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Understanding the relationship between vegetation and the environment is critical to manage bog ecosystems. However, information on how environmental factors influence the species composition and diversity in the ombrotrophic bog of Northeast China is lacking. Here, we investigated species compositions and environmental characteristics (water level, water conductivity, soil moisture content, bulk density, pH, organic carbon, total nitrogen, total phosphorous) from five sample sites along the water level gradients (the water level is below the surface, near the surface, and above the surface). Plant communities presented a patchy distribution pattern along the environmental gradients and could be divided into five types of communities. Moreover, the distribution of plant communities was mainly determined by water level, water conductivity, soil moisture content, pH, and organic carbon, which significantly explained 32.2%, 30.9%, 29.7%, 29.1%, and 22.5% of the variation in floristic composition. Among these factors, water level was the dominant factor influencing the distribution of plant communities. The partial least squares path model analysis showed that water level could influence plant diversity through different pathways, which could directly affect plant diversity and indirectly affect by changing water chemistry and soil properties. Additionally, soil pH contributed most to the indirect effects of water level on plant diversity. Thus, this study highlighted the high dependence of plant communities on water level and environmental factors driven by water level in ombrotrophic bogs, which provided some valuable implications for regional vegetation restoration and plant community stability.
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INTRODUCTION
Peatlands are one of the largest terrestrial biosphere C pools, where ombrotrophic bogs account for more than 50% of the total peatlands and store approximately 15% of the global soil carbon. Thus, they played an irreplaceable role in alleviating the greenhouse effect and coping with climate change (Larmola et al., 2013). Recently, ombrotrophic bogs have been suffering from climate change and human activities, resulting in an increasingly obvious drought trend (Taufik et al., 2020). In fact, hydrological conditions were the main factors that regulated ecological processes and determined the species composition (Goud et al., 2018). However, ombrotrophic bogs rely only on precipitation for their moisture, vegetation is more sensitive to water level changes (Kokkonen et al., 2019), and more importantly, plant community structure and diversity strongly influence the ecological functions of bogs (Potvin et al., 2015; Ritson et al., 2016). Therefore, it is essential to understand the effects and mechanisms of water level and water level-regulated environmental conditions on plant community distribution and diversity.
One of the most striking features of ombrotrophic bogs is microtopographic heterogeneity, and hydroecological effects driven by microtopography are closely related to the distribution of plant communities (Yao et al., 2022). Indeed, the water level controls the soil moisture content and aeration, determining the species distribution (Chen et al., 2015). Moreover, water chemistry and soil physicochemical properties affected by water level also had significant effects on species distribution, such as water conductivity, soil pH and nutrient gradients (Vitt et al., 1995; Økland et al., 2001). Multiple studies showed that high pH in the soil resulted in an increase in Ca2+ concentrations and may inhibit plant growth (Tahvanainen 2004; Mullan-Boudreau et al., 2017). In addition, nutrient gradients were mainly related to nitrogen and phosphorus. In ombrotrophic bogs, nitrogen and phosphorus are present in very low amounts so that only plant species adapted to cope with low nutrient availability can survive (Pinsonneault et al., 2016). Thus, multiple environmental factors jointly regulated the species distribution. However, it was not clear which were the key environmental factors affecting species distribution in the ombrotrophic bog of Northeast China, and further study is needed to clarify the impact mechanism. We hypothesized that water level, water conductivity, soil moisture content, pH and organic carbon were the major environmental factors affecting plant distribution and that water level played a dominant role in plant community distribution.
In addition to regulating the distribution of plant communities, water level was also one of the key factors affecting the plant diversity in bogs (Pinceloup et al., 2020), which affected plant diversity in both direct and indirect ways. The direct effects of water level on plant diversity included that drainage reduced the species richness of bogs (Vasander et al., 2018). Moreover, water level may indirectly affect plant diversity by directly changing water chemistry and soil physicochemical properties (Ma et al., 2017). Much research has found that pH exhibited a downward trend when soil was flooded (Zhang et al., 2020), which decreased the amount of nutrients taken by plants, hampered the growth and development of some individual species and decreased the species richness (Boeraeve et al., 2022). Changes in water level affected nutrient cycling and transformations in bogs. For example, drainage resulted in elevated phosphorus release and increased plant diversity (Koskinen et al., 2017). However, in ombrotrophic bogs, it was unclear which factor played the most important role in the process of water level indirectly affecting plant diversity through regulating water chemistry and soil properties. Notably, soil nutrient availability generally coincides with acidity-alkalinity gradients in ombrotrophic bog ecosystems (Wells 1981), furthermore, pH influences soil accumulation rates, nutrient transformation and plant growth, which are key factors in regulating multiple processes (Väliranta et al., 2017; Van den Elzen et al., 2018; Liu et al., 2020). Therefore, this leads us to our second hypothesis: in addition to the direct effect of water level on plant diversity in ombrotrophic bogs, water level also had an indirect effect on plant diversity by directly changing water chemistry and soil properties, with soil pH making the largest contribution.
The study of the relationship and mechanism between environmental factors and species distribution as well as diversity will be helpful for vegetation restoration and protecting ecological functions, which is also the key to a deeper understanding of mechanisms for vegetation-climate feedbacks. The Jinchuan wetland is a typical ombrotrophic bog in Northeast China (Guo et al., 2019). Thus, this study took the Jinchuan wetland as a research object and addressed the following questions: 1) In ombrotrophic bogs, what were the main environmental factors affecting species distribution? 2) How did the water level influence plant diversity, and what were its impact pathways?
MATERIALS AND METHODS
Study sites
The study area is located in the Longwan National Nature Reserve (42°20′56″N, 126°22′51″E) (Figure 1) in the Longgang Mountain Range of the Western Changbai Mountains, China, with an altitude of 625 m. The study area is a small basin-type peatland formed by a volcanic crater, covering an area of approximately 80 hm2, with a regular temperature range of −40°C–30°C, an average annual temperature of 3.3°C, rainfall of approximately 900 mm, and a frost-free period of approximately 135 days (Wang et al., 2020). Natural precipitation is the main source for water supply, and the largest thickness of peat is 8.9 m. The terrain descends from northeast to southwest, with an elevation difference of 2.4 m (Figure 1). The surface soil of the peatland is silty loam, and the underlying surface of the peat layer is blue–gray clay or gray–yellow subclay characterized by low water permeability and dense stickiness. The main herbaceous plants include Carex schmidtii Meinsh., Carex tenuiflora, Phragmites australis (Cav.) Trin. ex Steud. Thelypteris palustris (L.) Schott, etc. The shrubs are dominated by Betula ovalifolia Rupr., Spiraea salicifolia L., and Lonicera caerulea L. var. edulis Turcz. ex Herd. (Shi et al., 2021).
[image: Figure 1]FIGURE 1 | (A) Jinchuan Wetland in the study area is located in Longwan National Nature Reserve, China; (B) microtopographic map of Jinchuan Wetland; (C) layout map of the sample plots in the study area, English letters denote the names of the various sample plots, Roman numbers represent the plant communities corresponding to the various sample plots, and triangular marks denote the positions of the groundwater three-parameter automatic measuring instrument.
Monitoring of water levels and arrangement of sample plots
The Leica TS60 total station (Leica Ltd., Germany) was used to measure the elevation of the peatland on site, and more than 600 elevation point clouds were collected using a 30-m grid. Elevation data used the center C sample plot in the bog as the zero datum. Five monitoring sample points were set up as per the microtopographic elevations and water level gradients measured, and a groundwater three-parameter automatic measuring instrument CTD-diver (Eijkelkamp Ltd., Netherlands) was placed in the soil in all survey sample plots for real-time monitoring of the water level and conductivity at recording intervals of 30 min from May to September in 2012, 2013, 2015, and 2020. All sample plots were named E (east), S (south), C (central), W (west), and SW (southwest) according to their orientation (Figure 1).
Survey of plant communities
On 15 July 2020, the species composition of the plant communities in the study area was investigated during the period of vigorous plant growth and the most abundant biodiversity. Three 1 m × 1 m herbaceous plant lots were randomly selected from the five sample plots for investigation, and the species names, plant numbers, height, coverage and other indicators of all species in the lots were recorded on site. In each sample plot, three shrub plant survey lots, each covering an area of 10 m × 10 m, were selected. Data such as species name, height, coverage, base diameter, DBH, and crown width were recorded within each sample lot. The Chinese Virtual Herbarium (http://www.cvh.org.cn/) was used to identify and review the species recorded in the survey.
Analysis of soil properties
Concurrently with the plant community survey, soil samples were collected diagonally in each sample plot, with three replicates, at a sampling depth of 0–60 cm. Soil moisture content was determined by drying, the bulk density using the cutting-ring knife method, pH using the potentiometric method, and organic carbon by the potassium dichromate oxidation external heating method (Pansu and Gautheyrou 2007), total Nitrogen using Kjeldahl method (Bremner 1960), and total phosphorus was determined by digestion with HClO4–H2SO4 followed by molybdenum-blue colorimetry.
Plant community classification and diversity
To describe the functional status of species in the community, the importance value (IV) was used as the index of dominance of each species in the community. The calculation is as follows:
[image: image]
Two-way indicator species analysis was used to select 25 types of plants (IV value > 0.1) at five sample plots as clustering objects and establish a 5 × 25 matrix of relative importance values. WinTWINS 2.3 software was used to divide the community types (Hill 2005) and name the communities using the “Chinese Vegetation” classification scheme. The constructive or dominant species in each layer were arranged in sequence. The dominant species across layers were connected by a “-,” and the common dominant species in the same layer were connected by a “+”.
Species richness and diversity indices were selected to characterize species diversity using the following calculation (Magurran 2021):
Species richness index:
[image: image]
H (species diversity index) was calculated using the Shannon–Wiener index, which was described as follows:
[image: image]
where S represents the number of species in the plant community, and Pi is the proportion of the ith species in the total number of species.
Data analysis
The nonparametric test (Kruskal–Wallis test) was conducted to analyze the differences in water level and water conductivity in the different sample plots, and one-way ANOVA and the Duncan test were employed to analyze the differences in physicochemical properties of soil and species diversity. The Pearson correlation was utilized to analyze the relationship between water level and other environmental factors (IBM SPSS 22.0). A 5 × 25 matrix of relative importance values was established for canonical correspondence analysis of species and environmental factors (Canoco 5.0) (Ter Braak, 1986), and the Monte-Carlo method was employed to test and determine the contribution rate and significance of each environmental factor. The partial least squares path model was utilized to analyze the interaction relationship between species diversity and environmental factors (SmartPLS 3.3.5).
RESULTS
Water level and conductivity
According to the real-time monitoring results over 4 years (from May to September in 2012, 2013, 2015, and 2020), the annual average water levels in the five sample plots showed significant differences (p < 0.05). As the terrain elevation decreased, the water level exhibited a rising trend, and the water level stability increased (Figure 2). The annual average water conductivity of the five sample plots had significant differences (p < 0.05), gradually decreasing as the water level rose (Figure 3).
[image: Figure 2]FIGURE 2 | Boxplots of water level in various sample plots. Different lowercase letters indicate significant differences (p < 0.05).
[image: Figure 3]FIGURE 3 | Boxplots of water conductivity in various sample plots. Different lowercase letters indicate significant differences (p < 0.05).
Relationships between water level, water conductivity, and soil properties
The physicochemical properties of the soil in various sample plots showed different degrees of differentiation (Table 1). The analysis of the Pearson correlation between water level, water conductivity, and soil properties showed that the water level was significantly positively correlated with the soil moisture content and organic carbon content (p < 0.01) and was significantly negatively correlated with water conductivity, soil bulk density and pH (p < 0.01). In addition, the water level was not significantly correlated with the total nitrogen content or total phosphorus content (Table 2).
TABLE 1 | Soil physicochemical properties in various sample plots.
[image: Table 1]TABLE 2 | Pearson correlations between water level, water conductivity, and soil physicochemical parameters.
[image: Table 2]Community species composition
A total of 71 species of plants belonging to 38 families and 71 genera were collected from 15 sample plots in the study area. Two-way indicator species analysis was applied to quantitatively classify the plant communities into five major types of communities (Figure 4). The names of various types of communities were determined according to their dominant species, and in Supplementary Table S1, plant community types and main species of each sample plot were listed.
[image: Figure 4]FIGURE 4 | Two-way indicator species analysis classification results of vegetation. N is the number of sample plots for classification, and Di (i = 1, 2, 3...9) represents the sequence of division. Roman numerals correspond to the plant communities in the five plots in sequence (Figure 1).
Species diversity
The Shannon–Wiener index and the richness index of the plant communities increased with increasing water levels. Among them, the Shannon–Wiener and richness indices in the W and SW sample plots were greater than those in the other sample plots and were significantly different from those in sample plot E (p < 0.05). The Shannon–Wiener and richness indices of sample plot C were at the median level (Figure 5).
[image: Figure 5]FIGURE 5 | Distribution characteristics of plant diversity in the five sample plots. Different lowercase letters indicate significant differences (p < 0.05).
Relationships between environmental factors and species distribution
Canonical correspondence analysis was employed to analyze the relationship between species distribution and environmental factors (Figure 6). The results showed that the cumulative interpretation rate of the first and second axes of canonical correspondence analysis was 57.59% (36.39% for the first axis and 21.20% for the second axis), suggesting that environmental factors properly indicated the structure and distribution of plant communities. Upon testing the simple effects of eight environmental factors using the Monte Carlo method, it was found that water level, water conductivity, soil moisture content, soil pH, and soil organic carbon significantly explained 32.2%, 30.9%, 29.7%, 29.1%, and 22.5% of the variation in floristic composition, respectively (Table 3), and were the major environmental factors that determined the species distribution in the bogs. In addition, canonical correspondence analysis ordination analysis showed a patchy distribution of plant communities along water level gradients. The water level at sample site E was below the surface for a long time, and the dominant plants were Carex schmidtii Meinsh. And Phragmites australis (Cav.) Trin. ex Steud., with Thelypteris palustris (L.) Schott as an associated species. The dominant plants of flooded sample site SW were Carex schmidtii Meinsh., Thelypteris palustris (L.) Schott, Calla palustris L., and Betula ovalifolia Rupr. And the associated species were Phragmites australis (Cav.) Trin. ex Steud., Scirpus validus Vahl. And Betula fruticosa Pall.
[image: Figure 6]FIGURE 6 | Canonical correspondence analysis ordination analysis of species distribution and environmental factors (WL, Water level; EC, Water conductivity; BD, Bulk density; SW, Soil moisture content; SOC, Soil organic carbon; TN, Total nitrogen; TP, Total phosphorous). spec1. Carex schmidtii Meinsh. spec2. Thelypteris palustris (L.) Schott. spec3. Lythrum salicaria L. spec4. Lysimachia davurica Ledeb. spec5. Phragmites australis (Cav.) Trin. ex Steud. spec6. Carex tenuiflora. spec7. Menyanthes trifoliata L. spec8. Saussurea japonica (Thunb.) DC. spec9. Viola verecunda A. Gray. spec10. Sanguisorba teriuifolia var. Alba Trautv. spec 11. Ligularia sibirica (L.) Cass. spec 12. Geranium wilfordii Maxim. Spec 13. Calla palustris L. spec 14. Scirpus validus Vahl. Spec 15. Scirpus radicans Schk. spec 16. Chosenia arbutifolia (Pall.) A. Skv. spec 17. Betula platyphylla Suk. spec 18. Betula ovalifolia Rupr. spec 19. Acer tataricum subsp. Ginnala. spec 20. Spiraea salicifolia L. spec 21. Salix rosmarinifolia var. Brachypoda (Trautv. et C. A. Mey.) Y. L. Chou. spec 22. Betula fruticosa Pall. spec 23. Lonicera caerulea L. var. edulis Turcz. ex Herd. spec 24. Ledum palustre L. spec 25. Sorbaria sorbifolia (L.) A. Braun.
TABLE 3 | Interpretation rates of environmental factors for species distribution.
[image: Table 3]Relationships between environmental factors and species diversity
The partial least squares path model was used to analyze the relationship between species diversity and environmental factors (Figure 7). The goodness-of-fit index was 0.6956, suggesting a good degree of fitting. Water level had a significant negative effect on soil pH and water conductivity (p < 0.01) and was significantly positively correlated with soil bulk density, soil moisture content, soil organic carbon, soil total nitrogen, and soil total phosphorus (p < 0.01). Water level and plant diversity had a significant positive correlation, and soil pH and species diversity had a significant negative correlation (p < 0.05). This result revealed that water level can directly affect plant diversity. Meanwhile, water level can also indirectly influence plant diversity by regulating soil physicochemical properties, and soil pH had the greatest effect.
[image: Figure 7]FIGURE 7 | Analysis of the relationship between environmental factors and plant diversity (WL, Water level; EC, Water conductivity; BD, Bulk density; SW, Soil moisture content; SOC, Soil organic carbon; TN, Total nitrogen; TP, Total phosphorous). The arrows in the figure denote path relationships, and the numbers above the arrows denote path coefficients. The red line denotes a significant positive effect, and the blue line denotes a significant negative effect. A thicker line denoted a higher level of significance. The dotted line denotes no significant effect. R2 denoted the variance of model interpretation. The model was assessed using the goodness of fit (GoF) statistic, a measure of overall prediction performance.
DISCUSSION
Responses of plant community structure to water level gradients
Water level was the key factor affecting the distribution of plant communities in bogs (Nishimura and Tsuyuzaki 2014). In our study, water level had the greatest impact on species distribution (Table 3). The study area was more sensitive to changes in water levels because the supply of nutrients and moisture content to the ombrotrophic bog ecosystem was only dependent on local precipitation (Kokkonen et al., 2019). Indeed, the water level controlled the moisture content of the peat substrate, influencing the distribution of species that were sensitive to dryness and oxygen content (Bragazza et al., 2005).
Our survey results indicated that sample plot E was placed into drought and that xerophytic plants gradually replaced the hygrophyte species. For example, Phragmites australis (Cav.) Trin. ex Steud. Had a low demand for soil moisture and was constantly expanding at a high rate, which reached 9.22% coverage. The sample site SW was flooded for a long time, which provided favorable conditions for the growth of aquatic plants, such as Calla palustris L. and Scirpus validus Vahl., among these plants, the coverage of Calla palustris L. was 10.11%, which was the dominant species there. Additionally, Thelypteris palustris (L.) Schott depended heavily on soil moisture (Guo et al., 2017). Thelypteris palustris (L.) Schott had the greatest coverage (29.33%) in the flooded area (sample plot SW) as compared to the sample plots with low water levels.
In ombrotrophic bogs, shrubs were often found near their margins, mainly because the water level was usually lower and more fluctuating at the margins than at the center. Consequently, the aeration and nutrients of the peat substrate were greater at the margins (Pellerin et al., 2009), and those environmental conditions are known to favor the survival and growth of shrub species. However, contrary to expectations, the water level of sample site SW at the margins was higher than other sample plots, but with a relatively higher cover of shrubs (e.g., Betula ovalifolia Rupr., Betula fruticosa Pall.). The reason may be that the margin of the study area was close to the forest ecosystem with higher terrain and received nutrients from mineral soil, providing favorable conditions for the growth of shrubs.
Our study confirmed that sample plots with water levels below the surface may be invaded by xerophytic species, which seriously destroys the structure and function of the bog ecosystem. Therefore, more studies are necessary to deepen the understanding of vegetation distribution responses to changes in hydrological conditions, which will help us predict plant community succession patterns through changes in hydrological conditions and provide a theoretical basis for bog ecosystem restoration and management.
Relationships between environmental factors driven by water level and plant community composition
Bog vegetation is very sensitive to changes in water chemistry (Glaser et al., 1990), and the poor-rich gradient of vegetation is usually measured by water conductivity (Bragazza and Gerdol 2002). Our results showed that the difference in plant community structure was significant with the conductivity gradients. In terms of Phragmites australis (Cav.) Trin. ex Steud., the coverage in the flooded area (sample plot SW) was lower than that in the semiarid area (sample plot E), which may be closely related to water conductivity in addition to water level (Tulbure and Johnston 2010). Because the content of nutrient ions (e.g., NH4+) in pore water was influenced by water conductivity (Zhang et al., 2019), available nitrogen regulated the dominance of Phragmites australis (Cav.) Trin. ex Steud. In bogs (Rohal et al., 2019). It can be concluded that water conductivity affected the proportion of Phragmites australis (Cav.) Trin. ex Steud in each sample plot.
Soil pH may ultimately affect vegetation distribution through differences in resource allocation. The experimental results indicated that the soil pH could partly explain the variability in the plant community distribution. For instance, the pH of sample plot E was relatively higher, which accelerated the decomposition and transformation of plant residues (Heller et al., 2015), and the available nutrients required by Carex tato were relatively sufficient, resulting in high aboveground and underground biomass. Thus, the size of the Carex tato in the semiarid area (sample plot E) was larger than that in the flooded area (sample plot SW). Additionally, the pH in these sample plots was relatively stable, ranging from 4 to 5, and the Ca2+ concentration was below 0.1 mg/L, while a certain amount of soluble iron was present for plant uptake and utilization (Glaser et al., 1990). Although there were only small differences in pH among the sample plots (Table 1), the valence state and concentration of iron also changed significantly with small fluctuations in pH (Yang et al., 2021), which in turn affected the species distribution with different tolerances to iron toxicity in plant communities.
Soil organic carbon is also a key environmental factor affecting vegetation distribution (Martí et al., 2015). In our study, organic carbon explained 22.5% of the species distribution variation because organic carbon can control soil enzyme activity by controlling the supply of nutrients required for soil microbes and regulating DOC content (Song et al., 2019), thus ultimately affecting the composition and distribution of species. To summarize, in addition to water level, water conductivity, soil pH, moisture content and organic carbon were also the main environmental factors determining the distribution of plant communities, which could answer our first question. In addition, Pearson correlation analysis indicated that water level was significantly correlated with water conductivity, soil pH and organic carbon. Consequently, the influence of the above environmental factors on plant distribution may be driven by the water level.
In conclusion, water conductivity, soil pH, and organic carbon were also crucial to the stability of bog ecosystems. Therefore, it is necessary to strengthen the management of surrounding farmland and take measures such as returning farmlands to wetlands to prevent farmland nutrients from entering bogs and maintain the stability of pore water and peat properties. Last, safeguarding the structure and function of bog ecosystems. Our research increased the capacity of the carbon sink and provided a scientific foundation for the protection of vegetation.
Water level influenced plant diversity not only directly but also indirectly by changing soil pH
Water level is an important environmental variable affecting species diversity (Pinceloup et al., 2020). In our study, the plant diversity in the sample plot with a water level below the surface (sample plot E) was lower than that in the sample plots with wetter hydrological conditions (Figure 7). There were two possible explanations for this result. First, a decline in water level improved the availability of soil nutrients, which encouraged plant roots to absorb nutrients, consequently increasing plant biomass and resulting in a significant reduction in the competitiveness of some species. Finally, plant diversity showed a decreasing trend (Cao et al., 2017). Second, the effect of water level on seed bank and seedling establishment determined the species diversity (Hong et al., 2012), and one study suggested that the germination rate of Carex significantly decreased by 50% after soil drought (Nygaard and Ejrnaes 2009). Compared to the area with a water level below the surface, permanent anoxic conditions in the flooded area slowed decomposition and reduced seed decay because waterlogged conditions can inhibit the growth of fungi (Mackenzie and Naeth 2019), thus, the increase in plant diversity could be due to a higher seed germination percentage.
The environmental heterogeneity driven by water level played an important role in species diversity, which controlled diversity through different spatial ecological niches (Bubier et al., 2006). Our results indicated that water level could indirectly affect plant diversity by regulating soil physicochemical properties; among multiple factors, only soil pH had a significant impact on plant diversity (Figure 7), which could answer our second question. Some research reported that bog surface dryness did not necessarily lead to an increase in the rate of nutrient mineralization because low pH did not stimulate mineralization processes (Bragazza and Gerdol 2002). Therefore, soil pH seemed to be an ultimate environmental driver that gave rise to and amplified the interactions between aboveground and underground systems (Song et al., 2019). In our study, the soil pH in the semiarid area (sample plot E) was 5.64 ± 0.10, while the pH in the flooded area (sample plot SW) dropped below 5.0 (Table 1). The decrease in pH resulted in a slower decomposition rate of organic carbon and reduced the dominance of fast-growing species, which usually promoted the increase in species diversity (Gaberščik et al., 2018). Moreover, soil pH can alter species composition through differential fitness impacts on different plants (Dingaan et al., 2017) and can be an indicator of plant diversity. In fact, most Sphagnum species adapted to extremely acidic environments and were sensitive to Ca2+ concentrations. In habitats with relatively high soil pH, high Ca2+ concentrations could produce certain toxicity, endangering the growth of Sphagnum species (Hájek et al., 2007), resulting in the reduction of species diversity.
The eastern part of the study area had suffered a change in land cover, and a large amount of water was irrigated to surrounding farmland from the study area and already arid areas (sample plot E) tending to become more arid. Therefore, some hygrophyte species are unable to cope with the arid environment, resulting in reduced species diversity. In addition, the sample plot was SW in the marginal area of the bog and was susceptible to the influence of adjacent habitats (forest swamps) (Szatylowicz et al., 2014). Therefore, the impact of human interference and adjacent habitats on species distribution and diversity in bogs deserves further study, which will help further understand the mechanism of species distribution patterns and provide a theoretical basis for the response and adaptation mechanism of plant communities under the background of climate change.
CONCLUSION
We demonstrated that species distribution and diversity were highly dependent on environmental factors in the ombrotrophic bog of Northeast China, indicating that water level, water conductivity, soil moisture content, pH, and organic carbon were the main environmental factors affecting species distribution. In particular, water level regulated the intensity of other factors affecting species distribution, which was the dominant factor influencing the distribution of plant communities. Our results highlighted that water level affected plant diversity in direct and indirect ways. Soil pH contributed most to the indirect effects of water level on plant diversity. Considering that bogs suffer from climate change and human activities that threaten their important ecological functions, this work provides some valuable implications for regional vegetation restoration and plant community stability.
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