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Abstract. A meta-analysis was conducted to investigate the effect of returning farmlands to forests or 

pastures on soil animal diversity and its regional differentiation characteristics in China. Overall, based on 

the Shannon-Wiener index and Simpson index values, we found that returning farmland to forest 

(pasture) had an important effect on soil animal diversity. Forests and pastures might have a higher 

species richness and lower species evenness of soil animals than farmland. The effect of returning 

farmland to forest on soil animal diversity was greater than the effect of a return to pasture, although the 

effects varied between different land use/cover changes. The Shannon-Wiener index and Simpson index 

values showed different regional characteristics of soil animals when returning farmland to forest 

(pasture) in North China, South China, Northwest China and Qinghai-Tibet China. Returning farmland to 

forest (pasture) should be more conducive to increasing soil animal species richness in high-temperature 

regions and increasing soil animal species evenness in low-temperature regions. Furthermore, in 

low-temperature regions, returning farmland to forest affected the soil animal diversity more than 

returning farmland to pasture. Returning farmland to forest was more conducive in improving soil animal 

diversity synthetically in dry regions, and the changes in soil animal diversity due to the effect of 

returning farmland to pasture were not evident between dry and rainy regions in China. 

Keywords: soil fauna, Shannon-Wiener index, Simpson index, land use, land cover, species richness, 

species evenness, meta-analysis 

Introduction 

Currently, with global attention focused on biodiversity and its protection, soil 

animal diversity and its ecological service functions have attracted widespread 

international and local attention from scholars (Bardgett and Cook, 1998; Shao et al., 

2015). Soil animals are an integral component of soil ecosystems and play the role of 

consumers and decomposers in ecosystems (Albers et al., 2006). These animals have 

important effects on soil formation, soil structure, fertility conservation and energy 

flow (Bardgett and Wardle, 2010). Environmental changes and external disturbances 

could affect the composition and distribution of the soil animal community (Ponge et 

al., 2013; Baretta et al., 2014). 

Land use/cover changes affect the input of litter, leading to changes in soil 

physicochemical properties, and change the characteristics of the soil animal 
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community (Jangid et al., 2011; Liu et al., 2011). Many related studies have shown that 

vegetation type, soil organic matter, and soil physicochemical properties have 

important effects on soil animal community structure. For example, changes in land 

use patterns from forest to farmland radically change vegetation types, resulting in 

changes in a number of environmental factors, such as soil organic matter, soil 

temperature and water, and thus changing the structure and composition of the soil 

animal community (Tan et al., 2008; Yin et al., 2010). Some researchers suggested the 

richness and diversity of soil animals were influenced by a wide range of agricultural 

and other land use practices (Baker, 1998), and land-use intensification strongly 

influenced biodiversity by altering habitat heterogeneity, the distribution of habitat 

types and their expanse (Eggleton et al., 2005). The richness of different soil animal 

groups showed contrasting relationships with location and land-use type (Birkhofer et 

al., 2012). 

Returning farmland to forest (pasture) is a China's governmental environmental 

program that converts arable land to forestry plantation or permanent pasture in order 

to protect and improve the ecological environment with the principle of sustainable 

development. Returning farmland to forest (pasture) is a major ecological restoration 

policy for controlling soil erosion and desertification in China. The process prevents 

soil erosion by ending land cultivation operations, planting trees and grass, restoring 

vegetation and controlling soil erosion (Li et al., 2008). The implementation of this 

policy can cause large-scale and transformative changes in surface cover, but due to the 

difference of surface vegetation between forest and pasture, the distribution of litter 

and underground organic matter shows obvious differences, which has a significant 

different effect on the regional ecological environment, and subsequently affects 

differently the habitat conditions and diversity of soil animals (Yang, 2004; Liu and 

Men, 2009). Land use changes across China demonstrated significantly temporal and 

spatial differences during the last two decades (1990–2010). The area of farmland 

decreased in the South China and increased in North China. Forest decreased first, and 

then increased. Pasture continued decreasing (Sun et al., 2018). Thus, increasing 

interests focused on the effect of land use changes on soil animal diversity in China. 

Chinese scholars have conducted a series of studies on the changes in soil animal 

diversity under different land use/cover changes, such as changes between farmland, 

forest and pasture (Liu et al., 2011; Zhang et al., 2014; Wei et al., 2014). However, due 

to the complexity of the underground soil ecosystem, previous studies have failed to 

draw comprehensive conclusions regarding the effect of land use/cover changes on soil 

animal diversity or to clarify soil animal diversity after the implementation of the 

policy of returning farmland to forest (pasture) in China. Therefore, correctly and 

scientifically evaluating the effect of land use/cover change on soil animal diversity has 

great significance for the scientific management of land, the protection of soil animal 

diversity and the maintenance of soil ecological function. In addition, China's four 

geographic regions are North China, South China, Northwest China and Qinghai-Tibet 

China. The regional characteristics are significant, which include topography, climate 

and vegetation types, etc. The above factors have important effects on soil animal 

diversity. So here, regional differentiation characteristics of the effect on soil animal 

diversity under the policy of returning farmland to forest (pasture) in China is 

investigated. A meta-analysis is a comprehensive statistical analysis of different studies 

based on the same research topic (Sun et al., 2015). Meta-analyses have been applied 

in ecological studies in China (Tian et al., 2014; Zhang et al., 2015; Zhao et al., 2017). 
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However, there have been no reports of meta-analyses on the effect of returning 

farmland to forest (pasture) on soil animal diversity. Based on a meta-analysis, the 

effect and regional differentiation characteristics of land use/cover change on soil 

animal diversity caused by the policy of returning farmland to forest (pasture) in China 

were comprehensively analysed. 

Materials and methods 

Data collection and selection criteria 

We collected data on the effect of returning farmland to forest (pasture) on soil 

animal diversity in Chinese farmland from peer-reviewed articles published in both 

Chinese and English language journals from 1999 to 2018. The keywords used for the 

search included the following: returning farmland to forest, returning farmland to 

pasture, land use, land cover, vegetation types, soil animal, soil fauna, diversity, 

farmland, forest, and pasture. The articles in Chinese were collected from the China 

National Knowledge Infrastructure (CNKI) database, and those in English were from 

ISI-Web of Science and Google Scholar. Articles were only included if they met the 

following criteria: 1) the study area needed a detailed geographical location; 2) there 

was at least one land use change that included returning farmland to forest, returning 

farmland to pasture or converting forest to pasture; 3) there was at least one detailed 

chart or description of the soil animal diversity index (Shannon-Wiener or Simpson) 

before and after the land use change; 4) the soil animal sampling methods, 

determination methods, and diversity analysis and calculation methods were identical; 

5) the means and sample sizes had to be reported; and 6) returning farmland to forest 

(pasture) could be represented by two different land use types as long as they were 

located in adjacent sites. The process was conducted following the flowchart diagram 

presented in Fig. 1 (Moher et al., 2009), and a total of 60 peer-reviewed articles were 

selected for our analysis (Appendix). Then in those 60 articles, the data of soil animal 

group number and density was collected for meta-analysis to investigate the change 

before and after land use change. 

Data grouping 

To investigate the regional differentiation characteristics of the effect of returning 

farmland to forest (pasture) on soil animal diversity, the selected data were grouped. For 

China, according to the comprehensive characteristics of geographical location, physical 

geography and human geography, the data were divided into four groups: North China, 

South China, Northwest China and Qinghai-Tibet China, which the boundary between 

North China and South China is Qinling and Huaihe, the boundary between North 

China and Northwest China is the Greater Khingan Mountains and the Great Wall, and 

the boundary between Northwest China and Qinghai-Tibet China is Kunlun Mountains 

and Qilian Mountains (Chi et al., 2015). In order to further investigate the regional 

differentiation characteristics, we divided the regions according to annual average 

temperature (˂ 12ºC and ˃ 12ºC) and annual rainfall (˂ 200 mm, 200-400 mm, 

400-800 mm and ˃ 800 mm) because of the annual average temperature of study 

regions and the division base of semi-arid, semi-humid and humid region in China. 



Gao - Wu: Meta-analysis of returning farmlands to forests or pastures on soil animal diversity 

- 6338 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(5):6335-6353. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1805_63356353 

© 2020, ALÖKI Kft., Budapest, Hungary 

 

Figure 1. Flowchart diagram of the process used to obtain the literature data to build the 

database in our study 

 

 

Data analysis 

The Shannon index (Shannon, 1948) and Simpson index (Simpson, 1949) were 

selected as our soil animal diversity metrics because they are often used for analyzing 

soil animal alpha diversity in soil ecology (Bardgett and Cook, 1998; Wang et al., 

2018). Although the Shannon index and Simpson index consider both species richness 

and species evenness, the Simpson index is more sensitive to community species 

evenness (Magurran, 1988; Xu et al., 2011). A large Simpson index value indicates that 

soil animals are unevenly distributed and the ecological functions of dominant species 

are prominent. The simultaneous increase in the Shannon index and decrease in the 

Simpson index indicate an increase in soil animal diversity. However, it is possible that 

the Shannon index and Simpson index increase simultaneously under the same 

treatment, which generally indicates potential species evenness loss. The Shannon index 

and Simpson index are calculated using the following equations: 
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where pi is the proportion of individuals of category “i ” to the total number of 

individuals in the community and S is the number of groups. 

The variance in each index and the sample sizes of the corresponding research were 

included in our study. Web Plot Digitize software 3.12 (Rohatgi, 2012) was used to 

extract the data from the articles that provided only graphics. The variances were 

obtained by contacting the authors of the articles when the variance data were missing. 

If the variance data could not be obtained in some articles, the proportion of the 

variance to the average value of the existing data was used as the standard for 

calculating the variance based on previous studies (Skinner et al., 2014). 

In ecological studies, the meta-analysis effect size was generally shown by the 

natural logarithm of the response ratio (R), and the objective regulations reflected in 

selected research data were obtained by using weighted integral method (Hedges, 1999). 

In this study, the ratio of the average index (Xt, Xc) of soil animal diversity before and 

after returning farmland to forest (pasture) was taken as the response ratio, and the 

natural logarithm (lnR) was taken as the effect size. 
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where R is the response ratio, lnR is the effect size, Xt is the mean value of each index 

before returning farmland to forest (pasture) and Xc is the mean value of each index 

after returning farmland to forest (pasture). The effect size of each data pair was 

obtained by meta-analysis, and the weighted mean effect size, lnR++, and its 95% 

confidence intervals were obtained by calculating the weight based on the standard 

deviation. 

The effect of returning farmland to forest (pasture) on soil animal diversity was 

significant (P < 0.05) if all confidence intervals were greater than 0. Conversely, there 

was a significant negative effect (P < 0.05) if the confidence intervals were all less than 

0. If 0 was within the confidence interval, returning farmland to forest (pasture) had a 

nonsignificant effect on soil animal diversity. We also used the percentage transformed 

from the mean effect size to explain the response of soil animal diversity on returning 

farmland to forest (pasture): 

 

 ( ) ( ) %1001%1001ln −=− ++
++ Re R  (Eq.4) 

 

Publication bias was quantified by rank-correlation methods, which included 

Kendall’s tau and Spearman’s rank-order method; a P < 0.05 indicates the existence of 

publication bias (Begg and Mazumdar, 1994). Rosenthal's fail-safe method (Rosenthal, 

1979) was used to evaluate the publication bias results (Table 1). When the fail-safe 

number is considerably larger than 5k + 10 (where k is the original number of studies), 

the result is not affected by publication bias and the meta-analysis result is reliable 

(Hoeve et al., 2012). In this study, Metawin 2.1 software (Rosenberg et al., 2000) was 

used for the meta-analysis, and Origin 8.5 software was used for generating the figures. 
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Table 1. Results of publication bias were tested and evaluated. FLF represents returning 

farmland to forest; FLP represents returning farmland to pasture; and FP represents the 

conversion from forest to pasture 

Categories 

Kendall’s Tau 

method 

Spearman’s rank-order 

method 

The Rosenthal's fail-safe 

method 

P-value P-value Fail-safe number 

Shannon 

index 

FLF 0.7266 0.6821 - 

FLP 0.5912 0.5492 - 

FP 0.4925 0.5999 - 

Simpson 

index 

FLF 0.3484 0.4561 - 

FLP 0.6833 0.6332 - 

FP 0.0058 0.0096 1449 >> 5k + 10 

 

 

Results 

Effect of returning farmland to forest (pasture) on soil animal diversity 

Across all studies, the Shannon-Wiener index and Simpson index showed different 

responses by soil animals to returning farmland to forest (pasture) (Fig. 2). The 

Shannon-Wiener index results showing the effect of returning farmland to forest 

(pasture) on soil animals are shown in Fig. 2a. On average, the Shannon-Wiener index 

value for forest was 18.35% higher than that of farmland, which was significant; 

however, compared with farmland, the mean effect size of the Shannon-Wiener index 

value for pasture was positive, but the effect was nonsignificant. In addition, the 

Shannon-Wiener index value significantly decreased by 9.71% from forest to pasture. 

The effect of returning farmland to forest (pasture) on soil animals by the Simpson 

index is shown in Fig. 2b. According to Fig. 2b, the Simpson index changed 

significantly with the conversion of land use types, which was caused by returning 

farmland to forest (pasture). On average, the Simpson index significantly increased by 

2.14% and 3.38% in changing farmland to forest and pasture, respectively. In addition, 

the Simpson index value for forest was 4.32% lower than that of pasture. According to 

Fig. 3, the group number and density of soil animals significantly increased by 9.31% 

and 46.69%, 3.86% and 62.24% when returning farmland to forest and pasture, 

respectively. 

Regional differentiation characteristics of the effect of returning farmland to forest 

(pasture) on soil animal diversity 

The Shannon-Wiener index and Simpson index values showed different regional 

characteristics of returning farmland to forest (pasture) on soil animals in China 

(Fig. 4). According to Fig. 4a, in North and South China, the Shannon-Wiener index 

value for forest was 34.21% and 17.75% higher than that of farmland, respectively, 

which was significant. However, compared with farmland, the mean effect size of the 

Shannon-Wiener index value for forest was negative, and the effect was nonsignificant 

in Northwest China. The Simpson index value significantly increased by 5.68% and 

3.37% when returning farmland to forest in North and South China, respectively, but 

significantly decreased by 10.64% in Northwest China. According to Fig. 4b, in North 

and Qinghai-Tibet China, the Shannon-Wiener index value for pasture was 50.92% and 

25.59% higher than that for farmland, respectively. In Northwest China, the 

Shannon-Wiener index value for pasture significantly decreased by 21.05%, and the 

effect was nonsignificant despite the negative mean effect size in South China. When 
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returning farmland to pasture, the Simpson index value significantly decreased by 

9.36% and 9.62% in North and South China, respectively. In Qinghai-Tibet China, the 

Simpson index value for pasture significantly increased by 63.57%, and the mean effect 

size was positive. However, the effect was nonsignificant in Northwest China. 

According to Fig. 4c, in the conversion from forest to pasture, the mean effect size of 

the Shannon-Wiener index was negative, and the effects were nonsignificant in North 

and South China. The Shannon-Wiener index value for pasture was 14.52% lower than 

that for forest in Northwest China. The Simpson index value for pasture significantly 

decreased by 1.93% in South China and significantly increased by 23.06% in Northwest 

China. In addition, the effect was nonsignificant in North China. 
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Figure 2. Effect of returning farmland to forest (pasture) on the Shannon index (a) and Simpson 

index (b) values. The error bars represent 95% confidence intervals (CIs). The solid circle 

represents the mean effect size. The numbers represent the number of observations, and the 

dashed line is a mean effect size of 0. FLF represents returning farmland to forest; FLP 

represents returning farmland to pasture; and FP represents the conversion from forest to 

pasture 
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Figure 3. Effect of returning farmland to forest (pasture) on the group number (a) and density 

(b). The error bars represent 95% confidence intervals (CIs). The solid diamonds represent the 

mean effect size. The numbers represent the number of observations, and the dashed line is a 

mean effect size of 0. FLF represents returning farmland to forest; FLP represents returning 

farmland to pasture; and FP represents the conversion from forest to pasture 
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Figure 4. Regional characteristics of the effect on the Shannon index and Simpson index values 

of FLF (a), FLP (b) and FP (c). The error bars represent 95% confidence intervals (CIs). The 

solid circle represents the mean effect size. The numbers represent the number of observations, 

and the dashed line is a mean effect size of 0. FLF represents returning farmland to forest; FLP 

represents returning farmland to pasture; and FP represents the conversion of forest to pasture 

 

 

According to Fig. 5, in North China, returning farmland to forest had significant 

positive effects on the group number and density of soil animals, 29.62% and 124.13%, 

respectively. Moreover, returning farmland to pasture had significant positive effects on 

group number and density, with percentages of 65.68% and 164.86%, respectively. In 

South China, returning farmland to forest had significant positive effects on the group 

number and density of soil animals, with percentages of 23.59% and 56.85%, 

respectively. Moreover, the group number of pastures was 10.97% higher than that of 

farmland, which was significant. However, the effect of density was nonsignificant 

compared with the effect of farmland. In Northwest China, returning farmland to forest 

decreased the group number and density significantly by 13.84% and 11.44%, 

respectively, and returning farmland to pasture changed the percentages of the group 

number and density were -11.88% and 16.78%, respectively. In Qinghai-Tibet China, 

returning farmland to pasture changed the percentages of the group number and density 

were 7.88% and 84.81%, respectively. 

Regional differentiation characteristics caused by temperature and rainfall 

When the average temperature was ˂ 12ºC and ˃ 12ºC, returning farmland to forest 

significantly increased the Shannon index value by 18.60% and 17.72%, respectively 

(Fig. 6a). Moreover, the Simpson index value significantly decreased by 10.13% when 

the average temperature was ˂ 12ºC, and then significantly increased by 41.30% 

(Fig. 6d). In addition, the group number and density changed by -3.79% and 11.28% 

when the average temperature was ˂ 12ºC, and increased by 26.23% and 56.87% when 

the average temperature was ˃ 12ºC (Fig. 7a and 7d). Returning farmland to pasture 
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significantly increased the Shannon index value by 12.73% and significantly decreased 

the Simpson index by 7.50% when the average temperature was ˂ 12ºC. Moreover, the 

return significantly increased the Simpson index by 31.48% and had a nonsignificant 

effect on the Shannon index when the average temperature was ˃ 12ºC (Fig. 6b and 6e). 

In addition, the group number and density changed by -9.49% and 43.21% when the 

average temperature was ˂ 12ºC, and they increased by 19.50% and 91.08% when the 

average temperature was ˃ 12ºC (Fig. 7b and 7e). 
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Figure 5. Regional characteristics of the effect on the group number of FLF (a), FLP (b) and 

FP (c) and density of FLF (d), FLP (e) and FP (f). The error bars represent 95% confidence 

intervals (CIs). The solid diamonds represent the mean effect size. The numbers represent the 

number of observations, and the dashed line is a mean effect size of 0. FLF represents returning 

farmland to forest; FLP represents returning farmland to pasture; and FP represents the 

conversion from forest to pasture 
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Figure 6. Effect of returning farmland to forest (pasture) on the Shannon index values of FLF 

(a), FLP (b) and FP (c) and the Simpson index values of FLF (d), FLP (e) and FP (f) with 

changes in temperature and rainfall. The error bars represent 95% confidence intervals (CIs). 

The solid circle represents the mean effect size. The numbers represent the number of 

observations, and the dashed line is a mean effect size of 0. FLF represents returning farmland 

to forest; FLP represents returning farmland to pasture; and FP represents the conversion from 

forest to pasture 
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Figure 7. Regional characteristics of the effect on the group number of FLF (a), FLP (b) and 

FP (c) and density of FLF (d), FLP (e) and FP (f) with the temperature and rainfall changes. 

The error bars represent 95% confidence intervals (CIs). The solid diamonds represent the 

mean effect size. The numbers represent the number of observations, and the dashed line is a 

mean effect size of 0. FLF represents returning farmland to forest; FLP represents returning 

farmland to pasture; and FP represents the conversion from forest to pasture 

 

 

With an increase in annual rainfall, returning farmland to forest significantly 

increased the Shannon index by 34.94%, 83.5%, and 14.24%, except for the 

nonsignificant effect at 400-800 mm (Fig. 6a). The Simpson index significantly 

decreased by 66.91% and 14.45%, at amounts ˂ 200 mm and 400-800 mm and then 

increased significantly by 9.67% at amounts ˃ 800 mm, but there was a nonsignificant 

effect at amounts from 200-400 mm (Fig. 6d). In addition, the group number changed 

by 118.17%, 49.68%, -7.98% and 18.3%, and the density changed by 364.80%, 

341.57%, 3.51% and 55.22% when the amount was ˂ 200 mm to ˃ 800 mm (Fig. 7a 

and 7d). Returning farmland to pasture significantly increased the Shannon index by 

128.71% at amounts from 200-400 mm but had a nonsignificant effect in other regions 

(Fig. 6b). The Simpson index decreased significantly by 4.59% at amounts between 

400-800 mm and then increased significantly at amounts ˃ 800 mm, but there was a 

nonsignificant effect in other regions (Fig. 6e). In addition, the group number changed 

by 46.89%, -29.25% and 26.92% at amounts from 200-400 mm to ˃ 800 mm, and the 

density changed by 98.97%, 81.92%, -24.72% and 119.71% at amounts from ˂ 200 mm 

to ˃ 800 mm. Returning farmland to pasture had a nonsignificant effect on the group 

number at amounts ˂ 200 mm (Fig. 7b and 7e). 

Discussions 

Returning farmland to forest 

Under China's governmental environmental program of returning farmland to forest, 

a large amount of farmland has been converted to forest (Wang et al., 2011). The 

conversion of land use types has changed the cycling of soil organic matter (Detwiler, 

1986; Zhao et al., 2014), the soil physicochemical properties (Adejuwon and Ekanade, 

1988; Toohey et al., 2018) and the soil animal habitat (Eggleton et al., 2005). As a 

result, there have been important effects on soil animal diversity. The results of the 
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present study confirm that returning farmland to forest has an important effect on soil 

animal diversity, as indicated by the Shannon-Wiener index and Simpson index values, 

and indicate that returning farmland to forest increases soil animal richness. However, 

returning farmland to forest might have decreased the soil animal evenness and 

increased the proportion of dominant species. This result was consistent with previous 

studies regarding the effects of changes from farmland to forest on soil animal diversity. 

Bartz et al. (2014) found that forest provided better soil conditions for the development 

of a higher diversity of soil animal compared to farmland. Okwakol (2010) also 

reported that forest had a higher soil animal diversity compared with farmland. 

Returning farmland to pasture 

Returning farmland to pasture had an important effect on soil animal diversity, but its 

effect on the Shannon index and Simpson index values were inconsistent (Fig. 2). The 

Simpson index value significantly increased by 3.38%, which indicated that soil animal 

evenness decreased and the proportion of dominant species increased. The above results 

show that the nonsignificant effect on the Shannon index might have been caused by the 

comprehensive results of an increase in species richness and a decrease in species 

evenness, which was suggested by the results of our study (Fig. 2). Similar results were 

reported by Cluzeau et al. (2012), who demonstrated most of the soil animal groups 

exhibited lower values of abundance and community richness in farmland than in 

pasture. In addition, regarding the conversion from forest to pasture, the Shannon index 

value decreased and the Simpson index value increased, indicating a decrease in soil 

animal diversity (-9.71%, 4.32%). This was consistent with the results obtained by 

Callaham et al. (2006). The group number and density of soil animals significantly 

decreased, which might have been caused by the lower soil animal richness and soil 

animal evenness of pastures compared with forests because the distribution patterns of 

the soil animal community changed with the change in surface vegetation cover 

(Vohland and Schroth, 1999; Yin et al., 2017). 

Regional differentiation characteristics 

There were significant differences in topography, climate, soil properties and 

vegetation types in North China, South China, Northwest China and Qinghai-Tibet 

China, which had important effects on soil animal diversity. So the effect on soil animal 

diversity showed different regional characteristics when returning farmland to forest 

(pasture). In North China, returning farmland to forest increases soil animal species 

richness, and soil animal species evenness might decrease. While returning farmland to 

pasture increased both the species richness and species evenness of soil animals, 

returning farmland to pasture significantly increased the soil animal diversity. The 

effect on soil animal diversity was nonsignificant because the changes in the Shannon 

index and Simpson index values were nonsignificant in the change from forest to 

pasture even though the species richness increased. In South China, returning farmland 

to forest has an important effect on soil animal diversity, which might have been caused 

by the increase in species richness and the decrease in species evenness of soil animals. 

Returning farmland to pasture increased soil animal diversity, which might be caused by 

the highly significant increases in species richness and species evenness even though 

the effect indicated by the Shannon index was nonsignificant. In addition, the changes 

in soil animal diversity might have been caused by both a decrease in species richness 

and an increase in species evenness from the conversion of forest to pasture. In 
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Northwest China, the increase in soil animal diversity might have been caused mainly 

by the increase in species evenness when returning farmland to forest. Returning 

farmland to pasture can decrease soil animal diversity largely due to a decrease in 

species richness. With the conversion from forest to pasture, the change percentages of 

the group number and density were -12.77% and -41.75%, respectively (Fig. 5). The 

Shannon index value decreased significantly, and the Simpson index increased 

significantly, which might have been caused by the significant decrease in species 

richness and species evenness. In Qinghai-Tibet China, returning farmland to pasture 

has an effect on soil animal diversity, which was possibly caused by the increase in 

species richness and decrease in species evenness. The above regional differentiation 

characteristics were supported by some studies of land use change affecting soil animal 

diversity in other countries and regions, which indicated that the effect of land use 

change on soil animal diversity showed different regional differences with the change of 

geographical environment (Rossi and Blanchart, 2005; Karanja et al., 2009; Begum et 

al., 2013; Steinwandter et al., 2017). 

Effect of temperature and rainfall 

In China, the effect on soil animal diversity showed different regional characteristics 

when returning farmland to forest (pasture) because of differing regional natural 

conditions. The regional climate conditions mainly include temperature and rainfall, 

which have important effects on the cycling of soil organic matter and soil 

physicochemical properties (Kirschbaum, 1995; Mani et al., 2018). Therefore, to further 

discuss the regional differentiation characteristics, we divided the regions according to 

the annual average temperature and annual rainfall in China. 

Returning farmland to forest (pasture) should be more conducive to increasing soil 

animal species richness in high-temperature regions and increasing soil animal species 

evenness in low-temperature regions. The improvement of plant community coverage 

and vegetation height after converting farmland greatly improved the survival 

conditions of soil animals and attract more soil animals to inhabit the land and survive 

(Mathieu et al., 2004). Additionally, the conversion was very beneficial for the 

concentration of dominant species. This benefit was proved by our study results, i.e., the 

proportion of dominant species increased in high-temperature regions. Returning 

farmland to pasture had a nonsignificant effect on the Shannon index when the average 

temperature was ˃ 12ºC, which might be caused by the comprehensive effect of both 

the increase in species richness and the decrease in species evenness. Furthermore, in 

low-temperature regions, returning farmland to forest affected soil animal diversity 

more than a return to pasture because the mean effect size of the Shannon index 

decreased and the Simpson index increased from forest to pasture when the annual 

average temperature was ˂ 12ºC. 

With an increase in annual rainfall, the effect of returning farmland to forest on 

species richness and evenness gradually decreased and was conducive to the 

concentration of dominant species. Our study found that arid regions were more 

conducive to improving soil animal diversity when returning farmland to forest because 

soil animals are more sensitive to vegetation changes under drought conditions 

(Schlaghamerský et al., 2014). Alternatively, the result might be because of the lower 

amount of data in the meta-analysis. While the regional differentiation characteristics of 

the effect of returning farmland to pasture on soil animal diversity were not evident with 

the increase in annual rainfall, returning farmland to forest can increase soil animal 
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diversity better the conversion to than pasture at amounts ˂ 200 mm. The Simpson 

index value increased significantly at amounts of 200-400 mm, which could be 

interpreted by the increase in dominant species. At amounts ˃ 800 mm, the Shannon 

index value decreased, which can be interpreted by the complicated comprehensive 

effect of both the increase in species richness and the decrease in species evenness. In 

particular, at amounts of 400-800 mm, returning farmland to forest (pasture) decreased 

the species richness but improved the species evenness. The specific reasons require 

further study. 

Conclusions 

Based on the results of our meta-analysis, the effects of returning farmland to forest 

(pasture) on soil animal diversity and its regional differentiation characteristics are 

complicated. The conclusions are as follows: (1) Overall, returning farmland to forest 

(pasture) had an important effect on soil animal diversity, which included the increase 

in species richness and the decrease in species evenness, and forests had a higher soil 

animal diversity than pastures; (2) In China, the effect of soil animal diversity showed 

different regional characteristics that largely depended on the specific geographic region 

and climate conditions, mainly temperature and rainfall, when returning farmland to 

forest (pasture). 

In our study, a meta-analysis was used to investigate the effect of returning farmland 

to forest (pasture) on soil animal diversity, but in an actual underground ecosystem, 

many factors have different and comprehensive effects on soil animal diversity. 

Therefore, the analysis of regional differentiation characteristics and mechanisms 

requires further study. In addition, the reliability of some results may be reduced 

because effective data could not be obtained or the amount of data was relatively small, 

and therefore, future studies of these topics require further improvement. 
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