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Patterns of shrub species richness and abundance in
relation to environmental factors on the Alxa Plateau:
Prerequisites for conserving shrub diversity in extreme
arid desert regions
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Shapotou Desert Research and Experiment Station, Cold and Arid Regions Environmental and Engineering Research Institute,
Chinese Academy of Sciences, Lanzhou 730000, China

Shrub species are considered the dominant plants in arid desert ecosystems, unlike in semiarid steppe
zones or in grassland ecosystems. On the Alxa Plateau, northern China, sparse vegetation with cover
ranging from 15% to 30% is characterized mainly by multifarious shrubs because herbaceous species
are strongly restricted by the extreme drought climate, wind erosion, overgrazing and sand burial.
Patterns in shrub species richness and species abundance in relation to environmental conditions
were examined by DCA (detrended correspondence analysis) and interpreted by a biplot. The rela-
tionships between species diversity and environmental factors were examined using regression
analyses. Our results show that the distributions of the shrub species in response to environmental
conditions can be grouped into four ecological types, corresponding with the biological traits of the
shrubs and their responses to the gradients of soil texture and soil water content. Patterns in species
richness and species abundance were mainly determined by the deeper soil water content, instead of
the soil texture as hypothesized by numerous studies in semiarid grasslands. With exception of the
deeper soil water content, soil organic matter and total N content were positively correlated with spe-
cies abundance, while pH was negatively correlated with it. These findings imply that it is vital for cur-
rent shrub diversity conservation to reduce agricultural water use in the middle reaches of the Heihe
River, which supplies water for the lower reaches in the western parts of the plateau, and to reduce the
amount of groundwater exploitation and urban and oasis water use, to increase the water supply from
Helan Mountain to the eastern desert of the Alxa Plateau.

biodiversity conservation, shrub species richness, abundance, Alxa Plateau, desert ecosystems

Currently, most ecosystems are experiencing loss of
biodiversity associated with the activities of human ex-
pansion, raising the issue of whether the functions and
processes of ecosystems will be impaired by this loss of
species!?. In particular, for arid desert ecosystems, nu-
merous studies suggest that it is necessary to understand
species richness patterns in relation to the environment
before drawing conclusions about the effects of biodi-

(3.4

versity loss in ecosystem processes I, As desert eco-

systems commonly have a sparse vegetation cover and

are characterized by a distinct patchiness comprised of
shrubs and herbaceous plants, especially annual plants
. . 5 .

growing on a soil mound™, the importance of the corre-
lations between the patterns of shrub species and annual
plants and environmental conditions such as the soil
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type has long been documented® . With respect to
these studies, except on the effects of species richness on
inter-specific and extra-specific competition and interac-
tions"'”, most researchers focused on the relationship

between the distribution of species (woody vs. herba-

[11-15]

ceous plants) and soil properties , as well as the

response of species patterns to environmental gradi-

[8,16] 17-19]

ents™'®! site heterogeneity! , scales™! and dis-

(22231 Most of these studies of species richness

in relation to environmental gradients were mainly sin-

turbances

gle-factor studies, although the distribution of species
richness is commonly governed by more environmental

(824251 previous studies emphasized that het-

gradients
erogeneity created opportunities for species to coexist
and increased species diversity because it increased
habitat diversity and resource variability***"!, leading to
the prevention of competitive exclusion between plant
species®®]. In addition, the responses of species richness
30]

to different disturbances such as grazing®”, fire™”, im-

31 and soil disturbance® have been

proving soil fertility!
largely documented. Although the influences of the
above environmental factors on patterns of plant species
richness in desert ecosystems have been emphasized,
few studies have specifically addressed how such influ-
ences are affected by varying environmental features on
a regional scale, and almost all the above relationships
have been tested in herbaceous communities, so studies
on shrub species richness are rare!******!. Furthermore,
few data are available to explain why shrub diversity is
conserved under the extreme environmental stress of
arid desert ecosystems, even under the strong influence
of human activities such as overgrazing.

Shrubs are the dominant plants in the arid desert re-
gions of China®***!. Their presence has long been theo-
rized to contribute to the ecological restoration of de-
graded desert ecosystems''>. In comparison with herba-
ceous species, shrubs are more tolerant and better
adapted to wind erosion, sand burial, grazing distur-
bance and drought stress, and have lower requirements
for soil nutrients'”. In the arid desert regions of China,
the propagation of herbaceous plants is strongly limited
by overgrazing, sand burial and the drought climate®.
Therefore, we hypothesize that the pattern of shrub spe-
cies richness reflects the result of the long-term integra-
tion of both interactions between climatic and environ-
mental factors and human activities such as overgrazing
and ecological processes in arid desert regions. Hence,

the objectives of this study are to draw out the main
factors governing the coexistence of shrubs and further
analyze how shrub species diversity is maintained in an
extremely arid desert. This study will provide basic
knowledge for biodiversity conservation in arid regions.

1 Materials and methods

1.1 Study area

The Alxa Plateau occupies 0.25 million square kilome-
ters of the Inner Mongolia excluded area of Helan
Mountain, where the Tengger Desert, Badain Jaran De-
sert and Ulan Buh Desert are located. It is one of the
regions with very serious desertification in China”.
Geographically, the Alxa vegetation falls in the Alxa
desert province in the central Asian desert sub-zone
(Gobi desert sub-zone) in the easternmost part of the
Asian desert plant region. In general, the vegetation can
be distinguished as four sub-types”®, namely, typical
desert vegetation, steppified desert vegetation, desert
steppe vegetation and psammophytic vegetation (Figure
1). The corresponding soils, climatic features, distribu-
tion areas and vegetative characteristics are listed in Ta-
ble 1.

1.2 Investigative design and sampling

(1) Vegetation survey. Field investigations were con-
ducted in the autumns of 2005 and 2006. A total of 133
sampling plots were selected to represent the variability
of environmental conditions and plant species composi-
tion in the different vegetation subzones (Figure 1). The
plot size for vegetation investigation was 10 m x 10 m.
For each plot, the species richness (number of species
per plot), abundance (total number of each species per
plot), height, shrub cover and herbaceous cover were
recorded. The shrub canopy cover as a percentage of the
ground surface was determined by the method described
by Lu and Li®*. The sum of the relative density, relative
frequency and relative cover gave the important value
(IV) of each shrub species”*.

(2) Soil sampling. Soil samples were taken from the
topsoil of each plot at a soil depth of 0—10 cm with
three replications. Each sample was air-dried, crushed,
and passed through a 2 mm sieve. The following pa-
rameters were determined: particle size as determined by
the pipette method””’; soil bulk density was determined
by inserting metallic core (0.05 m in depth and diameter)

into the soil®); pH was determined with a soil suspen-
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Table 1

Descriptions of the study sites on the Alxa Plateau

Distribution area of vegeta-

Climatic condition

Vegetation type tion Dominant species Annual mean Annual precipi- Soil type
temperature ('C) tation (mm)
Reaumuria soongolica,
North region of the Helan Pataninia mongolica, Sal- Brown soil, mountain
. . Mountains, the Tengger sola passerina, Ephedra ray-cinnamonic soil
Typical desert vegetation Desert and west of thg gUlan przelv?valskii, Symﬁegma 27 150250 ganz chestnut soil of
Buh Desert regelii and Haloxylon am- coarse texture
modendron
Salsola passerina, Reau-
Alluvial fan between the muria soongolica, Nitraria
Steppified desert vegeta- Helan Mountains and the sphaerocarpa, Zygophyllum Gray desert soil with
: 6—38 100—150 . .
tion Tengger Desert and the xanthoxylum, Caragana surface wind erosion
low-mountain areas tibetica and Oxytropis aci-
phylla
Caragana microphylla, C.
Low-mountain areas of Tao- stenophylla, Ceratoides Gray-brown desert
Desert steppe vegetation — hua Mountain and Longshou  latens, Kalidium cuspidatum, 7—8.2 50—100 soil, blown sand soil
Mountain Nitraria tangutorum and and saline soil
Oxytropis acciphylla
Artemisia desertorum,
Psammophytic vegetation %:::ﬁ ’;?E%ﬁisgﬁhﬁgz‘ifzr H;{;Z;”Z;cfc{z;l):;z{iﬁtn d 83—94 80—180 Wind-eroded soil
Haloxylon ammodendron
sion of soil-water in the ratio of 1:5 by a calibrated pH 2 Results

meter (PHS-4, made in China); soil organic matter (OM)
was measured by the K,Cr,O4 method[38]; total N was
measured by a Kjeltec System 1026 Distilling Unit (Te-
cator AB, Sweden); and total phosphorus and potassium
was measured by the methods described by Knudsen et

al.” and Olsen Sommers*"!

, respectively. To measure
soil water contents, soil samples were collected manu-
ally by a soil core sampler during investigative periods
and dried at 105°C for 24 h®*]. Soil samples were taken
from above different plots with 3 replicates at 15 differ-
ent depths: 0.2, 0.4 m, and therefore at every 0.4 to 3.0
m.

(3) Statistical analysis. The differences in plant spe-
cies richness, abundance and soil parameters among the
different sites/plots were studied by using variance
analysis (one-way ANOVA). A stand-species data matrix
was classified using the [V of species by means of
two-way indicator species analysis using TWINSPA
The shrub species responses to environmental conditions
were examined by DCA, and a biplot of species diver-
sity was described using CCA (canonical correspon-
dence analysis) combining vegetation and soils, per-
formed using CANOCO™!. The relationships between
species diversity and environmental factors were exam-
ined using regression analyses. These procedures were
performed on Windows-based SPSS 10th edition soft-
ware (Chicago, USA).

672

N

2.1 Shrub species diversity and its distribution on
the Alxa Plateau

Our investigation shows that 70 varieties of shrub and
sub-shrub species occur on the Alxa Plateau. Among
them are rare evergreen shrubs such as Ammopiptanthus
mongolicus; ancient relict species, i.e., Potaninia mon-
golica, a national protected species, and Helianthemum
songoricum and Tetraena mongolica, national second-
class protected species; superior forages, i.e., Caragana
stenophylla, C. intermedia, C. microphylla, C. korshin-
skii and C. roborovskyi of the bean family, as well as
Ceratoides latens of the goosefoot family; and valuable
medicinal shrubs, i.e., Prinsepia uniflora, Potentilla
fruticosa and Rosa xanthina of the rose family, and
Berberis caroli of the Berberidaceae. However, most of
the shrubs occur at a frequency of less than 5% in all the
133 plots as their distribution is confined and limited by
sand burial and human activities. Only 33 shrub species
with a frequency of more than 5% (Table 2) were con-
sidered for TWINSPAN classification. Figure 2 indicates
that the distribution of these 33 shrubs on the Alxa Pla-
teau was grouped into four site groups.

Group 1 is represented by the Salsola passerina- Sym-
pegma regelii-Reaumuria soongorica-Caragana Ssteno-
phylla steppified desert shrub community type, with a
higher shrub abundance (Table 3). In this group of shrub
communities, soil properties such as the proportions of
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Table 2 The frequency of main shrub species (>5%), occurring in the total investigative plots (n=133)"

Shrub species Frequency Abbreviation
Alhagi sparsifolia Shap. ex Keller et Shap 5.05 Alhspa
Ammopiptanthus mongolicus Cheng 7.01 Ammmon
Amygdalus mongolica Ricker 5.07 Amymon
Artemisia ordosica Krasch 13.02 Artord
Atraphaxis bracteata ex Keller et Shap 5.22 Atrbra
Calligonum alaschanicum A. Los. 5.66 Calala
Calligonum mongolicum Turcz. 7.26 Calmog
Caraga korshinskii Kom. 10.77 Carkor
Caragana microphylla Lam. 7.01 Carmic
Caragana pygnaea (L) DC. Prodr. 8.27 Carpyg
Caragana stenophylla Pojark. 8.51 Carste
Caragana tibetica Kom. 6.26 Cartib
Ceratoides latens Reveal et Holmgren 11.52 Cerlat
Convolvulus gortschakovii Schrenk 11.52 Congor
Ephedra przewalskii Stapf 7.01 Ephprz
Haloxylon ammodendron Bge. 6.26 Halamm
Hedysarum scoparium Fisch. & Mey. 9.26 Hedsco
Kalidium cuspidatum (Ung.-Sternb.) Grub. 7.01 Kalcus
Kalidium gracile Fenzl 5.12 Kalgra
Nitraria sphaerocarpa Maxim. 10.02 Nitsph
Nitraria sibirica Pall. 5.05 Nitsib
Nitraria tangutorum Bobr. 7.76 Nittan
Oxytropis aciphylla Ledeb. 21.29 Oxyaci
Potaninia mongolica Maxim. 7.01 Potmon
Reaumuria soongolica (Pall.) Maxim. 21.29 Reasoo
Salsola passerina Bge. 10.02 Salpas
Salsola laricifolia Turcz. 6.26 Sallar
Sympegma regelii Bge. 7.01 Symreg
Tamarix chinensis Lour. 7.51 Tamchi
Tetraena mongolica Maxim. 7.01 Tetmon
Zygophyllum xanthoxylum Maxim. 19.79 Zygxan

a) The species with frequency less than 5% were omitted.

n=133
Eigen=0.936
I
| |
n=57 n=76
Eigen=0.902 Eigen=0.928
n=32 n=25 n=49 n=27
Eigen=0.718 Eigen=0.826 Eigen=0.769| | Eigen=0.933
Salpas 5(+) Nitsph 1{-) Nitsph 4(-) Hedsco 1(+)
Symreg 1(+) Carmic 2(+)
Group | Group 2 Group 3 Group 4

Figure 2 Dendrogram of TWINSPAN for shrub communities on the
Alxa Plateau (species abbreviations are shown in Table 2).

silt and clay, total N, soil organic matter and soil water
content were relatively higher than in the soils of the other
three groups. Most of the plots were distributed in the
typical desertified steppe subzone of the southern fringe
and middle parts of the Alxa Plateau (Figure 1).

Group 2 is represented by the Nitraria sphaerocarpa-

Kalidium cuspidatum community type, most of which is
distributed in soil with a strongly alkaline pH value and
a relatively high soil water content. Plots were located in
the southern fringe of the Tengger Desert and the west-
ern part of the Alxa Plateau.

Group 3 is represented by the communities dominated
by Nitraria tangutorum and Calligonum alaschanicum,
with a lower shrub species richness and abundance,
which occurs in the semi-fixed sand dunes of the Teng-
ger, Ulan Buh and Badain Jaran deserts, as well as in the
transitional zone between desert and steppified desert.
The soil was coarse in texture, with a higher pH and
bulk density and a lower total N and OM content.

Group 4 is represented by the psammophytic shrub
communities, characterized by Hedysarum scoparium,
Caragana korshinskii, C. microphylla and Artemisia
ordosica, which are distributed on the semifixed dunes
or sandland with a coarse texture and poor total N and
OM contents, as well as lower soil water content.
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2.2 Responses of the patterns of shrub diversity to
environmental gradients

In Figure 3, the shrub species composition of the plots
was evaluated by DCA. The first two DCA axes account
for a total of 92% of the variance in species data (total n
of species: 33). The first axis mainly represents a gradi-
ent of soil texture, in which the silt and clay content in-
creases gradually from the left to the right of the axis.
Xerophytic shrubs such as Salsola passerina, Haloxylon
ammodendron, Tamarix chinensis and Reaumuria
soongorica show higher scores on the first axis, while
the psammophytic shrubs Artemisia ordosica, Hedysa-
rum scoparium and Calligonum mongolicum have lower
scores. The second axis indicates the increase in the wa-
ter content of the deeper soil layer of the plots. On this
axis the extra-arid desert shrub Salsola laricifolia shows

a low score, while Nitraria sphaerocarpa, Nitraria si-
birica, Caragana pygmaea and Sympegma regelii have
high scores. As indicated in Figure 3, most of these spe-
cies occur in plots with higher soil moisture.

The results of the DCA indicated that most shrubs are
distributed between the scores of 300 and 500 on the
second axis; this means that the soil water content is
significant in determining shrub species richness. In
comparison with soil water, however, the response of
shrub species richness to other environmental factors is
unclear. For species abundance, there is an unclear ten-
dency with the first two axes of the DCA. However, the
biplot of the CCA analysis combining environmental
variables suggested that species abundance in group 1
was correlated with most soil parameters such as OM,
silt and clay, as well as the soil water content at both

Table 3 Shrub species richness and abundance and environmental properties (mean = s.e.) in different groups by TWINSPAN

. Water Water
Shrub Species Species o o o Bulk density Total N OM - -
group  richness  abundance Sand (%) Silt (%) Clay (%) (g-cm™ pH (g-kg?) (g-kg? © 03)4 m, (0'40/)3 .
0 0
1 3.38+1.19 116.84+86.02 47.35+26.56 43.30+23.21 9.30+4.09 1.25+0.17 8.53+0.31 0.07+0.04 0.65+0.37 1.33+0.62 2.46+0.77
2 3.28+1.76  96.84+98.86 74.28+19.98 20.82+16.73 4.65+4.10 1.28+0.17 8.72£0.27 0.04+0.04 0.34+0.38 1.18+0.32 2.08+0.62
3 2.68+1.28 70.62+123.33 80.36+15.64 15.26+14.03 4.34+3.22  1.44+0.20 8.85+£0.23 0.02+0.02 0.29+0.18 0.98+0.66 2.07+0.78
4 2.58+1.64 48.12+48.15 86.50+8.55  9.55+6.35 3.99+3.24 1.42+0.11 8.80+0.27 0.02+0.02 0.23+0.14 0.89+0.43 1.89+0.70
[+ &}
.-\'!!':‘ﬁh
Niih Carpyg
4 Alhspa & Symreg
&
A !rbm‘ 2Congor
aPotmon
g Oxyaci .. Nilttan e
i ) rdlf"!‘;‘ism(fh"()g ‘(% rs.reC armic L ‘Rw.soo JSalpas
ArIoraT Catala A(..m'kora;mb a &Lphpra & Halamm
i Cerlat Zyexan
Amymon “VEX & Tamchi
§ o Kalcus
‘Te.fmtm a  &Kalgra
Ammmon
Jallar
3 + + + + o

Figure 3 DCA ordination diagram of 33 shrub species scores on axes 1 and 2 (only species with a frequency of more than 5% in the sampling plots are

considered).
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shallow and deep depth. The species abundance in group
2 was correlated with sand content and soil pH, while it
was correlated with soil bulk density in group 3. How-
ever, the relationship between species abundance and
environmental variables was unclear for shrubs in group
4; the abundances of some species, such as Artemisia
ordosica and Hedysarum scoparium, were correlated
with sand content, pH and bulk density (Figure 4).

2.3 Relationships between soil properties and pat-
terns of species richness and abundance

The pattern of species richness differs from the abun-
dance in terms of their correlations with soil parameters
on the Alxa Plateau. While shrub species richness was
not significantly correlated with different soil properties
in most cases, it was positively correlated with sand
content and deeper soil water content, and was nega-

tively correlated with OM, all at the 5% level of signifi-
cance (Figure 5). No significant relationship was found
between species richness and the other measured prop-
erties such as clay, silt, bulk density, topsoil water con-
tent, total N and pH. All of the soil properties were sig-
nificantly correlated with species abundance (Figure 6,
P<0.05). A positive correlation was found between spe-
cies abundance and the silt, clay, topsoil water content,
deeper soil water content and OM, while a negative rela-
tionship was found between species abundance and sand
content, bulk density and pH. Figures 5 and 6 also show
that most of these relationships were relatively stronger
for species abundance.

The results of the stepwise regression indicate that
shrub species richness was mainly correlated with
deeper soil water content on the Alxa Plateau (Table 4).
Shrub abundance was mainly related to deeper soil wa-

1.0

N

Sand

Zygxan

Bulk density

-1.0 '

SKalcus bA Congor

Tamchie
Alhspa
Ca
° *  Nithsib

* Ephprz

+

<
Cartiib

_-\-".-'.'s';oh

”. &

Silt

Q
OSa{pas

D

Salpas

=10

CCAl 1.0

Figure 4 Biplot of shrub species abundance and environmental factors on the Alxa Plateau (Pearson correlation coefficients between axes and environ-
mental factors are represented by the length and direction of arrows; the size of different symbols represents the values of species abundance, the circle
symbol represents plots with dominant shrub species in group 1 of TWINSPAN; the star represents plots with dominant species in group 2; the up-triangle
plots of group 3 and the square symbol plots of group 4, abbreviation of shrub species see Table 1).
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Table 4 The equations using the stepwise regression method between species richness and abundance of shrub species and soil parameters

Equation R’ Level of significance
Richness = 1.543 + 0.525 Soil water content .4-3 m 0.750 P <0.0001
Abundance = 0.339 + 0.501 Soil water content (.43 m) 0.640 P <0.0001

+4.842 TN

ter content and total N (R2=0.64, P<0.0001). The mod-
els explained 75% of the variation in species richness
and 64% of the variation in species abundance. This im-
plied that drought stress is the main factor limiting bio-
diversity in the arid desert regions of China.

3 Discussion

It is recognized that species with similar biological traits
have similar responses to changes in habitat condi-
. [44
tions

113

1. Therefore, species can be grouped into “re-
sponse types” in terms of their response to an environ-
mental factor such as availability of resources'””). The
results of the TWINSPAN classification of 133 plots on
the Alxa Plateau showed that the four groups of shrub
species differed in their responses to soil properties. For
most of the xerophytic shrubs, such as Salsola passerina
and Sympegma regelii (group 1), their pattern of species
abundance was determined by the soil water, organic
matter, clay and silt content as well as total N, due to
their distribution on fixed dunes and alluvial fans in the
sub-zone of the steppified desert of the Alxa Plateau.
Species abundance was positively correlated with these
soil properties. In other words, shrub abundance was
determined by multiple factors, and was negatively cor-
related with coarse soil texture. This suggested that the
distribution of shrub diversity in the steppified desert of
the Alxa Plateau could not support the hypothesis that
the dominance of shrubs or grasses is related to soil tex-
ture as in semiarid grassland!"*'"”!. In addition, some
shrub communities, which were governed by an unique
and extreme habitat, such as Nitraria sphaerocarpa,
Kalidium cuspidatum, Haloxylon ammodendron, Ka-
lidium gracile and Nitraria tangutorum distribute com-
monly in alkaline soils with a higher pH. In this case, all
components of the community were required to adapt to
this habitat, which reduced the possibility for other spe-
cies to establish and coexist with these unique species.
Similarly, for psammophytic communities characterized
by shrubs such as Hedysarum scoparium, Caragana
korshinskii, Caragana microphylla, Calligonum mongo-
licum and Artemisia ordosica, species diversity was lim-
ited by wind erosion and the habitat of the semi-moving

dunes. Shrubs have a higher tolerance to sand burial, and
the coarse soil texture favored the growth of shrub and
semishrub species rather than grasses and forbs'™. In this
case, the patterns of the different life-form species sup-
ported the hypothesis of Sala et al.l"¥l. However, for
some shrubs with a relatively large ecological amplitude
in arid desert ecosystems, such as Oxytropis aciphylla, it
was difficult to interpret the effects of soil properties on
species diversity due to their occurrence in different
habitats.

The results of DCA and the biplot successfully de-
scribed the distribution pattern of the main shrub species
on the Alxa Plateau and their response to environmental
variables. In this study, we did not consider the effects of
climatic factors on shrub species diversity because there
were no significant differences in the main climatic fac-
tors such as annual precipitation, annual mean tempera-
ture and evaporation between the steppified desert sub-
zone and the desert subzone for shrub species, whereas
differences may exist for the growth of grass and herba-
ceous species”®. This suggests that the contribution of
conservation of soil habitat, such as reducing sand burial,
maintaining the soil available water content and soil
structure and controlling salinization, is more vital to
species abundance than it is to species richness. This can
be attributed to the fact that a stable soil habitat can
maintain available ecological niches for populations of
each species and reduce the probability of species loss.
In general, soil water was the main limiting factor on the
Alxa Plateau. In fact, for a given quantity of water, the
amount actually available to the plant varies according
to the soil properties. Therefore, the soil characteristics
may be the key factors determining shrub diversity in an
extremely arid desert ecosystem.

Using multi-regression analyses is an effective ap-
proach for examining the relationships between species
diversity and environmental factors*®. Our results indi-
cated that the relationships between shrub species rich-
ness and measured environmental factors were not clear,
except for soil water content at 0.4—3.0 m depth. This
supported numerous hypotheses that soil water is the
predominant factor in desert ecosystems. Water avail-
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ability not only governs productivity but also limits the
distribution and abundance of many species and thus
restricts plant associations!"). The reason for the greater
importance of the deeper soil water content compared
with the shallower soil water content can be partially
explained by the distribution of the root systems of the
shrubs, namely most shrubs had deeper roots within the
0.4—3.0 m soil layer. In this study we failed to find a
significant relationship between shrub species diversity
and soil texture. This means that the deeper soil water
content controls the distribution of shrub species in de-
sert or steppified desert ecosystems, rather than soil tex-
ture as in semiarid grassland.

With regard to shrub species abundance, the deeper
soil water content was a key factor supporting shrubs on
the Alxa Plateau. Additionally, the soil total N was posi-
tively correlated with shrub species abundance (Table 4).
Therefore, maintaining a relatively stable water content
in deeper soils is vital for conservation of shrub diversity.
However, the western parts of the Alxa Plateau are in the
lower reaches of the Heihe River (Figure 1), and agri-
cultural water use in the oasis of the middle reaches re-
sults in a long-term cutting off the water supply for the
western desert of the Alxa Plateau. Dune movement and
sand burial from the Tengger and Badain Jaran deserts
lower the groundwater in the parts of the middle of the
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4 Conclusions

The significance of shrub species diversity in arid desert
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