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Abstract
Grazing and mowing, as the primary utilization methods of Inner Mongolia
grasslands, exert significant influence on Stipa grandis community succession
and constructive species replacement. This study focused on the Stipa gran-
dis community in the typical steppe of Inner Mongolia, conducting fixed-point
observations of small-scale patterns in the Stipa grandis community under two
utilization methods (grazing and mowing) for three consecutive years from 2013
to 2015; notably, 2014 experienced extreme drought and high temperature con-
ditions. Ecosim 7.72 software was employed to calculate C-score and V-ratio
to reflect interspecific interaction relationships within the community, and to
analyze the interannual variation of these interactions and their influencing fac-
tors. The results demonstrated that: (1) In 2013 and 2015, temperature and
precipitation were relatively close to the regional annual means, and interspe-
cific interactions among community plants under both grazing and mowing were
competitive; (2) In 2014, an extreme drought and high temperature year, the
magnitude and direction of interspecific interactions among community plants
under grazing and mowing utilization methods changed substantially, wherein
grazing utilization intensified competition among plants, while under mowing
utilization, interspecific interactions were facilitative. (3) These results indicate
that climate fluctuation is the primary factor influencing interspecific interac-
tions in communities, while in extreme years, utilization methods affect the
direction and magnitude of interspecific interactions in communities. This not
only provides experimental data for refining the Stress Gradient Hypothesis,
but also offers theoretical guidance for the rational utilization of grasslands and
the formulation of protection measures in this region.
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Abstract
Grazing and mowing are the most common utilization types in the Inner Mon-
golia steppe, and they have been proven to play different roles in plant-plant
interactions and community succession. In the present study, we conducted
a three-year continuous monitoring experiment on the typical steppe commu-
nity. We compared two different indices of community small-scale patterns using
EcoSim 7.72 software. The results were shown as follows: (1) For three consec-
utive years, the plant species interactions at the community level under grazing
were competitive, especially in 2014, the results did not support the stress gra-
dient hypothesis. (2) In 2013 and 2015, the species interactions of community
under mowing were competitive, but in 2014, on account of the drought and
elevated air temperature, they were facilitative. (3) Different grassland utiliza-
tion types had distinct effects on plant species interactions, and the effect were
also regulated by monthly precipitation and monthly average air temperature in
growing season. The present results provided the improvement of stress gradi-
ent hypothesis and the theoretical foundation in rational utilization of grassland
and the recovery of degraded grassland.

Keywords: typical steppe community; grassland use type; small scale pattern;
species interactions

Introduction
Plant community spatial distribution patterns result from past ecological pro-
cesses, including both biotic and abiotic processes that trigger a series of com-
plex plant-plant interactions. Negative plant-plant interactions (competition)
are considered important driving factors determining community structure and
diversity in high-productivity communities, and competition can reduce the
abundance of competitors, producing negative interspecific associations. The
importance of competition for community structure changes with environmen-
tal stress levels. Under certain environmental conditions, positive plant-plant
interactions (facilitation) play important roles in structuring communities.
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Early experiments on plant community spatial patterns focused primarily on
neighbor removal experiments, mostly examining only one or a few species pairs
rather than community-wide interactions. With deepening research, small-scale
spatial pattern association methods that indirectly infer potential effects on
community structure and species diversity through species relationships have
emerged. This approach can examine relationships among potentially interact-
ing species within a small space, effectively providing a comprehensive under-
standing of community-wide species interactions and enabling predictions of
future community pattern changes based on existing observational data. It has
been widely applied in plant community pattern analysis.

Due to global climate change and long-term overgrazing since the 1980s, China’s
northern ecological barrier—the Inner Mongolia typical steppe—has experienced
extensive degradation, manifested as dominant species replacement, reduced
species diversity, and decreased aboveground net primary productivity. The
representative Stipa grandis steppe communities are gradually being replaced
by Stipa krylovii and Artemisia frigida communities, with obvious changes in
community structure. Free grazing and mowing are the two main utilization
types in Inner Mongolia grasslands. While Chinese scholars have conducted ex-
tensive research on species responses to utilization types and adaptation strate-
gies, studies using small-scale spatial pattern methods to explore how land use
affects species interactions and entire community patterns have only recently
begun. Such research is crucial not only for understanding and predicting com-
munity pattern changes but also for guiding rational grassland use and effective
conservation.

This study selected grazing and mowing sites in the Stipa grandis steppe of
Xilingol Grassland for continuous fixed-point monitoring of small-scale patterns
from 2013–2015. We aimed to: (1) examine how different utilization types af-
fect plant-plant interactions in Stipa grandis communities, and (2) determine
whether community interaction relationships are influenced by interannual hy-
drothermal variations. The results can not only reasonably predict the effects
of utilization types and climate change on steppe succession but also provide
references for rational grassland use and effective protection measures under
climate change.

1. Study Area Natural Conditions
This study was conducted at Mao Deng Pasture, 55 km southeast of Xilin-
hot City, Xilingol League, Inner Mongolia Autonomous Region (116°20.552� E,
44°16.062� N), at an elevation of 910–1377 m. The region has a typical continen-
tal temperate steppe climate with distinct seasons—cold, dry winters and warm
summers. The terrain slopes higher in the south and lower in the north. An-
nual average rainfall is 280–360 mm, annual average temperature is -0.5°C, with
maximum temperatures of 37.4°C and minimum of -39.9°C. Annual sunshine is
approximately 2800 hours, and the frost-free period is 90–115 days. Annual
evaporation is 25%–40% of rainfall. The grassland utilization types include
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grazing (summer-autumn grazing at 0.5–0.7 cattle units per hectare) and mow-
ing (harvested in mid-to-late August annually). Community maximum height
can reach 87 cm.

2. Research Methods
We established 0.5 m × 0.5 m quadrats both inside and outside fences. Each
quadrat was divided into 0.1 m × 0.1 m sub-quadrats (25 total). We recorded
each species present in every sub-quadrat, using red-painted chopsticks at the
four corners for positioning and GPS to record coordinates for fixed-point mon-
itoring. Surveys were conducted during the growing season (June–August).
Species number, height, coverage, and frequency were measured. Community
biomass was harvested in 0.5 m × 0.5 m quadrats, oven-dried at 65°C to constant
weight. Soil samples (0–10 cm) were collected from 5 quadrats per community.
Soil total carbon and nitrogen were measured with an Elementar analyzer, and
total phosphorus by molybdenum-antimony colorimetry. Growing season rain-
fall and temperature data were provided by the research station.

[FIGURE:1] Three years (2013–2015) monthly precipitation and monthly aver-
age temperature in June to August

3. Data Analysis
3.1 C-score and V-ratio Calculation

Species presence-absence data from sub-quadrats were compiled into binary ma-
trices (1 = present, 0 = absent). Species occurring fewer than 5 times were ex-
cluded. We used EcoSim 7.72 software with null models to calculate C-score and
V-ratio, analyzing species distribution patterns through Monte Carlo random
simulations (5000 iterations). Three algorithms were compared: Fixed-Fixed
(FF, both rows and columns fixed with equiprobable randomization), Fixed-
Equiprobable (FE, rows fixed with equiprobable column randomization), and
Fixed-Proportional (FP, rows fixed with non-equiproportional column random-
ization).

C-score is an index of checkerboard distribution proposed by Stone & Roberts
(1990), calculated as: Cij = (Ri - S)(Rj - S) + S

where M is the number of species in the community, S is the number of quadrats
where species i and j co-occur, Ri is the number of quadrats where species i
occurs, and Rj is the number of quadrats where species j occurs.

V-ratio is an index using the ratio of column sum variance to row sum variance
to represent community structure (Schluter 1984).

3.2 Standard Effect Size

To facilitate comparison, we calculated the Standard Effect Size (SES) for C-
score and V-ratio matrices:
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SES = (� - �) / 𝛿
where � represents the observed C-score or V-ratio, � represents the mean from
5000 Monte Carlo simulations, and 𝛿 represents the standard deviation of
simulated values. SES values between -2 and 2 indicate random distribution.
For C-score, SES > 2 indicates non-random segregation (negative associa-
tion/competition), while SES < -2 indicates non-random aggregation (positive
association/facilitation). For V-ratio, the interpretation is opposite: SES > 2
indicates facilitation dominance, SES < -2 indicates competition dominance.

3.3 Statistical Analysis

Community quantitative characteristics and soil properties were analyzed using
independent samples t-tests in SPSS 21.0.

1. Effects of Utilization Type on Community Structure,
Species Composition, and Soil Properties
Different utilization types significantly affected community species number, fre-
quency, biomass, and soil total nitrogen, but not average coverage, soil total
carbon, or total phosphorus. Grazing communities had significantly higher
species numbers than mowing communities, while mowing communities had sig-
nificantly higher community height, coverage, biomass, and soil total nitrogen
than grazing communities.

Community quantitative characteristics and soil conditions under the two uti-
lization types

Plant species composition and species frequency under the two utilization types

2. Effects of Utilization Type on C-score and V-ratio
Under grazing, both C-score and V-ratio values were significantly greater than
simulated results (P < 0.05), indicating competition-dominated species inter-
actions. The values showed a bell-shaped trend across years, with strongest
competition in 2014 (the drought year), suggesting drought altered species in-
teraction relationships.

Under mowing, species interactions were competitive in 2013 and 2015 (no sig-
nificant difference from null models), but facilitative in 2014. The C-score values
fell below the double-dashed line (SES < -2), indicating a shift from competi-
tion to facilitation. V-ratio values also showed this pattern, with competition
weakening in the dry year.

Comparison of C-score and V-ratio values of plant community binary matrices
with null models under different grassland utilization types

[FIGURE:2] Interannual variance of three algorithms on standard effect size of
communities’C-score under different grassland utilization types
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[FIGURE:3] Interannual variance of two algorithms on standard effect size of
communities’V-ratio under different grassland utilization types

Discussion
1. Different Responses of Two Utilization Types to Climate Change

Callaway and Bertness proposed the Stress Gradient Hypothesis (SGH), which
predicts that species interactions shift from competition to facilitation as stress
increases. This has been supported in subarctic, alpine, tundra, and Mediter-
ranean ecosystems. Our study found that climate variation, particularly in
the extreme drought year of 2014, had greater impact on species interactions
than utilization type. Under grazing, both C-score and V-ratio SES values indi-
cated competition-dominated interactions, with competition intensifying during
drought and high temperature—contradicting SGH predictions.

Under mowing, however, the pattern reversed: 2014 showed facilitation while
other years showed competition, supporting SGH. This suggests that in high-
productivity environments, disturbance (grazing) can reduce competitive dom-
inance of tall, dominant plants, allowing other species to grow rapidly and re-
sulting in overall competitive patterns. Mowing, being a single annual harvest,
leaves the community largely undisturbed during the long growing season, main-
taining soil structure and water retention, which may enhance facilitative effects
under stress.

2. Intrinsic Mechanisms of Different Climate Fluctuation Responses

Many studies support that abiotic factors are crucial in altering community pat-
terns, with interannual climate fluctuations often having greater impact than
utilization type. Research on Australian semi-arid shrublands found drought
effects far exceeded grazing disturbance. Similarly, our results show different
community responses to 2014’s extreme drought: grazing intensified competi-
tion while mowing reduced it. This aligns with studies on Canadian prairies
showing that different dominant species respond differently to drought, chang-
ing interaction directions and intensities.

The mowing regime’s minimal disturbance (except for small herbivores like
Ochotona daurica and Lasiopodomys brandtii) allows Stipa grandis dominance
while preserving soil structure and water-holding capacity. In contrast, continu-
ous grazing pressure reduces dominant species’competitive advantage, balancing
species relative status but potentially increasing overall competition.

3. Advantages of Small-Scale Pattern Analysis and Study Significance

Small-scale spatial pattern methods offer advantages over neighbor removal ex-
periments by maintaining plant integrity and studying the community as an
organic whole, reducing information loss from focusing only on common species.
Medium- to long-term monitoring better reflects climate change impacts. Our
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results show that during extreme drought and high temperature, grazing in-
tensifies competition while mowing promotes facilitation, supporting previous
findings that annual mowing benefits Stipa grandis steppe restoration more than
grazing. The results provide experimental data for refining SGH and offer the-
oretical guidance for rational grassland use and protection measures in this
region.
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Figure 2: Figure 8
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