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Abstract

:

In this work, we conducted a 1200 km belt transect for field survey in typical and meadow steppes across Inner Mongolia Plateau in 2018. The field investigation, laboratory soil analysis, and quantitative ecology methods were utilized to explore the differentiation characteristics of the plant community, and their relationships with ecological factors. The results showed that a total of 140 vascular plants within 108 quadrats mainly comprised of Asteraceae, Poaceae, Rosaceae, and Fabaceae. Two-way Indicator Species Analysis (TWINSPAN) revealed eight vegetation typologies: I: Stipa sareptana var. krylovii + Dysphania aristata, II: Stipa grandis + Leymus chinensis, III: Stipa sareptana var. krylovii + Leymus chinensis, IV: Stipa grandis + Cleistogenes squarrosa, V: Stipa grandis + Carex duriuscula, VI: Stipa baicalensis + Leymus chinensis, VII: Carex pediformis + Stipa baicalensis, VIII: Leymus chinensis + Elymus dahuricus. Detrend Correspondence Analysis (DCA) confirmed the above eight vegetation typologies and indicated a relatively small variation. Redundancy analysis (RDA) revealed that the spatial differentiation characteristics in the typical steppe were chiefly driven by precipitation, while the influencing factor in the meadow steppe was soil nutrients, followed by temperature and precipitation. The contrast between typical and meadow steppes revealed that the spatial distribution of typical steppe was influenced by precipitation, while the contribution of heat and water in the meadow steppe was equal. The conclusion revealed that the temperature and precipitation conditions coupled with soil nutrients shaped the spatial differentiation characteristics of temperate steppe vegetation in the Inner Mongolia grassland. Therefore, this study advanced our knowledge of the spatial patterns of temperate steppe along longitude and latitude gradients, providing scientific and theoretical guidance for the biodiversity conservation and sustainable ecosystem management of the Inner Mongolia grassland.
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1. Introduction


Vegetation distribution pattern has developed as a classic problem of ecology research. Plant community assembly is a comprehensive result of intricate interaction and adaptation of different plants modulated by long-term climate changes and anthropogenic activities [1]. The species composition of the plant community reflects a balanced system among plants, climate, and other environmental factors [2]. Under the background of global change, the dual interferences of climatic and anthropogenic factors break this balanced condition, which leads to changes in the structure and composition of plant communities, seriously affecting the structure, function, and productivity of ecosystems [3]. The grassland ecosystem is one of the most crucial terrestrial ecosystems, and also the region most profoundly modulated by human activities, which is very sensitive to global climate change [4]. The Inner Mongolia grassland, with long east-west spans, obvious precipitation, and temperature gradients, and remarkable spatial differentiation characteristics of soil, is an ideal place for field study on grassland community ecology. As the main body of the Eurasian steppe, the Inner Mongolia grassland is located in the Inner Mongolia sand-prevention belt of “two screens and three belts”, which is an important part of the national ecological security barrier, and its strategic significance is far−reaching [5].



With the intensification of global climate change and human activities, grassland degradation, soil erosion, overgrazing, and other ecological problems have occurred in the Inner Mongolia grassland in recent years [6], which made more and more scholars realize the necessity of grassland plant community research. At present, many scholars have explored the relationships among plant functional diversity, species diversity, and productivity [7,8,9,10,11] as well as the relationships among diversity, productivity, and environmental factors [12,13,14], and obtained many influential results and findings. However, research on the spatial differentiation characteristics of grassland community was relatively less [15,16,17], and some studies were only focused on small-scales, such as single grassland types, research stations, and single regions, and the control experiments accounted for a large proportion [18,19,20,21,22,23]. Additionally, some scholars have proved that there were certain differences and multivariate variation between experimental and real-world communities, and more realistic patterns of community change in natural communities should be concerned [2,24]. Therefore, exploring vegetation distribution patterns with a large belt transect in natural grassland across Inner Mongolia grassland at large scales is necessary, studies on the spatial differentiation characteristics of species composition and structure of natural grassland community, and influencing factors in the Inner Mongolia grassland should be conducted.



The Inner Mongolia grassland includes three subtypes, such as meadow steppe, typical steppe, and desert steppe [25]. Meadow steppe and typical steppe serve as the main livestock husbandry area and have higher productivity than desert steppe. Furthermore, this study only focuses on herbaceous vegetation, desert steppe with shrubs is not considered, thus meadow steppe and typical steppe in the Inner Mongolia grassland were selected as the study area. A total of 36 sampling sites were selected from northeast to southwest for field vegetation investigation and sample collection. Our objectives were: (1) to explore community differentiation characteristics for different steppe types in natural communities. (2) to examine ecological influencing factors of typical and meadow steppes along environmental gradients at large scales. Based on the above, this study provides scientific and theoretical guidance for biodiversity conservation and sustainable ecosystem management in Inner Mongolia, China.




2. Materials and Methods


2.1. Study Area


The study was conducted in the Inner Mongolia Autonomous Region, Northern China (Figure 1). The study region spans roughly 41.70°–50.36° N and 111.77°–121.06° E, with an altitude ranging from 553.40 to 1486.15 m above sea level, and forms a 1200 km belt transect across Inner Mongolia grassland. The climate of the region is temperate continental monsoon climate, with a mean annual temperature varying from −1.9 to 8.6 °C, and a mean annual precipitation of 150–450 mm from northeast to southwest. Three major types of soil can be distinguished: chernozem, chestnut, and brown calcium soils [17]. Local vegetations mainly comprise two subtypes: typical and meadow grasslands, which are dominated by Carex pediformis, Stipa baicalensis, Leymus chinensis, Elymus dahurica, Stipa grandis, Stipa sareptana var. krylovii, and Cleistogenes squarrosa in the Inner Mongolia grassland.




2.2. Sampling Design


Field investigation and sampling were conducted in July and August of 2018, which is the most optimal growth period for grassland plants [26]. Based on the temperature, precipitation, and vegetation distribution patterns, 36 sampling sites were selected spanning Hulunbuir League in the northeast to Ulanqab City in the south−central region, including 21 sites in the typical steppe (S4, S5, S6, S7, S8, S9, S10, S11, S12, S13, S14, S15, S19, S20, S21, S22, S23, S24, S34, S35, S36) and 15 sites (S1, S2, S3, S16, S17, S18, S25, S26, S27, S28, S29, S30, S31, S32, S33) in the meadow steppe, which included most of the dominant species and main vegetation types.



The mean richness of 1 m2 quadrat presumably reflects biotic interaction relationships and local environmental conditions [3,27,28]. At each of the 36 sites, a place of 10 m ’10 m which was homogeneous in terms of vegetation structure was identified, and three representative quadrats with 1 m2 within the 10 m × 10 m were randomly selected for plant and soil sampling by avoiding the low−lying, steep slopes, and residential area, and a total of 108 quadrats were obtained. Each quadrat was investigated for species composition, numbers, height, covers of all vascular plants, and all vascular plants in 1 m2 quadrat were harvested to measure aboveground biomass [29]. Finally, aboveground biomass samples were oven−dried at 65 °C until constant mass and weighed to the nearest 0.1 g in the laboratory.



A handheld GPS device was used to obtain the positioning of each site, and the longitude, latitude, and altitude were recorded. Additionally, mixed soil samples were collected from the layers of 0–30 cm soil profiles.




2.3. Measurement and Acquisition of Ecological Factors


Climate data were obtained from the China Meteorological Data Network (http://data.cma.cn (accessed on 7 December 2019)). Each sampling site selected the meteorological station on a regional scale. Extracted data included temperature and precipitation of the growing season for each site in 2018. Monthly average temperature and accumulated precipitation in the growing season were regarded as climatic factors. Total carbon (TC) and nitrogen (TN) in the soil were determined by element analyzer (VarioEL III, Elementer, Germany), and total phosphorus (TP) in the soil was extracted by H2SO4–HClO4 fusion and determined by UV 7600 spectrophotometer [30].




2.4. Data Processing and Analysis


Importance value (IV) was calculated by density, height, coverage, and biomass of plants as follows:


  I V = (    Ab i   Ab s    +    He i   He s    +    Co i   Co s    +    Bio i   Bio s     ) / 4   








where IV is the importance value, and Abi, Hei, Coi, and Bioi are abundance, coverage, height, and above-ground biomass, respectively, of species i in sample plots, while Abs, Hes, Cos, and Bios are the total abundance, total coverage, total height, and total above-ground biomass, respectively, in sample plot s.



Species diversity includes Richness (R), Shannon-Wiener’s index of diversity (H′), and Pielou’s index of evenness (E) in this study [31,32].



Species richness:


  R = S  











Shannon-Wiener’s index of diversity:


  H ′ = −   ∑  i = 1  S    P i  L n (  P i  )    











Pielou’s index of evenness:


  E = H ′ − L n ( s )  








where S is the number of species recorded in quadrats; Pi is the relative abundance of the ith species, Pi = Ni/N. Ni is the absolute importance value of species i. N is the sum of absolute importance values of all species in a quadrat of species i.



Vegetation data were the matrix of IV of samples and species, and TWINSPAN classification was used to classify different groups. Communities were classified on the basis of the combination of TWINSPAN analysis and DCA analysis. Specific names of the dominant species were arranged in order, and the dominant species were concatenated with “+”. RDA was utilized to analyze the effect of ecological factors on the differentiation characteristics of the plant community. TWINSPAN analysis was completed by PC-ORD 5.0 [33], DCA and RDA sorting were completed by Canoco 5.0 [34].





3. Results


3.1. TWINSPAN Classification of Grassland Communities


A total of 140 vascular plants belonging to 31 families and 79 genera, were recorded in 36 sampling sites. The plants of Compositae, Poaceae, Rosaceae, and Fabaceae were common species. According to the results of the fourth TWINSPAN classification and the field investigation data, the related branches of the community were merged by a five-level division method (0.00, 0.02, 0.05, 0.10, and 0.20), and eight groups were finally obtained in Figure 2 and Table 1.



	I.

	
Stipa sareptana var. krylovii + Dysphania aristata, included three sites (S34, S35, S36), with low species richness, and a total of 16 plants. S. sareptana var. krylovii was the dominant species, D. aristata and S. bungeana were the suboptimal species. The total vegetation cover was 70−76%, the diversity and aboveground biomass were at the medium levels, while the evenness was relatively high.




	II.

	
Stipa grandis + Leymus chinensis, included three sites (S10, S11, S12), with medium species richness, and a total of 19 plants. S. grandis was the dominant species, L. chinensis was the suboptimal species. The total vegetation cover was 78%−82%, the species diversity, and evenness were both high, while aboveground biomass was at a medium level.




	III.

	
Stipa sareptana var. krylovii + Leymus chinensis, included nine sites (S4, S5, S6, S7, S8, S9, S13, S14, S15), with a total of 33 plants. S. sareptana var. krylovii was the dominant species, L. chinensis, C. squarrosa, and Allium ramosum were suboptimal species. The total vegetation cover was 52−76%, and the species diversity, evenness, and aboveground biomass were relatively low.




	IV.

	
Stipa grandis+ Cleistogenes squarrosa, included three sites (S22, S23, S24), with a total of 16 plants. S. baicalensis was the dominant species, C. squarrosa was the suboptimal species. The total vegetation cover was 88%−92%. The species richness, species diversity, and evenness were all at the medium levels, while aboveground biomass was high.




	V.

	
Stipa grandis + Carex duriuscula, included three sites (S19, S20, S21), with low species richness, and a total of 15 plants. S. grandis and C. duriuscula were both dominant species. The total vegetation cover was 90−95%. The species diversity, evenness, and aboveground biomass were all low.




	VI.

	
Stipa baicalensis + Leymus chinensis, included three sites (S1, S2, S3), with a total of 31 plants. The dominant species was S. baicalensis, L. chinensis was the suboptimal species. The total vegetation cover was 90−95%. The species diversity and evenness were in the medium levels, while the mean aboveground biomass was prominent.




	VII.

	
Carex pediformis + Stipa baicalensis, included nine sites (S16, S17, S18, S25, S26, S27, S31, S32, S33), with very high species richness, and a total of 69 plants. C. pediformis and S. baicalensis were both dominant species, the Agropyron cristatum was the suboptimal species. The total vegetation cover was 89−99%. The evenness was low, while the aboveground biomass was the highest (230.67 g·m−2).




	VIII.

	
Leymus chinensis + Elymus dahuricus, included three sites (S28, S29, S30), with a total of 30 plants. L. chinensis and E. dahuricus were both the dominant species. The total vegetation cover was 97−98%. The species diversity, evenness, and aboveground biomass were relatively high.








3.2. DCA Ordination


The eigenvalues of the four sorting axes were 0.8053, 0.5071, 0.2824, and 0.2235, respectively, in the order of their numerical values. The first two ordination axes contained a large amount of information, which could indirectly reflect the important ecological significance of the community. According to the DCA ordination diagram, each community type showed regular distribution. A two-dimensional sorting diagram was plotted based on the first two DCA axes (0.8053 and 0.5071) (Figure 3). Group I, II, and III; were distributed in the left of the sorting axis, the species composition and suitable habitats of the group I, group II, and group III with S. sareptana var. krylovii and L. chinensis as the dominant species were similar at the community level, and most of them were distributed in a semi-arid region in the Inner Mongolia grassland, where the average temperature and accumulated precipitation in the growing season were approximately 20.2 °C and 160.32 mm, respectively. Group IV and V were distributed in the middle of the sorting axis, S. grandis and other forbs were the dominant species in slightly semi-arid habitats, where the average temperature and accumulated precipitation in the growing season were approximately 18.8 °C and 222.95 mm, respectively. However, the groups VI, VII, and VIII were distributed in the right of the sorting axis and located in the semi−humid area, where the average temperature and accumulated precipitation in the growing season were approximately 18.6 °C and 254.28 mm, respectively. These groups with S. baicalensis, C. pediformis, L. chinensis, and E. dahuricus as the dominant species were located in the cold and humid region.



TWINSPAN results showed that the clusters I, II, III, and VIII belonged to weak variations, while those in groups VI and VII showed strong variations. Regarding variations among the communities, groups IV and V showed subtle differences, even overlapped, while other groups demonstrated specific characteristics, showing community heterogeneity.




3.3. RDA Analysis in the Meadow Steppe


A total of five community characteristics and five ecological factors in the study area were analyzed by RDA analysis. To offset the influence of redundant variables, the simple and conditional effects of five ecological factors were obtained by the forward selection and Monte Carlo test (Figure 4 and Table 2).



The eigenvalues of the four ordination axes of RDA were 0.214, 0.143, 0.029, and 0.006, respectively, and the environmental interpretation of plant community differentiation characteristics was 39.1%. RDA results showed that ecological factors exhibited a significant correlation with the first axis. Average temperature, accumulated precipitation, and total carbon had a positive correlation with the first axis. Total phosphorus and total nitrogen had a negative correlation with the first axis. Along the first axis, soil total nitrogen showed significant positive correlations with community cover and species richness. The average temperature and accumulated precipitation in the growing season were also dominant factors affecting the community characteristics opposite to the total phosphorus and total nitrogen, which showed a significant negative correlation with community cover and species richness. Furthermore, total carbon had a significant negative correlation with the community cover and species richness. Total nitrogen ranked first place among the conditional variables relating to the effect on community differentiation characteristics, with simple effects of 18.8%, accounting for 48% of total environmental variance. The second and third influencing factors were the average temperature and accumulated precipitation in the growing season, with the simple effects of 8.4% and 8%, respectively, accounting for 21.5% and 20.4% of the total environmental variance, respectively. Additionally, the influence of the average temperature and accumulated precipitation in the growing season in the meadow steppe was similar. Conditional effects were greater than simple effects from a comprehensive perspective, indicating complex relationships among environmental variables in the meadow steppe.




3.4. RDA Analysis in the Typical Steppe


The eigenvalues of the four ordination axes of RDA were 0.456, 0.150, 0.058, and 0.004, respectively, and the accumulated environmental interpretation of the plant community differentiation characteristics was 66.8% (Figure 5 and Table 3). The results of RDA presented a great correlation between ecological factors and the first axis. Accumulated precipitation, total phosphorus, total nitrogen, and total carbon in the growing season had a negative correlation with the first axis. The average temperature in the growing season had a positive correlation with the first axis. Along the first axis of RDA from left to right, the accumulated precipitation in the growing season decreased gradually and had positive correlations with vegetation cover, evenness, aboveground biomass, and Shannon−Wiener diversity. The average temperature in the growing season was positively correlated with the richness index, and negatively correlated with aboveground biomass, vegetation cover, and evenness. Furthermore, community characteristics were positively correlated with total phosphorus, total nitrogen, and total carbon.



Accumulated precipitation in the growing season had the largest impact on community characteristics, with simple impacts of 42.5%, accounting for 63.6% of the total environmental variance. The simple effects of total phosphorus in the second rank were 39.6%, while the conditional effects were reduced to 15.3% after eliminating the effect of accumulated precipitation in the growing season, indicating that a strong correlation existed between total phosphorus and accumulated precipitation. Upon excluding the accumulated precipitation in the growing season, the conditional effects of other ecological factors decreased, reflecting the complex correlation between the accumulated precipitation and other ecological factors in the growing season. The accumulated precipitation and total phosphorus shaped community characteristics in the typical steppe. The effect of average temperature in the growing season on the community differentiation characteristics ranked third place.





4. Discussion


4.1. Spatial Differentiation Characteristics of Plant Community in the Inner Mongolia Grassland


Based on TWINSPAN quantitative classification, a total of 36 sampling sites in the Inner Mongolia grassland were divided into eight groups, which can be classified into two vegetation subtypes according to the ‘Vegetation Atlas of China’ and geographical location: (1) The typical steppe dominated by S. sareptana var. krylovii and S. grandis, included five community types: Cluster Stipa sareptana var. krylovii + Dysphania arista, Cluster Stipa grandis + Leymus chinensis, Cluster Stipa sareptana var. krylovii + Leymus chinensis, Cluster Stipa grandis + Cleistogenes squarrosa, and Cluster Stipa grandis + Carex duriuscula. (2) The meadow steppe dominated by C. pediformis and S. baicalensis, included three community types: Cluster Stipa baicalensis + Leymus chinensis, and Cluster Carex pediformis + Stipa baicalensis, and Cluster Leymus chinensis + Elymus dahuricus. Results of plant community division are similar to previous studies in the Inner Mongolia grassland [17,35]. The similarities between Cluster Stipa sareptana var. krylovii + Dysphania arista, Cluster Stipa grandis + Leymus chinensis, and Cluster Stipa sareptana var. krylovii + Leymus chinensis were very high, which may be corroborated with high−intensity environmental selection. From the perspective of community structure and species composition, we found that Stipa had undergone regional differentiation and species adaptation in typical and meadow steppes along the precipitation gradients of the growing season: S. baicalensis, S. grandis, and S. sareptana var. krylovii, showing wide ecological adaptability of Stipa species.



Grasslands show a global maxima in fine-scale plant community diversity [36]. Species richness is an important index both for community ecology and biodiversity conservation. In this study, we found that the species richness means of 1-m2 plots was approximately 10 in the typical steppe and 18 in the meadow steppe, respectively. Most plots included between 7–22 species, which presented community differentiation characteristics between typical steppe and meadow steppe on a regional scale. Previous scholars also proved that species richness had a regional differentiation on a different scale. Chen et al. used quantitative sorting methods to explore species distribution of meadow grassland vegetation in Hulunbuir grassland and found the species richness means of 1-m2 plots were 20.1, this conclusion was consistent with our results in the meadow steppe [18]. Hájek et al. studied the vegetation composition of permanent plots in extremely species-rich temperate grasslands in White Carpathians and found that species richness of 1-m2 plots varied between 43 and 82, with the mean value being 57.6 [28]. Compared to the above region, the species richness of the Inner Mongolia grasslands was lower than that of temperate grasslands along the same latitude in White Carpathians, which may be linked to geographical location and climatic factors.



As an important index of community or ecosystem productivity, biomass is also the main embodiment of community or ecosystem functions in different ecosystems [37,38], especially grassland ecosystems [9,11,24,39]. Previous studies have illustrated that the above-ground biomass in a community dominated by S. sareptana var. Krylovii was 111.61 g·m2, and the global above-ground biomass of 430.2 g·m2 [40,41]. In this study, we found that the above biomass mean of 1-m2 plots was approximately 111.1 g·m2 in the typical steppe, and 203.4 g·m2 in the meadow steppe, respectively, indicating that the meadow steppe had higher productivity than that of the typical steppe. The above-ground biomass in the typical steppe was consistent with the study of Lu et al. [40], while lower than the global above-ground biomass [41], indicating that more efforts in biodiversity conservation and grassland protection are needed. Furthermore, the research on the ecosystem functions and stability based on biomass will perhaps become a heated ecology topic in the future.




4.2. Influencing Factors of Plant Community Characteristics in the Inner Mongolia Grassland


Climate, soil properties, and human management all influence the community composition of the vegetation [42]. Precipitation and temperature are the main factors affecting the spatial differentiation of large-scale communities, while the soil nutrients are the main factors affecting the spatial distribution of small-scale communities or microtopography [43]. Considering the large scale of the study area, climate patterns varied from monsoon climate to the temperate continental climate, and soil types included chernozem, chestnut, and brown calcium soils [17]. What is more, the response of the structure and functional characteristics of the plant community to the different ecological factors was complex and heterogeneity across a 1200 km belt transect in the Inner Mongolia grassland.



The RDA analysis of the four sortings provided environmental interpretation for community differentiation characteristics as high as 66.8%, further explaining that the spatial differentiation characteristics of plant communities along latitude gradients in the Inner Mongolia grassland were mainly modulated by the process of environmental filtering [44]. In the meadow steppe, Cluster Carex pediformis + Stipa baicalensis was the main vegetation type, and the variation among the clusters was clear, which may be explained by the suitable growth season and sufficient soil nutrients. In this study, DCA analysis revealed that the community differentiation of typical and meadow steppes may be linked to precipitation in meadow and typical steppes. Stipa species had undergone regional differentiation from meadow steppe to typical steppe in sampling plots as following: S. baicalensis, S. grandis, and S. sareptana var. krylovii, which due to that the accumulated precipitation during the growing season (223.95 mm) in Hulunbuir typical steppes was higher than that in Xilingol League and Ulanqab City steppes (160.32 mm), and S. grandis was the dominant species in the former, while S. sareptana var. Krylovii was the dominant species in the latter, while S. baicalensis located in the meadow steppe appeared in the sub-humid habitats with accumulated precipitation of 254.28 mm, which also reflected the regional water-based species differentiation of Stipa. This conclusion was also mentioned in the basic characteristics of S. sareptana var. krylovii communities in China [40,45]. Additionally, the contribution rate of accumulated precipitation in the growing season to the differentiation of community characteristics was 63.6%, and the conditional effects were 42.5%, which proved that precipitation was the most critical factor driving the zonal distribution of vegetation in the typical steppe. This finding exactly coincided with the study conducted by Fang et al. [46] and Bai et al. [47,48]. When only environmental factors were considered, the temperature had a positive effect on vegetation types [49]. In this study, the contribution rates of average temperature and precipitation in the growing season to the community characteristics in the meadow steppe were similar, and the accumulated environmental interpretation of climatic factors on the plant community characteristic differentiation was 41.9%. On the other hand, except for precipitation and temperature, other meteorological factors like wind and relative air humidity, which may influence community structure were not mentioned in this study, so we also pay attention to the effect of more meteorological factors on community characteristics and function in the future research.



The influence of microtopography is mainly reflected in the difference in soil nutrients. In this study, the Cluster Leymus chinensis + Elymus dahuricus had certain differences with other plant communities, which may be linked to microtopography. Ma et al. also proved that microtopography had a certain effect on the differentiation of plant community characteristics [50]. Previous studies have revealed that soil factors influenced species diversity by accumulated environmental interpretation of 12.48% and confirmed soil organic matter as a dominant factor according to a plant community study in Hulunbuir grassland [19]. In this study, accumulated environmental interpretation of the soil nitrogen factors on the plant community characteristics differentiation in the meadow steppe was 18.8% and proved that total nitrogen was the major influencing factor, this finding exactly coincided with the results in semi-arid grasslands [21]. The contribution rate of soil total phosphorus to the plant community characteristics differentiation ranked second place with conditional effects of 15.3%. Previous studies have proved that soil phosphorus had a significant influence on community productivity and species richness [51,52]. Similarly, total phosphorus had a significant impact on the variation of community characteristics in this study (p < 0.01). This finding may be explained by increased nitrogen assimilation in the grassland of northern China, which in turn affected the absorption of phosphorus in a fashion, this conclusion has also been confirmed by relevant scholars [53,54], thus the research on phosphorus availability or stoichiometric characteristics may be a research subject in the future.





5. Conclusions


This study investigated herbaceous plant communities in different steppes of the Inner Mongolia grassland and revealed the differentiation characteristics and influencing factors of temperate grassland vegetation across a 1200 km belt transect, which is essential for understanding how community structure and function will respond to future climate change. In this study, the field survey recorded 140 herbaceous plants, with S. baicalensis, S. grandis, S. sareptana var. Krylovii, L. chinensis, and C. duriuscula as the dominant species. Grassland vegetation was divided into eight typologies on the basis of the TWINSPAN and DCA analysis. This study preliminarily revealed that the spatial differentiation characteristics of temperate grassland vegetation, that is, the environmental filtering mechanism in the Inner Mongolia grassland was more obvious along the environmental gradients. Precipitation significantly affected community differentiation in the typical steppe, while the contribution rates of water and heat in the meadow steppe were equally significant, and total nitrogen showed the most significant influence on the differentiation characteristics of the plant community in the meadow steppe. On the whole, precipitation zonality and soil nutrients in the meadow steppe resulted in the differentiation of vegetation. Soil nutrient, especially soil nitrogen, was the main influencing factor in the relatively humid meadow steppe, while precipitation was the main influencing factor in the relatively dry typical steppe, revealing that the effects of precipitation and nutrients on community differentiation were coupled. Thereby the coupling mechanism of environmental and climatic factors on community, and the mechanism of maintaining the structure and function of grassland community may be a research subject in the future.
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Figure 1. The geographic locations of sampling sites. 
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Figure 2. The dendrogram of TWINSPAN classification. Dendrogram summarizing the floristic relationships among the eight clusters. The binary representation of the nodes of the hierarchy is more directly interpretable than the decimal representation, “0” denotes a right arm and “1” denotes a left arm. 
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Figure 3. DCA ordination diagram. The distances among different sample sites in the DCA ordination indicated variations in spatial distribution and community characteristics. 
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Figure 4. RDA ordination diagram in the meadow steppe. The red arrow represents the ecological factors, and the blue arrow represents the community characteristics of the response variables. The length of the explanatory variable arrow indicates the contributions to the environmental interpretation of community characteristics. The angle between two arrowheads indicates the correlation between community characteristics and ecological factors. The acute, obtuse, and right angles represent the positive, negative, and non−correlation, respectively. The distance between sample symbols indicates the difference between different communities. The projection of sample symbols on the arrow is similar to the corresponding ecological factor variables of the communities. Sample symbols are arranged in the order of the increasing predicted value of the specific environmental variables. The same below. 
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Figure 5. RDA ordination diagram in the typical steppe. 
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Table 1. Community structure and function characteristics of different community types.
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	Vegetation Types
	TVC (%)
	R
	H′
	E
	AB (g·m−2)





	Stipa sareptana var. krylovii + Dysphania aristata
	73.7 ± 3.2
	9.7 ± 1.2
	1.58 ± 0.21
	0.70 ± 0.06
	111.25 ± 17.8



	Stipa sareptana var. krylovii + Leymus chinensis
	80.3 ± 2.1
	11.3 ± 3.1
	1.78 ± 0.17
	0.75 ± 0.09
	101.68 ± 7.72



	Stipa sareptana var. krylovii + Leymus chinensis
	65.3 ± 8.6
	11.8 ± 3.0
	1.36 ± 0.34
	0.56 ± 0.12
	63.28 ± 24.55



	Stipa grandis + Cleistogenes squarrosa
	90.0 ± 2.0
	12.0 ± 1.0
	1.56 ± 0.52
	0.62 ± 0.19
	168.26 ± 53.84



	Stipa grandis + Carex duriuscula
	92.3 ± 2.5
	9.7 ± 2.5
	1.05 ± 0.10
	0.47 ± 0.10
	91.95 ± 29.57



	Stipa baicalensis + Leymus chinensis
	92.3 ± 2.5
	13.7 ± 0.6
	1.44 ± 0.14
	0.55 ± 0.05
	190.15 ± 31.52



	Carex pediformis + Stipa baicalensis
	95.4 ± 0.3
	18.7 ± 3.2
	1.20 ± 0.33
	0.41 ± 0.10
	230.67 ± 107.57



	Leymus chinensis + Elymus dahuricus
	97.7 ± 0.6
	20.0 ± 1.0
	2.11 ± 0.02
	0.71 ± 0.01
	189.49 ± 36.53







TVC, Total vegetation cover; R, Richness; H′, Shannon-Wiener index of diversity; E, Pielou’s index of evenness; AB, Aboveground biomass.
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Table 2. Simple and conditional effects of ecological factors in the meadow steppe.
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	Ecological Factors
	Simple Effects (%)
	Conditional Effects (%)
	Contribution (%)
	Pseudo−F
	p





	TN
	18.8
	18.8
	48
	4.4
	0.006 **



	Tem
	2.2
	8.4
	21.5
	0.4
	0.12



	Pre
	2.1
	8
	20.4
	2
	0.126



	TC
	1.3
	2.2
	5.7
	2
	0.676



	TP
	4.9
	1.7
	4.4
	0.6
	0.784







** p < 0.01.
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Table 3. Simple and conditional effects of ecological factors in the typical steppe.
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	Ecological Factors
	Simple Effects (%)
	Conditional Effects (%)
	Contribution (%)
	Pseudo–F
	p





	Pre
	42.5
	42.5
	63.6
	9.6
	0.002 **



	TP
	39.6
	15.3
	22.9
	4.4
	0.006 **



	Tem
	19.7
	7.5
	11.2
	2.4
	0.068



	TN
	39.4
	1.3
	2
	0.4
	0.788



	TC
	32.2
	0.2
	0.3
	<0.1
	0.992







** p < 0.01.
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