝑖𝑗

𝐴𝑖𝑗
× 100%…………………………………………………….(1) 

In the above equation, 𝑃𝑖𝑗 and 𝐴𝑖𝑗  are the perimeter and area of sampling site i 

under j fragment level, respectively. All landscape variables were calculated using 

ArcGIS 10.2.2 (ESRI, Redlands, CA, USA). 

2.5 Statistical analysis 

For each sampling point, we counted the number of carabid individuals captured 

in the field and calculated the mean value ± SE for five points in each sampling site. 

Based on species level, we applied the Shannon-Wiener index (H =

− ∑ (𝑃𝑖
𝑘
𝑖=1 )(𝑙𝑛𝑃𝑖)) to compute the carabid diversity in the two steppe types and 42 

landscape sampling sites [52]. Otherwise, we sorted all collected carabids into two 

groups (common species and rare species). For each group, we examined multiple 

comparisons and tests of insect communities across the two different steppe 

landscapes (fragmented and continuous) and types (desert and typical) to identify 
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significant differences. 

We conducted a split-plot analysis, as our designed experiments have different 

treatments applied to plots of varying sizes. The steppe types were treatments, and 

sampling points within each type were replicated five times. The function lme was 

called because the explanatory variables were a mixture of fixed effects (management 

treatment: fragmented and continuous landscapes) and random effects (steppe types). 

All analyses were performed using the statistical software SAS.v8, and all figures 

were drawn with Origin 8.0.  

3. Results 

Habitat fragmentation decreased with increasing spatial scales. The habitat 

fragmentation index was highest within a 1-km spatial scale, but lowest within an 11-

km spatial scale in both fragmented and continuous landscapes of the two steppe 

types. The degree of habitat fragmentation was larger in a fragmented typical steppe 

than in a fragmented desert steppe (Table 1). 

More species were collected with increasing sampling point numbers in both 

fragmented and continuous desert steppe landscapes (Figure 2a). Four pitfall traps 

(sampling points) in both continuous and fragmented desert steppe landscapes could 

cover more than 90% of the species, and five pitfall traps could account for more than 

95% of the species (Figure 2a). Similarly, the sampling results in the typical steppe 

were consistent with those in the desert steppe (Figure 2b). 

The result of the correlation analysis between carabid communities and spatial 

scale indicated that the correlation was most outstanding between carabid beetles and 
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a 7-km spatial scale in the two steppe types (desert and typical) (Figure 3a-d). 

However, the varying tendencies were discrepant in the two steppe types. In the desert 

steppe, the correlation coefficient increased when the spatial scale expanded from 1 

km to 7 km and reached the maximum at a 7-km spatial scale in not only richness but 

also abundance (Figure 3a-b). Additionally, the relevance between the number of 

species differed at every spatial scale, such that relevance was not significant within a 

1-km spatial scale; significant within a 3-km spatial scale; very significant within 5-

km and 11-km spatial scales; and most significant within a 7-km spatial scale 

(correlation coefficient=0.55, p<0.01) (Figure 3a). Similarly, individuals differed in 

relevance with varying spatial scales, such that there was no significant correlation 

within 1-km and 3-km spatial scales; a very significant correlation within 5-km and 

11-km spatial scales; and a most significant correlation within a 7-km spatial scale 

(correlation coefficient=0.5581, p<0.01) (Figure 3b). However, in the typical steppe, 

there was no regular correlation between carabid communities and spatial scale 

(Figure 3c-d). Both the number of species and individuals had only a significant 

correlation within a 7-km spatial scale, but no significant correlation within 1-km, 3-

km, 5-km, and 11-km spatial scales (Figure 3c-d).  

The responses of different groups and species to fragmented and continuous 

landscapes varied due to species diversity in the different steppe types (Figure 4). The 

abundance of two common species, Carabus brandti Faldermann and Pterostichus 

gebleri Dejean, in the desert steppe was significantly higher in a fragmented 

landscape than in a continuous landscape (Figure 4a). However, the abundance of 
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these two common species in the typical steppe was significantly lower in a 

fragmented landscape than in a continuous landscape (Figure 4b). The abundance of 

most of the nine rare species had no significant variation between fragmented and 

continuous landscapes in both the desert and typical steppes (Figure 4a-b), but the 

abundance of the rare species Pseudotaphoxnus brevipennis Semenov varied 

significantly between fragmented and continuous landscapes. Its abundance in the 

desert steppe was significantly lower in a fragmented landscape than in a continuous 

landscape (Figure 4a). In the desert steppe, the number of species, abundance, and 

diversity of carabid communities in a fragmented landscape were all higher than in a 

continuous landscape (Figure 5a-c), and abundance was also significantly different 

between the two landscapes (t=-2.31, p=0.02) (Figure 5b). In the typical steppe, the 

number of species and abundance in a fragmented landscape were all lower than in a 

continuous landscape (Figure 5a-b), and abundance was also significantly different 

between the two landscapes (t=3.60, p<0.001) (Figure 5b). On the contrary, diversity 

in the typical steppe was higher in a fragmented landscape than in a continuous 

landscape, and there was no significant difference in diversity between the two 

landscapes (Figure 5c). 

4. Discussion 

In our experiments, the results of correlation analysis showed that richness and 

abundance of carabid communities have the most significant relevance within a 7-km 

spatial scale in both desert and typical steppes. Nevertheless, there was a significant 

positive correlation for carabid communities and common species in the desert steppe 
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but a negative correlation in the typical steppe. On one hand, this illustrates that 

habitat fragmentation was advantageous to carabid immigration in the desert steppe. 

Bowman et al. suggested that the total immigration rate should be higher in a 

landscape that includes a larger number of small patches (i.e., higher fragmentation) 

than in one containing a smaller number of large patches [53]. On the other hand, 

habitat fragmentation was instrumental in carabid emigration in the typical steppe due 

to more fragmented landscapes, including more edge in certain habitats, which could 

encourage individuals to leave the habitat [10]. 

This research found that the effect of habitat fragmentation on carabid 

biodiversity was distinguishable in the different steppe types. In the desert steppe, 

habitat fragmentation had a positive effect on carabid communities due to the 

richness, abundance, and diversity being higher in a fragmented landscape than in a 

continuous landscape. In particular, the abundance of carabid communities and 

common species in a fragmented landscape was significantly higher than in a 

continuous landscape in the desert steppe. In contrast, the effect of habitat 

fragmentation in the typical steppe was negative given that the richness, abundance, 

and diversity of carabid communities and common species in a fragmented landscape 

were lower than in a continuous landscape. Similarly, the abundance of carabid 

communities and common species in the typical steppe was extremely low in a 

fragmented landscape as compared to a continuous landscape. The effect of habitat 

fragmentation on ground beetles contrasted significantly between the desert steppe 

and typical steppe because of the different plant species and soil characteristics in the 
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two steppe types. The vegetation structure affected the ground beetle community 

because it affected the microenvironment climate [54]. The soil characteristics 

affected the distribution of ground beetles because the larvae of most carabid species 

grow within the soil [55]. Tsafack et al. reported that soil compaction and temperature 

had negative influences on carabid richness at a regional level [56]. 

In the identical fragmented landscapes, habitat fragmentation had different 

effects on different species due to specific characteristics [57]. In general, our 

experiments showed that habitat fragmentation had more significant influence on 

common carabid species than on rare species in the two steppe types. However, the 

effect of habitat fragmentation on the abundance of the rare species P. brevipennis 

Semenov was contrary compared to the common species in the two steppe types, and 

its abundance in the desert steppe was significantly lower in a fragmented landscape 

than in a continuous one. 

Therefore, the effects of habitat fragmentation on biodiversity should be decided 

by landscape structure, species characteristics, patch shape, environmental variation, 

and other factors [26]. Meanwhile, it should also depend on habitat management 

patterns [35,58-60]. The researchers indicated that carabid beetles were extremely 

sensitive to agroecosystem and grassland management from taxonomical and 

functional approaches [59,61]. 

5. Conclusion 

Habitat fragmentation had significant effects on the richness and abundance of 

carabid in the Ningxia steppe. However, there were various effects on the same 
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groups in the two steppe types, as well as on different groups within the same steppe 

type. Habitat fragmentation had significant positive effect on carabid communities 

and common species in the desert steppe, but extremely negative influence in the 

typical steppe. On the contrary, the influence of habitat fragmentation on the rare 

species P. brevipennis Semenov was exceedingly negative in the desert steppe, yet 

positive in the typical steppe. In summary, the effects of habitat fragmentation on 

biodiversity are different due to varying environmental factors and species 

characteristics. 
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Legends 

Figure 1 Map of Ningxia steppe, Northwest China (total 42 landscapes; 24 

landscapes in desert steppe and 18 landscapes in typical steppe). Solid 

pentagons and triangles are continuous landscapes; empty pentagons and 

triangles are fragmented landscapes. 

Figure 2 Species accumulation of sampling points in a site ((a) desert steppe; (b) 

typical steppe). Empty circles are fragmented landscapes; solid circles are 

continuous landscapes. 

Figure 3 Correlation analysis between landscape composition and carabid community 

(number of species (a) and abundance (b) in desert steppe; number of species 

(c) and abundance (d) in typical steppe). Empty circles were not significant 

while solid circles were significant. Asterisks above circles indicate 

significance levels (**, p<0.01; *, p<0.05). 

Figure 4 Mixed linear analysis of carabid species communities in the two steppe 

types (desert steppe (a), typical steppe (b)). Asterisks above the bars indicate 

differences between fragmented and continuous landscapes (***, p<0.001; 

**, p<0.01; *, p<0.05). White columns indicate a fragmented landscape; 

black columns indicate a continuous landscape. 

Figure 5 Carabid community (number of species (a), abundance (b), and diversity (c)) 

response to landscape fragmentation in the two steppe types in Ningxia, 

Northwest China. Asterisks above the bars indicate differences between 

fragmented and continuous landscapes (***, p<0.001; **, p<0.01; *, 
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p<0.05). White columns indicate a fragmented landscape; black columns 

indicate a continuous landscape.  

 

Table 1 Summary data for all variables included in the study 
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Table 1 Summary data for all variables included in the study 

 

Variable 
Desert steppe Typical steppe 

Fragmented Continued Fragmented Continued 

Number of species 7.69±1.24 7.01±1.06 6.95±1.10 7.86±0.94 

Abundance 106.76±39.58 47.63±16.80 54.67±18.71 158.95±28.13 

Fragment 1km (𝐹𝑖𝑗) 2.28±1.22 0.90±0.16 4.69±1.37 2.12±0.31 

Fragment 3km (𝐹𝑖𝑗) 1.45±0.27 0.67±0.18 3.61±0.60 2.08±0.27 

Fragment 5km (𝐹𝑖𝑗) 1.21±0.13 0.66±0.20 3.38±0.61 1.99±0.29 

Fragment 7km (𝐹𝑖𝑗) 1.19±0.12 0.66±0.18 3.07±0.56 1.91±0.29 

Fragment 11km (𝐹𝑖𝑗) 1.15±0.12 0.67±0.17 2.94±0.52 1.87±0.30 
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Figure 1 
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Figure 2   
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Figure 3  
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Figure 4 
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Figure 5  
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