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Abstract: Grassland tourism is a very popular leisure activity in many parts of the world. However,
the presence of people in these areas causes disturbance to the local environment and grassland
resources. This study analyzes the composition, diversity, and productivity under different levels
of disturbance of the plant communities in the Kangxi Grassland Tourist Area and the Yeyahu
Wetland Nature Reserve of Beijing, China. It aims to identify indicators of plant communities and
their responses to different levels of disturbance. Our analysis shows that the plant community
density and coverage have a certain compensatory increase under disturbed conditions. With the
increase in disturbances, more drought-tolerant species have appeared (increased by 5.7%), some of
which have become the grazing-tolerance indicator species in the trampled grazed area (TGA). For
plant community productivity, biomass and height are good indicators for distinguishing different
disturbances (p < 0.05). In addition, several diversity indices reveal the change of plant communities
from different perspectives (three of the four indices were significant at the p < 0.05 level). For soil
parameters, soil water content and organic matter concentration help to indicate different disturbance
levels (the former has a 64% change). Moreover, the standard deviation of the plant community and
soil parameters is also a good indicator of their spatial variability and disturbance levels, especially
for the TGA. Our analysis confirms that the indicators of productivity, diversity, and soil parameters
can indicate the disturbance level in each subarea from different perspectives. However, under
disturbed conditions, a comprehensive analysis of these indicators is needed before we can accurately
understand the state of health of the plant community.
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1. Introduction

With increasing urbanization and improving economic levels, the demand for tourism
is growing, and various forms of tourist activity, such as grassland tourism, have gradually
emerged and are becoming increasingly popular [1,2]. However, in meeting people’s needs,
these activities have adverse effects on the local environment and grassland resources. For
example, overgrazing and tourism mismanagement have degraded both natural grassland
and pastoral land [3-6]. This has significantly reduced the productivity and diversity of
plant communities in the areas [7,8], thereby compromising their stability and sustainability.

For these human-induced disturbances, we usually need to quantitatively describe
the plant communities’ responses and evaluate the impacts suffered. Many recent studies
have used indicators of productivity, diversity, or species to compare changes in plant
communities under different disturbance gradients. For example, biomass has been widely
used to assess the impact of grazing on productivity [9-11]. However, in this respect,
research results have been inconsistent. In fact, grazing has been shown to lead to both
an increase [9,11,12] and a decrease in productivity [10,13-16], or to have no obvious
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effects [9,17], depending on the intensity, duration, frequency, extent of grazing, the com-
position of the plant community, and the soil productivity [10,18,19].

To analyze the impact of grazing on plant diversity, diversity indices are often used;
the richness index is most widely used among these. In many cases, these indices can reveal
the diversity of plant communities under different levels of disturbance. Although there
have been many corresponding studies, the results are inconsistent [20-24]. The different
findings appear to reflect different environmental conditions and grazing intensities. For
example, there is some evidence that a moderate grazing intensity is beneficial to plant
diversity [25-28]. However, other research has demonstrated that, although grazing can
promote diversity in more productive grasslands, it has no effect or may even reduce
diversity in more barren, harsher environments [29,30]. Therefore, evaluating the impact
of grazing requires a consideration of natural factors, such as soil fertility [31], as well as
artificial or management factors, such as stocking rates [18] over relevant temporal and
spatial scales [32-34].

There has been a relatively large amount of research on the effect of grazing on
plant productivity or diversity. However, some of these studies have only considered the
impact of grazing on diversity [35] and have failed to evaluate its effects on productivity,
community succession, and pasture sustainability. Although some studies have associated
differences in diversity to a productivity gradient [30], they have only considered the effects
of productivity on diversity under different grazing conditions. Furthermore, because many
studies only used the number of species, or a richness index, to measure diversity [21,30]
and did not measure Shannon diversity, evenness, and dominance indices, they could not
fully assess the pattern of change in plant communities under grazing pressure. Many
studies were conducted on systems with just a single disturbance factor, such as grazing,
without considering the impact of human activities such as tourism. However, because
grassland tourism has become a growing trend, especially where pasture is near urban
areas, the effects of this type of disturbance on plant communities should not be ignored [1].

Grassland tourism impacts pasture mainly through leisure activities, such as horseback
riding, with consequent trampling of plants by both humans and horses [36,37]. Of these,
horseback riding has the most significant impact, especially on and near racecourses.
However, disturbance from grassland tourism also involves grazing, which has a greater
impact in scope and intensity. Usually, a ranch provides some horses for tourists to ride,
while other horses graze in other areas of the ranch. In some cases, the effects of grazing
and tourism are superimposed [7]. For example, tourists may gather at a racecourse; while
there, they may also go on a hike or ride horses on adjacent grassland. During the ride, the
horses occasionally feed on grassland plants. Therefore, for plant communities, grassland
tourism activities act as a disturbance that combines the effects of both grazing and tourism
activities. This raises a number of questions. How does this type of disturbance affect plant
communities’ composition, diversity, and productivity? What are the performances of the
aforementioned indicators in disturbance caused by grassland tourism activities?

In this study, we have investigated and analyzed the composition, diversity, and
productivity of plant communities and soil characteristics, which are subject to three levels
of disturbance in the Kangxi Grassland Tourist Area (KGTA) and the Yeyahu Wetland
Nature Reserve (YWNR) of Yanqing County, Beijing Municipality. Through a compara-
tive analysis of plant community composition, diversity, and productivity in the three
subareas, we expect to test some hypotheses: (1) under different levels of disturbance,
the composition, diversity, and productivity of plant communities and the physical and
chemical properties of soil have corresponding responses and indicators; (2) different from
the performance under natural conditions, each diversity index has different indicative
roles. By correlating different levels of disturbance with the corresponding changes in
plant community composition, diversity, productivity, and soil characteristics, we hoped to
understand the actual state of disturbed plant communities and identify their respective
responses and indicators.
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2. Materials and Methods
2.1. Study Area

The study sites were located in the Kangxi Grassland Tourist Area (KGTA) and
the Yeyahu Wetland Nature Reserve (YWNR) in Yanqing County, Beijing Municipality
(115°48'19"”-115°49'58" E, 40°24'29”-40°25'28" N; see Figure 1). These two areas are located
in the fluctuating shore zone of the Guanting Reservoir, which had long been the water
source for Beijing City, at least until the excessive use of water upstream of the reservoir for
industry and agriculture, combined with deterioration in water quality, caused this to be
discontinued [38,39]. Nevertheless, the area around the reservoir is still the largest wetland
nature reserve in the Beijing Municipality, with the most diversity of plant and animal
species in the region. The main dominant plant species in this area include Phragmites
australis, Hemarthria altissima, and Salsola collina, among which Phragmites australis and
Hemarthria altissima are the two primary dominant species. This area lies within the north
temperate monsoon region, with long, cold winters and hot, rainy summers [40]. The
average annual temperature is 9 °C and the average annual rainfall is 436 mm [41].
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Figure 1. Location of the study area and sampling points within subareas subject to three management
regimes in the Kangxi Grassland Tourist Area (KGTA) and the Yeyahu Wetland Nature Reserve
(YWNR) in the Beijing Municipality. The trampled grazed area (TGA) is shown within the red dotted
line. The trampled area (TA) is shown within the black dotted line. The protected area (PA) is shown
within the blue dotted line. The diagonal dashed line indicates the boundary of YWNR within
the KGTA.
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The local administrative boundary of the YWNR encompasses much of the KGTA
(here, the name was given only to distinguish it from the YWNR and to facilitate com-
parison). However, the relevant administrative authority does not have permission to
manage this region. For a long time, the KGTA and YWNR actually belonged to different
management institutions with different management objectives [42]. Although the KGTA
also has the goal of ecological protection, it permits tourist activities, including hiking and
horseback riding, whereas the YWNR is mainly responsible for monitoring and protecting
biological diversity, local natural resources, and the environment. Due to its long history of
tourism, the KGTA’s plant community composition and structure are significantly different
from those of the YWNR, and its soil is usually dry and sandy with less litter on the surface,
showing a tendency to decline [43]. In the KGTA, the height of vegetation is usually lower
and more uniform, whereas the YWNR has lusher and more diverse vegetation, which
provides a better habitat for wild animals such as migratory birds.

2.2. Experimental Design and Sampling

According to their actual management and plant growth situations, we selected three
distinct and representative subareas in the study area: a protected area (PA), a trampled
area (TA), and a trampled grazed area (TGA) (see Figure 1). The PA has clear management
objectives, its own monitoring team, and prohibits any adverse human activity in order
to protect the natural environment and biodiversity. In the TA, visitors are permitted to
hike or take horseback riding tours on a few designated trails. However, we found that
some hikers and riders leave these trails, thereby causing more widespread damage to the
vegetation and the wider distribution of horse manure at this site. The TGA is specifically
designated for horseback riding and is consequently subject to extensive trampling by
horses and tourists and grazing by horses. Horse manure is also widely distributed within
this site. There is a clear boundary between the PA and the other two subareas, the TA and
the TGA, but there is no such boundary between the two subareas themselves, which we
distinguished based on our own field observation and investigation. The two subareas
are actually quite different in some respects. The TGA is directly connected to the KGTA
entrance and contains almost all its recreational facilities; horses and tourists often gather
in this subarea. It is evident that the plant growth here is poor, and the soil quality is
worse than that of the adjacent TA. For the convenience of analysis, we artificially created a
boundary in the transition zone between these two subareas (see Figure 1). In this study, we
regarded PA, TA, and TGA as control, low, and high level of disturbance areas, respectively.

According to our on-site investigation, the number of horses grazing on grassland
and providing recreational activities for tourists, such as riding, is approximately 200 and,
based on publicly available statistics and our field inquiries, the KGTA attracted 93,000
visitors in 2004, accounting for 0.99% of visitors in the Yanqing District that year [44]. In
2011, 17.37 million tourists visited the district [45], while an estimated 172,000 tourists
visited the KGTA based on the above proportion. The KGTA is usually closed in spring
and winter every year to prevent fires in the dry season and for maintenance, so visitors
are mainly seen in summer and fall.

We conducted field sampling from August to September 2011, a period in which
variations in plant growth and community diversity are very small. We sampled 35 system-
atically placed quadrats (1 m?) in each of the three subareas (see Figure 1). For each quadrat,
we recorded the geographical coordinates and took some measurements to characterize the
plant communities, including the number of plant species and their respective abundance,
average height, coverage, and aboveground biomass (dry matter weight). In addition, the
physical and chemical characteristics of the soil in each quadrat were measured, including
soil water content, pH, and organic matter. What follows below are the steps that we
took. (1) Determination of soil water content. After removing surface floating soil, we
used a shovel to obtain a soil sample of about 20 cm depth at a representative point of
each quadrat, crushed, removed roots, mixed evenly, and packed it in a marked sealed
bag. We brought the fresh soil samples back to the laboratory and immediately placed an
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appropriate amount in each aluminum box to weigh, then dried them in the oven at 105 °C
to a constant weight. We used the electronic balance to weigh and obtain corresponding
weight values when the reading was stable. The percentage of lost water in fresh soil
samples was calculated as the soil water content of each sample point [46,47]. (2) Deter-
mination of soil pH. For each sample, we weighed 10 g of air-dried soil subsample that
was passed through a 2 mm sieve and was placed in a 50 mL beaker, with an additional
50 mL of carbon-dioxide-free deionized water; it was stirred vigorously with a glass rod
for 1~2 min and we measured the pH value with a pH meter (Professional Meter PP-20,
Sartorius Company, Gottingen, Germany) after standing for 30 min. (3) Determination of
soil organic matter. We weighed 0.25 g of air-dried soil subsample that passed through
0.25 mm sieve and poured it into the bottom of dry hard glass tube, and then added 5 mL
potassium dichromate standard solution and 5 mL concentrated sulfuric acid successively.
We heated the hot bath pot (Liquid Paraffin) to 185~190 °C in advance, and put the test
tube rack with test tube into the hot oil bath pot for heating. When the solution was boiling
in the test tube, the temperature of the bath pot was maintained at 170~180 °C for 5 min.
After cooling, we poured the solution in the test tube into a 250 mL triangular flask, added
2~3 drops of o-phenanthroline indicator, and titrated it with 0.2 mol/L FeSOy [46,47].

2.3. Data Analysis

We used four diversity indices, including species richness (denoted by R here) [48],
Shannon-Wiener (H’) [49,50], evenness (E) [50-52], and Simpson index (D) [50,51,53,54] for
the measurement of plant diversity. In addition, we used the Jaccard index (J) to assess the
degree of similarity between the communities [55]. The specific formulas used for calculat-
ing diversity indices and community similarity are as follows (1) to (5). One-way analysis
of variance (ANOVA) and Tukey multiple comparisons were used to test the significance
of differences in diversity indices and other parameters among the three subareas.

Richness index:

_(s-1)
R= InN M)
Shannon-Wiener index: .
H' = —) pilnp; )
i=1
Evenness index: .
H
E= S 3)
Simpson index:
S
_ v oni(ni—1)
b= l; N(N—1) @

Here, S represents the number of species in the community, N is the total number of
individuals, n; is the number of individuals of the ith species, and p; is the proportion of
the number of individuals of species i in the community.

Jaccard index:
c

- a+b+c

where c is the number of species that occur in both communities, 4 indicates the number of
species that occur only in community A, and b indicates the number of species that occur
only in community B.

The importance value (IV) is a measure for evaluating the dominance of a species
within a specific community. It is the mean of its relative coverage, relative density, and
relative frequency in a given community [56]. The species with the highest IV is regarded
as the dominant species in that community. The relative value of a parameter, such as
coverage, refers to the ratio of a species’ coverage to the total plant cover in a community.

J ©)
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We classified species as mesophytic and hygrophytic, according to the relevant litera-
ture [57,58] and advice from relevant experts. In addition, we analyzed indicator species by
the Indicator Species Analysis program of the Pcord 7.08 (MjM Software Design, Gleneden
Beach, OR, USA, 2018).

Maps were drawn using Esri ArcGIS 10.0 software (Esri Inc., Redlands, CA, USA,
1999-2012), and statistical analyses were performed using SPSS 20 (IBM Corp., Armonk,
NY, USA, 2011) and Excel 2007 (Microsoft Corp., Redmond, WA, USA, 2006).

3. Results
3.1. Comparison of Plant Growth in the Three Subareas

The biomass and average height of plant communities decreased with increasing
disturbance, which was highest in the PA, moderate in the TA, and lowest in the TGA. The
biomass was significantly lower in the TGA than in the other two subareas, but there was
only a significant difference in height between the TGA and the PA (see Figure 2A,B). The
density and coverage of plant communities tended to increase with disturbance, although
the differences between the subareas were not significant (see Figure 2C,D). Variations in
biomass, coverage, and height were the lowest, and the variation in density was lower
in the TGA. Except for coverage, which was less variable, variation in the other three
parameters was highest in the TA (see Figure 2).
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Figure 2. Variation (standard deviation) in biomass (A), height (B), density (C), and coverage (D) of
plant communities at three sites subject to different levels of disturbance in the KGTA and YWNR,
Beijing Municipality, China. Height of bars indicates mean values, and length of error bars indicates
standard deviation. Per parameter, different letters indicate statistically significant differences
between means (p < 0.05).

3.2. Composition of Plant Communities and Their Indicators in the Three Subareas

The total number of plant species in the TGA, the TA, and the PA was 36, 49, and 43,
respectively. The lowest number of species was found in the TGA and the largest in the TA
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(see Table 1). The most dominant species with the largest IVs in the TA and the PA were
Hemarthria altissima (IV of 21.5% in the TA and 36.8% in the PA) and Phragmites australis
(IV of 12.2% in the TA and 10% in the PA). In the TGA, Hemarthria altissima was the most
dominant species (IV of 32.7%). The next most dominant species was Salsola collina (IV of
10.3%), a mesophytic species that is not preferred by livestock.

Table 1. Proportions of mesophytic and hygrophytic plant species at three sites subject to different
levels of disturbance in the KGTA and YWNR, Beijing Municipality, China.

S N Mesophytic Species Hygrophytic Species
ite
1, (Percentage) IV (%) ny, (Percentage) IV}, (%)
TGA 36 28 (77.8%) 53 8(22.2%) 47
TA 49 37 (75.5%) 49.7 12 (24.5%) 50.3
PA 43 31 (72.1%) 35.7 12 (27.9%) 64.3

N = Total number of species; nm, = number of mesophytic species; n, = number of hygrophytic species;
IV, = importance value of mesophytic species; IV}, = importance value of hygrophytic species. Numbers
in brackets indicate the percentage of the mesophytic or hygrophytic species at each site.

The number of mesophytic species accounted for more than 72% of the total number
in each subarea. This proportion gradually increased with disturbance, being lowest in the
PA and highest in the TGA. The IV of mesophytic species showed the same trend, although
these values were not so high. In the TGA, this was just over 50%, and it was lowest in the
PA. Mesophytic species were barely dominant in the TGA. However, hygrophytic species
were clearly dominant in the PA (see Table 1). In addition, in the dominant species, the
IVs of mesophytic species were all less than 50%, whereas the proportion of rare species
was far higher than that of dominant species (see Table 2). Moreover, the IV of mesophytic
species tended to increase with disturbance, being lowest in the PA and highest in the
TGA, irrespective of whether these were dominant or rare species, although the trend
for rare species was not as obvious as that for the dominant species (see Table 2). In
general, the number and proportion of mesophytic species, and especially rare species, are
higher in all three subareas. Moreover, more drought-tolerant species have emerged with
increasing disturbance.

Table 2. Number and importance value (IV) of mesophytic species and their proportion in the
dominant (IV > 5%) and rare (IV < 5%) species at three sites subject to different levels of disturbance
in the KGTA and YWNR, Beijing Municipality, China.

nm (Percentage) IV (%) (Percentage)

Site
Dominant Species Rare Species Dominant Species Rare Species
TGA 6 (67%) 30 (80%) 77.5 (45%) 22.5 (80%)
TA 6 (50%) 43 (79%) 64.6 (36.8%) 35.4 (75%)
PA 5 (40%) 38 (76%) 62.6 (15.8%) 37.4 (69%)

nm = number of mesophytic species; IV, = importance value of mesophytic species. Numbers in brackets indicate
the percentage of the number or the important value (IV) of the mesophytic species in the dominant species and
the rare species at each site.

The indicator species analysis shows that the three subareas have their respective
indicator species. The only indicator of the TA is a hygrophytic species, and there are two
hygrophytic species among the five indicators of the PA. However, the indicators in the
TGA are all mesophytic species (see Table 3).
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Table 3. Indicator species in the three subareas.

TGA TA PA

Salsola collina
Ixeris chinensis
Elymus dahuricus
Artemisia scoparia
Lespedeza davurica
Astragalus adsurgens

Cynanchum chinensis
Inula japonica *
Calamagrostis epigejos * Sonchus brachyotus *
Artemisia japonica
Kummerowia stipulacea

* Hygrophytic plant species.

3.3. Plant Diversity of Three Subareas

Species richness was highest in the PA, followed by the TGA and the TA, but these
differences were not statistically significant (see Figure 3A). The Shannon and evenness
indices generally increased with disturbance, being lowest in the PA and higher in the
TA and the TGA (see Figure 3B,C). There were, however, no significant differences in
these two indices between the TA and the PA. The Shannon-Wiener index of the TGA
was significantly higher than that of the TA and the PA, and the evenness index was only
significantly higher than that of the PA. The trend of the Simpson index was the opposite
to that of the Shannon and evenness indices (see Figure 3D). This index was significantly
lower in the TGA than in the other two subareas, which did not significantly differ from
each other in this index.
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Figure 3. Comparison of the means of four diversity indices: richness (A), Shannon (B), evenness (C),
and Simpson (D), and their standard deviations (error bars) at three sites subject to different levels
of disturbance in the KGTA and YWNR, Beijing Municipality, China. Per diversity index, different
superscripts indicate statistically significant differences between means (p < 0.05).

The standard deviations (SDs) of all four diversity indices were lowest in the TGA
(see Figure 3), and SD generally decreased with increasing disturbance. This trend was
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particularly obvious for the Shannon, evenness, and Simpson indices, but less so for the
richness index.

3.4. Community Similarity among Three Subareas

Analysis of community similarity shows that the change in similarity was consistent
among the three subareas, irrespective of whether the analysis included all species or just
rare species (see Table 4). The similarity between the PA and the TGA or the TA is lower,
whereas that of the two disturbance areas is higher. When the analysis was confined to the
dominant species, the similarity between the PA and either of the two disturbance areas is
the same. However, the composition of the dominant species showed more similarity in
the two disturbed subareas.

Table 4. Comparison of community similarity among different plant species groups at three sites
subject to different levels of disturbance within the KGTA and YWNR, Beijing Municipality, China.

Species Groups PA and TGA PA and TA TGA and TA
Dominant species 0.38 0.38 0.71
Rare species 0.31 0.37 0.46
All species 0.41 0.48 0.55

3.5. Physical and Chemical Characteristics of the Soil of the Three Subareas

Soil water content tended to decrease with increasing disturbance (see Table 5) and
was significantly lower in the TGA than in the TA and the PA. In the TGA, the soil surface
was loose and the deep soil layer was dry and harder, with greater disturbance. In addition,
the TGA and the PA had significantly higher soil organic matter content than the TA.
Moreover, the soil of the TGA was more alkaline.

Table 5. Comparison of physical and chemical characteristics of soil at three sites subject to
different levels of disturbance in the KGTA and YWNR, Beijing Municipality, China. Data are
means + standard deviations. Per column, different superscripts indicate statistically significant
differences between means (p < 0.05).

Site Water Content (%) Organic Matter Content (g/kg) pH

TGA 485+ 1.692 13.97 +4.322 879 +0.222
TA 10.58 & 11.56 P 10.67 &+ 7.47b 859 +0.18b
PA 13.58 + 8.72°¢ 1422 £7.014 857 +£0.29b

The soil water content and organic matter content were least variable in the TGA,
and there were no obvious differences in variability in pH among the three subareas (see
Table 5).

4. Discussion
4.1. The Rationality of the Division of Subareas

We divided the two disturbed subareas by observing and comparing the on-site
recreational facilities, the types and levels of disturbance, and their actual impact. Although
there may be some vegetation or environmental similarities near the artificial boundary,
and sometimes a few horses cross the boundary of the two subareas, overall, the two
subareas are significantly different in the characteristics of plants and soils, as well as
the types and levels of disturbance. Certain subjective judgments went into setting the
boundary, but that does not affect the purpose of our research, which is to understand
the actual state of disturbed plant communities and identify their respective responses
and indicators. The results also showed that there were significant differences in plant
community composition, diversity, productivity, and soil characteristics between the two
subareas (see Figures 2 and 3; see Table 5). Some indicators also showed those differences
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under disturbance conditions fairly well. Therefore, overall, we found that such a division
is both feasible and reasonable, and it could meet our research objectives.

4.2. Responses and Indications of Plant Growth Parameters to Different Levels of Disturbance

In our results, different levels of disturbance have a negative impact on plant biomass
and height and, the greater the disturbance, the greater the harm (see Figure 2A,B). Com-
pared with coverage and density, the variations in biomass and height truly reflect the
different levels of disturbance experienced in the three subareas, showing a clear indication
of these disturbances, especially for areas of severe interference such as the TGA. Our study
is similar to some prior studies that focused solely on grazing results [10,13,27,59-61],
which also showed an adverse effect on productivity. This indicates that parameters,
such as biomass, applied to grazing, can also be applied to the assessment of grassland
tourism because both grazing and grassland tourism include feeding and trampling on
plant communities, and the effects are in some ways similar. Although a certain level
of disturbance can significantly reduce productivity, it may also increase plant diversity,
such as the Shannon-Wiener index in our study (see Figure 3B). This seems to support the
intermediate disturbance hypothesis (IDH), which assumes that species diversity is greatest
under a moderate intensity of disturbance [25-28,62,63]. However, whether this increase in
diversity is our true goal needs to be considered in conjunction with the diversity indices
used, as well as the productivity and sustainability of the grassland.

Despite the negative impacts of disturbances, individual plants also showed some
growth potential. According to our observations, although the aboveground parts of some
plants were damaged or destroyed, there was some new seedling growth in other locations,
which increased plant density (see Figure 2C). Surviving leaves of damaged plants also
tended to increase in size to absorb more sunshine and soil nutrition, which obscured the
overall decrease in plant coverage (see Figure 2D).

Not only can the parameters of plant communities indicate their disturbance intensity,
but the variation of these parameters can also be used as an important reference for judging
the disturbances. For example, SD is usually a measure of data variability around the mean.
We can use it indirectly to measure the plant parameters’ spatial variations because each
data point represents a certain location in space. In our study, biomass and height and
their variations were minimal in the TGA, indicating that different locations of the subarea
suffered a similar degree of serious damage. Compared with the TGA, the biomass and
height in the TA are higher, and their variation is greater, indicating that the hazard in that
subarea is not as severe and extensive as in the TGA.

4.3. Indicator Species in Plant Communities under Different Levels of Disturbance

Grazing and tourism promoted the development of mesophytic species, which are
common in this region due to long-term drought conditions [41]. In addition, the proportion
of mesophytic species tended to increase with the levels of disturbance (see Table 1). The
similarity of species composition between areas gradually reduced with increasing levels
of disturbance, and this was even more obvious for dominant species (see Table 4). This
is mainly due to the emergence of more mesophytic species, accompanied by an increase
in disturbance. In the TGA, the high proportion of mesophytic species is closely related
to the significantly lower water content in this subarea (see Table 5), which is due, in part,
to grazing and tourism activities. Trampling by livestock and humans and grazing by
livestock significantly decreased the height and biomass of plant communities, greatly
reduced the accumulation of litter, and degraded the soil, leading to decreased soil water
retention and water content. Reduced soil water content is not conducive to the survival
of hygrophytic species, which likely explains why mesophytic species have, over years of
succession, become dominant in the TGA (see Tables 1 and 2).

According to the analysis of indicator species, the indicators of the TGA are six
mesophyte species, which are actually the plant types that are not palatable to horses. This
may be due to the fact that certain characteristics of these plants, such as their unpleasant
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smell and taste, have made horses avoid them, resulting in their widespread preservation
in this area. Our results are similar to those of Pueyoa, Y. et al. [64], which also indicate
that some plant species are not palatable to livestock and can act as indicators of heavily
grazed areas. There is only one indicator of hygroscopic species in the TA, which indicates
that soil moisture in this region is relatively high and plants are less disturbed. There are
five indicators in the PA, two of which are hygrophytes, which indicates diverse habitats
and plant types. These indicators will provide an important reference and an optional tool
for judging the level of disturbance of plant communities in each subarea.

4.4. Indicative Role of Diversity Indices under Different Levels of Disturbance

Grazing and tourism significantly decreased the dominance of plant communities,
thereby increasing community evenness and Shannon diversity (see Figure 3B-D). Our
results reflect the high level of disturbance throughout the TGA, which can be confirmed
from the relatively low variability of vegetation height, biomass, and the three diversity
indices measured among sampling points (see Figures 2 and 3). From the perspective of
interspecific interactions within plant communities, the larger effect of this disturbance
on the dominant species greatly reduced the pressure of interspecific competition for sub-
dominant species, including rare species, and indirectly promoted their access to limited
resources (e.g., sun, water, and soil nutrients) and their opportunities for growth, thereby
increasing the evenness and Shannon diversity of the plant community. This shows that
the diversity indices and their variability can indicate the disturbance level of the plant
community from different perspectives, particularly for severely disturbed areas. Several
studies have also confirmed that grazing disturbance promotes diversity [61], and that
diversity was greatest in the presence of moderate disturbance [25-28,62,63]. However,
some of these studies used the Shannon-Wiener index [25,28], while others used the
richness index (number of species per unit area) [26,27]. Considering the differences in
the environmental background of these studies, the comparison of these results needs to
be cautious. Despite similar effects on plant diversity, there are relatively few studies on
grazing disturbance combined with tourism.

In cases of natural competition, one or several species in the community tend to occupy
a dominant position. Therefore, the dominance is greater, the evenness is lower, and the
Shannon-Wiener index is commonly low [61], just as in the case of the PA. In the case of high
disturbance areas, such as the TGA, the dominance of plant communities tends to decrease,
as does the total number of species, while evenness increases and the Shannon-Wiener
index shows an increasing trend. The TA region suffered fewer disturbances and its indices
were mostly between the two subareas, but the number of its species was the highest,
which indicates that the restraint of disturbance on competition led to the emergence of
more species. Therefore, in the case of disturbances, the total number of species may be a
better indicator. Dominance, evenness, and the Shannon-Weiner index also better indicate
the state of interference. However, the richness index does not show significant differences
among the three subareas, and its role as an indicator has certain limitations.

The diversity of plant communities in natural grasslands is an objective reality under
specific temporal and spatial conditions. If there is no human interference, the composition
and diversity of these communities should be a result of their response to environmental
stress and natural succession. It is possible to use diversity indices to measure or compare
the characteristics of plant communities. However, using only a diversity index may be
misleading because it is difficult to measure the real growth status of plants, the specific
species in the community [35], and the sustainability of grassland resources under different
levels of disturbance, especially when those levels are high [65]. Although the Shannon
and evenness indices of the TGA were high, negative impacts on the vegetation were also
apparent in the TGA. For example, the number of total species, productivity (e.g., plant
height and biomass), and soil quality were significantly lower in this subarea than the less
disturbed subareas. In addition, more drought-tolerant species occurred in this subarea.
Thus, despite its relatively high Shannon and evenness indices, plant communities in the
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TGA have actually been severely adversely affected by disturbance. If we only observe and
compare diversity indices without considering the types and intensity of the disturbances
and actual plant growth, we may reach inaccurate conclusions, which misinform protection
and management policies. Therefore, to accurately grasp the productivity and sustainability
of grassland resources, we need to understand not only the plant diversity of the grasslands
but also the health of said plants.

4.5. Indicators of Soil Characteristics under Different Levels of Disturbance

Soil water content is a good indicator of different disturbances [66]. In the TGA,
sustained high grazing intensity and tourist activity reduced plant height, loosened the
soil surface, and hardened the soil, none of which are conducive to moisture retention. The
thin layer of branches and leaves and the lack of litter in this subarea make it relatively
easy for any soil water that is present to evaporate. These are the main causes of the
significant decrease in soil water content in this subarea (see Table 5). The reduction in litter
accompanied by disturbance and the resulting decrease in soil water content has also been
confirmed by two other studies [67,68]. The other two subareas have a higher soil water
content, which is closely related to more successful vegetation growth (such as height and
coverage) and less disturbance in these two regions.

Organic matter content can also indicate different disturbance levels. As organic
matter can be converted into nutrients for plant growth, the amount of organic matter
can be regarded as an indicator of soil fertility. For example, in the PA, the organic matter
content is high, the soil is relatively fertile, and the plant grows better. However, in the two
disturbed areas, the TA and the TGA, the distribution and quantity of horse droppings
are different due to the different degrees of disturbance. Accordingly, these are inevitably
reflected in the content of soil organic matter in these two areas (see Table 5). Therefore, the
organic matter content also indicates the disturbance level in different regions. Although
there was no difference in the amount of organic matter between the TGA and the PA, the
main sources of organic matter differed between these subareas. The PA’s organic matter
was mainly due to its higher plant biomass and thicker litter layer, whereas the TGA’s was
mainly comprised of horse droppings rather than biomass or litter. This result is consistent
with that of Walters and Martin [59] but contrary to that of Pei et al. [60]. This discrepancy
is likely the result of the combined effects of feeding and excretion of livestock on soil
nutrition under different grazing intensities. In our study, horse droppings have become
an important component of organic matter in the TGA due to the sharp reduction in litter
caused by grazing in that area. This suggests that the soil fertility of grazed areas can be
maintained, or at least not be reduced. However, in the TGA, the lower soil water content,
higher soil alkalinity, and desertification are extremely disadvantageous for the effective
utilization of the soil’s nutrients by plants and the maintenance of the soil’s fertility, and
are, therefore, not conducive to plant growth and development. The soil quality in the TGA
is clearly declining. The TA has been plowed and planted with alfalfa for livestock feed.
In addition, it has less horse manure than the TGA and, consequently, less accumulated
organic matter than the other two subareas.

4.6. Management Applications

(1) In a broad sense, indicators, including those of plant communities, provide an
optional and convenient tool for monitoring the levels of disturbance in the grassland
plant community. We can easily observe and judge the site’s conditions by observing
indicators such as the height and coverage of plants, the condition of plants being eaten
and trampled, other interference factors such as the number of tourists and the paths they
travel, the distribution of amusement facilities, the feeding area and quantity of horses, and
the quantity and distribution of horse manure. In addition, a quick judgment can be made
by the type and distribution of the indicator species. For example, the occurrence and
frequency of mesophyte and grazing-tolerance species can be used to judge the damaged
status of plants.
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On the basis of field observation, the level of disturbance of the plant community
needs to be further evaluated through investigation and comprehensive analysis of plant
composition, diversity, and soil conditions. For example, the level of disturbance of
plant communities or the health of these communities can be judged comprehensively
by multiple diversity indexes, combined with the average height and biomass of the
community, proportion of mesophytes, as well as soil hardness and humidity.

(2) The lack of effective management is a crucial factor that has led to the current
situation. It is necessary to develop an effective monitoring system and put this into prac-
tice [1,69]. In addition, management activities should be scientific and reasonable [1,7,8].
For example, a reasonable livestock carrying capacity and visitor numbers should be
determined according to the available grassland resources. In order to reduce human inter-
ference as much as possible, there is a need to strengthen the guidance and supervision of
human activity [1,2,7].

(3) Restoration of degraded grassland areas is required. One method of restoration
could be rotational grazing, or even fencing in, of some less degraded areas [1,16]. This
has been shown to be an effective method for restoring and managing grasslands [61,70].
Artificial restoration is required to restore the ecological function of severely degraded
grasslands. Through these measures, we may be able to maintain a dynamic balance
between maintaining productivity, biodiversity, and tourism.

5. Conclusions

The results of this study confirm our hypotheses. The density and coverage of the
plant community have a certain compensatory increase under disturbance conditions. With
the increase in disturbances, more drought-tolerant species have appeared, some of which
have become the grazing-tolerance indicator species in the TGA. For plant community
productivity, biomass and height are good indicators for distinguishing different distur-
bances. In addition, several diversity indices indicate the change of plant communities
from different perspectives. For soil parameters, soil water content and organic matter con-
centration help to indicate different disturbance levels. The SD of the plant community and
soil parameters is also a good indicator of their spatial variability and levels of disturbance,
especially for the TGA. Our analysis confirms that the indicators of productivity, diversity,
and soil parameters all reveal the disturbance level in each subarea from different angles.
However, under disturbed conditions, a more comprehensive analysis of these indicators
is needed before we can accurately understand the health of the plant community.
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