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Abstract
This study examines the relationship between site types and vegetation commu-
nity characteristics in abandoned mines, exploring spatial configuration of vege-
tation communities based on near-natural restoration theory to provide theoret-
ical basis and reference for vegetation restoration during ecological restoration
of abandoned mining areas. The study area is located in the Wulashan aban-
doned mine in Inner Mongolia. Site types were classified using principal com-
ponent analysis, correlation analysis, and cluster analysis to investigate plant
community characteristics under different site types, thereby obtaining the op-
timal spatial configuration ratio for near-natural vegetation restoration. The
results indicate that slope, slope position, and soil hardness are the dominant
factors, based on which the region was divided into 9 site types. Among them,
the gentle-slope mid-slope medium-texture soil site type and the steep-slope
mid-slope medium-texture soil site type exhibited higher values than other site
types in biomass, vegetation coverage, Margalef richness index, and Shan�non-
Wiener diversity index. Regarding vegetation configuration patterns, for site
types with poor habitats such as the gentle-slope lower-slope soft-texture soil
site type, a herbaceous configuration model is recommended (configuration ratio
of perennial herbaceous�annual herbaceous = 6�4); for other areas with better
site conditions, a shrub-grass configuration model is recommended.

chinarxiv.org/items/chinaxiv-202308.00684 Machine Translation

https://chinarxiv.org/items/chinaxiv-202308.00684
https://chinarxiv.org/items/chinaxiv-202308.00684


Full Text
Spatial Allocation Pattern of Near-Natural Vegetation for
Ecological Restoration of Abandoned Mines in the Wula
Mountains
ZHANG Zeyu1, WU Xiaojing2, LIANG Yipeng1, ZHANG Xiaoxia3,
ZHA Tonggang1,4

1School of Soil and Water Conservation, Beijing Forestry University, Beijing
100083, China
2Beijing Badaling Forest Farm, Beijing 102112, China
3The Third Construction Co., Ltd. of China Construction First Group, Beijing
100161, China
4Jixian County National Forest Ecosystem Observation and Research Station,
Beijing Forestry University, Beijing 100083, China

Abstract

This study addresses the insufficient trade-offs between regional vegetation diver-
sity and topographic differentiation during vegetation restoration in abandoned
mines. Based on the principles of near-natural restoration theory, we examined
the primary factors determining site type classification, clarified spatial distri-
bution patterns of vegetation, and identified optimal near-natural vegetation
configuration modes under various site types to provide a theoretical founda-
tion for ecological restoration in abandoned mining areas. The study area was
located in abandoned mines of the Wula Mountains in Inner Mongolia. Using
principal component analysis, correlation analysis, and cluster analysis, we clas-
sified site types and investigated plant community characteristics under different
site types to determine the optimal spatial allocation ratio for near-natural vege-
tation restoration. The results indicated that slope gradient, slope position, and
soil hardness were the dominant factors, based on which the region was classified
into nine site types. Among these, the gentle slope-mid slope-medium hardness
soil type and the slope-mid slope-medium hardness soil type exhibited greater
biomass, vegetation coverage, Margalef richness index, and Shannon-Wiener di-
versity index than other site types. Regarding vegetation configuration modes,
we recommend a herbaceous mode (configuration ratio of perennial herb:annual
herb = 4:1) for site types with poorer habitats such as the gentle slope-lower
slope-soft soil type. For other areas with better site conditions, we recommend
a shrub-grass mode.

Keywords: abandoned mine; site type; principal component analysis; cluster
analysis; plant community characteristics
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1 Materials and Methods
1.1 Study Area Overview

The study area is located in the Wula Mountains within the Wuliangsuhai wa-
tershed of Inner Mongolia, spanning 40°47�–41°03�N and 108°43�–108°57�E. The
region contains 42 mineral deposits of coal, iron, gold, copper, and other re-
sources. The typical abandoned mining area on the northern foothills of the
Wula Mountains, an abandoned iron mine, covers approximately 4.5 km2. This
area experiences a temperate arid western monsoon climate with average precip-
itation of 250 mm, concentrated primarily in summer, and annual evaporation
potential of 2167–2500 mm, far exceeding precipitation. Herbaceous plants are
dominated by Allium mongolicum, Tripogon chinensis, and Peganum harmala,
while shrub species are mainly Convolvulus tragacanthoides and Caragana steno-
phylla. Soils are predominantly sandy, with more than 70% sand content. Soil
types are primarily gray-cinnamon soil and chestnut soil, mainly affected by
combined wind and water erosion, resulting in a fragile ecological environment.

The Wula Mountains constitute the “mountain” component in the “mountain-
water-forest-field-lake-grassland” ecological system of the Wuliangsuhai water-
shed. In recent years, the area has faced severe grassland vegetation degrada-
tion, expanding desertification, deteriorating water environments, soil deserti-
fication and salinization, and excessive mining development. Numerous aban-
doned mines exist throughout the study area. Current ecological restoration
primarily employs “terrain remediation + grass seed aerial seeding” methods.
However, after terrain remediation, the exposed topsoil faces extreme risks of
soil erosion, which is already severe. The region contains approximately 80 plant
species, representing relatively rich species resources. However, mine ecological
restoration has been limited to a few stress-resistant and readily available species
such as alfalfa and Elymus dahuricus, resulting in relatively single populations,
low species diversity, and poor community stability. Additionally, constrained
by rainfall conditions and severe wind erosion, vegetation restoration in the
Wula Mountains abandoned mining area remains poor.

1.2 Sample Plot Layout

From July to August 2021, we used typical sample plot survey methods to inves-
tigate natural grasslands with similar site conditions adjacent to the abandoned
mining area. We established 45 sample plots of 10 m × 10 m. As no trees
were present within the survey range, each plot contained three shrub-grass
subplots (2 m × 2 m). Within each subplot, we measured vegetation species,
coverage, height, and plant number, collected aboveground vegetation portions
for oven-drying and weighing in the laboratory, and calculated biomass. Since
sample plots were relatively concentrated with minimal altitude variation, the
impact of altitude on ecological factors such as light, temperature, water, and
heat was minor. Therefore, our survey indicators included slope gradient (X1),
slope position (X2), slope aspect (X3), available phosphorus content (X4), total
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phosphorus content (X5), available potassium content (X6), soil hardness (X7),
soil layer thickness (X8), and soil texture (X9). Soil texture was numerically rep-
resented by gravel content (particle size >2 mm). Specific factor classification
and assignment are shown in .

1.3 Soil Sampling and Measurement

Within the shrub-grass subplots of each sample plot, we used the diagonal
method to select three sampling points and collected 0–20 cm soil samples.
Soil samples were air-dried, ground, and sieved for preservation. Soil mechan-
ical composition was determined using a Malvern laser particle size analyzer.
Total nitrogen was measured using the semi-micro Kjeldahl method. Available
phosphorus was determined by the 0.5 mol/L NaHCO3 extraction-molybdenum
antimony colorimetric method. Available potassium was measured using the 1
mol/L NH4OAc extraction-flame photometry method.

1.4 Data Analysis

We used the Margalef richness index (Ma), Pielou evenness index (Ea), Shannon-
Wiener diversity index (H), and Simpson diversity index (D) to characterize
plant diversity characteristics under different microtopographies. These indices
were calculated as follows:

• Margalef richness index, reflecting the number of species in the com-
munity:
𝑀𝑎 = (𝑆 − 1)/ ln 𝑁

• Pielou evenness index, reflecting the distribution of individuals among
species. Higher values indicate more uniform distribution of individual
numbers among species:
𝐸𝑎 = 𝐻/ ln 𝑆

• Shannon-Wiener diversity index, where higher values indicate
stronger community diversity:
𝐻 = − ∑𝑆

𝑖=1 𝑃𝑖 ln 𝑃𝑖

• Simpson diversity index, representing the probability that two ran-
domly selected individuals belong to the same species. Values closer to 1
indicate no diversity, so higher D values indicate greater diversity:
𝐷 = 1 − ∑𝑆

𝑖=1 𝑃 2
𝑖

Where S is the total number of species in the sample plot, N is the total number
of individuals of all species, and 𝑃𝑖 is the proportion of individuals of the ith
species.

We performed data processing using Microsoft Excel 2019. Principal component
analysis, correlation analysis, cluster analysis, and significance testing were con-
ducted using R 4.0.4 with packages “psych,” “NbClust,” “corrplot,” and “vegan.”
Figures were created using Origin 2021.
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2 Results
2.1 Site Type Classification

After quantification and standardization of the nine indicator datasets from the
survey plots, principal component analysis identified three principal components
with eigenvalues >1, representing 76.517% of the total information. The rela-
tionships between the three principal components (F1, F2, F3) and each factor
were:

𝐹1 = 0.277𝑋1 +0.356𝑋2 +0.374𝑋3 +0.164𝑋4 +0.205𝑋5 +0.356𝑋6 +0.408𝑋7 +
0.379𝑋8 + 0.331𝑋9

𝐹2 = 0.513𝑋1 +0.144𝑋2 +0.327𝑋3 +0.136𝑋4 +0.513𝑋5 +0.513𝑋6 +0.513𝑋7 +
0.513𝑋8 + 0.513𝑋9

𝐹3 = 0.513𝑋1 +0.513𝑋2 +0.513𝑋3 +0.513𝑋4 +0.513𝑋5 +0.513𝑋6 +0.513𝑋7 +
0.513𝑋8 + 0.513𝑋9

The first principal component represents soil fertility status (coefficients >0.375
for X4, X5, X6), the second represents terrain characteristics (coefficients for
slope gradient, position, and aspect are 0.513, 0.144, and 0.327 respectively),
and the third represents soil physical properties (coefficients for soil hardness,
thickness, and particle composition are 0.513, 0.513, and 0.513 respectively).
Although soil fertility status plays a key role in site type classification, soil
nutrient content indicators cannot be directly measured through field surveys.
Correlation analysis of site factors revealed that soil nutrient content is influ-
enced by terrain factors, particularly significantly correlated with slope position
(P < 0.01) .

Based on field surveys and combined with correlation and principal component
analyses, we selected slope gradient, slope position, and soil hardness as the
dominant factors for classifying abandoned mine site types. Using these three
dominant factors, we performed cluster analysis using Euclidean distance on the
standardized survey data [Figure 1: see original paper]. The cluster analysis re-
sults, combined with the dominant factors, divided the 45 sample plots into
three site type groups and nine site types: gentle slope site type group, slope
site type group, and steep slope site type group. The specific site types include:
gentle slope-lower slope-soft soil type, gentle slope-lower slope-hard soil type,
gentle slope-mid slope-medium hardness soil type, gentle slope-mid slope-hard
soil type, gentle slope-upper slope-hard soil type, slope-mid slope-medium hard-
ness soil type, slope-upper slope-hard soil type, steep slope-lower slope-hard soil
type, and steep slope-mid slope-hard soil type.
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2.2 Plant Community Characteristics Under Different Site Types

Overall, biomass and vegetation coverage showed similar trends across site types
[Figure 2: see original paper], with both highest in the gentle slope-mid slope-
medium hardness soil type (II3) and slope-mid slope-medium hardness soil type
(III2), reaching 85.00 g/m2 and 85.00% respectively, significantly higher than
other site types (P < 0.05). The lowest biomass and vegetation coverage oc-
curred in the steep slope-mid slope-hard soil type (III3), accounting for only
25.59% of the maximum biomass and 25.88% of the maximum coverage.

Vegetation evenness index and species diversity index also varied significantly
among different site types [Figure 2: see original paper]. The Margalef richness
index and Shannon-Wiener diversity index were highest in the gentle slope-mid
slope-medium hardness soil type (II3) and slope-mid slope-medium hardness
soil type (III2), while lowest in the steep slope-mid slope-hard soil type (III3),
which was significantly lower than other site types (P < 0.05). The Pielou
evenness index showed no significant difference among site types (P > 0.05).
The Shannon-Wiener diversity index followed the same trend as biomass and
vegetation coverage.

2.3 Near-Natural Vegetation Allocation for Different Site Types

To achieve near-natural vegetation structure, we statistically analyzed vegeta-
tion types occurring under different site types and calculated the proportions of
perennial herbs, annual herbs, and shrubs. Based on these proportions, we de-
rived near-natural vegetation configuration modes . The results show that the
gentle slope-lower slope-soft soil type (I1), gentle slope-upper slope-hard soil
type (II5), and steep slope-mid slope-hard soil type (III3) are pure herbaceous
modes. The remaining six site types are shrub-grass modes.

3 Discussion
Near-natural restoration focuses on natural ecological processes supplemented
by scientifically sound artificial management measures to restore degraded
ecosystems to a state where ecological service functions (species composition,
diversity, and community structure) approximate those of zonal ecosystems,
achieving diversity, stability, and sustainability in ecosystem structure and
function. Habitat is a key element in plant community formation, and different
habitats support different plant species. This study classified different habitats
and productivity levels through site type classification. Using principal compo-
nent analysis, we identified slope gradient, slope position, and soil hardness as
dominant factors, consistent with findings from Yang Yuping and Liu Ying in
abandoned mine studies. Therefore, based on these three dominant factors, we
classified the abandoned mine into three site type groups and nine site types.
Using statistical methods to analyze plant species and their growth status for
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different site types, we achieved near-natural vegetation spatial allocation in
abandoned mining areas based on the principle of matching species to sites.

Biomass and vegetation coverage differed significantly among site types due to
spatial heterogeneity in site environments created by variations in topography
and soil properties, which determines natural vegetation distribution and biodi-
versity. Slope gradient affects vegetation primarily in two ways: first, by influ-
encing water and nutrient loss along the slope surface, and second, by increasing
wind erosion impact on soil surfaces as slope steepness increases, accelerating
soil loss. Slope position changes cause variations in soil water and nutrient
content, with better nutrient conditions at lower slopes than at mid and upper
slopes. Research has found that medium hardness soil is most suitable for seed
germination and growth, while overly soft or hard soils are unfavorable for plant
development.

Among the nine site types, only the gentle slope-lower slope-soft soil type, gentle
slope-upper slope-hard soil type, and steep slope-mid slope-hard soil type have
poor habitats affected by soft soil, upper slope position, and steep gradients
with low nutrient content, making it difficult to support extensive shrub growth.
Near-natural vegetation restoration should therefore employ herbaceous modes
(perennial herb:annual herb = 4:1). The remaining site types, particularly the
gentle slope-mid slope-medium hardness soil type and slope-mid slope-medium
hardness soil type, support good vegetation growth under medium hardness
soil and gentle slope conditions, recommending shrub-grass modes (perennial
herb:annual herb:shrub or semi-shrub = 5:4:1 or 7:2:1). Therefore, in ecolog-
ically fragile areas with severe soil erosion, near-natural vegetation allocation
should be based on site types to form healthy ecosystems where plant communi-
ties and natural environments adapt to each other and achieve dynamic balance,
thereby improving local vegetation and environmental conditions.

4 Conclusion
In the Wula Mountains abandoned mining area, the dominant site factors af-
fecting vegetation growth and distribution are slope gradient, slope position,
and soil hardness, based on which nine site types can be classified. Vegeta-
tion grows optimally in site types with gentle slopes, mid-slope positions, and
medium soil hardness, where hydrothermal conditions are relatively favorable.
Growth is relatively poor in site types with steep slopes, mid-slope positions,
and hard or soft soil hardness. Therefore, when conducting near-natural vegeta-
tion allocation, the vegetation growth conditions of different site types should be
considered. For example, the steep slope-mid slope-hard soil type should employ
a herbaceous mode (configuration ratio of perennial herb:annual herb = 4:1).
Other site types such as the gentle slope-mid slope-medium hardness soil type
should employ a shrub-grass mode (configuration ratio of perennial herb:annual
herb:shrub or semi-shrub = 5:4:1). Meanwhile, fertilization and irrigation can be

chinarxiv.org/items/chinaxiv-202308.00684 Machine Translation

https://chinarxiv.org/items/chinaxiv-202308.00684


appropriately applied according to the water and nutrient conditions of different
site types, supplementing nitrogen-phosphorus-potassium compound fertilizers
to promote uniform vegetation distribution and rapid establishment.
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