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Abstract

:

To compare the relative importance of the biomass ratio hypothesis and the niche complementarity hypothesis in explaining changes in soil respiration (Rs), and to explore whether the relationship between biodiversity and Rs was affected by both biotic and abiotic factors, dynamic plant community monitoring was conducted in the Ebinur Lake Wetland Nature Reserve. By calculating the functional diversity (FD), community-weighted mean functional traits (CWM), and soil factors, the correlation between FD and Rs was compared using a linear regression model and a structural equation model. The results showed that (1) the CWM traits could better explain the changes of Rs than the FD, indicating that the biomass ratio hypothesis was more suitable for explaining changes in Rs in arid desert areas; and (2) the correlation between biodiversity and Rs was affected by the interaction between biological factors and environmental factors. Soil water content and species richness also affected Rs. Research on the relationship between biodiversity and Rs should examine both biotic and abiotic factors and clarify and explore various factors affecting Rs, which is of great significance to evaluate the community dynamics and variation characteristics of Rs. The study of various factors affecting Rs in this region is helpful to elucidate the process of the soil carbon cycle in arid desert areas.
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1. Introduction


Soil respiration (Rs) is an important part of terrestrial ecosystem carbon cycling and the main route of soil carbon output to the atmosphere [1]. Rs refers mainly to the ecochemical process of releasing CO2 from the soil through root respiration, as well as the decomposition of litter and soil organic matter by soil microorganisms combined with the respiration of soil animals [2]. As an important component of the carbon cycle, Rs can reflect the influence of environmental changes on vegetation in ecosystems [3,4]. In addition, Rs is one of the main pathways for changes in the soil carbon pool and an important source of atmospheric carbon in the form of CO2. The global soil carbon bank has reached 2.2–3 × 103 Pg (1 Pg = 1 × 1015 g), which is twice the size of the global atmospheric carbon pool [5]. More than 75 Pg of carbon is released into the atmosphere each year through Rs [6]. Changes in atmospheric CO2 concentrations caused by subtle changes in the soil carbon pool and respiration can affect the balance of the global carbon cycle and thus influence global climate change. The relationship between Rs and the greenhouse effect will influence future terrestrial ecosystem functions and global change trends [7]. As a result, Rs is also a key process that affects important ecosystem functions such as climate regulation, nutrient cycling, and vegetation productivity [8].



Functional diversity (FD) refers to the value, range, distribution, or dispersion of functional traits in plant communities [9], mainly including the FD index and community-weighted means (CWM). The FD index is usually used to compensate for the deficiencies of plant functional group division and explain the relationship between biodiversity and ecosystem functions [10]. CWM is defined as the weighted average value of plant characteristics in the community, which is calculated based on the characteristic value of each species and the relative richness of species [11]. FD, as an important component of biodiversity, can more accurately predict the changes and processes of ecosystem functions than species diversity and is the main determinant of ecosystem functions and processes [12,13,14,15]. Reports have shown that FD is positively correlated with ecosystem function based on studies of the relationship between natural secondary forest diversity and ecosystem function in Yunnan, and that FD is a better explanation for changes in ecosystem function than species diversity [16]. As an important process in ecosystem function, Rs is a major indicator of soil biological activity, fertility, and permeability [17]. FD not only affects ecosystem functions but also affects changes in Rs.



A growing body of evidence has shown that trait characteristics are the main factors affecting ecosystem functions. Therefore, indices based on functional characteristics, such as the FD index and CWM, can be used to test two hypotheses together with the species richness. One of these hypotheses is the “niche complementarity” hypothesis [18], which proposes that the increase in species richness improves the efficiency of resource utilization, thus enhancing the ecosystem function [18]. This hypothesis is usually characterized by diversity indices (such as species diversity and FD index). The second hypothesis is the “biomass ratio hypothesis” [19], which holds that the ecosystem function at a certain time point is mainly determined by the value of the functional traits of the dominant plant species. When this hypothesis is dominant, it can be characterized by CWM [20,21]. Although it is generally believed that the “niche complementarity hypothesis” and “biomass ratio hypothesis” are not mutually exclusive, their relative importance is still controversial. Both hypotheses aim to discuss the mechanism of diversity affecting ecosystem function. Rs is an important component of ecosystem function, as well as an important ecosystem process [17]. This study’s two hypotheses may explain Rs in addition to ecosystem function.



Globally, arid and semi-arid regions occupy more than two-fifths of terrestrial regions and are characterized by fragile environments and extreme abiotic ecological factors. The daily and annual temperature ranges are large, the atmospheric and soil water contents are low, the nutrients and soil organic matter are lacking, the vegetation distribution is relatively sparse, the community structure and function are simple, and the types of vegetation are mainly drought-tolerant shrubs and herbs. Owing to the low content of soil organic carbon in arid and semi-arid regions, Rs is extremely sensitive to temperature and moisture changes and thus becomes one of the important indicators that can be used to measure regional climate change. As Rs is the main pathway of soil carbon loss in arid and semi-arid areas, this study sought to analyze the response process of Rs to various environmental factors, reveal the changes in Rs under different factors, and deeply explore the response intensity and mechanism of Rs in response to global change in these areas. It is undoubtedly of great significance to clarify the source and sink functions of terrestrial ecosystems in the carbon cycle and accurately estimate the carbon budget under the condition of future climate change.



Numerous studies have focused on Rs in arid regions. Most of these studies discussed the main factors influencing spatiotemporal changes in Rs and their relationships with Rs [11], whereas studies addressing the relationships between functional traits and diversity and Rs are relatively lacking. In this study, the plant communities in the Ebinur Lake Basin were taken as the research object. This study focused on the effects of the FD index of plant communities, the mean weights of community traits, plant traits, and soil factors on Rs, using linear and structural equation models (SEMs) as methods to address the following questions:



(1) Which of these could better explain the changes in Rs: the mean weights of community traits (biomass ratio hypothesis) or the FD index (niche complementarity hypothesis)?



(2) Do other biotic or abiotic factors affect the relationship between diversity and Rs? What is the relative importance of the two?




2. Methods and Materials


2.1. Overview of Study Area


This study focused on typical desert ecosystems in the Ebinur Lake Basin of China. The study area was located in the Ebinur Lake Wetland National Nature Reserve (44°30′–45°09′ N, 82°36–83°50′ E). The climate in this area is dry, belonging to a typical temperate continental climate. The annual sunshine hours are about 2800 h, and the annual precipitation (100–200 mm) is much less than the annual evaporation (1500–2000 mm). The annual average temperature is 7.8 °C, the extreme highest temperature is 44 °C, and the extreme lowest temperature is −33 °C [22,23].



The nature reserve is located in a low-lying basin, with aeolian sand, gray-brown desert soil, and gray desert soil as the soil parent material, all of which are seriously affected by desertification. The vegetation in the study area is mainly composed of sandy vegetation, including mesophytes and halophytes. The dominant species include Populus euphratica, Haloxylon ammodendron, Halimodendron halodendron, Alhagi sparsifolia, Reaumuria soongarica, Nitraria roborowskii, Apocynum venetum, Phragmites australis, Halodendron strobilaceum, Salsola collina, and Suaeda glauca [24].




2.2. Sampling


The test began in July 2018. A 1 ha (100 m × 100 m) large sample plot was set up 150 m perpendicular to the bank of the Acheson River. The selected large sample plots were divided into 100 10 m × 10 m and 400 5 m × 5 m continuous quadrat units (Figure 1).




2.3. Rs Rate Monitoring


The observation time of the Rs rate was from 10:00 to 12:00 Beijing time. The LI-8100 open-circuit soil carbon flux system (LI-8100, LI-COR Inc., Lincoln, NE, USA) was used to measure the Rs rate. The total time taken to measure the Rs rate was 120 s, including a 1 s sampling period, a 30 s recording interval, and an effective measurement time of 90 s.



For observation, two points in each 5 m × 5 m plot were randomly selected and Rs rings were installed. To reduce the disturbance of Rs by the Rs rings, a polyvinyl chloride cylinder with an outer diameter of 22 cm and an inner diameter of 19.5 cm was embedded 24 h in advance, with an embedding depth of 5–8 cm and the upper part extending 2–3 cm above the ground. The aboveground plants were cut off uniformly near the sample sites.




2.4. Plant Community Survey


In July 2018, the species names of all species in the sample plots were recorded, and the indicators of plant samples were measured and collected. The plant height of each plant species in each plot was measured with a ruler. Five intact leaves (assimilating branches) were selected for each plant according to the inconsistent leaf sizes of different plants, and the length, width, and thickness of the leaves were measured with a Vernier caliper. After fixation in an oven for 1 h at 105 °C, the leaves were dried to a constant weight at 70 °C, and the dry weight of the leaves was determined using a balance with an accuracy of 0.0001 g to calculate the dry matter content (LDMC) of the leaves. The specific leaf area was calculated based on the ratio of the leaf area to the weight of the same leaf. Finally, the leaf was pulverized using a grinder (Laichi, MM400 hybrid model). The leaf carbon content (LCC) was determined by the potassium dichromate volumetric method, the leaf nitrogen content (LNC) was determined by the Kjeldahl nitrogen method, and the leaf phosphorus content (LPC) was determined by the molybdenum antimony colorimetric method [25].




2.5. Determination of Soil Physical and Chemical Properties


In each 5 m × 5 m sample square, the diagonal sampling method was used to collect soil samples from the upper 0–10 cm layer [26,27]. The soil water content (SWC) was measured by the drying method. About 10 g of fresh soil was dried at 105 °C for 48 h to constant weight [28]. During SWC sampling, additional 0–10 cm soil samples were collected to determine the physical and chemical properties of the soil after removing plant roots and debris. Soil salt content (SSC) was determined by the gravimetric method, the soil pH value was determined by the potentiometric method, the soil organic carbon (SOC) content was determined by the potassium dichromate dilution heat method, the soil ammonium nitrogen (AN) [29] content was determined by diphenol blue colorimetry, the soil nitrate nitrogen (NN) content was determined by dual-wavelength ultraviolet spectrophotometry [30], and the soil total nitrogen (TN) content was determined by the Kjeldahl method. The concentrations of total phosphorus (TP) and available phosphorus (AP) in the soil were determined by molybdenum antimony anti-colorimetry [31]. While monitoring the Rs rate, an MS-10 soil temperature sensor (Rain Root Technology Co., Ltd., Beijing, China) was used to measure the soil temperature.




2.6. Diversity Index and Average Calculation of Community Character Weight


Based on the nine measured plant functional traits, the functional evenness index (FEve), functional volume index (FRic), and functional dispersion index (FDis) of each small quadrat were calculated. The weighted mean values of community traits included the CWM of maximum tree height (CWMMH), the CWM of leaf length (CWMLL), the CWM of leaf width (CWMLW), the CWM of leaf thickness (CWMLT), the CWM for leaf dry matter content (CWMLDMC), the CWM for specific leaf area (CWMSLA), the CWM for leaf carbon content (CWMLCC), the CWM for leaf nitrogen content (CWMLNC), the CWM for leaf phosphorus content (CWMLPC), and the weighted mean value of all nine traits (CWM). The calculation formula of each index is provided below.



The functional volume index (FRic) is calculated as follows:


  F R i c =   S  F  i c      R C    ,  



(1)




where SFic is the space occupied by a species in community i for functional traits, and RC is the absolute value range of characteristic C.



The functional evenness index (FEve) is calculated as follows:


  F E v e =   ∑  i = 1   S − 1    min    (  P E  W I  ,  1  S − 1    )  −  1  S − 1   ,  



(2)






  P E  W I  =   E  W I      ∑  i = 1   S − 1    E  W I      ,  



(3)






  E  W I  =   d i s t  (  i , j  )     w i  +  w j    ,  



(4)




where EW represents uniformity, dist(i,j) represents the Euclidean distance between species i and j, and wi represents the number of species i.



The functional dispersion index (FDis) is calculated as follows:


  c =  [   c i   ]  =    ∑   a j     x  i j      ∑   a j      ,  



(5)






  F D i s =    ∑   a j     z j     ∑   a j      ,  



(6)




where zj represents the weighted Euclidean distance from species j to the center of gravity C in the community.



The CWM was defined as the mean weight of the functional traits of species within a community. The CWM indicated that the ecosystem function or process was mainly driven by the functional traits of dominant species in the community, and each trait was calculated separately. The specific calculation formula is as follows:


  C W M =   ∑  i = 1  S    P i    × t r a i  t i  ,  



(7)




where Pi is the relative abundance of species i in the community, and traiti is the value of the functional traits of species i.




2.7. Multiple Collinearity Test


While the linear regression model was constructed with Rs as the response variable and FD and environmental variables as the explanatory variables, the dataset needed to be subjected to a multicollinearity test, which was reflected by the variance expansion factor (VIF). Multicollinearity affects the interpretation and prediction ability of the explanatory variables to the response variables. The multicollinearity between variables was tested based on the VIF. Based on previous reports, there was considered to be no multicollinearity between explanatory variables when the VIF was less than 10 [32,33].




2.8. Construction of Linear Regression Model


The Rs was taken as the response variable; the species diversity index, the FD index, the weighted mean of community traits, and the environmental factors were taken as the explanatory variables; the linear regression model was constructed with productivity; and the correlation between the explanatory variables and Rs in each model was compared. For the six models with different indices, the determination coefficient (R2) and Akachi information criterion (AIC) were used to judge the goodness of fit of the model; compare the correlation between the CMW, FD, and Rs; and judge the difference between the impact of the CMW and FD on Rs.




2.9. Structural Equation Modeling


The direct and indirect relationships between FD indices, environmental factors, and Rs were analyzed by the SEM, and the relative importance of the biomass ratio hypothesis and the niche complementarity hypothesis to Rs in this arid area was compared.



According to the results of variable screening, the FD index and potential environmental variables with the highest variable importance and the variables most related to productivity were selected and incorporated into the SEM. The SEM was fitted by the maximum likelihood method, and the goodness of fit of the model was evaluated by comparing the fitting index (CFI), the mean square sum square root of progressive residuals (RMSEA), and the significant probability value (p) [34]. The critical values of goodness of fit were CFI > 0.9, RMSEA < 0.08, and p > 0.05. The relative effects of different factors on Rs were quantified using the standardization coefficient of each path in the model, and the direct, indirect, and total standardization effects of each variable on Rs were quantified [35] so as to compare the applicability of the niche complementarity hypothesis and the biomass ratio hypothesis to Rs in arid areas.




2.10. Statistical Analysis


The relationships between Rs and soil factors, FD index, and CMW were assessed through regression analysis. Regression analyses and multicollinearity tests were performed in SPSS 24.0, the CMW values were calculated in R4.0.2, and the SEM was established in AMOS 24.0.0. Principal component analysis (PCA) was performed with Origin 2021 for analytical mapping.





3. Results and Analysis


3.1. Correlations between Rs, FD, and Environmental Factors


The correlation regression analysis of Rs, the FD index, and soil factors showed that the FRic, FEve, and FDis were significantly correlated with Rs (p < 0.05) (Figure 2). There was no significant correlation between specific leaf area, leaf N, leaf p, and Rs among the mean weights of nine community traits (p > 0.05) (Figure 3), and the mean weights of other community traits were significantly correlated with Rs. Among the 10 soil environmental factors (SWC, SSC, pH, SOC, AN, NN, TN, TP, AP, and soil temperature), soil pH and volumetric water content had a significant correlation with Rs (p < 0.05), while the other soil environmental factors had no significant correlation with Rs (p > 0.05) (Figure 4).



In the linear regression model for evaluating diversity and Rs based on the diversity-Rs models, the decision coefficient of the multiple regression model for the FD index and Rs (model I ) was R2 = 0.300, the decision coefficient of the multiple regression model for the CMW and Rs (model II ) was R2 = 0.841, and the decision coefficient of the multiple regression model for the mean value of the FD index and the CMW and Rs (model III) was R2 = 0.841. The multiple regression model between the FD index and Rs was lower than that between the FD index, the CMW, and Rs. The decision coefficient and FD index of the multiple regression model of the CMW and Rs were the same as those of Rs. The AIC value of model I (AIC = 27.916) and the AIC value of model II (AIC = 26.789) were lower than the AIC value of model III (AIC = 38.789) (Table 1).




3.2. Screening Optimal Variables for Rs Interpretation through a Linear Model


When there were more variables, the SEMs did not easily converge. Therefore, the diversity index and soil factors were added one by one to construct an optimal SEM. After variable screening and comparison, the FRic was finally used to represent FD, the mean weights of 9 community traits were reduced to one community trait mean weight, and the variables of 10 soil factors were reduced to one soil factor. Finally, the species richness index was added to construct the optimal SEM, which had a CFI of 0.997, an RMSEA of 0.063, and a p of 0.248 (Figure 5).




3.3. Effects of Each Factor on Rs


Each variable explained 84.1% of community Rs (SEM, R2 = 0.841). The FRic had a significant direct effect on Rs (p > 0.05), and the path coefficient reflecting the effect was −0.007. The CMW had a very significant direct effect on Rs (p < 0.001), and the path coefficient reflecting the effect was 0.815. Rs was also directly affected by soil environmental factors and species richness index, and the path coefficients were 0.025 and 0.203, respectively (Table 2). As can be seen from the PCA plots, the first and second PCA were able to characterize 51.8% and 21.4% of the multifactorial variations, respectively (Figure 6), with RS and CWM showing better positive correlations, while the FD index and soil factors showed lower correlations.





4. Discussion


4.1. Average Weight of Community Traits Can Better Explain the Change of Rs


In this study, an SEM was used to evaluate the relative contributions of FD, environmental factors, and plant factors to Rs. In the optimal SEM to explain the relationship between diversity and Rs, the CMW was significantly correlated with Rs, while the FD index was not correlated with Rs, and the total effect of the CMW (0.815) was higher than that of the FD index (−0.007) (Figure 5; Table 2). The CMW was significantly better than the FD index in explaining the change of Rs. Among the factors, the correlation path coefficient between the CMW and Rs was the largest, indicating that the CMW had a greater impact on Rs. The CMW was more suitable to explain the changes of Rs in arid areas than the FD index, and PCA showed that Rs presented a greater correlation with CWMs than Rs did with the FD index. Therefore, this study concluded that CWMs were more suitable than FD indices to explain the variation in Rs across arid regions. Rs was also a key factor affecting important ecosystem functions (such as climate regulation, nutrient cycling, and vegetation productivity) [8]. The results also indicated that the CMW could better explain ecosystem functions. Previous studies have shown that the CMW can well explain ecosystem functions [36,37,38,39]. In particular, the functional trait value of the dominant species was found to drive ecosystem function [40,41], which was consistent with the present study. In addition, some studies have suggested that FD may be better in evaluating the response of communities to environmental changes and in predicting ecosystem functional changes [42,43]. The inconsistent results in regard to the relationship between diversity and the ecosystem function of different community types may be due to the differences in methods used [44]. Inconsistencies may also be caused by different ecosystem types and succession stages. In addition, the mean value of Rs may explain the function of soil ecosystems to a certain extent. Rs is an important process of ecosystem function [17]. It can be proposed that the CWM can not only explain the ecosystem function well, but also explain Rs to a certain extent.




4.2. Biomass Ratio Effect Was More Suitable for Explaining the Changes of Rs in the Arid Desert Area than the Niche Complementarity Effect


Research has shown that when there are large differences in functional traits among woody plants in a forest, species have different strategies for acquiring and using resources, thereby reducing the overlapping of ecological niches. The niche complementarity effect reduces the competition for resources among species and maximizes the use of limited resources such as light, promoting the growth of many species in different niches and improving ecosystem functions [12]. In this case, when the niche complementarity hypothesis dominates, this hypothesis is usually characterized by diversity indices (e.g., species diversity and FD). In contrast, in communities with habitat filtration and diffusion constraint effects, niche complementarity is not significant, which magnifies the resource competition among species, and the dominant species can use these resources to a greater extent, thus occupying the dominant position. Therefore, the dominant species has a greater impact on the community, and the ecosystem processes mainly depend on the functional traits of the dominant species in the community. In this case, the biomass ratio effect is more important [36]. Therefore, when the biomass ratio hypothesis is dominant, CWM as the value of functional traits in dominant species might be the most important factor for explaining ecosystem function [20,21]. As an important component of ecosystem function and a key ecosystem process [17], Rs is also indirectly affected by the two hypotheses when they affect ecosystem function. The ability of CWM to interpret Rs changes in this study was significantly superior to that of FD (Figure 5). In the best SEM explaining the relationship between diversity and Rs, the dominant species CWM was significantly correlated to Rs (Table 1). This indicated that the CWM of dominant species had a significant effect on Rs, so the biomass ratio hypothesis was more suitable for explaining the changes of Rs in this research area.




4.3. Impacts of Environmental Factors on the Relationship between Biodiversity and Rs


In this study, an SEM was used to evaluate the relative effects of the FD index, CWM, soil factors, and species richness on Rs. The total effect of species richness on Rs was 0.543, second only to the effect of CWM on Rs. Therefore, species richness is an important factor determining ecosystem function [45]. Previous studies have shown that ecosystem function changes rapidly with changes in species richness [46]. Rs is an important process of ecosystem function [47]. When ecological function changes with species richness, Rs will also change. Therefore, the change of species richness also affects the change of Rs. Plant species richness may also affect Rs by changing plant productivity [48].



The total effect of soil factors on Rs was 0.025, which had an impact on the change in Rs. Among the soil factors, soil pH and SWC were significantly correlated with Rs (p < 0.05). Studies have shown that environmental factors have different effects on Rs under different vegetation conditions in environments with relatively limited resources. In areas with higher biomass, plant root biomass will also be higher, resulting in more efficient water uptake and a higher Rs rate [49]. The influence of soil moisture on Rs is complex. The direction and degree of the influence of soil moisture on Rs vary greatly in different ecosystems. When the SWC is sufficient and does not become a limiting factor, Rs is positively correlated with soil temperature. In arid and semi-arid areas, where water is the limiting factor, Rs has been found to be jointly affected by SWC and soil temperature. This is inconsistent with the results of this paper. This may be because the response intensity of Rs to soil temperature in arid areas is affected by SWC [50]. Rs may also be affected by the lack of energy released by the surrounding environment and the supply of basic materials, so that the response sensitivity of Rs to soil temperature is not high [51]. Therefore, through the impact of species richness and SWC on Rs, it could be shown that the relationship between biodiversity and Rs was affected by the joint action of biotic and abiotic factors. Some studies have also suggested that biodiversity is not the only factor influencing ecosystem function, but that ecosystem function is also affected by the joint influence of environmental factors and other biotic factors [49]. This was consistent with the results of this paper.



In summary, this study discusses the effect of functional diversity on RS and the effects of environmental and biotic factors on the relationship between biodiversity and soil respiration in arid desert ecosystems, and future studies on the relationship between biodiversity and RS should expand the scope of research to explore the main factors affecting the relationship between biodiversity and RS and the effect of FD on RS under different ecosystems.





5. Conclusions


In this study, an SEM was used to analyze the relationships between various factors and Rs, and PCA was used to verify the relationship between various factors and Rs. Among them, the mean weight of plant traits had a positive correlation with Rs, and the FD index had no significant effect on Rs. The results showed that compared with the FD index, the CMW had a stronger impact on Rs. The findings suggested that the effect of the biomass ratio hypothesis on Rs was greater than that of the niche complementarity hypothesis. Therefore, this method could be used to evaluate the change traits of community dynamics and Rs in the future. Species richness and soil factors had different effects on Rs. Therefore, biotic factors and environmental factors also affected the relationship between diversity and Rs. The results of this study provide a scientific basis for better understanding the complex relationship between biodiversity and Rs in arid desert ecosystems.
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Figure 1. Study area and location of the plots. 
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Figure 2. Relationship between functional diversity and soil respiration. 
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Figure 3. Relationship between community-weighted means and soil respiration. 
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Figure 4. Relationship between soil factors and soil respiration. 
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Figure 5. Relationships between functional diversity index, the mean weight of community traits, soil factors, and species richness in the structural equation model. The arrow indicates the causal direction of the hypothesis. *** indicates significance at p < 0.001. 
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Figure 6. Principal component analysis of functional diversity index, trait weight mean of community traits, soil factors, species richness, and soil respiration. 
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Table 1. Evaluation of linear regression models for soil respiration (Rs) and diversity. Functional diversity (FD) and community-weighted mean (CWM) models include three independent models. Model I represents multiple regression models of FD index and Rs. Model II represents multiple regression models of community-weighted mean and Rs. Model III represents multiple regression models of FD index, CWM, and Rs. R2 represents the coefficient of determination; AIC represents the Akaike information criterion.
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Model Parameters

	
Diversity–Soil Respiration Models




	
I

	
II

	
III






	
R2

	
0.300

	
0.841

	
0.841




	
AIC

	
27.916

	
26.789

	
38.789
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Table 2. Direct, indirect, and total standardized effects on soil respiration, based on the structural equation model.
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Explanatory Variable

	
Action Pathway of Soil Respiration

Pathway to Soil Respiration

	
Structural Equation Model




	
Influence Effect






	
Soil factors

	
Direct effect

	
0.025




	
Indirect effect

	
0.000




	
Total effect

	
0.025




	
Functional diversity

	
Direct effect

	
−0.007




	
Indirect effect

	
0.000




	
Total effect

	
−0.007




	
Community-weighted mean functional traits (CWM)

	
Direct effect

	
0.815




	
Indirect effect

	
0.000




	
Total effect

	
0.815




	
Species richness

	
Direct effect

	
0.203




	
Indirect effect

	
0.339




	
Total effect

	
0.543
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