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Abstract
Xinjiang Ganjiahu Haloxylon ammodendron Forest National Nature Reserve is
situated in a typical oasis-desert ecotone. Identifying the main vegetation types
and their distribution within the reserve is essential for biodiversity conserva-
tion and restoration. Based on remote sensing imagery from the same period in
2022 for sample plot establishment, a field survey was conducted in August 2023.
Two-Way Indicator Species Analysis (TWINSPAN) was employed to classify veg-
etation quadrats within the reserve, alpha diversity indices were calculated for
each vegetation type, and a Random Forest model was subsequently constructed
to evaluate and visualize the clustering results. The results indicate that: (1) In
the Ganjiahu Reserve, Salsola spp. is the most widely distributed among herba-
ceous plants, while shrubs such as Haloxylon ammodendron, Suaeda spp., Reau-
muria songarica, and Ceratocarpus arenarius constitute the primary vegetation
composition in this region. (2) TWINSPAN classified 62 vegetation quadrats
into 14 types, among which the Salsola spp. + Suaeda spp. association (Ass.
Salsola spp. + Suaeda spp., G5) occupies the largest area and exhibits the high-
est vegetation diversity; the Salsola spp. + Ceratocarpus arenarius association
(Ass. Salsola spp. + Ceratocarpus arenarius, G7) demonstrates relatively high
species diversity and a substantial area proportion; the single vegetation type
association (G14) exhibits the lowest Shannon-Wiener diversity index and Simp-
son dominance index, with a Pielou evenness index of 1, primarily representing
cropland and highly salinized bare land within the reserve. (3) The Random
Forest model achieved an overall accuracy of 87.10% and a Kappa coefficient
of 0.8553, with relatively small commission and omission errors. (4) Haloxylon
ammodendron and Haloxylon persicum are concentrated in the northwestern
core zone and the south-central buffer zone of the reserve. These findings can
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provide a foundation for subsequent precision management of the reserve.

Full Text
Vegetation Community Diversity and Spatial Distribution
Pattern in Ganjiahu Saxoul National Nature Reserve, Xin-
jiang
WANG Anqi1, ZHANG Yu1, LIU Jiawei1, ZHAO Wei2, LIU Xinyu2,
LI Kai1
1School of Ecology and Nature Conservation, Beijing Forestry University, Bei-
jing 100083, China
2Jinghe Branch of Ganjiahu Saxoul National Nature Reserve Administration,
Jinghe 833300, Xinjiang, China

Abstract

The Ganjiahu Saxoul National Nature Reserve in Xinjiang, China, is situated
in a typical oasis-desert transition zone. Clearly identifying the main vegetation
types and their distribution within the reserve is essential for biodiversity protec-
tion and restoration. Based on remote sensing images from 2022, a field survey
was conducted in August 2023. Vegetation samples from the Ganjiahu Sax-
oul National Nature Reserve were classified using the two-way indicator species
analysis (TWINSPAN) method. Alpha diversity indices of each vegetation type
were calculated, followed by the development of a random forest model to eval-
uate and visualize the clustering results of vegetation quadrats. The results are
as follows: (1) In the Ganjiahu Saxoul National Nature Reserve, the dominant
herbaceous plants are primarily Salsola spp., while the principal shrubs include
Haloxylon ammodendron, Suaeda spp., Reaumuria songarica, and Ceratocarpus
arenarius. (2) Sixty-two vegetation sample plots were categorized into 14 types
in TWINSPAN. Among these, the Ass. Salsola spp.+Suaeda spp. (G5) covered
the largest area and exhibited the highest vegetation diversity. The Ass. Salsola
spp. + Ceratocarpus arenarius (G7) showed both high species diversity and ex-
tensive coverage. The G14 type represented a single vegetation community with
the lowest Shannon-Wiener and Simpson’s diversity indices and had a Pielou’s
evenness index of 1, predominantly comprising farmland and highly saline bare
land in the Ganjiahu Saxoul National Nature Reserve. (3) The random for-
est model achieved an overall accuracy of 87.10%, with a Kappa coefficient of
0.8553, and demonstrated relatively low commission and omission errors. (4)
H. ammodendron and H. persicum are mainly distributed in the core area in the
northwest and the buffer zone extending from the central to southern parts of
the Ganjiahu Saxoul National Nature Reserve. These findings provide a foun-
dation for future precise management of the Ganjiahu Saxoul National Nature
Reserve.

Keywords: vegetation types; spatial distribution; two-way indicator species
analysis method; species diversity; random forest
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1 Introduction
Vegetation comprises all plant species within a region formed and developed un-
der specific natural conditions. As primary producers, vegetation constitutes the
most fundamental biological component of the biosphere. Comprehensive un-
derstanding of vegetation types and their distribution characteristics facilitates
rational utilization of vegetation and related resources. Arid desert ecosystems
are particularly fragile and among the regions most susceptible to climate change
and human activities, where vegetation diversity can exert positive effects on
ecosystem function changes in arid regions.

The Ganjiahu Saxoul National Nature Reserve (hereinafter referred to as Gan-
jiahu Reserve) was upgraded to a national-level nature reserve in 2007 and
represents an important intersection distribution area for Haloxylon ammoden-
dron and H. persicum. Haloxylon ammodendron and H. persicum are the main
constructive species in arid desert regions, exhibiting excellent characteristics
such as drought and salt-alkali tolerance, and play crucial ecological roles in soil
and water conservation, windbreak and sand fixation, and carbon sequestration
and oxygen release. Ganjiahu Reserve possesses a relatively complete desert
ecosystem, and due to its unique geographic location and important ecological
functions, it is essential to periodically and comprehensively understand the
current status of biodiversity within the reserve.

The two-way indicator species analysis (TWINSPAN) method, proposed in
1979, has become one of the most frequently applied methods in vegetation
community classification from the 1980s to present, and has been widely used
in vegetation studies of forests, grasslands, deserts, arid river valleys, and wet-
lands. In recent years, with rapid scientific and technological development,
big data algorithms have become increasingly mature, and more efficient and
convenient vegetation classification methods have emerged, such as combining
hyperspectral remote sensing with machine learning algorithms for plant clas-
sification. Random forest is an ensemble algorithm that utilizes multiple tree
classifiers for classification. Through resampling methods, it extracts multiple
samples from the original dataset, constructs decision trees for each sample,
and finally integrates the results from multiple decision trees, offering advan-
tages such as high accuracy and overfitting prevention. In ecological research,
random forest has demonstrated superior fitting accuracy compared to other
machine learning algorithms, becoming an important research tool in the field.

Traditional vegetation surveys generally employ the belt transect method for
comprehensive investigation and uniform sampling of reserve vegetation. Al-
though this approach offers high accuracy, the final results are difficult to ex-
press intuitively through images. Therefore, this study selected survey sample
points based on vegetation patches preliminarily divided from remote sensing
images in August 2022, combined machine learning algorithms with field survey
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data to analyze vegetation community distribution characteristics and diversity
in Ganjiahu Reserve, and visually presented the spatial distribution patterns
of vegetation communities in image form, providing important foundations for
subsequent scientific construction and development of the reserve.

[Figure 1: see original paper] Location of the study area and distribution of
survey sample sites

Note: Unsupervised classification of summer 2022 remote sensing data for Ganji-
ahu Reserve yielded 6 patch types, which served as the basis for random sampling
selection of survey sites.

1.1 Study Area Overview
Ganjiahu Reserve (83°18�–83°52�E, 44°46�–44°58�N) is located in the hinterland
of the Eurasian Continental Bridge, in the southwestern part of the Junggar
Basin in Xinjiang. It spans Jinghe County of Bortala Mongol Autonomous
Prefecture and Wusu City of Tacheng Region. The reserve’s climate is tem-
perate continental, characterized by dryness and low rainfall throughout the
year, with an average annual temperature of 5.9–7.8°C, annual precipitation of
approximately 140 mm, and enormous annual evaporation far exceeding precipi-
tation. Zonal soils are gray-brown desert soil and gray desert soil, with extensive
desert areas. Saline-alkali soil, meadow soil, and other intrazonal soils are also
widely distributed. The reserve is traversed by seasonal rivers fed by snowmelt
and rainfall, forming various landscape types including wetlands, deserts, and
saline-alkali lands, which nurture diverse vegetation such as tall trees dominated
by poplar, shrubs including Haloxylon and Tamarix, and herbaceous plants such
as reed (Phragmites australis).

1.2 Survey Methods
Using Sentinel-2 satellite data as the data source, vegetation patches within the
reserve were divided through unsupervised classification based on natural geo-
graphic elements. Sixty-two sample sites were selected for field survey, recording
vegetation species, quantity, height, coverage, crown width, ground diameter,
and other parameters within quadrats. The reserve belongs to desert grassland
habitats, mostly composed of shrubs and herbaceous vegetation. According to
the compilation specifications of Vegetation of China, large quadrat size was
uniformly set at 10 m × 10 m to record all shrub information. Combined with
the five-point sampling method, 2 m × 2 m small quadrats (q1–q62) were es-
tablished within large quadrats to record herbaceous vegetation information.
Since poplar is the only tall tree species in this region, its quantity was recorded
within a 20 m × 20 m range in areas where poplar was distributed. This study
included a total of 62 large quadrats, 62 shrub quadrats, and 62 herbaceous
quadrats.
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1.3 Data Processing
1.3.1 TWINSPAN Classification

By calculating the relative density, relative coverage, and relative frequency of
each vegetation type within quadrats, the importance value (IV) of each species
in each quadrat was comprehensively calculated to obtain the original species
importance value matrix. The importance value is a comprehensive numerical
index reflecting the role and status of a certain plant in its community. Species
with IV ≥ 20 are considered constructive species, 10 ≤ IV < 20 as companion
species, and IV < 10 as rare species. Using the original importance value matrix,
TWINSPAN was applied to classify vegetation quadrats within the study area.
All calculations were performed in R Studio. The formulas for relative density,
relative coverage, and relative frequency are as follows:

𝑅𝐷𝑖 = 𝐷𝑖
∑ 𝐷𝑖

× 100%

𝑅𝐶𝑖 = 𝐶𝑖
∑ 𝐶𝑖

× 100%

𝑅𝐹𝑖 = 𝐹𝑖
∑ 𝐹𝑖

× 100%

where 𝑅𝐷𝑖, 𝑅𝐶𝑖, and 𝑅𝐹𝑖 are the relative density, relative coverage, and rel-
ative frequency of species 𝑖 in each quadrat, respectively; 𝐷𝑖, 𝐶𝑖, and 𝐹𝑖 are
the average density (individuals/100 m2), average coverage (%), and average
frequency (times) of species 𝑖 in each quadrat, respectively.

The importance value calculation formula is:

𝐼𝑉 = 𝑅𝐷𝑖 + 𝑅𝐶𝑖 + 𝑅𝐹𝑖
3

1.3.2 Species 𝛼 Diversity Analysis

The Shannon-Wiener index is considered the most common indicator for mea-
suring community species diversity, used to explain species richness of sample
communities. The Simpson dominance index reflects changes in species quan-
tity within communities. The Pielou evenness index describes the uniformity of
species distribution within communities. Based on TWINSPAN vegetation com-
munity classification results, the Shannon-Wiener diversity index (𝐻′), Simpson
dominance index (𝐷), and Pielou evenness index (𝐽) were calculated for each
community using the following formulas:

Shannon-Wiener diversity index:
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𝐻′ = −
𝑆

∑
𝑖=1

𝑃𝑖 × ln 𝑃𝑖

Simpson dominance index:

𝐷 = 1 −
𝑆

∑
𝑖=1

𝑃 2
𝑖

Pielou evenness index:

𝐽 = 𝐻′

ln 𝑆

where 𝑃𝑖 is the proportion of individuals of species 𝑖 to the total number of
individuals of all species, and 𝑆 is the number of species.

1.3.3 Random Forest Model Construction and Accuracy Evaluation

To classify vegetation types across Ganjiahu Reserve and visualize the classifi-
cation results, this study stratified and sampled 62 quadrats based on remote
sensing classification and TWINSPAN results. Seventy percent of the quadrats
were selected as the training set for random forest model construction, with the
remaining 30% used as the test set for model accuracy verification. The verifi-
cation results were overlaid with classification patches to represent the overall
spatial layout of Haloxylon vegetation across the region.

A confusion matrix was generated by comparing the results with classification
patches, and the Kappa coefficient was calculated to evaluate the accuracy of
this classification method in vegetation classification. A higher Kappa coefficient
indicates better model fitting.

1.3.4 Delineation of Haloxylon Plant Distribution Patterns

Among the classified vegetation types, high, medium, and low-level distribution
areas of Haloxylon plants were delineated based on the importance values of
Haloxylon ammodendron and H. persicum. These were used as qualitative data
displayed through color intensity. The Kriging interpolation method in ArcGIS
was applied to calculate the density of Haloxylon plants per unit area from field
survey data as quantitative data. The density of Haloxylon plants was calculated
from 42.4% of the field survey data.
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2 Results
2.1 Overview of Reserve Vegetation and TWINSPAN Classification
Results

The main vegetation information in Ganjiahu Reserve from the survey is shown
in Table 1. In vegetation identification, except for Salsola spp., Suaeda spp.,
Artemisia spp., and Calligonum spp., which were identified to genus level, all
other plants were identified to species level. Within Ganjiahu Reserve, herba-
ceous plants are most widely distributed as Salsola spp., appearing in approx-
imately 62.5% of quadrats and serving as the dominant species in 8 associa-
tions with the highest average importance value. Shrubs such as Haloxylon
ammodendron, Suaeda spp., Reaumuria songarica, and Tamarix ramosissima
have relatively high average importance values and coverage, representing the
main vegetation components in this region.

According to the classification principles of Vegetation of China and based on
importance values, 62 large quadrats in Ganjiahu Reserve were classified using
TWINSPAN and named according to community dominant species, resulting in
14 associations (Figure 2). The composition of each vegetation association is as
follows:

G1: Artemisia spp. Association
Contains 2 large quadrats with total community coverage of 23.7%. Artemisia
spp. importance value is 51.2%. Main companion plant groups are Salsola spp.
Rare species in this association include Calligonum spp., Alhagi camelorum,
Haloxylon persicum, Agriophyllum pungens, Apocynum pictum, and Echinops
sphaerocephalus.

G2: Suaeda spp. + Ceratocarpus arenarius Association
Contains 6 large quadrats with total community coverage of 48.25%. Suaeda
spp. importance value is 6.65%; Ceratocarpus arenarius importance value
is 4.95%. Main companion plant groups include Salsola spp. and Iljinia
regelii. Rarely distributed species include Alhagi camelorum, Populus eu-
phratica, Krascheninnikovia ceratoides, Haloxylon ammodendron, and Capsella
bursa-pastoris.

G3: Haloxylon persicum + Salsola spp. Association
Contains 4 large quadrats with total community coverage of 17.5%. Haloxy-
lon persicum importance value is 14.84% with coverage of 16.1%; Salsola spp.
importance value is 10.72% with coverage of 3.95%. Main companion plant is
Populus euphratica. Rare species include Alhagi camelorum, Reaumuria songar-
ica, Tamarix ramosissima, and Calligonum spp.

G4: Salsola spp. + Haloxylon persicum Association
Contains 2 large quadrats with total community coverage of 51.2%. Salsola spp.
importance value is 40.23%; Haloxylon persicum importance value is 8.75%.
Main companion plant groups are Suaeda spp. and Ceratocarpus arenarius.
Rare species include Iljinia regelii, Caragana halodendron, Limonium gmelinii,
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Haloxylon ammodendron, and Anabasis salsa.

G5: Salsola spp. + Suaeda spp. Association
Contains 8 large quadrats with total community coverage of 62.5%. Salsola
spp. importance value is 13.48%; Suaeda spp. importance value is 47.5% with
coverage of 9.15%. Main companion plants are Tamarix ramosissima and Iljinia
regelii. Rare species include Haloxylon ammodendron and Eremopyrum orien-
tale.

G6: Salsola spp. + Reaumuria songarica Association
Contains 4 large quadrats with total community coverage of 43.75%. Salsola spp.
importance value is 17.52%; Reaumuria songarica importance value is 7.65%.
Main companion plant groups are Suaeda spp. and Caragana halodendron. Rare
species include Haloxylon ammodendron.

G7: Salsola spp. + Ceratocarpus arenarius Association
Contains 4 large quadrats with total community coverage of 81.26%. Salsola spp.
importance value is 83.71%; Ceratocarpus arenarius importance value is 13.23%.
Main companion plant groups are Suaeda spp. and Tamarix ramosissima. Rare
species include Haloxylon ammodendron, Eremopyrum orientale, Calligonum
spp., Anabasis salsa, and Limonium gmelinii.

G8: Haloxylon ammodendron + Salsola spp. Association
Contains 6 large quadrats with total community coverage of 83.71%. Haloxylon
ammodendron importance value is 13.23%; Salsola spp. importance value is
81.26%. Main companion plant group is Suaeda spp. Rare species include
Halostachys caspica, Kalidium foliatum, Grubovia dasyphylla, Glycyrrhiza
uralensis, Nitraria sibirica, Limonium gmelinii, and Apocynum pictum.

G9: Phragmites australis + Salsola spp. Association
Contains 2 large quadrats with total community coverage of 13.23%. Phragmites
australis importance value is 81.26%; Salsola spp. importance value is 13.23%.
Main companion plant is Reaumuria songarica. Rare species include Phragmites
australis, Nitraria sibirica, Calligonum spp., and Cistanche deserticola.

G10: Salsola spp. + Halocnemum strobilaceum Association
Contains 2 large quadrats with total community coverage of 81.26%. Salsola
spp. importance value is 13.23%; Halocnemum strobilaceum importance value
is 81.26%. Main companion plant group is Suaeda spp.

G11: Salsola spp. + Haloxylon ammodendron Association
Contains 4 large quadrats with total community coverage of 13.23%. Salsola
spp. importance value is 81.26%; Haloxylon ammodendron importance value
is 13.23%. Main companion plant group is Suaeda spp. Rare species include
Karelinia caspia and Haloxylon persicum.

G12: Karelinia caspia Association
Contains 2 large quadrats with total community coverage of 81.26%. Karelinia
caspia importance value is 13.23%; Salsola spp. importance value is 81.26%.
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Main companion plant is Reaumuria songarica. Rare species include Phrag-
mites australis, Lycium ruthenicum, Grubovia dasyphylla, Krascheninnikovia
ceratoides, Cistanche deserticola, etc.

G13: Lycium ruthenicum + Phragmites australis Association
Contains 2 large quadrats with total community coverage of 13.23%. Lycium
ruthenicum importance value is 81.26% with coverage of 13.23%; Phragmites
australis importance value is 13.23%. Companion plants include Tamarix ramo-
sissima and Haloxylon ammodendron.

G14: Single Vegetation Type Association
Contains 2 large quadrats with total community coverage of 1.67%. This asso-
ciation has very low wild plant coverage. Field surveys show it mainly consists
of two situations: (1) Farmland in the experimental zone on the periphery of
the reserve; (2) Highly saline bare land with extremely fragile habitats in the
reserve, where the surface is covered by thick saline crusts with only minimal
vegetation growth.

Overview of the main vegetation in Ganjiahu Nature Reserve

2.2 Vegetation Community Diversity Analysis

Species diversity effectively characterizes the complexity of biological commu-
nity and ecosystem structure. Different vegetation community types represented
by different dominant species are formed under the combined effects of topog-
raphy, substrate, moisture, salinity, and other factors. Alpha diversity indices
were analyzed for classified quadrats, expressed through the Shannon-Wiener
diversity index, Simpson dominance index, and Pielou evenness index.

In Ganjiahu Reserve, the alpha diversity indices of vegetation communities show
that the Salsola spp.+Suaeda spp. association (G5) has the highest Shannon-
Wiener diversity index, indicating this vegetation association contains the rich-
est species with up to 31 species. The Salsola spp.+Ceratocarpus arenarius
association (G7) also has relatively high diversity. The single vegetation type
association (G14) has the lowest Shannon-Wiener and Simpson’s diversity in-
dices, with a Pielou evenness index of 1, and is predominantly represented by
farmland and highly saline bare land in the reserve.

Although the Salsola spp.+Haloxylon persicum association (G3) and Salsola
spp.+Haloxylon persicum association (G4) share the same dominant species
(Salsola spp. and Haloxylon persicum), their companion and rare species dif-
fer significantly. The G3 association mainly accompanies Populus euphratica,
with rare species including Alhagi camelorum, Reaumuria songarica, Tamarix
ramosissima, and Calligonum spp. The G4 association mainly accompanies Cer-
atocarpus arenarius and Suaeda spp., with rare species including Iljinia regelii,
Caragana halodendron, Limonium gmelinii, Haloxylon ammodendron, and An-
abasis salsa. This difference may be attributed to variations in soil salinity
and groundwater conditions among these vegetation communities, ultimately

chinarxiv.org/items/chinaxiv-202412.00042 Machine Translation

https://chinarxiv.org/items/chinaxiv-202412.00042


resulting in the G4 association having higher Shannon-Wiener diversity index,
Simpson dominance index, and Pielou evenness index than the G3 association.

𝛼 diversity indices of different vegetation clusters

2.3 Vegetation Type Classification Based on Random Forest

Using vegetation classification data, a random forest model was constructed
to obtain the vegetation type distribution map of Ganjiahu Reserve (Figure
3). A confusion matrix was used to evaluate classification accuracy (Table 3).
The overall classification accuracy reached 87.10% with a Kappa coefficient of
0.8553, indicating good overall classification accuracy based on random forest.
Producer’s accuracy and user’s accuracy for each vegetation type were higher
than 70%, with most concentrated between 70%–100%, and both commission
errors and omission errors were relatively small.

By calculating the area of each vegetation community classification, the Salsola
spp.+Suaeda spp. association (G5) covered the largest area of 124.87 km2, ac-
counting for 18.91% of the total Ganjiahu area. The Salsola spp.+Ceratocarpus
arenarius association (G7) covered 116.15 km2, accounting for 13.63%. Other
vegetation communities had smaller distribution areas (Table 3).

[Figure 3: see original paper] Distribution of vegetation types in Ganjiahu Na-
ture Reserve based on random forest model

Verification of the area and accuracy of each vegetation type based on random
forest model

2.4 Delineation of Haloxylon Vegetation Distribution Areas

For Ganjiahu Reserve, Haloxylon ammodendron and H. persicum are local con-
structive species and nationally protected plants with important ecological signif-
icance. Therefore, this study focused on these two Haloxylon species, combining
field surveys with model construction using qualitative and quantitative meth-
ods to determine their spatial distribution (Figure 4). The study found that
Haloxylon species are mainly concentrated in the northwestern core area and
the central-to-southern buffer zone of the reserve, with fewer distributions in
the southeastern and northeastern experimental zones, forming a strip-shaped
geographic distribution pattern.

[Figure 4: see original paper] Spatial distribution pattern of Haloxylon plants
in Ganjiahu Nature Reserve

3 Discussion
As an oasis-desert transition zone on the edge of an oasis, Ganjiahu Reserve
plays a crucial role in blocking wind-sand intrusion. Therefore, research on
vegetation diversity analysis and vegetation community spatial distribution pat-
terns in the reserve is imperative. In Ganjiahu Reserve, 62 sample plots were
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classified into 14 vegetation community types based on TWINSPAN. Among
them, the Salsola spp.+Suaeda spp. association (G5) covered the largest area
and exhibited the highest vegetation diversity. The Salsola spp.+Ceratocarpus
arenarius association (G7) showed high species diversity while also occupying
a relatively large area. The single vegetation type association (G14) had the
lowest Shannon-Wiener diversity index and Simpson dominance index, with a
Pielou evenness index of 1, and was predominantly represented by farmland and
highly saline bare land in the reserve. Areas with high vegetation diversity were
mainly distributed in the northwestern, southern, and eastern edges of the re-
serve, showing a penetrating distribution pattern closely related to topography
and water source conditions.

The Phragmites australis association has relatively high diversity, likely because
most are located in riparian edges and other areas with good groundwater
recharge. Although the Salsola spp.+Haloxylon persicum associations (G3 and
G4) share the same dominant species, their companion and rare species dif-
fer dramatically: G3 mainly accompanies Populus euphratica with rare species
including Alhagi camelorum, Reaumuria songarica, Tamarix ramosissima, and
Calligonum spp.; G4 mainly accompanies Ceratocarpus arenarius and Suaeda
spp. with rare species including Iljinia regelii, Caragana halodendron, Limonium
gmelinii, Haloxylon ammodendron, and Anabasis salsa. This situation may arise
from differences in soil salinity and groundwater among these vegetation commu-
nities, ultimately resulting in G4 having higher diversity indices than G3. This
study lacks correlation analysis between soil types and vegetation community
classification, a limitation that will be addressed in future research.

Random forest models have gained popularity in recent years due to their excel-
lent classification results and efficient processing speed. Using randomly selected
training samples and variable subsets to generate multiple decision trees, ran-
dom forest can learn from satellite remote sensing data, UAV monitoring data,
and field survey data, making it applicable not only for vegetation classification
but also for vegetation identification, dynamic monitoring, and land use change
research in ecology. In typical arid landscapes such as sand dunes and marshes,
random forest classifiers have demonstrated high accuracy for shrub identifica-
tion. Barrett et al. evaluated the use of medium spatial resolution optical and
radar satellite data combined with soil and terrain data to identify and map
upland vegetation using random forest algorithms, with classification results be-
ing universally applicable across different study areas. This study used remote
sensing to divide Ganjiahu Reserve into 6 vegetation types, randomly sampled
field survey data based on this for vegetation classification, obtained 14 vegeta-
tion community types, and established a random forest model to correct remote
sensing classification results. The model achieved an overall accuracy of 87.10%
and a Kappa coefficient of 0.8553, confirming the feasibility of combining remote
sensing imagery with field survey data for vegetation classification.

Haloxylon species, as constructive and pioneer species in the Junggar Basin, play
an irreplaceable role in maintaining local community stability and ecosystem bal-
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ance, such as consolidating sand particles, promoting soil formation, reducing
soil water evaporation, providing shelter for desert animals, altering direct so-
lar radiation absorption and loss processes to regulate local microclimate, and
achieving dynamic balance of deep soil moisture in desert areas. Recent stud-
ies have shown that reserve vegetation has degraded seriously due to climate
change and human activities, with rapid increases in sand and saline-alkali land
areas and substantial decreases in grassland area since 2000, presenting a con-
cerning situation. Clarifying the distribution of Haloxylon in the reserve is
fundamental for many research efforts and enables managers to conduct tar-
geted monitoring and protection. Cao Jiarui’s study on the spatial pattern of
Haloxylon persicum in Ganjiahu suggested that H. persicum distribution is rela-
tively dense in the northwestern part of the study area with a trend of gradual
diffusion to edge areas, while distribution density is smaller in the southeast-
ern H. persicum communities. This study shows that Haloxylon ammodendron
and H. persicum are mainly distributed in the northwestern core area and the
central-to-southern buffer zone of the reserve with high density, while the south-
eastern and northeastern experimental zones have fewer distributions, forming
a strip-shaped distribution pattern. These findings are consistent with previous
research while adding delineation of Haloxylon distribution range and further
refining the distribution pattern of Haloxylon species in the study area.

4 Conclusion
1) In Ganjiahu Reserve, herbaceous plants are most widely distributed as

Salsola spp., appearing in approximately 62.5% of quadrats and serving
as the dominant species in 8 associations. Shrubs such as Haloxylon am-
modendron, Suaeda spp., Reaumuria songarica, and Tamarix ramosissima
have relatively high average importance values, representing the main veg-
etation components in this region.

2) The 62 sample plots were classified into 14 vegetation types using
TWINSPAN. Among them, the Salsola spp.+Suaeda spp. association
(G5) covered the largest area and exhibited the highest vegetation diver-
sity. The Salsola spp.+Ceratocarpus arenarius association (G7) showed
high species diversity while also occupying a relatively large area. The
single vegetation type association (G14) had the lowest Shannon-Wiener
diversity index and Simpson dominance index, with a Pielou evenness
index of 1, and was predominantly represented by farmland and highly
saline bare land in the reserve.

3) Based on remote sensing classification, random forest models were con-
structed using Ganjiahu vegetation classification data. The overall clas-
sification accuracy reached 87.10% with a Kappa coefficient of 0.8553.
Producer’s accuracy and user’s accuracy for vegetation types were mostly
concentrated between 70%–100%, confirming the feasibility of combining
remote sensing imagery with field survey data for vegetation classification.
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4) The spatial pattern of the two Haloxylon species shows that Haloxylon
ammodendron and H. persicum are mainly distributed in the northwestern
core area and the central-to-southern buffer zone of the reserve, with fewer
distributions in the southeastern and northeastern experimental zones,
forming a strip-shaped geographic distribution pattern.
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