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Abstract
Taking the Mosuowan area on the southern margin of the Gurbantunggut Desert
as the study region, typical sample plots were selected from fixed and semi-
fixed dunes with vegetation coverage of 10% and 15%, respectively, and from
fixed dunes with 30% vegetation coverage. Canonical Correspondence Analysis
(CCA) was applied to analyze the relationships among quadrats, environmental
factors, and species abundance in this region, while canonical correlation anal-
ysis was employed to examine the correlations between species diversity and
topographic factors as well as soil physicochemical factors across the sample
plots. The results demonstrate a significant correlation between species and
environmental factors, with the first four axes explaining 84.4% of the total
species variation. Soil sand content serves as a relatively sensitive indicator
factor influencing species distribution, with species heavily distributed along
the ordination axis representing soil sand content. Species significantly affected
by topography include Arnebia decumbens, Centaurea chrysocephala, Echinops
gmelinii, and Salsola ruthenica; species markedly influenced by soil organic mat-
ter, soil moisture, and soil pH include Schismus arabicus, Ceratocarpus arenar-
ius, Astragalus membranaceus, and Erodium oxyrhinchum. Canonical correla-
tion analysis results for different indicator systems reveal that the first canonical
correlation coefficient between topographic factors and species diversity factors
is 0.54. The first pair of canonical coefficients between soil physicochemical fac-
tors and species diversity are 0.93 and 0.96, respectively, while the second pair
are 0.79 and 0.80, respectively, indicating significant correlations. Among topo-
graphic factors, slope aspect primarily influences the Simpson species richness
index; among soil physicochemical factors, sand content and soil organic matter
mainly affect the Shannon dominance index, whereas soil water content and pH
primarily influence the Pielou evenness index. The species distribution pattern
in this region is jointly determined by topographic and soil factors.
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Abstract: Taking Mosuowan on the southern margin of the Gurbantunggut
Desert as the study area, fixed dunes with 10% and 15% vegetation cover and
fixed dunes with 30% vegetation cover were selected as typical plots. Using
Canonical Correlation Analysis (CCA) to analyze quadrats, environmental fac-
tors, and species abundance in this area, the relationship between species diver-
sity and terrain factors and soil physicochemical factors was examined through
canonical correlation analysis. The results showed a significant correlation be-
tween species and environmental factors, with the first four axes explaining
84.4% of total species variation. Grit was a sensitive indicator of species distri-
bution. Species were distributed across a large number of axes. Species signifi-
cantly affected by terrain included Arnabia decumbens, Echinops gmelinii, Am-
berboa turanica, and Agriophyllum aquarrosum. Species significantly affected by
soil organic matter, soil moisture, and soil pH were Schismus arabicus, Cerato-
carpus arenarius, Astragalus membranaceus, and Erodium oxyrrhynchum. Typ-
ical correlation analysis results of different indicator groups showed that the
first model correlation coefficient between topography and species diversity was
0.54. The first pair of model coefficients between soil physicochemical factors
and species diversity were 0.93 and 0.96, and the second pair were 0.79 and
0.80, indicating significant correlation. Among topographical factors, the slope
index mainly affected the Simpson species richness index. Soil physical and
chemical factors, sand, and soil organic matter mainly affected the Shannon
dominance index, while soil moisture and pH mainly affected the Pielou even-
ness index. Species distribution in this area is influenced by both topography
and soil factors.

Keywords: Soil factor; Ephemeral plant; Species diversity; Canonical Correla-
tion; Canonical correlation analysis; Mosuowan; Xinjiang

1 Study Area and Methods
1.1 Study Area Overview

The study area is located at Mosuowan on the southern edge of the Gurban-
tunggut Desert, with geographic coordinates of 86°06�～86°50�E, 44°40�～45°N,
at an elevation of 346.8 m. The terrain is relatively flat with slopes of 5–20 m.
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The area has a temperate continental arid climate with an annual average tem-
perature of 4–6°C, annual precipitation of 114.89 mm, and annual evaporation of
1942.1 mm. The annual average wind speed is 16.9 m/s, with 3000–3500 hours
of sunshine at temperatures $�$10°C, and 3100–3200 hours of annual sunshine
duration. The prevailing wind direction is WNW and ESE. The average sand
grain size is 13 cm, with a maximum of 27 cm.

1.2 Sample Plot Selection and Survey Methods

Three typical fixed dunes (A, B, C) with vegetation coverage of 10%, 15%, and
30% were selected as sample plots. Fixed dunes with 200 m length and 7 m
width were established. For each dune, three aspects (sunny slope, shady slope,
and top) were surveyed. Dune A had a height of 27.6 m with a 21° slope for
the sunny aspect, and 13.4 m height with 16° slope for the shady aspect. Dune
B had a height of 8 m with 12° slope for the sunny aspect, and 24.3 m height
with 16° slope for the shady aspect. Dune C had a height of 12.7 m with 19°
slope for the sunny aspect, and 4 m height with 20° slope for the shady aspect.

Five parallel transects were established along the slope direction for each dune
aspect. Sample quadrats of 1.0 m × 1.0 m were set up at 2 m intervals along
each transect. Three parallel quadrats were established for each aspect to survey
herbaceous plants, shrubs, and environmental factors. A DU800 spectropho-
tometer was used to measure soil nutrients, and a BT-2001V analyzer was used
for soil particle size analysis.

1.3 Diversity Index Calculation

The Shannon-Wiener diversity index was calculated as:
H = -�(P_i ln P_i) where P_i = n_i/N

The Simpson diversity index was calculated as:
D = 1 - �P_i

The Pielou evenness index was calculated as:
E = H/ln S

Where:
- S = total number of species
- P_i = relative importance value of species i
- n_i = importance value of species i
- N = sum of importance values of all species
- n_i = (n^{JK} + n^{JK} + n^(cid:176)K + n^{1K}) × 100/4

1.4 Data Analysis Methods

Canoco 4.5 software was used for detrended correspondence analysis (DCA) and
redundancy analysis (CCA). When the gradient length exceeded 4.253, CCA
was selected for direct gradient analysis. Shannon diversity index, Simpson
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diversity index, and Pielou evenness index were calculated using Spaa software
in R. PCA analysis was performed using R’s labdsv package, and CCA analysis
was conducted using the vegan package in R.

2 Results
2.1 Species Distribution Characteristics

The survey recorded 20 ephemeral plant species belonging to 8 families and 17
genera. The distribution varied significantly among different dune types and
aspects. Dune A (10% vegetation cover) showed the highest species richness,
while Dune C (30% cover) had the lowest. The sunny slopes generally harbored
more species than shady slopes across all dune types.

2.2 Principal Component Analysis

PCA analysis revealed that the first three principal components explained 75%
of the total variance. The first axis (53.9% variance) was strongly correlated
with soil organic matter, soil moisture, and pH. The second axis (31.7% variance)
was associated with topographic factors including slope and aspect. The third
axis explained 13.5% of variance and was related to soil texture components.

2.3 Canonical Correspondence Analysis

CCA results showed significant correlations between species distribution and
environmental factors. The first two CCA axes explained 52.8% and 21.1%
of species-environment variance respectively, totaling 73.9%. Soil moisture, or-
ganic matter, and pH were the primary factors influencing species distribution.
Topographic factors (slope, aspect) explained an additional 19% of variance.

The CCA ordination diagram [Figure 1: see original paper] shows that
species such as Schismus arabicus, Ceratocarpus arenarius, and Astragalus
membranaceus were positively correlated with soil moisture and organic matter,
while Erodium oxyrrhynchum and Amberboa turanica were associated with
higher pH and sand content.

2.4 Canonical Correlation Analysis

Canonical correlation analysis between species diversity indices and environmen-
tal factors yielded significant results. The first canonical correlation coefficient
between topographic factors and diversity indices was 0.54 (p < 0.05). The first
pair of canonical variables for soil physicochemical factors showed correlation
coefficients of 0.93 and 0.96 for species diversity indices, while the second pair
showed coefficients of 0.79 and 0.80, both statistically significant.

Topographic factors primarily influenced the Simpson diversity index (species
richness), while soil organic matter and sand content mainly affected the Shan-
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non dominance index. Soil moisture and pH were the key factors influencing
the Pielou evenness index.

Tables
Features of various dune morphology

Distribution of short-lived plants in early spring

The basic statistics of the average of each factor different dune

Factor loading, Eigenvalue and cumulative percentage of principle analysis

Eigenvalues and species-environment correlations coefficient of CCA axis

Canonical Coefficients and Correlation Coefficients of Environmental variables
and the axis of CCA

Results of canonical analysis
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Note: Figure translations are in progress. See original paper for figures.
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