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Abstract: Dominant species play a principal role in controlling and maintaining ecosystem stability.
Stipa breviflora is the dominant species in desert steppe. Changes in the stability of a plant population
will further affect the stability of the broader habitat, such as the desert steppe. In the desert steppe
ecosystem, it is not clear what level of grazing intensity is best for improving the grazing tolerance
and stability of the vegetation. And, the study of this question should involve a multi-dimensional,
comprehensive analysis. This study will utilize variance analysis, plant population stability, and
trade-off index to study S. breviflora, the dominant species in the desert steppe in Inner Mongolia, and
its performance under four grazing intensities (control, CK, 0 sheep·ha−1·half year−1; light grazing,
LG, 0.93 sheep·ha−1·half year−1; moderate grazing, MG, 1.82 sheep·ha−1·half year−1; and heavy
grazing, HG, 2.71 sheep·ha−1·half year−1) over six scales (5 cm× 5 cm; 10 cm× 10 cm; 20 cm× 20 cm;
25 cm × 25 cm; 50 cm × 50 cm; and 100 cm × 100 cm). The characteristics of the population stability
of S. breviflora were explored. The results showed that the response of S. breviflora’s stability to heavy
grazing was multidimensional. Heavy grazing reduced the population stability of S. breviflora. Across
different dimensions, base coverage was the first of the population stability metrics of S. breviflora to
destabilize, followed by projection coverage, density, and height. Heavy grazing also affected the
trade-offs of S. breviflora’s population stability across different dimensions. In general, the trade-off
degree decreased as the grazing intensity increased, and it increased as the scale increased.

Keywords: desert steppe; grazing intensity; trade-off; population stability

1. Introduction

Grassland accounts for more than a third of the global land area and is an important
component of terrestrial ecosystems [1,2]. Due to long-term overgrazing, grasslands have
been seriously degraded worldwide. This has resulted in a decrease in grassland produc-
tivity, which threatens the ability of grassland ecosystems to continue to provide human
functions and services [3–5]. Therefore, ecologists are beginning to focus more on the dual
effects on livestock and vegetation under grazing conditions [6,7].

In grassland ecosystems, plant population characteristics are highly sensitive to graz-
ing [8,9]. As grazing intensity increases, in order to adapt to the environment, plants will
correspondingly change their reproduction strategies and resource allocation between
different organs. For example, with the interference of overgrazing, the plant height and
crown width of grassland plants have been shown to decrease, leading to a trend of minia-
turization [10]. To avoid self-extinction, plants induce livestock to selectively uptake specific
individuals in the population [11]. Generally, dominant species show a strong resistance
to grazing livestock. For example, the grazing coverage rate of dominant species with
strong grazing tolerance increases significantly in mountainous grassland that experience
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long-term grazing [12,13]. Grazing can directly or indirectly change the plant community,
its characteristics, the habitat’s microclimate, and the soil’s physical and chemical properties
in the grassland ecosystem, thus affecting the allocation strategies of plants [14].

Grazing intensity not only changes a plant population’s characteristics, but also affects
the stability of broader plant populations and even entire ecosystems. Most studies have
shown that a moderate grazing intensity can improve the ability of vegetation to obtain plant
resources and adapt to interference, thereby increasing the stability of plant communities
and ecosystems. Heavy grazing, however, is known to reduce ecosystem stability [15–17].
Then, again, in the central steppe of Argentina, heavy grazing was demonstrated to maintain
the stability of the ecosystem, while mild or moderate grazing led to community changes.
Thus, a relatively high grazing pressure was required to maintain community stability in
this scenario [18]. In conclusion, the grazing intensity that will best maintain the stability
of the ecosystem differs among different grassland types. A plant population’s structure
has two dimensions: vertical and horizontal. Using projection coverage alone, it is difficult
to accurately describe the vertical structure of a community, so this limited method can
be expanded to more comprehensively evaluate and analyze the function of a grassland
plant population [19]. Plant population density is the embodiment of a plant’s reproductive
ability. Basal coverage is an important structural index of a population’s horizontal dimension
and reflects the ability of plants to obtain soil resources. Projection coverage and height are
important structural characteristic indexes in the vertical dimension, and they reflect the ability
of plants to occupy space on the ground after light energy is utilized [20,21]. Therefore, density,
basal coverage, projection coverage, and height are important indicators that should all be
considered when studying how effective grazing is at stabilizing a plant’s population [22].

In Inner Mongolia, the desert steppe is located in the transition zone between grassland
and desert. Due to the arid climate and poor soil environment, the structure and function
of plant communities in this desert steppe are vulnerable to climate change and human
disturbance [23,24]. S. breviflora, a perennial grass and the dominant species in desert steppe, is
advantaged by its cold tolerance, drought tolerance, and trampling tolerance. The stability of
its plant population has a strong keystone effect on the desert steppe. Most previous studies
on S. breviflora have focused on the effects of different grazing intensities on the structure and
function of plant communities [25–27]. However, it remains largely unknown whether grazing
will affect the population stability of S. breviflora differently at different scales and whether this
effect will change in accordance with changes in dimensions. Therefore, this paper utilizes data
on S. breviflora taken from a long-term grazing disturbance experiment to study the quantitative
characteristics (density, basal coverage, projection coverage, and height) of S. breviflora under
different grazing intensities and scales and to answer the following two main questions: (1) As
grazing intensity and scale effect increase, how will the basic quantitative characteristics of
S. breviflora and its stability change? (2) How does the trade-off of population stability of
S. breviflora between grazing intensity and scale effect vary across different dimensions?

2. Materials and Methods
2.1. Study Site

The test site for measuring the basic quantitative characteristics of S. breviflora was
located in the comprehensive experimental demonstration center of the Inner Mongolia
Academy of Agricultural and Animal Husbandry Sciences (41◦46′43.6′′ N, 111◦53′41.7′′ E,
elevation 1456 m), belonging to the Wangfu I team in the south–central Siziwang Banner of
Ulanqab City. This experimental demonstration center is located in the middle-temperate,
semi-arid, continental monsoon climate, with an average annual precipitation of 220 mm,
and a highly uneven distribution. The vegetation is low and sparse, and species compo-
sition is relatively poor. The soil type is chestnut soil, barren and loose with low organic
matter content. This region is a desert steppe; there are more than 30 common species in
the experimental area, with the constructive species being S. breviflora. The other domi-
nant species include Artemisia frigida and Cleistogenes songorica, while the common species
include Convolvulus armanii, Kochia protata, Neopallasia spectata, and Heteropappus alticus.
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2.2. Experimental Design

The experiment with varying intensities of long-term grazing was established in 2004,
over a total area of about 50 ha. Using a completely randomized block design, twelve
fenced grazing plots were divided into three blocks (see Figure 1). Four treatments repre-
senting the different grazing intensities were randomly arranged in each group: control CK
(0 sheep·ha−1·half year−1), light grazing LG (0.93 sheep·ha−1·half year−1), moderate graz-
ing MG (1.82 sheep·ha−1·half year−1), and heavy grazing HG (2.71 sheep·ha−1·half year−1).
The actual number of grazing sheep applied in the light, moderate, and heavy treatments
were four, eight, and twelve, respectively. The grazing season ran during summer and
autumn, and winter and spring were the rest seasons. Throughout the grazing season, the
livestock were introduced to the grazing plots daily and allowed to feed freely (water was
drunk before arriving at the plots) before being returned to the livestock ring in the evening
(where they were administered drinking water and salt supplements). The livestock grazed
from six a.m. to six p.m. each day.
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Figure 1. Schematic diagram for the grazing experiment’s plot layout. The colored plots were
sampled. The grazing experiment plots (each ca. 4.4 ha) were arranged in a completely randomized
block design that included four grazing intensity treatments repeated three times each.

2.3. Vegetation Sampling

The CK treatment in block II was selected for sampling to measure the quantitative
characteristics of the S. breviflora population in the desert steppe, as shown in Figure 1,
in order to avoid any margin effects experienced by the CK treatment in block I. In each
sample plot, for all the grazing intensities, a representative area with consistent terrain
(5 m × 5 m) was selected. A 1 m × 1 m sample frame was delineated; each 1 m × 1 m
sample was subdivided into 400 5 cm × 5 cm small samples, creating 25 squares according
to the order of the snake matrix, and the accurate spatial position of S. breviflora in the
sample frame was demarcated by tape. The origin of the coordinates in each sample
was defined as the upper left corner of the sample plot. In this experiment, the density
(cluster), radius of base coverage (cm) and projection coverage (cm), and height (cm) of the
S. breviflora population were all measured outdoors on 15 August 2019, and the area of base
coverage and projection coverage were calculated indoors later. The average precipitation
in 2019 was 249.2 mm, and the average temperature from June to September was 13.98 ◦C.
This experiment lasted for about 7 days (see Figure 2).
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August 2019.
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2.4. Data Analysis

For each of the grazing intensities, the density (cluster), base coverage (cm2), and
projection coverage (cm2) of S. breviflora were transformed by the square root (height (cm)
data did not need to be transformed), so that all the data would be normally distributed.
The sample area of 5 m × 5 m was sub-divided into grids with squares of size 5 cm × 5 cm,
10 cm × 10 cm, 20 cm × 20 cm, 25 cm × 25 cm, 50 cm × 50 cm, and 100 cm × 100 cm.
Variance analysis was used to compare the effects of grazing intensity and scale on the quan-
titative characteristics of S. breviflora, and contour plots were used to compare the changes
in the quantitative characteristics of S. breviflora under the different grazing intensities and
scales. The base coverage and projection coverage were calculated as follows:

S = π × r2 (1)

where S is the plot of base coverage or projection coverage and r is the radius of base
coverage or projection coverage.

Secondly, the effects of the increased grazing intensity and scale on the stability of
S. breviflora’s population were analyzed in different dimensions. The plant population
stability is represented by the reciprocal (ICV) of the coefficient of variation (CV) of the basic
quantitative characteristics of the species’ population (density (cluster), base coverage (cm2),
projection coverage (cm2), and height (cm)) [28,29]:

ICV =
µ

δ
(2)

In the formula, µ is the average value of a certain index of S. breviflora in the sample,
and δ is the standard deviation of the same index of S. breviflora in the sample. The smaller
the value of ICV, the lower the stability of the plant’s population; conversely, a higher ICV
indicates a greater stability in the plant’s population.

Finally, under the various grazing intensities and scales, the population stability of
S. breviflora was analyzed under different dimensions (density (cluster), base coverage (cm2),
projection coverage (cm2), and height (cm)) and overall dimensions to calculate the trade-off
value [30,31].

The trade-off model is described as follows: the trade-off of research object A refers
to the relative deviation between its observed value and the average value. First, the
relative equity BA of an object of study is defined, and then the relative equity of each index
observation value (x axis or y axis) can be calculated using the following formula:

BA =
AOBS − AMin
AMax − AMin

(3)

Among these variables, AOBS is the observed value of the index, and AMax and AMin
are the maximum and minimum values of the index of all observed values. The observed
value of each indicator corresponds to an equity value BA, which ranges from zero to one
and can be conceptualized as the proportion of possible benefits of object A.

The obtained equity values of the x-axis and y-axis indexes are reflected on the two-
dimensional coordinate axis. By calculating the distance from this point to the zero trade-off
line (1:1 line), the trade-off of the x-axis or y-axis indexes can be obtained. In this model,
if the point falls on the zero trade-off line, it is regarded that there is zero trade-off; if the
point falls above the zero trade-off line, it represents that the y-axis benefits more from the
trade-off than the x-axis; if the point falls below the zero trade-off line, it represents that
the x-axis benefits more from the trade-off than the y-axis; and the distance of the point
offline indicates the degree of trade-off (Figure 3). This method effectively quantifies the
relationship between the x-axis and y-axis indicators.
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The SAS 9.4 (SAS Institute Inc., Cary, NC, USA) software was used for the data
processing of the variance analysis in this paper and was performed at the significance level
of p < 0.05. The assembly process and rendering of graphics were completed in Sigmaplot
14.0 (Systat Software Inc., San Jose, CA, USA).

This article first conducts a variance analysis on the basic quantitative characteristics
of S. breviflora under the different grazing intensities and scales, using contour maps
to study the changes in the basic quantitative characteristics of S. breviflora under the
different grazing intensities and scales. Secondly, based on the calculated stability
values, this article explores the changes in the population stability of S. breviflora under
the different grazing intensities and scales. Finally, based on the calculated trade-off
values, this article explores the trade-off characteristics of the S. breviflora population in
different dimensions. The data processing of ANOVA in this study was conducted using
the SAS 9.4 (SAS Institute Inc., Cary, NC, USA) software at a significance level of p < 0.05.
The assembly process and graphic drawing were completed in Sigmaplot 14.0 (Systat
Software Inc., San Jose, CA, USA), and the table production process was completed in
the Excel 2019 software.

3. Result

The responses of S. breviflora population’s basic quantitative characteristics to the
grazing intensity and scale effects are discussed in the following sections.

After the square root transformation of the density, base coverage, and projection
coverage metrics of the S. breviflora population (height did not need a square root transfor-
mation), all the data representing the basic quantitative characteristics of the S. breviflora
population followed a normal distribution, and a variance analysis could be performed.
The results showed that the grazing intensity had significant effects on the height of the
S. breviflora plant population and that the scale effect had significant effects on the density,
base coverage, projection coverage, and height (Table 1, p < 0.05). The SS, MS, and F
values of the scale effect were larger than those of the grazing intensity factors, and their
variance contribution rate was more than 85%, which indicates that the basic quantitative
characteristics of the S. breviflora population responded more strongly to the scale effects
than to the grazing effects.
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Table 1. The effects of grazing intensity and scale on the basic quantitative characteristics of S. breviflora.

Variable Factors df SS MS F Value Pr > F Variance
Contribution

Data
Transformed

Density
(cluster)

Grazing
intensity 3 1.58 0.53 5.87 0.0074 1.12%

Yes
Scale 5 138.03 27.61 308.79 <0.0001 97.93%

Base
coverage

(cm2)

Grazing
intensity 3 58.47 19.49 5.83 0.0076 6.03%

Yes
Scale 5 860.77 172.15 51.48 <0.0001 88.79%

Projection
coverage

(cm2)

Grazing
intensity 3 184.65 61.55 5.86 0.0074 5.12%

Yes
Scale 5 3267.25 653.45 62.19 <0.0001 90.52%

Height
(cm)

Grazing
intensity 3 9.21 3.07 8.04 0.002 8.40%

No
Scale 5 94.64 18.93 49.57 <0.0001 86.37%

Notes: SS: Stdev square; MS: Mean square.

The basic quantitative characteristics of S. breviflora, as the grazing intensity and scale
varied, are shown in Figure 4. As the spatial scale increased, the density, base coverage,
projection coverage, and height of S. breviflora all showed an increasing trend, and the increase
was greater in the scales ranging from 25 cm × 25 cm to 100 cm × 100 cm. However, as the
grazing intensity increased, the density of S. breviflora peaked in the HG treatment (Figure 4A),
and the base coverage and projection coverage of S. breviflora showed an overall upward and
then downward trend, peaking in the MG treatment (Figure 4B,C). The change in S. breviflora’s
height, with the variation in grazing intensity and scale, is shown in Figure 4D. As the grazing
intensity and scale increased, the height of S. breviflora showed a more obvious trend of
rising and then falling, with the peak value being recorded in the LG treatment. Overall, the
basic quantitative characteristics of S. breviflora changed little in the small scale, but differed
significantly in the larger scales. As the grazing intensity increased, the density of S. breviflora
increased, and the other quantitative indexes first increased and then decreased.
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Figure 4. Variation in the basic population characteristics of S. breviflora in the varying treatments of
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(2) 10 cm× 10 cm; (3) 20 cm× 20 cm; (4) 25 cm× 25 cm; (5) 50 cm× 50 cm; and (6) 100 cm× 100 cm.
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3.1. Characteristics of and Variation in S. breviflora’s Population Stability

The stability of the S. breviflora population varies with the grazing intensity and
scale (Table 2). The reciprocal (ICV) analysis results of the variation coefficient of the
S. breviflora plant population in different dimensions showed that the stability of S. breviflora
increased as the scale increased, in both the different dimensions (density, base coverage,
projection coverage, and height) and overall dimensions. As the grazing intensity increased
in the dimension of S. breviflora’s density, the stability of S. breviflora increased and the
density peaked in the HG treatment. In the dimension of S. breviflora’s base coverage in
the 100 cm × 100 cm scale, the stability of S. breviflora was highest in the HG treatment,
though the stability peaked in the MG treatment for all the other scales. As the grazing
intensity increased in the dimension of S. breviflora’s projection coverage, the stability of
S. breviflora increased. The projection coverage peaked in the MG treatment, and the stability
of S. breviflora decreased in the HG treatment. In the dimension of S. breviflora’s height in
the 5 cm × 5 cm scale, the stability of S. breviflora peaked in the HG treatment, though it
peaked in the MG treatment at all the other scales. As the grazing intensity increased in
the overall dimension of S. breviflora, the stability of S. breviflora first increased and then
decreased, with the peak value being recorded in the MG treatment. Therefore, depending
on the grazing conditions, S. breviflora had different stability maintenance mechanisms for
different dimensions. Summarizing the multiple dimensions, the stability of S. breviflora
tended to increase with the increase in grazing intensity up until moderate grazing, before
decreasing under heavy grazing.

Table 2. Effects of grazing intensity and scale on the stability of the S. breviflora population in the
different dimensions.

Dimension
Grazing
Intensity

Scale

1 2 3 4 5 6

Density
(cluster)

CK 0.030 0.537 0.959 1.072 1.563 1.926
LG 0.361 0.704 1.373 1.606 2.385 2.725
MG 0.392 0.819 1.598 2.003 3.632 5.349
HG 0.415 0.834 1.628 1.884 3.738 5.866

Base
Coverage

(cm2)

CK 0.215 0.414 0.792 0.941 1.543 2.215
LG 0.318 0.627 1.188 1.392 1.994 2.272
MG 0.324 0.670 1.230 1.515 2.601 3.279
HG 0.318 0.625 1.181 1.362 2.303 2.940

Projection
Coverage

(cm2)

CK 0.241 0.458 0.857 0.998 1.622 2.169
LG 0.293 0.570 1.097 1.275 1.865 2.163
MG 0.347 0.708 1.315 1.582 2.410 2.856
HG 0.271 0.530 0.945 1.058 1.442 1.564

Height
(cm)

CK 0.284 0.569 1.169 1.441 2.986 4.564
LG 0.352 0.739 1.845 2.657 5.724 6.825
MG 0.392 0.894 2.676 4.699 11.443 16.816
HG 0.405 0.890 2.387 3.159 4.663 4.830

Total

CK 0.192 0.495 0.944 1.113 1.929 2.719
LG 0.331 0.660 1.376 1.733 2.992 3.496
MG 0.364 0.773 1.705 2.450 5.021 7.075
HG 0.353 0.720 1.535 1.866 3.037 3.800

Abbreviations: CK, control; LG, light grazing; MG, moderate grazing; and HG, heavy grazing. (1) 5 cm × 5 cm;
(2) 10 cm × 10 cm; (3) 20 cm × 20 cm; (4) 25 cm × 25 cm; (5) 50 cm × 50 cm; and (6) 100 cm × 100 cm.

3.2. Balance of S. breviflora’s Population Stability in Different Dimensions

Under the different grazing intensities, the trade-offs of S. breviflora’s population
stability varied in the different dimensions (Figure 5). With base coverage as the index, the
trade-off between the base coverage and density, overall dimension, and height favored
the base coverage in the stability of S. breviflora (Figure 5a–c). The trade-off degrees were
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ordered LG > CK > MG, from largest to smallest. The HG treatment was relatively special,
with the trade-off between the base coverage and the density being nearly zero. The
trade-off degree was largest between the base coverage and the overall dimension and
height. Between the base coverage and the projection coverage (Figure 5d), only the HG
treatment showed a trade-off favoring the base coverage, whereas the other processing
regions showed zero trade-off.
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Figure 5. Trade-off of S. breviflora population in multiple dimensions under the different grazing
intensities. CK, control; LG, light grazing; MG, moderate grazing; and HG, heavy grazing. (a) The
trade-off between the base coverage and density of S. breviflora population; (b) The trade-off between
the base coverage and overall dimension of S. breviflora population; (c) The trade-off between the
base coverage and height of S. breviflora population; (d) The trade-off between the base coverage
and projection coverage S. breviflora population; (e) The trade-off between the projection coverage
and density of S. breviflora population; (f) The trade-off between the projection coverage and overall
dimension of S. breviflora population; (g) The trade-off between the projection coverage and height of
S. breviflora population; (h) The trade-off between the height and density of S. breviflora population;
(i) The trade-off between the height and overall dimension of S. breviflora population; (j) The trade-off
between the overall dimension and density of S. breviflora population.

Projection coverage was used as an indicator to study the trade-off degree under the
different dimensions (Figure 5e–g). Under the moderate grazing condition, the stability
of S. breviflora was characterized by the trade-off favoring the projection coverage, and
the trade-off degree decreased as the grazing intensity increased. The difference was that,
under the HG treatment, the trade-off between the projection coverage and the density
tended to favor the density, while the trade-off between the projection coverage and overall
dimension was zero, and the minimum trade-off was between the projection coverage and
the height.
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The trade-off degree under the different dimensions was studied with the height as
an indicator (Figure 5h,i). In the trade-off between the height and the density, the stability
of S. breviflora tended to favor the density. Under the moderate grazing conditions, the
trade-off degree decreased as the grazing intensity increased, and it tended toward zero
trade-off. The trade-off degree was highest in the HG treatment. In the trade-off between
the height and the overall dimension, the stability of S. breviflora tended to favor the overall
dimension. The trade-off degree was highest in the HG treatment and tended to be zero
under the moderate grazing conditions.

In the trade-off between the overall dimension and the density (Figure 5j), the stability
of S. breviflora depended most strongly on the trade-off between the density and the
direction. The trade-off degree decreased as the grazing intensity increased, and it tended
to be zero in the MG treatment. The trade-off degree was largest in the HG treatment. In
short, the response mechanisms of trade-off performance varied in the different treatments
under the different dimensions. Under the moderate grazing conditions, the degree of
trade-off decreased as the grazing intensity increased, and the degree even tended toward
zero trade-off. However, the trade-off changes were special in the different dimensions of
the HG treatment and so a specific analysis was performed in the different dimensions.

At the different scales, the trade-offs of S. breviflora’s population stability varied with
the dimension (Figure 6). With base coverage as the index, the stability of S. breviflora
favored the base coverage in the trade-off between the base coverage and density, overall di-
mension and height (Figure 6a–c), and the trade-off degree increased as the scale increased.
In the trade-off between the base coverage and the projection coverage (Figure 6d), only the
100 cm × 100 cm scale favored the base coverage in the trade-off. There was zero trade-off
in all the other scales.
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Figure 6. Trade-off of population stability of S. breviflora at the different scales in multiple dimensions.
(1) 5 cm × 5 cm; (2) 10 cm × 10 cm; (3) 20 cm × 20 cm; (4) 25 cm × 25 cm; (5) 50 cm × 50 cm; and
(6) 100 cm× 100 cm. (a) The trade-off between the base coverage and density of S. breviflora population;
(b) The trade-off between the base coverage and overall dimension of S. breviflora population; (c) The
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trade-off between the base coverage and height of S. breviflora population; (d) The trade-off between
the base coverage and projection coverage S. breviflora population; (e) The trade-off between the
projection coverage and density of S. breviflora population; (f) The trade-off between the projection
coverage and overall dimension of S. breviflora population; (g) The trade-off between the projection
coverage and height of S. breviflora population; (h) The trade-off between the height and density of
S. breviflora population; (i) The trade-off between the height and overall dimension of S. breviflora
population; (j) The trade-off between the overall dimension and density of S. breviflora population.

With projection coverage as the index, the trade-off degree under the different dimen-
sions varied mostly for 100 cm × 100 cm, as shown in Figure 6e–g. It can be seen that the
stability of S. breviflora was represented by the trade-off of projection coverage. Taking
height as the index, the trade-off degree of the different dimensions varied mostly for
100 cm × 100 cm (Figure 6h,i). It can be seen that the stability of S. breviflora is characterized
by the trade-off between the density and the overall dimension. In the trade-off between the
overall dimension and the density, the stability of S. breviflora was shown as the trade-off
between the density and the direction (Figure 6j).

In short, across the different dimensions, the trade-off degree of S. breviflora’s popula-
tion stability increased as the scale increased, and it followed a logarithmic curve. However,
the slope (inflection point) of the curve differed under the different dimensions.

4. Discussion

Grazing is the most frequently observed pattern of land use in grasslands. Plant
population and community composition change as a direct response to grazing, but can
also be affected by environmental conditions and grassland types, as well as whether the
dominant species changes over time [32–34].

In this experiment, as the grazing intensity increased, the density of S. breviflora
increased, and the height, base coverage, and projection coverage increased at first and
then decreased. This change was obvious on a large scale. This reveals that, in the face of
grazing disturbance, S. breviflora, the dominant species in this desert steppe, has formed
a unique survival strategy for coping with long-term coexistence with livestock [35]. This
can be explained by the following factors: Firstly, the changes of S. breviflora are obvious
at the large scales and there is almost zero change at the small scales. Herbivore activities
can affect habitat heterogeneity differently at different scales, which, thus, translates into
the differential effects of grazing on species’ diversity at different scales [36–39]. Secondly,
although the density of S. breviflora increased as the grazing intensity increased, the height
of S. breviflora peaked in the LG treatment. The increased grazing intensity reduced the
height of S. breviflora because plants usually adopt dwarfing strategies to adapt to harsh soil
conditions and high-intensity trampling by livestock [40]. Finally, as the grazing intensity
increased, the phenotypic characteristics of the plants were altered through changing the
resource allocation mode and reproductive distribution strategy of different organs above
and below the ground. Ultimately, this improved population fitness [41]. S. breviflora
is a densely clustered grass. The tillering node is located on the ground, so it is easily
affected by livestock feeding behavior, as demonstrated by the resulting fragmentation of
plant clusters and the decreases in cluster size [42]. For this reason, the base coverage and
projection coverage of S. breviflora peaked in the MG treatment and decreased in the HG
treatment. Further, plants may sacrifice their organs selectively. In general, herbivores like
to eat the most delicious parts of plants (young leaves, fruits, and seeds), and so mature
plants may sacrifice parts of themselves to protect immature individuals [43,44].

In grassland ecosystems, grazing usually produces more stable vegetation patterns
than non-grazing would [45,46]. The resistance and resilience of plants to grazing distur-
bance can also be reflected in the stability of plant populations [47]. For example, semi-arid
grasslands need a certain degree of grazing to maintain ecosystem stability [48]. In this
study, S. breviflora was found to have different stability maintenance mechanisms under
different grazing conditions. The density of S. breviflora had the highest stability in the HG
treatment, and the base coverage, projection coverage, and height of S. breviflora had the
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highest stability in the MG treatment. As a dominant species, S. breviflora maintained the
stability of the plant community in multiple states. Therefore, combined with multiple
dimensions, under moderate grazing, the stability of S. breviflora increased as the grazing
intensity increased, and heavy grazing reduced the stability of S. breviflora. An optimal
grazing intensity can maintain the structure and function of the grassland ecosystem, while
a low grazing intensity may lead to component changes and species invasion, and a high
grazing intensity may reduce biodiversity and productivity [49,50].

Due to the limitation of resources, there is always competition and some trade-off
between the functional traits of plants and the growing process. According to the optimal
allocation theory, in order to adapt to environmental changes to the maximum extent
possible, plants tend to allocate more resources to structures or organs that maximize
access to the resources needed for survival, growth, and reproduction. These resources
include water, nutrients, and light [51,52]. In this study, in different dimensions, the
trade-off of the population stability of S. breviflora was first inclined to favor the base
coverage, followed by the projection coverage, density, and height. The base coverage
and the projection coverage directly or indirectly reflected the growth status of the plants
and the relative spatial range of living resources, such as sunlight, soil moisture, and
nutrients, accessible to them. These metrics represent the effective photosynthetic area of
plant populations [53,54]. In addition, plants always avoid mutual occlusion as much as
possible, and they obtain sunlight with the largest base diameter area and crown area [55].
This reflects the competitive relationship between plants [56,57]. Under moderate grazing
intensity, the trade-off degree of the population stability of S. breviflora decreased as the
grazing intensity increased, and it showed special properties under heavy grazing. This
also further explained the reason why the maximum stability of S. breviflora appeared in the
MG treatment (Table 2). In the different dimensions, the trade-off degree of the population
stability of S. breviflora increased as the scale increased, following a logarithmic curve. The
stability of the S. breviflora population showed multidimensional characteristics, indicating
that grazing can change the distribution strategy of plants and cause them to develop in
a way that improves population fitness [58].

The resistance or resilience of plants to grazing disturbance also depends on the local
environment [59]. In arid and semi-arid desert steppe, water is the main limiting factor
that determines the grazing resistance and resilience of plant communities. Studies have
shown that compensatory growth occurs in plants under sufficient precipitation conditions,
but no compensatory growth occurs in drought years [27]. Therefore, in order to better
explore the changes in plant population stability under grazing disturbance, further studies
should account for the changes in trade-offs regarding the internal mechanism of the plant
population in combination with the habitat’s conditions, the physiological characteristics
of plants, and other factors.

5. Conclusions

This study concluded that the response of S. breviflora’s population stability to grazing
was multi-dimensional. The results of this study showed that, as the grazing intensity
increased, the density of S. breviflora also increased. The base coverage, projection coverage,
and height of S. breviflora first increased and then decreased, and this change was obvious
on a large scale. Under moderate grazing, the stability of S. breviflora increased as the
grazing intensity increased, while heavy grazing decreased the stability of S. breviflora. In
the different dimensions, the balance of population stability of S. breviflora first favored
the base coverage, followed by the projection coverage, the density, and the height. The
trade-off degree of S. breviflora’s population stability decreased in the different dimensions
as the grazing intensity increased (except for the HG treatment), and it increased as the
scale increased. The multi-dimensionality of S. breviflora’s population stability under
heavy grazing may further play into the ecosystem stability and sustainability of the
desert steppe.



Agronomy 2023, 13, 2657 12 of 14

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/agronomy13102657/s1, Table S1: Stocking rate data.

Author Contributions: Investigation, H.L. and C.C.; resources, G.H.; writing—original draft, Z.W.
(Zihan Wang); writing—review and editing, S.L., Z.L., Z.W. (Zhongwu Wang) and G.H.; project
administration, Z.W. (Zhongwu Wang); funding acquisition, Z.W. (Zhongwu Wang). All authors
have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Interdisciplinary Fund Project of Inner Mongolia Agricul-
tural University (BR22-14-04), National Natural Science Foundation of China (31760143, 32260352),
Key Project of Science and Technology in Inner Mongolia of China (2021ZD0044), and Inner Mongolia
Autonomous Region Natural Science Foundation project (2021MS03042).

Data Availability Statement: Data are contained within the supplementary material.

Acknowledgments: We thank many students for collecting data in the field and the long-term grand
support from the Inner Mongolia Academy of Agriculture and Animal Husbandry.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Coleman, C.; DeKeyser, E.; Kobiela, B.; Dixon, C.; Escudero, E.; Aldrich-Wolfe, L. Influence of Livestock Grazing History on Plant

Community Composition on Native Prairies of the Southern Prairie Pothole Region. Rangel. Ecol. Manag. 2023, 90, 314–321.
[CrossRef]

2. Xu, F.; Li, J.J.; Su, J.S.; Sasaki, T.; Lu, X.M.; Wang, Y.; Chen, D.; Bai, Y.F. Understanding the drivers of ecosystem multifunctionality
in the Mongolian steppe: The role of grazing history and resource input. Agric. Ecosyst. Environ. 2024, 359, 108748. [CrossRef]

3. Durbecq, A.; Jaunatre, R.; Buisson, E.; Favale, C.; Maudieu, N.; Bischoffet, A. Persisting effects of seed bed preparation and early
grazing on plant communities in grassland restoration. Front. Ecol. Evol. 2023, 11, 1152549. [CrossRef]

4. Pei, Y.J.; Ren, G.J.; Jia, Z.L.; Xu, W.B. Effect of grazing strategy on soil moisture and vegetation biomass. Environ. Resour. Ecol. J.
2022, 6, 20–27. [CrossRef]

5. Liang, M.; Gornish, E.S.; Mariotte, P.; Chen, J.; Liang, C. Foliar nutrient content mediates grazing effects on species dominance
and plant community biomass. Rangel. Ecol. Manag. 2019, 72, 899–906. [CrossRef]

6. Han, Y.; Wu, Y.T.; Cui, J.H.; Li, H.Y.; Li, H.; Zhang, J.H.; Miao, B.L.; Wang, L.X.; Li, Z.Y. Temporal Stability of Grazed Grassland
Ecosystems Alters Response to Climate Variability, While Resistance Stability Remains Unchanged. Agronomy 2023, 13, 2030.
[CrossRef]

7. Gu, C.J.; Liu, L.S.; Zhang, Y.L.; Wei, B.; Cui, B.H.; Gong, D.Q. Understanding the spatial heterogeneity of grazing pressure in the
Three-River-Source Region on the Tibetan Plateau. J. Geogr. Sci. 2023, 33, 1660–1680. [CrossRef]

8. Papanikolaou, A.D.; Fyllas, N.M.; Mazaris, A.D.; Dimitrakopoulos, P.G.; Kallimanis, A.S.; Pantis, J.D. Grazing effects on plant
functional group diversity in Mediterranean shrublands. Biodivers. Conserv. 2011, 20, 2831–2843. [CrossRef]

9. Lasché, S.N.; Schroeder, R.W.R.; McIntosh, M.M.; Lucero, J.E.; Spiegal, S.A.; Funk, M.P.; Beck, R.F.; Holechek, J.L.; Faist, A.M.
Long-term growing season aridity and grazing seasonality effects on perennial grass biomass in a Chihuahuan Desert rangeland.
J. Arid. Environ. 2023, 209, 104902. [CrossRef]

10. Díaz, S.; Noy-Meir, I.; Cabido, M. Can grazing response of herbaceous plants be predicted from simple vegetative traits? J. Appl.
Ecol. 2001, 38, 497–508. [CrossRef]

11. Gómez, S.; Onoda, Y.; Ossipov, V.; Stuefer, J.F. Systemic induced resistance: A risk-spreading strategy in clonal plant networks?
New Phytol. 2008, 179, 1142–1153. [CrossRef] [PubMed]

12. Khishigbayar, J.; Fernández-Giménez, M.E.; Angerer, J.P.; Reid, R.S.; Chantsallkham, J.; Baasandorj, Y.; Zumberelmaa, D.
Mongolian rangelands at a tipping point? Biomass and cover are stable but composition shifts and richness declines after 20 years
of grazing and increasing temperatures. J. Arid. Environ. 2015, 115, 100–112. [CrossRef]

13. Oñatibia, G.R.; Boyero, L.; Aguiar, M.R. Regional productivity mediates the effects of grazing disturbance on plant cover and
patch-size distribution in arid and semi-arid communities. Oikos 2018, 127, 1205–1215. [CrossRef]

14. Streit, H.; Menezes, L.S.; Pillar, V.D.; Overbeck, G.E. Intraspecific trait variation of grassland species in response to grazing
depends on resource acquisition strategy. J. Veg. Sci. 2022, 33, e13129. [CrossRef]

15. Beck, J.J.; Hernández, D.L.; Pasari, J.R.; Zavaleta, E.S. Grazing maintains native plant diversity and promotes community stability
in an annual grassland. Ecol. Appl. 2015, 25, 1259–1270. [CrossRef]

16. Hallett, L.M.; Stein, C.; Suding, K.N. Functional diversity increases ecological stability in a grazed grassland. Oecologia 2017, 183,
831–840. [CrossRef]

17. Li, W.; Li, X.; Zhao, Y.; Zheng, S.; Bai, Y. Ecosystem structure, functioning and stability under climate change and grazing in
grasslands: Current status and future prospects. Curr. Opin. Environ. Sustain. 2018, 33, 124–135. [CrossRef]

https://www.mdpi.com/article/10.3390/agronomy13102657/s1
https://www.mdpi.com/article/10.3390/agronomy13102657/s1
https://doi.org/10.1016/j.rama.2023.03.005
https://doi.org/10.1016/j.agee.2023.108748
https://doi.org/10.3389/fevo.2023.1152549
https://doi.org/10.23977/erej.2022.060504
https://doi.org/10.1016/j.rama.2019.08.001
https://doi.org/10.3390/agronomy13082030
https://doi.org/10.1007/s11442-023-2147-1
https://doi.org/10.1007/s10531-011-0112-2
https://doi.org/10.1016/j.jaridenv.2022.104902
https://doi.org/10.1046/j.1365-2664.2001.00635.x
https://doi.org/10.1111/j.1469-8137.2008.02542.x
https://www.ncbi.nlm.nih.gov/pubmed/18627496
https://doi.org/10.1016/j.jaridenv.2015.01.007
https://doi.org/10.1111/oik.05104
https://doi.org/10.1111/jvs.13129
https://doi.org/10.1890/14-1093.1
https://doi.org/10.1007/s00442-016-3802-3
https://doi.org/10.1016/j.cosust.2018.05.008


Agronomy 2023, 13, 2657 13 of 14

18. Cingolani, A.M.; Vaieretti, M.V.; Giorgis, M.A.; Poca, M.; Tecco, P.A.; Gurvich, D.E. Can livestock grazing maintain landscape
diversity and stability in an ecosystem that evolved with wild herbivores? Perspect. Plant Ecol. Evol. Syst. 2014, 16, 143–153.
[CrossRef]

19. Catford, J.A.; Smith, A.L.; Wragg, P.D.; Clark, A.T.; Kosmala, M.; Cavender-Bares, J.; Reich, P.B.; Tilman, D. Traits linked with
species invasiveness and community invasibility vary with time, stage and indicator of invasion in a long-term grassland
experiment. Ecol. Lett. 2019, 22, 593–604. [CrossRef] [PubMed]

20. Yang, T.; Chen, J.; Zhong, X.; Yang, X.; Wang, G.; Yao, Y.; Sternberg, M.; Sun, W. Divergent responses of plant biomass and
its allocation to the altered precipitation regimes among different degraded grasslands in China. Plant Soil 2022, 437, 149–166.
[CrossRef]

21. Yang, X.; Yan, X.H.; Guo, Q.; Ghanizadeh, H.; Li, M.H.; Tuo, H.H.; Wen, Z.M.; Wei, L. Effects of different management practices
on plant community and soil properties in a restored grassland. J. Soil Sci. Plant Nutr. 2022, 22, 3811–3821. [CrossRef]

22. Eldridge, D.J.; Delgado-Baquerizo, M. Continental-scale impacts of livestock grazing on ecosystem supporting and regulating
services. Land Degrad. Dev. 2017, 28, 1473–1481. [CrossRef]

23. Briske, D.D.; Zhao, M.; Han, G.; Xiu, C.; Kemp, D.R.; Willms, W.; Havstad, K.; Kang, L.; Wang, Z.W.; Wu, J.G.; et al. Strategies to
alleviate poverty and grassland degradation in Inner Mongolia: Intensification vs production efficiency of livestock systems.
J. Environ. Manag. 2015, 152, 177–182. [CrossRef]

24. Wang, Z.H.; Lv, S.J.; Han, G.D.; Wang, Z.W.; Li, Z.G.; Ren, H.Y.; Wang, J.; Sun, H.L.; Zhang, G.G. Heavy grazing reduced the
spatial heterogeneity of Artemisia frigida in desert steppe. BMC Plant Biol. 2022, 22, 337. [CrossRef]

25. Liu, W.; Wang, T.; Zhang, S.; Ding, L.; Wei, Z. Grazing influences Stipa breviflora seed germination in desert grasslands of the Inner
Mongolia Plateau. PeerJ 2018, 6, e4447. [CrossRef] [PubMed]

26. Liu, W.; Wei, Z.; Yang, X. Maintenance of dominant populations in heavily grazed grassland: Inference from a Stipa breviflora seed
germination experiment. PeerJ 2019, 7, e6654. [CrossRef]

27. Ye, R.H.; Liu, G.F.; Chang, H.; Shan, Y.M.; Mu, L.; Wen, C.; Te, R.; Wu, N.; Shi, L.; Liu, Y.H.; et al. Response of plant traits of Stipa
breviflora to grazing intensity and fluctuation in annual precipitation in a desert steppe, northern China. Glob. Ecol. Conserv. 2020,
24, e01237. [CrossRef]

28. Sasaki, T.; Lauenroth, W.K. Dominant species, rather than diversity, regulates temporal stability of plant communities. Oecologia
2011, 166, 761–768. [CrossRef]

29. Yang, Z.; van Ruijven, J.; Du, G. The effects of long-term fertilization on the temporal stability of alpine meadow communities.
Plant Soil 2011, 345, 315–324. [CrossRef]

30. Lu, N.; Fu, B.; Jin, T.; Chang, R. Trade-off analyses of multiple ecosystem services by plantations along a precipitation gradient
across Loess Plateau landscapes. Landsc. Ecol. 2014, 29, 1697–1708. [CrossRef]

31. Sun, J.; Wang, H. Soil nitrogen and carbon determine the trade-off of the above-and below-ground biomass across alpine
grasslands, Tibetan Plateau. Ecol. Indic. 2016, 60, 1070–1076. [CrossRef]

32. Milchunas, D.G.; Lauenroth, W.K. Quantitative effects of grazing on vegetation and soils over a global range of environments:
Ecological Archives M063-001. Ecol. Monogr. 1993, 63, 327–366. [CrossRef]

33. Orwin, K.H.; Mason, N.W.; Jordan, O.M.; Lambie, S.M.; Stevenson, B.A.; Mudge, P.L. Season and dominant species effects on
plant trait-ecosystem function relationships in intensively grazed grassland. J. Appl. Ecol. 2018, 55, 236–245. [CrossRef]

34. Semmartin, M.; Aguiar, M.R.; Distel, R.A.; Moretto, A.S.; Ghersa, C.M. Litter quality and nutrient cycling affected by grazing-
induced species replacements along a precipitation gradient. Oikos 2004, 107, 148–160. [CrossRef]

35. Umaña, M.N.; Zhang, C.; Cao, M.; Lin, L.; Swenson, N.G. Commonness, rarity, and intraspecific variation in traits and performance
in tropical tree seedlings. Ecol. Lett. 2015, 18, 1329–1337. [CrossRef]

36. Adler, P.; Raff, D.; Lauenroth, W. The effect of grazing on the spatial heterogeneity of vegetation. Oecologia 2001, 128, 465–479.
[CrossRef] [PubMed]

37. Ben-Hur, E.; Kadmon, R. Heterogeneity-diversity relationships in sessile organisms: A unified framework. Ecol. Lett. 2020, 23,
193–207. [CrossRef]

38. de Bello, F.; Lepš, J.; Sebastià, M.T. Grazing effects on the species-area relationship: Variation along a climatic gradient in NE
Spain. J. Veg. Sci. 2007, 18, 25–34. [CrossRef]

39. Tonn, B.; Densing, E.M.; Gabler, J.; Isselstein, J. Grazing-induced patchiness, not grazing intensity, drives plant diversity in
European low-input pastures. J. Appl. Ecol. 2019, 56, 1624–1636. [CrossRef]

40. Meng, T.T.; Ni, J.; Wang, G.H. Plant functional traits, environments and ecosystem functioning. Chin. J. Plant Ecol. 2007, 31,
150–165. [CrossRef]

41. Liang, M.; Liang, C.; Hautier, Y.; Wilcox, K.R.; Wang, S. Grazing-induced biodiversity loss impairs grassland ecosystem stability
at multiple scales. Ecol. Lett. 2021, 24, 2054–2064. [CrossRef]

42. Lv, S.J.; Yan, B.L.; Wang, Z.W.; Wang, Z.W.; Song, X.H.; Zhao, M.; Kang, S.; Willms, W.; Han, G.D. Dominant species’ dominant
role and spatial stability are enhanced with increasing stocking rate. Sci. Total Environ. 2020, 730, 138900. [CrossRef] [PubMed]

43. Liu, W.T.; Sun, S.X.; Wei, Z.J. Linking phytogenic hillocks with plant ecological strategies in a desert steppe: Adaptation of Stipa
breviflora to heavy grazing. Ecol. Indic. 2020, 117, 106564. [CrossRef]

44. Shroff, R.; Vergara, F.; Muck, A.; Svatoš, A.; Gershenzon, J. Nonuniform distribution of glucosinolates in Arabidopsis thaliana
leaves has important consequences for plant defense. Proc. Natl. Acad. Sci. USA 2008, 105, 6196–6201. [CrossRef]

https://doi.org/10.1016/j.ppees.2014.04.002
https://doi.org/10.1111/ele.13220
https://www.ncbi.nlm.nih.gov/pubmed/30779414
https://doi.org/10.1007/s11104-021-05029-1
https://doi.org/10.1007/s42729-022-00932-7
https://doi.org/10.1002/ldr.2668
https://doi.org/10.1016/j.jenvman.2014.07.036
https://doi.org/10.1186/s12870-022-03712-8
https://doi.org/10.7717/peerj.4447
https://www.ncbi.nlm.nih.gov/pubmed/29507838
https://doi.org/10.7717/peerj.6654
https://doi.org/10.1016/j.gecco.2020.e01237
https://doi.org/10.1007/s00442-011-1916-1
https://doi.org/10.1007/s11104-011-0784-0
https://doi.org/10.1007/s10980-014-0101-4
https://doi.org/10.1016/j.ecolind.2015.08.038
https://doi.org/10.2307/2937150
https://doi.org/10.1111/1365-2664.12939
https://doi.org/10.1111/j.0030-1299.2004.13153.x
https://doi.org/10.1111/ele.12527
https://doi.org/10.1007/s004420100737
https://www.ncbi.nlm.nih.gov/pubmed/28547391
https://doi.org/10.1111/ele.13418
https://doi.org/10.1111/j.1654-1103.2007.tb02512.x
https://doi.org/10.1111/1365-2664.13416
https://doi.org/10.17521/cjpe.2007.0019
https://doi.org/10.1111/ele.13826
https://doi.org/10.1016/j.scitotenv.2020.138900
https://www.ncbi.nlm.nih.gov/pubmed/32388367
https://doi.org/10.1016/j.ecolind.2020.106564
https://doi.org/10.1073/pnas.0711730105


Agronomy 2023, 13, 2657 14 of 14

45. Dumont, B.; Rossignol, N.; Loucougaray, G.; Carrère, P.; Chadoeuf, J.; Fleurance, G.; Bonis, A.; Farruggia, A.; Gaucherand, S.;
Ginane, C.; et al. When does grazing generate stable vegetation patterns in temperate pastures? Agric. Ecosyst. Environ. 2012, 153,
50–56. [CrossRef]

46. Ganjurjav, H.; Zhang, Y.; Gornish, E.S.; Hu, G.; Li, Y.; Wan, Y.F.; Gao, Q.Z. Differential resistance and resilience of functional
groups to livestock grazing maintain ecosystem stability in an alpine steppe on the Qinghai-Tibetan Plateau. J. Environ. Manag.
2019, 251, 109579. [CrossRef] [PubMed]

47. Lake, P.S. Resistance, resilience and restoration. Ecol. Manag. Restor. 2013, 14, 20–24. [CrossRef]
48. Porensky, L.M.; Derner, J.D.; Augustine, D.J.; Milchunas, D.G. Plant community composition after 75 yr of sustained grazing

intensity treatments in shortgrass steppe. Rangel. Ecol. Manag. 2017, 70, 456–464. [CrossRef]
49. Li, W.H.; Xu, F.W.; Zheng, S.X.; Taube, F.; Bai, Y.F. Patterns and thresholds of grazing-induced changes in community structure and

ecosystem functioning: Species-level responses and the critical role of species traits. J. Appl. Ecol. 2017, 54, 963–975. [CrossRef]
50. Speed, J.D.; Austrheim, G.; Mysterud, A. The response of plant diversity to grazing varies along an elevational gradient. J. Ecol.

2013, 101, 1225–1236. [CrossRef]
51. McCarthy, M.; Enquist, B. Consistency between an allometric approach and optimal partitioning theory in global patterns of

plant biomass allocation. Funct. Ecol. 2007, 21, 713–720. Available online: https://www.jstor.org/stable/4540076 (accessed on
11 September 2023). [CrossRef]

52. Poorter, H.; Niklas, K.J.; Reich, P.B.; Oleksyn, J.; Poot, P.; Mommer, L. Biomass allocation to leaves, stems and roots: Meta-analyses
of interspecific variation and environmental control. New Phytol. 2012, 193, 30–50. [CrossRef]

53. Wang, Y.; Zhang, D.; Zhang, Z.J.B.S. Spatial distribution and interspecific correlation of Haloxylon persicum and H. ammodendron
on fixed dunes of the Gurbantunggut Desert, China. Biodivers. Sci. 2022, 30, 21280. [CrossRef]

54. Zhang, J.C.; Zhang, Y.Q.; Fan, D.Q.; Qin, S.G.; Jia, X.; Wu, B.; Chen, D.; Gao, H.; Zhu, L.F. Effects of sand dune stabilization on the
spatial pattern of Artemisia ordosica population in Mu Us Desert, Northwest China. PLoS ONE 2015, 10, e0129728. [CrossRef]

55. Matsuo, T.; Martínez-Ramos, M.; Bongers, F.; van der Sande, M.T.; Poorter, L.J. Forest structure drives changes in light heterogene-
ity during tropical secondary forest succession. J. Ecol. 2021, 109, 2871–2884. [CrossRef]

56. Shanin, V.; Grabarnik, P.; Shashkov, M.; Ivanova, N.; Bykhovets, S.; Frolov, P.; Stamenov, M. Crown asymmetry and niche
segregation as an adaptation of trees to competition for light: Conclusions from simulation experiments in mixed boreal stands.
Math. Comput. For. Nat. Resour. Sci. 2020, 12, 26–49. [CrossRef]

57. Uria-Diez, J.; Pommerening, A.J.E.M. Crown plasticity in Scots pine (Pinus sylvestris L.) as a strategy of adaptation to competition
and environmental factors. Ecol. Model. 2017, 356, 117–126. [CrossRef]

58. Zhang, B.W.; Cadotte, M.W.; Chen, S.P.; Tan, X.R.; You, C.H.; Ren, T.T.; Chen, M.L.; Wang, S.S.; Li, W.J.; Chu, C.J.; et al. Plants alter
their vertical root distribution rather than biomass allocation in response to changing precipitation. Ecology 2019, 100, e02828.
[CrossRef] [PubMed]

59. Bernhardt-Römermann, M.; Gray, A.; Vanbergen, A.J.; Bergès, L.; Bohner, A.; Brooker, R.W.; Bruyn, L.D.; Cinti, B.D.; Dirnböck, T.;
Grandin, U.; et al. Functional traits and local environment predict vegetation responses to disturbance: A pan-European multisite
experiment. J. Ecol. 2011, 99, 777–787. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.agee.2012.03.003
https://doi.org/10.1016/j.jenvman.2019.109579
https://www.ncbi.nlm.nih.gov/pubmed/31563601
https://doi.org/10.1111/emr.12016
https://doi.org/10.1016/j.rama.2016.12.001
https://doi.org/10.1111/1365-2664.12806
https://doi.org/10.1111/1365-2745.12133
https://www.jstor.org/stable/4540076
https://doi.org/10.1111/j.1365-2435.2007.01276.x
https://doi.org/10.1111/j.1469-8137.2011.03952.x
https://doi.org/10.17520/biods.2021280
https://doi.org/10.1371/journal.pone.0129728
https://doi.org/10.1111/1365-2745.13680
https://doi.org/10.5281/zenodo.3759256
https://doi.org/10.1016/j.ecolmodel.2017.03.018
https://doi.org/10.1002/ecy.2828
https://www.ncbi.nlm.nih.gov/pubmed/31323118
https://doi.org/10.1111/j.1365-2745.2011.01794.x

	Introduction 
	Materials and Methods 
	Study Site 
	Experimental Design 
	Vegetation Sampling 
	Data Analysis 

	Result 
	Characteristics of and Variation in S. breviflora’s Population Stability 
	Balance of S. breviflora’s Population Stability in Different Dimensions 

	Discussion 
	Conclusions 
	References

