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Abstract: Human disturbance is the main driving factor of wetland vegetation degradation, and
plant community changes can directly characterize the process of wetland degradation. The wetlands
in semi-arid region of Songnen Plain perform the important ecological functions, especially the
habitat of waterbirds. Recently, the succession of wetland plant community has been accelerated
by land use changes. In this study, we investigated the variations of plant community in wetlands
undergoing land use changes (natural, mowing, light grazing + mowing, moderate grazing and heavy
grazing wetlands) in the western Songnen Plain. The results showed that the plant communities
were significantly affected by land use changes. The typical wetland plant Calamagrostis angustifo-
lia was the dominant species in natural wetlands, and its dominance was gradually decreased in
mowing or grazing wetlands in where Carex spp. or Artemisia selengensis acting as the dominant
species. The height, density, and biomass in natural wetlands were significantly higher than those in
other wetlands, whereas the species diversity and richness in natural wetlands were significantly
lower. The similarity index of plant community in wetlands undergoing land use changes to nat-
ural wetlands ranged from 17.7–45.1%, being the highest in mowed wetlands and the lowest in
heavily grazed wetlands. The linear regression further indicated that the plant diversity index was
negatively correlated with the aboveground biomass of grasses and positively correlated with the
aboveground biomass of forbs. Therefore, the land use changes in wetlands drove the replacement
of dominant species of wetland vegetation and changed plant community characteristics and the
species diversity, and the maintenance of species diversity is linked with the variability in plant
functional strategies. The results of community variations and their relationships with functional
changes can be used for assessing the effects of degradation and ecological function in response of
land use changes in wetlands.

Keywords: grazing; mowing; community changes; plant diversity; semi-arid wetlands

1. Introduction

Wetlands are precious natural resources on the earth, performing important ecological
functions, such as climate regulation, water storage and drought prevention, soil erosion
prevention and environmental pollution degradation, and have an important impact on the
living environment of human beings [1,2]. Wetland plants are an integral part of wetland
ecosystem, which can purify water environment and sequestering carbon [3–5]. In addition,
wetland plants can also promote the exchange of material and energy in wetlands. The
formation and evolution process of wetlands can be inferred by analyzing the survival,
growth and reproduction characteristics of wetland plants [6]. The wetland vegetation can
also provide habitat for the survival and reproduction of wild animals [7].

With the disturbance of human activities, such as land use changes, wetlands are
undergoing the unprecedented pressures. The richness and diversity of wetland plants,
as well as the habitats of endangered waterfowls are seriously threatened [8,9]. Plant
species diversity can characterize the structural complexity of biological communities and

Diversity 2022, 14, 1049. https://doi.org/10.3390/d14121049 https://www.mdpi.com/journal/diversity

https://doi.org/10.3390/d14121049
https://doi.org/10.3390/d14121049
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diversity
https://www.mdpi.com
https://doi.org/10.3390/d14121049
https://www.mdpi.com/journal/diversity
https://www.mdpi.com/article/10.3390/d14121049?type=check_update&version=1


Diversity 2022, 14, 1049 2 of 13

reflect the structure type, development stage, stability degree and habitat differences in
communities [10]. It is also the basis for plant communities to maintain the structure and
function of ecosystems [11]. The composition and diversity of plant communities depend
on evolutionary, geospatial and ecological factors, as well as land use changes and other
driving factors [12]. As an important part of terrestrial ecosystems, wetlands could be
disturbed by human activities such as grazing [13]. Livestock eat and tread vegetation,
thus directly or indirectly changing the original characteristics of plant communities [14].
Grazing practice has an important impact on the species richness and abundance of wetland
plant communities [15]. The increase in livestock amount and expansion of pasture area
can destroy the self-repair ability of wetland ecosystem, inhibiting the development of
marsh soils and facilitating the evolution into meadow soils [16].

In addition to grazing, mowing can also affect vegetation growth and succession
in wetlands. For example, the increase in mowing frequency significantly changed the
biomass allocation among leaves, stems, and roots [17]. High mowing frequency can reduce
the canopy density of wetland vegetation and easily lead to the high temperature of soil
surface under sunlight, which affect the growth of plants and even cause them to wither or
die. It was also reported that low frequency of mowing after wetland plants gone dormant
does not effectively stimulate the secondary emergence of plant [18]. Unreasonable land
uses can damage wetland vegetation, and then bring a series of ecological problems such
as wetland ecosystem degradation, biodiversity loss and carbon and nitrogen storage
reduction [19]. Thus, the response of wetland vegetation to land use changes can be used
to characterize the process of plant community succession.

Changes in wetland vegetation affect the circulation of nutrients and organic matter,
and subsequently change wetland ecosystem functions such as biomass production [20],
and plant functional groups change accordingly. Relevant studies have shown that human
disturbance can lead to a reduction in biodiversity. For example, there is a unimodal re-
sponse between human disturbance and grassland biodiversity [21]. Grazing practices may
inhibit the growth of forbs species [22]. The intensive agricultural activities alter the quality
and quantity of wetland biomes, leading to a loss of biodiversity and thus a degradation of
ecological integrity [23]. The increased ecological niche differentiation caused by nitrogen
input could result in a loss of species and diversity of low competitive advantage [24].
The variations of species diversity mentioned above are usually non-random, mainly due
to the various responses of species to disturbances. Fertilizer application is also a very
important determinant of changes in plant community characteristics. Grazing is associ-
ated with inputs of nitrogen- and phosphorus-rich excreta and other nutrients, which can
have a significant impact on the composition and diversity of flora [25], promoting the
emergence of stronger competitors and reducing the number of vulnerable wetland species
that often lack competitiveness. In addition, changes in hydrological conditions due to
land reclamation can also have a significant impact on community characteristics [26]. The
resulting changes in species diversity have a significant impact on community productivity,
which mainly depend on community composition or functional groups [27]. Studies on
elucidating the response mechanisms of wetland vegetation functional groups to land
use changes are needed for giving insight into the degradation or restoration processes of
wetland ecosystems.

The wetlands of the western Songnen Plain, located on the migratory route of water
birds from the East Asia to Australia, not only carry the important ecological function of the
habitat of rare water birds, but also play a crucial role in preventing land salinization and
desertification [28]. Under the disturbance of human activities, such as over-exploitation of
resources, grazing and reclamation of wetlands, combining with the influence of natural
factors including precipitation decrease and evaporation increase, the area of wetlands in
the Songnen Plain has been decreased by 38.8% at the beginning of the 21st century [29].
The degradation of wetland vegetation caused by human activities has become increasingly
prominent and is receiving increasing national and local attention. It is urgent to explore the
response of wetland plant communities to land use changes, and the driving mechanisms
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of community succession. The objectives of this study were to (1) elucidate the turnover of
wetland plant types under the influence of land use changes, (2) determine the composition
of plant communities in different wetlands, (3) and reveal the relationship between resource
allocation among different functional groups and plant diversity. This study could provide
a theoretical basis for the restoration and protection of degraded wetlands in this area.

2. Materials and Methods
2.1. Research Area

The Momoge wetlands on the west bank of Nenjiang River in the western Songnen
Plain were selected as research area in this study. The area is located on Zhenlai County,
Baicheng City, Jilin Province (45◦28′ N–46◦18′ N, 122◦47′ E–124◦43′ E), with an altitude
of 130 m–150 m, a total area of 1440 km2 and 243 lakes, and rich biological resources [29].
The climate type is continental monsoon climate, with an average annual precipitation of
380 mm (about 70.0–80.0% occurs from June to August), an average annual evaporation of
1472 mm, and an average annual temperature of 4.4 ◦C. The water source of marshes in the
area were fed by tributaries of the Nenjiang River, surface water, and precipitation. There
were Calamagrostis angustifolia-Carex spp. wetlands, Scirpus triqueter wetlands, Phragmites
australis wetlands, and Suaeda salsa wet meadows, etc. The sampling wetlands were located
on the floodplain along the Nenjiang River. The soil here belongs to meadow swamp soil.

2.2. Experimental Methods

Four wetlands undergoing land use changes were selected within the study area.
They were mowing (mowed twice a year; TM), mowing + light grazing (2–3 sheep/ha;
MSG), moderate grazing (7–8 sheep/ha; MG), and heavy grazing (15–18 sheep/ha; HG)
wetlands. The grazing intensity was determined through field surveys. The natural
wetlands without human disturbance were selected as the reference systems (RS). Due to
the proximity of the study area to the Nenjiang River, the transects were set perpendicular
to the Nenjiang River from east to west in order to eliminate the disturbance caused by
hydrological gradient [30]. According to the methodology of Wassens et al. and the area
of the study sites [31], three transects (100 m × 20 m) were set in each wetland. Within
each transect, 3 quadrats (1 m × 1 m) were randomly set, with a total of 9 quadrats in each
wetland. The plant species within the quadrat was recorded, and the plant species and their
nomenclature were identified via the Flora of China [32]. The plant height was measured
as the average height of 10 randomly selected plants. Plant density was determined by
counting the number of individuals within each quadrat. Plant coverage is determined by
visual inspection. All plants within each quadrat were removed at the ground level, and
then collected. Plant functional groups are species or taxa that have similar responses to
specific environmental factors. The plant species in five wetlands were divided into three
functional groups, namely, grasses, sedges and forbs [33]. To determine root biomass, a
small subquadrat (30 cm × 30 cm) within each quadrat was randomly selected, and 20 cm
deep soil was dug out, dried and passed through a 2 mm sieve to separate the vast majority
of roots in each sample. Fine roots remaining in the soil sample were further separated
by spreading the sample on a shallow dish and filling the dish with distilled water, and
allowing the outflow from the trays to pass through a 0.5 mm mesh sieve. Dry weights of
all aboveground parts and isolated roots were measured after drying to constant weight at
65 ◦C [34].

2.3. Data Analyses

SPSS 20 software was used for data analyses. One-way analysis of variance, and
multiple comparisons (LSD) were performed between treatments at p < 0.05 level. Linear
regression analysis was performed on biomass and plant species diversity of the three
plant functional groups, and correlation coefficients R2 and p < 0.05 were used to measure
significant relationships.
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The importance value (IV) of each species in the plant community was calculated by
the following formula:

IV = (RC + RH + RD)/3

where RC is the relative coverage, RH is the relative height, and RD is the relative density
Plant diversity indices including Shannon–Wiener diversity index (H), Margalef rich-

ness index (R), and Pielou evenness index (E) were calculated by the following formulas:

(H) = −∑s
i=1 PilnPi

(R) = (S− 1)/ ln N

(E) = H/ ln S

where Pi is the important value of i species, S is the total number of species observed in the
wetland community, and N is the total number of individuals of the species.

Community similarity (I) is commonly used to assess the similarity between the
wetlands undergoing land use changes and reference systems (the natural wetlands with-
out human disturbance, RS) [33]. Community similarity index (I) was calculated using
Sorenson’s index:

(I) = 2c/(a + b)× 100

where a is the number of species in wetlands undergoing land use changes, b is the number
of species in reference systems, and c is the number of species in wetlands undergoing land
use changes and reference systems.

3. Results
3.1. Species Composition Characteristics of Plant Communities in Wetlands

In RS wetlands, C. angustifolia was the dominant species with IV of 0.80, and the main
associated species were Carex appendiculata and Polygonum persicaria with IV of 0.15 and
0.08, respectively (Table 1). The TM wetlands were dominated by C. appendiculata and
C. angustifolia, and IV were 0.45 and 0.33, respectively. Artemisia selengensis was the main
associated species with IV of 0.07 in these wetlands. The MSG wetlands was dominated
by Carex humida with IV of 0.45, and the main associated species were C. angustifolia and
P. persicaria with IV of 0.20 and 0.06, respectively. A. selengensis was the dominant species in
MG and HG wetlands, and C. appendiculata and C. angustifolia were the associated plants in
MG wetlands, with IV of 0.25 and 0.20. With the increase in grazing intensity, the associated
species of HG wetlands were changed to C. humida and C. angustifolia.

3.2. Variations of Plant Community Characteristics in Wetlands under Different Land Uses

The plant community characteristics in wetlands are significantly affected by land
use changes (Figure 1). The plant height was 149.6 cm in the natural wetlands which
was much higher than that in other wetlands (Figure 1A). In HG wetlands, the height of
plant community was 28.0 cm, which was the lowest among these wetlands. The plant
coverage in RS wetlands was the highest (99.3%), while the plant coverage in HG wetlands
was the lowest (45.4%) (Figure 1B). The RS wetlands had the highest plant density of
165.8 plants m−2, while HG wetlands had the lowest density of 9.3 plants m−2 (Figure 1C).
The aboveground biomass of plant community in RS wetlands was 117.5 g m−2, being the
highest among these wetlands. Compared with RS wetlands, the aboveground biomass of
TM, MSG, MG, and HG wetlands decreased by 90.3%, 91.6%, 93.8%, and 98.3%, respectively
(Figure 1D).
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Table 1. Three major plants in wetlands under five land uses and their important values (IV).

Wetlands Species Important Value (IV)

RS
C. angustifolia 0.80 ± 0.05 a

P. persicaria 0.15 ± 0.02 b
C. appendiculata 0.08 ± 0.01 b

TM
C. appendiculata 0.45 ± 0.01 a
C. angustifolia 0.31 ± 0.01 b
A. selengensis 0.07 ± 0.01 c

MSG
C. humida 0.45 ± 0.03 a

C. angustifolia 0.20 ± 0.01 b
P. persicaria 0.06 ± 0.01 c

MG
A.selengensis 0.30 ± 0.02 a

C. appendiculata 0.25 ± 0.09 a
C. angustifolia 0.20 ± 0.05 a

HG
A. selengensis 0.38 ± 0.02 a

C. humida 0.20 ± 0.01 b
C. angustifolia 0.16 ± 0.04 b

Notes: Different letters indicate significant difference among different species in the same wetlands (p < 0.05).
RS, reference system, TM, mowing wetlands, MSG, mowing + light grazing wetlands, MG, moderate grazing
wetlands, HG, heavy grazing wetlands. These are the same as below.
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Figure 1. Plant height (A), coverage (B), density (C), and aboveground biomass (D) in the wetlands
under different land uses. The bars represent the standard errors of the mean values. Different
lowercase letters indicate significant differences among five wetlands (p < 0.05).

For the root biomass, there were significant differences among the wetlands under dif-
ferent land uses (Figure 2). The root biomass of MSG wetlands was the highest (57.2 g m−2),
whereas the lowest was observed in HG wetlands (p < 0.05). There was no significant
difference in root biomass between TM and RS wetlands, which were 50.7 g m−2 and
50.9 g m−2, respectively (p > 0.05). In addition, the root biomass in MG wetlands was
higher than that in HG wetlands (p < 0.05).
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Figure 2. Root biomass of plants in wetlands under different land uses. Different letters indicate
significant differences among five wetlands (p < 0.05).

3.3. Plant Diversity in Wetlands under Different Land Uses

The diversity index of HG wetlands was 2.84, being the highest among the five
wetlands (p < 0.05), while diversity index was the lowest in RS wetlands (Table 2). Similar
with diversity index, the plant species richness of was significantly different among these
wetlands (p < 0.05). The species richness of HG wetlands was the highest (3.27) (p < 0.05),
followed by MG, MSG, and TM wetlands, with values of 1.77, 1.74, and 1.15, respectively.
The species richness of RS wetlands was the lowest. In terms of evenness index, MG
wetlands had the highest (p < 0.05), followed by TM, MSG, and MG wetlands, and RS
wetlands had the lowest evenness index.

Table 2. Diversity index of wetland plant community under different land uses.

Wetlands Diversity Index (H) Richness Index (R) Evenness Index (E)

RS 0.52 ± 0.02 d 0.28 ± 0.05 d 0.61 ± 0.01 d
TM 1.69 ± 0.02 c 1.15 ± 0.04 c 0.80 ± 0.01 c

MSG 1.92 ± 0.06 b 1.74 ± 0.23 b 0.79 ± 0.23 c
MG 2.00 ± 0.05 b 1.77 ± 0.08 b 0.83 ± 0.01 b
HG 2.84 ± 0.11 a 3.27 ± 0.21 a 0.99 ± 0.02 a

Notes: the values are the means ± SE. The lowercase letters followed indicate the significant differences among
five wetlands at p < 0.05 level.

3.4. Similarity of Plant Communities to Reference System

The similarity index of plant communities in wetlands under different land use to
natural wetlands showed that the community in TM wetlands had the highest similarity
index of 45.1% (Figure 3), followed by the MSG and MG wetlands (p < 0.05). The community
similarity index of HG wetlands was the lowest (17.7%). The community similarity index
of MG wetlands was 36.8%, which was similar with that of MSG wetlands (p < 0.05).

3.5. Composition Characteristics of Three Plant Functional Groups

The percentages of functional group and coverage of grasses in RS wetlands were
96.9% and 94.2%, respectively, which were higher than those of sedges and forbs (Figure 4).
The percentages of functional group of forbs species were the lowest in RS wetlands
(Figure 4A). The coverage percentages of sedges and grasses in TM wetlands were similar
(Figure 4B). The highest percentages of functional group and coverage of sedge in MSG
wetlands were 58.0% and 42.7%, respectively. In MG wetlands, the coverage percentage
of forbs was the highest (63.5%), but the percentage of functional group coverage was the
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lowest (16.1%). The highest percentages of functional group and coverage of sedge in HG
wetlands were 75.5% and 48.0%, respectively (Figure 4).
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Figure 3. Community similarity of wetlands under different land uses. Different letters indicate
significant differences among the four wetlands (p < 0.05).
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Figure 4. Percentage of functional groups (A) and percentage of coverage of three plant functional
groups (B) under different land uses.

3.6. Relationships between Plant Functional Group Biomass and Species Diversity

According to the correlation analysis in Figure 5, Shannon–Wiener diversity index, rich-
ness index and evenness index had a significant regression relationship with the biomass
of functional groups of grasses and forbs (p < 0.05). However, they had no significant
relationship with the biomass of functional groups of sedges (data not shown in Figure 5).
Shannon–Wiener diversity index, richness index, and evenness index were negatively
correlated with grass biomass (Figure 5A,C,E), and positively correlated with the biomass
of forbs (Figure 5B,D,F).
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Figure 5. Linear regressions of biomasses of two functional groups (grasses and forbs) and plant
diversity (Shannon–Wiener index, Richness index, and Evenness index). (A,C,E), linear regressions
between grass biomass and indices of diversity, richness and evenness, respectively; (B,D,F), linear
regressions between forb biomass and indices of diversity, richness and evenness, respectively. Lines
represent significant regressions model at p < 0.05 level.

4. Discussion

Wetland plants play an irreplaceable role in the stability of wetland systems, and the
degradation of wetland vegetation can give other species the chance to successfully invade,
which directly leads to the degradation of wetlands [19]. This study found that with the
intervention of land use changes, the vegetation types of the wetlands in the Songnen
Plain were substantially alerted. In the reference systems, the dominant vegetation of C.
angustifolia community was mainly formed. However, with the impacts of land use changes,
such as mowing or grazing practices, the dominance of C. angustifolia was consequently
decreased, and gradually became the associated species, while Carex spp. and A. selengensis
gradually dominated the communities. In grazed wetlands, livestock activities negatively
affect vegetation and soil environment, thus changing its species composition [35]. Under
the influence of mowing and grazing, the dominance of A. selengensis increased, and it
became the dominant species in heavily grazed wetlands instead of C. angustifolia and Carex
spp. It is well known that A. selengensis usually grows in meadows and wet meadows,
indicating that moderately and heavily grazed wetlands are being degraded to typical
meadows or wet meadows. Grazing disturbance not only affects the growth of vegetation,
but also provides space for other plant species to invade the original plant communities,
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and then change the dominant and associated species in wetlands. In addition, plant
growth and reproduction have different response and adaptation strategies to the changed
environment, which determine the replacement of vegetation types and dominant species,
thus forming an intrinsic maintenance mechanism of plant community succession [36].
Therefore, the environmental changes and plant ecological adaptation jointly drive the
changes in wetland vegetation types.

Management practices have influenced not only plant species composition and struc-
ture [37], but also plant characteristics [32]. The results of this study showed that charac-
teristics of the wetland plant community responded differently to various land uses. In
comparison to natural wetlands, mowing and grazing disturbances significantly reduced
the height, coverage, and aboveground biomass of plant communities. Under the distur-
bance of grazing practice, the stems and leaves of plants are eaten by livestock, resulting in
a reduction in plant leaf area and plant photosynthesis, which in turn affects plant growth
and development [13]. Therefore, community characteristics such as plant density, height,
coverage and aboveground biomass were significantly lower in heavily grazed wetlands
than in other wetlands. It was reported that the moderate grazing intensity significantly
increased root biomass allocation compared with aboveground parts [13]. In addition to
increasing the proportion of root biomass allocated [38], grazing accelerates the nutrient
circulation of plants, improves canopy radiation, enhances plant photosynthetic capacity,
promotes resource redistribution, and provides fertilizer for plant growth by means of
appropriate animal excreta added to the soil surface [39]. This also explained why the
mowed and lightly grazed wetland had the highest root biomass among the five wetlands
in this study.

Plant species diversity plays an important role in the ecosystem functioning [40], and
is an important indicator reflecting the stability of the ecosystem [41]. Natural conditions
and human disturbance, as well as their interactions affect the richness and diversity of
plant species in wetland ecosystems [42]. The results of this study showed that the richness,
diversity, and evenness of plant communities in the wetland were profoundly affected by
land use changes. The plant diversity of human-managed wetland was generally higher
than that of natural wetland, and with the intensification of management practices, the
similarity of plant communities to natural wetland communities decreased gradually. The
natural C. angustifolia wetlands have evolved for a long time without human activities, and
the species composition tends to be dominated by a single species and the community tends
to be stable [43]. Due to the outstanding dominance of C. angustifolia in natural wetlands,
and its strong inhibitory effect on the competition of other associated species, are likely the
key factors for the low plant diversity and richness. Under the influence of unreasonable
human activities, wetland habitats for plants are degraded, and the number of typical
wetland plants is reduced. Simultaneously, the emergence of mesophytes is accelerated.
During this process, the habitats of plants tended to be complex and diverse. The typical
marsh plants, wet meadow pants, or meadow plants were widely distributed, and the
species diversity and richness increased accordingly [44]. This also explained the reason of
the higher diversity in heavily grazed wetlands and lower similarity with natural wetlands
in this study. In addition, another factor affecting species diversity in extensively grazed
wetlands may be that the low similarity in community composition of wetlands under land
use changes is determined by the variability of habitats and disturbance patterns [45].

Plant functional groups are species assemblies those have similar effects on major
ecosystem processes [15], which can reflect the dynamics of plants to the changed environ-
ment [46]. The results of this study showed that the composition and structure of plant
functional groups in human-managed wetland communities were significantly different
to those in natural wetlands which is dominated by grasses. Different land uses have
altered the plant growing environment, resulting in variations in the composition of plant
functional groups. The number and coverage of sedge plants were increased in mowed
and lightly grazed wetlands, while the degradation of grass plants was intensified. In the
heavily grazed wetlands, forbs species began to dominate the community and competi-
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tively inhibited the growth of other functional groups, which may be because the grasses
were more sensitive to human activities, or the ability to resist external disturbance was
weak and degraded. This study further showed that the proportion of functional groups of
sedges and grasses decreased in severely degraded wetlands caused by human activities,
while forbs species became dominated. A related study also demonstrated that grazing
intensity would directly affect the combination proportion of plant functional community
characteristics, and then lead to the changes in plant community [47].

The height, coverage, density, biomass and evenness of plant communities were
decreased with the disturbance intensified [13,35,44,48]. In mowed wetlands, vegetation
growth and reproduction are significantly affected after removing plant aboveground parts,
and the biomass production of plant communities was decreased [49]. In heavily grazed
wetlands, plant height and coverage were significantly reduced, causing soil to become
exposed, evaporation to increase, and soil water to be reduced [50]. Simultaneously, it was
conducive to the growth and development of xerophytes in forbs species. Therefore, the
biomass of forbs species showed an increasing trend in this study. In addition, grazing
practice is one of the main factors affecting the distribution pattern of plant resources [51].
In grazed wetlands, the growth of grasses is inhibited by selective grazing by livestock [52].
As a result, the biomass of grass species was increased in this study.

The relationship between plant productivity and diversity is usually controlled by the
functional groups of plants in a community [53]. Environmental changes due to human
activities (e.g., mowing, grazing) may degrade specific functional traits (e.g., higher plant or
leaf nitrogen concentrations), altering species and functional group composition and signif-
icantly affecting ecosystem functions [54,55]. In this study, under the influence of grazing
and mowing practices, the functional groups of wetland plants changed correspondingly,
and the functional groups of grass significantly degraded. Environmental change has led
to a decrease in the biomass of functional groups of grasses and an increase in the diversity
of plant species, partly due to the decrease in soil moisture [56], resulting in a decrease in
the number of plant species adapted to wet environments and an increase in the number of
plant species adapted to dried environments. It also explains why the plant community
structure changed from hygrophyte to xerophytic with the degradation of wetlands in this
study. It was reported that dense distribution of one plant species can reduce light exposure
to seedlings of other species, thereby limiting plant density and species number [57], result-
ing in lower species diversity than in long-term disturbed wetlands. In this study, plant
functional groups were changed under the influence of human activities. The more grasses
established in the community, the more resources are used, while other less competitive
plants acquired less resources, limiting the development of other species and resulting in a
reduction in species diversity [58]. In addition, due to the influence of human disturbance,
the available space in the herb layer of the community increased, leading to the invasion
of some forb species [59]. The biomass of the dominant forbs, which determines a large
proportion of the community biomass [60]. Grasses and forbs functional group are the key
factors affecting community structure, and regulating species diversity [61]. These existing
results can explain why the plant diversity index was significantly correlated with grass
and forb biomasses in this study. Therefore, the biomass distribution among functional
groups can be used as a predictor for variation in species diversity. The plant functional
strategies are likely an important internal mechanism for diversity maintenance.

5. Conclusions

In summary, the land use changes in wetlands in the semi-arid regions have led
to variations in vegetation types, community characteristics and diversity. The natural
wetlands without disturbance of human activities are dominated by C. angustifolia with
the lower species diversity. Under the changes in land use, the vegetation types have
been changed, and the dominant species evolved from C. angustifolia to Carex app. and A.
selengensis. The plant diversity was highest in heavily grazed wetlands. The similarity of
plant communities to the natural wetlands was highest in mowed wetlands and lowest in
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heavily grazed wetlands. In addition, the diversity index was negatively correlated with
the functional group of grasses, and positively correlated with the forb biomass. Therefore,
plant communities respond to land use changes through changes in resource allocation and
adjustment of functional strategies.
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