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Abstract
Taking the hill slopes of long-term enclosed grassland in the typical steppe
of Inner Mongolia as the study area, six transects were uniformly established
along the slope, totaling 96 quadrats, to investigate the effects of slope posi-
tion on species diversity and functional diversity of typical steppe communities,
and to discuss the roles of environmental factors and interspecific competition
in shaping the patterns of these two dimensions of community diversity. The
results showed that: (1) The trends of species diversity and functional diver-
sity along the slope position were consistent. With increasing slope position,
both species richness and functional richness of the community decreased mono-
tonically, while species evenness, species dominance, functional evenness, and
functional dispersion all initially increased and then decreased. (2) From the
perspective of the entire slope position, soil total phosphorus content was the
main factor affecting community species richness and was significantly correlated
with functional richness; interspecific competition was an important factor influ-
encing species evenness, species dominance, and functional dispersion, and was
significantly correlated with functional evenness. (3) Community species diver-
sity and functional diversity on the upper slope position were mainly influenced
by the combined effects of interspecific competition and environmental factors,
while on the lower slope position, they were mainly influenced by interspecific
competition. Therefore, when investigating the patterns of community biodiver-
sity change, the combined effects of environmental and biological factors should
be comprehensively considered.
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1 Introduction
This study investigates the relationship between species diversity and functional
diversity () in grassland communities. The objectives are: (1) to examine the
effects of slope position on species diversity and functional diversity, and (2) to
analyze the influence of environmental factors and interspecific competition on
these two dimensions of biodiversity.

2 Materials and Methods
2.1 Study Area

The research was conducted in a typical grassland enclosure in Inner Mongolia.
Six transects were established along the slope, with a total of 96 sample plots.
Each transect measured 12 m in length, divided into 6 sections (1–6). Sections
1–3 represented the upper slope, while sections 4–6 represented the lower slope.
The vertical height of the slope was 31 m. Sample plots of 1 m × 1 m were set
up at 1 m intervals along each transect, yielding 16 plots per transect and 96
plots total.

2.2 Sample Collection and Measurement

Vegetation surveys and soil sampling were conducted in mid-August 2014.
For each plot, we recorded species composition, height, coverage, and density.
Aboveground biomass was harvested and dried at 60°C for 72 hours to
determine dry weight. Soil samples were collected from the 0–20 cm layer
and analyzed for total nitrogen, total phosphorus, available nitrogen, available
phosphorus, and organic matter content. A LI-3100 leaf area meter was used
for physiological measurements.

2.3 Diversity Index Calculation

Species diversity indices were calculated as follows:

Shannon-Wiener index:

𝐻 = − ∑ 𝑝𝑖 × ln(𝑝𝑖)

Simpson index:

𝐷 = 1 − ∑ 𝑝2
𝑖
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where 𝑝𝑖 = 𝑛𝑖/𝑁 , 𝑛𝑖 is the importance value of species 𝑖, and 𝑁 is the sum of
importance values for all species.

2.4 Statistical Analysis

Functional diversity was quantified using two indices: functional evenness
(FEve) and functional dispersion (FDis). Pearson correlation analysis was
performed to examine relationships between diversity indices and environmen-
tal factors. Stepwise regression analysis was used to identify key influencing
factors. All statistical analyses were conducted using SPSS software, with
significance set at 𝑃 < 0.05.

3 Results
3.1 Correlation Analysis

Correlation analysis revealed significant relationships between diversity indices
and slope position (Table 2). Species richness and functional richness showed
negative correlations with slope position (𝑟 = −0.790 and 𝑟 = −0.850, respec-
tively, 𝑃 < 0.01). Functional evenness and functional dispersion initially in-
creased then decreased with slope position. Shannon-Wiener index and Simp-
son index exhibited similar trends, with correlation coefficients of −0.823 and
−0.744 (𝑃 < 0.01) for the lower slope position.

Table 2 Functional diversity multiple stepwise regression and correlation anal-
ysis results

Index Slope Position Functional Evenness Functional Dispersion
Species Richness −0.790∗∗ 0.211∗ −0.408∗∗

Functional Richness −0.850∗∗ −0.378∗∗ −0.411∗∗

Shannon-Wiener Index −0.823∗∗ 0.041 −0.690∗∗

Simpson Index −0.744∗∗ −0.378∗∗ −0.438∗∗

• 𝑃 < 0.05, ** 𝑃 < 0.01

4 Discussion
4.1 Effects of Environmental Factors and Interspecific Competition

The total phosphorus content across the slope was the primary factor affecting
species richness, correlating significantly with functional richness. Interspecific
competition was the key factor influencing species evenness, species dominance,
functional dispersion, and functional evenness. In the upper slope position, both
environmental factors and interspecific competition jointly affected community
diversity, whereas in the lower slope position, interspecific competition was the
dominant factor.

chinarxiv.org/items/chinaxiv-201811.00023 Machine Translation

https://chinarxiv.org/items/chinaxiv-201811.00023


These findings align with Tilman’s resource competition theory, which posits
that community structure is shaped by resource availability and competitive
interactions. The observed patterns support the hypothesis that functional di-
versity reflects the distribution of species traits in niche space, while species
diversity represents the number and abundance of species. The joint effects
of environmental filtering and competitive exclusion create distinct diversity
patterns along the slope gradient.

The significant correlation between species diversity and functional diversity
(𝑟 = 0.762, 𝑃 < 0.01) indicates that communities with higher species rich-
ness also exhibit greater functional richness. However, the relationship is me-
diated by slope position, suggesting that topographic heterogeneity modifies
the biodiversity-environment relationship. This has important implications for
grassland management and conservation in arid and semi-arid regions.

References
[6] Woodward FI, McKee IF. Vegetation and climate [J]. Environment Interna-
tional, 1991, 17(6): 535–546.

[7] Burke A. Classification and ordination of plant communities of the Naukluft
Mountains, Namibia [J]. Journal of Vegetation Science, 2001, 12(1): 53–60.

[8] Li XE. Patterns of species diversity and functional diversity along a south-to-
north-facing slope in a subalpine meadow [J]. Community Ecology, 2011, 12(2):
179–187.

[9] Yang Yongchuan, Da Liangjun, You Wenhui. Vegetation structure in relation
to micro-landform in Tiantong National Forest Park, Zhejiang, China [J]. Acta
Ecologica Sinica, 2005, 25(11): 2830–2840.

[13] Luo Qinpu, Gong Jirui, Xu Sha, et al. Effects of N and P additions on net
nitrogen mineralization in temperate typical grasslands in Nei Mongol, China
[J]. Chinese Journal of Plant Ecology, 2016, 40(5): 480–492.

[14] Liu Minxia, Wang Gang. Responses of plant community diversity and soil
factors to slope aspect in alpine meadow [J]. Chinese Journal of Ecology, 2013,
32(2): 259–265.

[22] Nagamatsu D, Hirabuki Y, Mochida Y. Influence of micro-landforms on
forest structure, tree death and recruitment in a Japanese temperate mixed
forest [J]. Ecological Research, 2003, 18(5): 533–547.

[23] Liu Xiaogang, Zhu Zhihong, Zhou Xiaosong, et al. Effects of clipping, fertil-
izing and watering on plant functional traits in a subtropical evergreen broad-
leaved forest [J]. Biodiversity Science, 2011, 19(2): 158–167.

[24] Hu G, Jin Y, Liu J, et al. Functional diversity versus species diversity: Rela-
tionships with habitat heterogeneity at multiple scales in a subtropical evergreen
broad-leaved forest [J]. Ecological Research, 2014, 29(5): 897–903.

chinarxiv.org/items/chinaxiv-201811.00023 Machine Translation

https://chinarxiv.org/items/chinaxiv-201811.00023


[25] Sasaki T, Okubo S, Okayasu T, et al. Two-phase functional redundancy in
plant communities along a grazing gradient in Mongolian rangelands [J]. Ecology,
2009, 90(9): 2598–2608.

[26] Owen LP, Kevin JG. Functional diversity (FD), species richness and com-
munity composition [J]. Ecology Letters, 2002, 5(3): 402–411.

[27] Bello FD, Jan L, Sebastià MT. Variations in species and functional plant
diversity along climatic and grazing gradients [J]. Ecography, 2006, 29(6): 801–
810.

[28] Reich Peter B, Tilman David, Naeem Shahid, et al. Species and functional
diversity [J]. Proceedings of the National Academy of Sciences of the United
States of America, 2004, 101(27): 10101–10106.

[29] Tilman D. Resource Competition and Community Structure [M]. Princeton:
Princeton University Press, 1982.

[30] Li Xiaogang, Zhu Zhihong, Zhou Xiaosong, et al. Effects of environmental
factors and interspecific competition on plant diversity in arid desert regions [J].
Acta Ecologica Sinica, 2015, 35(18): 5966–5974.

[31] Schachtman DP, Reid RJ, Ayling SM. Phosphorus uptake by plants: From
soil to cell [J]. Plant Physiology, 1998, 116(2): 447–453.

[32] Wang Tao, Yang Yuanhe, Ma Wenhong. Storage, patterns and environ-
mental controls of soil phosphorus in China [J]. Acta Scientiarum Naturalium
Universitatis Pekinensis, 2008, 44(6): 945–952.

[33] Fowler N. The role of competition in plant communities in arid and semiarid
regions [J]. Annual Review of Ecology and Systematics, 1986, 17(1): 89–110.

[34] Tilman D, Christopher BF. Plant interactions (book reviews: Plant strate-
gies and the dynamics and structure of plant communities) [J]. Science, 1988,
241(4867): 853–855.

[35] Xu Zhiyou, Yu Feng, Gao Hongjun, et al. Variation laws of soil nutrients of
returning cultivated land to woodland or grassland at different slope positions of
semi-arid Gullied Rolling Loess area [J]. Soil and Water Conservation in China,
2010, 31(8): 39–41, 68.

[36] Zhang Xueyun, Lv Guanghui, Wang Tingquan, et al. Patterns and mech-
anisms influencing plant diversity in an arid desert region riparian zone of the
Aqikesu River, Xinjiang, China [J]. Acta Ecologica Sinica, 2011, 35(11): 1136–
1147.

[37] Ding Jia, Wu Qian, Yan Hui, et al. Effects of topographic variations and soil
characteristics on plant functional traits in a subtropical evergreen broad-leaved
forest [J]. Biodiversity Science, 2011, 19(2): 158–167.

[38] Zhu Yunyun, Wang Xiao’an, Wang Xian, et al. Effect of slope aspect on
the functional diversity of grass communities in the Loess Plateau [J]. Acta

chinarxiv.org/items/chinaxiv-201811.00023 Machine Translation

https://chinarxiv.org/items/chinaxiv-201811.00023


Ecologica Sinica, 2016, 36(21): 6823–6833.

[39] Weihner E, Freund D, Buntion T, et al. Advances, challenges and a de-
veloping synthesis of ecological community assembly theory [J]. Philosophical
Transactions of the Royal Society of London Series B-Biological Sciences, 2011,
366(1576): 2403–2413.

[40] Li Bo, Chen Jiakuan, Watkinson AR. A literature review on plant compe-
tition [J]. Chinese Bulletin of Botany, 1998, 15(4): 18–29.

[41] Prince SD, Goward SN. Global primary production: A remote sensing ap-
proach [J]. Journal of Biogeography, 1995, 22(4/5): 815–835.

[42] Foley JA, Prentice IC, Ramankutty N, et al. An integrated biosphere model
of land surface processes, terrestrial carbon balance, and vegetation dynamics
[J]. Global Biogeochemical Cycles, 1996, 10(4): 603–628.

[43] Woodward FI. Climate and Plant Distribution [M]. Cambridge: Cambridge
University Press, 1987.

[44] Huston MA. Biological Diversity: The Coexistence of Species on Changing
Landscapes [M]. Cambridge: Cambridge University Press, 1994.

[45] Grime JP. Plant Strategies, Vegetation Processes, and Ecosystem Properties
[M]. Chichester: John Wiley & Sons, 2001.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201811.00023 Machine Translation

https://chinarxiv.org/items/chinaxiv-201811.00023

	The Role of Environmental Factors and Interspecific Competition in Community Diversity Patterns (Postprint)
	Abstract
	Full Text
	Preamble
	1 Introduction
	2 Materials and Methods
	2.1 Study Area
	2.2 Sample Collection and Measurement
	2.3 Diversity Index Calculation
	2.4 Statistical Analysis

	3 Results
	3.1 Correlation Analysis

	4 Discussion
	4.1 Effects of Environmental Factors and Interspecific Competition

	References


