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Abstract: We examined the impact of plant−plant interactions and sandy desertification disturbance on 

population structure and spatial distribution of the two desert plant species Anabasis aphylla and 

Haloxylon ammodendron in the south margin of Junggar Basin, NW China. To explore species−habitat 

interactions, we compared the population structures of two woody plants and evaluated the growth of A. 

aphylla population in the different soil types. Furthermore, we used the Wiegand−Moloney O-ring 

statistic to study the spatial pattern and association of A. aphylla population and H. ammodendron 

population. We found some differences in the population structure and spatial distribution of A. aphylla 

and H. ammodendron with regard to the sandy desertification condition, which is also connected with 

changes in plant–plant interactions. Although an aggregation of A. aphylla and H. ammodendron 

population was found in each plot, the cause of spatial aggregation and association is different in the three 
sandy desertification areas. In the diluvial plot, the spatial association of A. aphylla and H. ammodendron 

seems to reflect a tense negative woody plant interaction. On the other hand, the random labeling null 

model showed that plant–plant interactions were largely determined by the combined effects of 

interspecific competition and harsh environments in the diluvial–sandy and sandy plots, contrary to the 

competitive effect of the early stage of sandy desertification expansion. 

Keywords: O-ring function, population structure, desert plant, Haloxylon ammodendron, Anabasis 

aphylla 

Introduction  

Stand structure is known to interact with growth, survival, density, and spatial 

patterns to influence competition and demographic changes in a population (Huston and 

DeAngelis, 1987; Weiner and Damgaard, 2006). To a certain extent, stand structure 

determines habitat and species diversity and can be quantified to assess habitat quality 

for conservation purposes (Pommerening, 2002; Skov and Svenning, 2003). Thus, to 

understand plant communities, one needs to study the dynamic aspects of their stand 

structures (Harper, 1977; Mcintire and Fajardo, 2009), and these have rarely been 

documented for desert plants.  

 Spatial patterns of plants also are important characteristics of vegetation, and can 

play a significant role in ecological processes including competitive coexistence and 

transmission of mortality, and can have impacts that scale up to ecosystem–level 

processes (Alekseev and Zherebtsov, 1995; Arévalo and Fernández-Palacio, 2003). 

However, many factors play important roles in determining the spatial patterns of tree 

species distribution in a plant community. In general, biotic and abiotic factors may 

influence the distribution of species, and potentially control their abundance and 

promote coexistence (Zhang et al., 2010). Thus, some ecologists worked intensively to 
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looking for the particular adaptations of each species to abiotic factors or for the 

complexity of species interactions (Hardy and Sonké, 2004), and has also successfully 

demonstrated that each species is restricted to a more or less wide range of habitats 

(Zhang et al., 2010). Furthermore, many species also exhibited ecological habitat 

preferences, although species numbers and associations are different among sites 

(Bazzaz, 1991). In addition, theoretical models also confirmed the coexistence of plant 

species based on habitat heterogeneity (Tilman and Pacala, 1993). Yet the influence of 

habitat heterogeneity on species coexistence is not fully understood. At present, our 

knowledge about species–habitat associations in other forests is insufficient, since most 

of the research is mainly focused on tropical forests (Condit et al., 2000). It would be 

important to extend the research to other forests (Chave, 2004), such as the species-

single and habitat-complex desert vegetation where species–habitat associations and 

habitat preferences of some woody species are less considered. 

The competition among plants affects the species composition and population 

structure of each species in a plant community (Greig-Smith, 1979; Stoll and Bergius, 

2005). In general, the disproportionate sharing of resources causes size inequality 

among plants during the development of a mixed-species community (Weiner, 1985). 

Therefore, both intra- and interspecific competition should be considered to understand 

the dynamics of the component species (He and Duncan, 2000; Nishimura et al., 2002; 

Nishimura et al., 2005). Conversely, the spatial patterns of plants affect competition 

(Duncan, 1991; Hara et al., 1995; Kubota and Hara, 1995). Regular patterns have been 

historically viewed as the result of intense competition for limited resources, such as 

available water or soil resources (King and Woodell, 1973; Phillips and MacMahon, 

1981; Skarpe, 1991). Intraspecific aggregation has been attributed to environmental 

heterogeneity (Schenk et al., 2003; Perry et al., 2009), seed dispersal (Schurr et al., 

2004), and plant interactions (Phillips and MacMahon, 1981; Tirado and Pugnaire, 

2003). In more arid communities, interspecific aggregation of forbs, grasses, and 

juvenile woody plants around larger shrubs and trees is often interpreted as evidence of 

facilitation (Brooker et al., 2008). 

The present study describes stand structures and competitive interaction among 

plants dominated by two dominant desert species Anabasis aphylla and Haloxylon 

ammodendron in the south margin of Junggar Basin, NW China, and discusses the 

probability of coexistence of the two species via spatial partitioning. H. ammodendron 

has many xeromorphic characteristics of adapting to drought, salinity, poor nutrition, 

strong wind, sand movement, and high light intensity (Fahn and Cutler, 1992; Huang et 

al., 2003). As an important component of old Mediterranean flora, it widely spread in 

Junggar Basin, northeast of Tarim Basin and several other desert areas on a range of 

soils (Wu, 1980) and is a typical psammophytic species. However, A. aphylla 

population mainly distributes in diluvial fan, lowland among dunes, Gobi and hillside 

(Wu, 1980), and presents staggered distribution with H. ammodendron population in the 

desert–oasis ecotone (Guo et al., 2009). Now, spatial pattern and association of A. 

aphylla and H. ammodendron have many researches in Junggar basin (Song et al., 2010; 

Chu et al., 2014; Wang et al., 2014; Wang et al., 2015). But, the study on interspecific 

relation between A. aphylla and H. ammodendron have no report in three soil types. 

The aim of this study was to analyze factors that determine the coexistence of the 

two desert woody plant species and infer the processes that form spatial patterns by 

describing the population structure, spatial distribution and plant–plant interactions of 

these species in three soil types in the southern margin of Junggar Basin, NW China. 
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The O-ring statistic was used for point pattern analysis at various scales. One main 

questions is addressed: do the two dominant woody species in three soil habitat show an 

aggregated spatial distribution and plant-plant interaction ? This study could contribute 

to the understanding of species coexistence and diversity maintenance in temperate 

desert vegetation. 

Materials and methods 

Study area  

The study area was located on the edge of diluvial fan spanning an elevation range of 

258–279 m in the southern margin of Junggar Basin in Xinjiang (45°22′43.4″N, 

84°50′32.5″E), from July to September 2010, which is a transitional zone from the 

diluvial fan to desert. Geological substrates of the study site include aeolian deposits 

sandy soil and highly eroded diluvial soil. The mean temperature past 20 years varies 

from 5 to 9°C, minimum winter temperatures vary from –30 to –41°C and maximum 

summer temperatures 30–40°C. Snow melt at the end of winter, together with the 

rainfall, amounts to an annual precipitation of 100–150 mm. In the study area, the 

vegetation cover ranges between 10% and 35%. The woody vegetation is dominated by 

A. aphylla and H. ammodendron. A. aphylla is a semi-shrub (also known as subshrub or 

dwarf shrub) that hardly reaches heights above 85 cm, while H. ammodendron is a 

subtree or large shrub that can reach heights exceeding 4 m in the study area. Other 

woody plant species in the area include Reaumuria soongorica, Nitraria roborowskii 

and Tamarix ramosissima, which is native species. 

Both the disturbance stages and the intensity of sand burial should follow gradients 

along the wind direction. In August 2010, we elected three typical sample plots as the 

representative of a gradient to represent different desertification disturbance stages of 

the shrub communities along the main wind direction. P1 plot (1 ha) was laid out in an 

area with diluvial soil but with a small amount of small gravels and sandy soil is about 

10% (referred to as “diluvial plot”). P1 plot sites at the middle slope position with a 

slope range of 7–15° and encompasses more irregular ground surfaces such as 

depression and runnel. This plot was considered to represent a furthest area from the 

sand source. P2 plot (1 ha) was laid out in an area with ecotone or hierarchical 

distribution between diluvial and sandy soil (referred to as “diluvial–sandy plot”). 

Sandy soil area is about 55–65% and sandy layer is 5–30 cm deep. P3 plot (1 ha) in an 

area with sandy soil and sandy layer is 20–200cm (referred to as “sandy plot”). The 

microtopography of three plots is complicated and heterogeneous. The position of each 

plot was located by design for each of the three soil types and to cover representative 

stands of the two dominant woody plants in the area. The diluvial plot was 3.5 km from 

the diluvial–sandy plot and 4.6 km from the sandy plot and the sandy and diluvial–

sandy plots were 1.1 km apart. 

 

Methods 

Data collection 

Each plot (100×100 m) was divided into 400 contiguous 5×5 m quadrates, as the 

basic unit of vegetation survey, using the DQL-1 forest compass (Harbin Optical 

Instrument Factory, China). All woody plants, including living and dead standing ones, 

were investigated. The species names, relative location of each individual, height, 
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crown width (the greatest diameter of the vertical projection of the crown in two 

directions, i.e., north–south or east–west), microhabitat (e.g., soil surface, depression 

patch) were recorded. 

 

Classification of plant age classes 

Since spatial patterns at each growth stages suggest the past process of regeneration 

(Nanami et al. 2011), we classified A. aphylla plants based on reproductive ability, into 

seedlings (≤ 10 cm height), juveniles (10 < height ≤ 25 cm), and adults (> 25 cm height) 

while The population of H.ammodendro was divided into tree stages, i.e., seedlings (≤ 

50 cm height), juveniles (50 < height ≤ 100 cm), adults (> 100 cm height). 

 

Point pattern analysis 

Wiegand and Moloney (2004) developed a multiscale method called the O-ring 

statistic that is based on the L-function (Ripley, 1977). The O-ring statistic isolates 

specific distance classes by replacing the circles of Ripley’s K-function with rings, and 

by using the mean number of neighbors in a ring of radius r and ring width around an 

individual (Wiegand and Moloney, 2004). Consequently, the O-ring statistic has the 

additional advantage that it is a probability density function with the interpretation of a 

neighbourhood density, which is more intuitive than an accumulative measure (Stoyan 

and Pettinen, 2000). For O-ring statistic, the univariate statistic is used to analyze the 

spatial pattern of one object, while the bivariate statistic is used to analyze the spatial 

association of two objects (pattern 1 and pattern 2) (Wiegand and Moloney, 2004). 

In this study, the univariate O-ring statistic was used to analyze the spatial patterns of 

different growth stages plants, and the bivariate O-ring statistic was used to analyze 

spatial associations among different growth stages in the three plots. For the univariate 

analyses we used the null model of complete spatial randomness (CSR) as a null 

hypothesis (Wiegand and Moloney, 2004; Getzin et al., 2008), because the spatial 

distributions of plants in the tree plots seem to be affected significantly by habitat 

heterogeneity (e.g., soil patch and micro topography). To test spatial independence of 

two size classes between the two species, we examined the spatial distribution of the 

tree size classes of two wood plants in relation to H. ammodendron and A. aphylla 

population with the independent null model (Wiegand and Moloney, 2004). For 

univariate analysis, if O(r) above the upper confidence limit indicates aggregation, 

while O(r) below the lower confidence limit indicates regularity. For bivariate analysis, 

if at a given distance r, O12(r) is above the upper (or below the lower) limit of the 

confidence envelope, it indicates that growth stage 2 is positively (or negatively) 

associated with growth stage 1 at the distance r. O12(r) is within the confidence 

intervals, which indicates that there is no interaction between growth stage 1 and 2. 

Degree of sandy desertification in three sample plots leaded to plenty of dead 

standing plants and affectted population pattern. So, contrary to the two spatial 

approaches, we investigated the spatial relation between the distributions of dead 

standing plants and adult, the random labeling null model was used to detect possible 

differences in the spatial distribution of dead standing plants compared to the 

distribution of adult plants regardless of the underlying first-order process (Wiegand 

and Moloney, 2004). Random labelling has not been frequently used in forestry 

research, but it has been implicitly used to assess “random mortality”, considering 

labels as the live and dead standing plants categories (Kenkel, 1988). We used the case–
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control design with living plants of A. aphylla or H. ammodendron as pattern 1 (control 

pattern) and A. aphylla dead standing plants as pattern 2 (cases) (Getzin et al., 2008; 

Wiegand and Moloney, 2004). Thus, a difference of g12(r) and g11(r) provides insights 

into the spatial distribution of A. aphylla dead standing plants around living plants of A. 

aphylla or H. ammodendron in relation to the spatial distribution of living plants to each 

other (Getzin et al., 2008; Schleicher et al., 2011). The second comparison, g12(r) – 

g11(r), can be used to evaluate the spatial distribution of dead standing plants. For 

example, a positive deviation would mean that dead standing plants exhibited an 

aggregated spatial distribution in comparison to adult plants (Getzin et al., 2006; Getzin 

et al., 2008; Schleicher et al., 2011). To perform the random labeling analysis, the 

spatial position of all plants in the plot remained fixed, but the labels of the points 

(living plants or dead standing plants) were randomly assigned to the overall pattern 

(Bailey and Gatrell, 1995). 

In addition, all data were tested for normality using a Shapiro–Wilks test. If the 

Kolmogorov–Smirnov test showed differences between the size-frequency distributions 

(p < 0.05), we used the Student’s t-test (normally distributed values) or the Mann–

Whitney U-test (if values were not normally distributed) to examine the difference in 

the mean tree-crown diameter of three tree height (20cm, 40cm and 70cm) of A. aphylla 

population in the diluvial and diluvial–sandy plots and/or pattern aggregation intensity 

of each woody plant between plots. 

Results 

Population structures of A. aphylla and H. ammodendron 

The diluvial and sandy plots were mostly occupied by A. aphylla and H. 

ammodendron, while the two species were co-dominant in the diluvial–sandy plot (Table 

1, Fig. 1). In addition, the remaining 4 woody species accounted for less than 6%. 

In the sandy plot, H. ammodendron showed the highest density, the tallest mean 

height, and the largest mean tree-crown (Table 1, Fig. 1). In the three plots, the density 

of dead standing population of A. aphylla were 431, 1372 and 809 respectively, while 

those of of H. ammodendron were fewer (Table 1). In addition, the H20 and H40 height 

A. aphylla grew bigger (mean tree-crown diameter) in the diluvial plot than the 

diluvial–sandy plot (Fig. 2; Manne–Whitney: p < 0.05). 

 
Table 1. Basic feature of two woody plants in the three study plots 

Plots Species 
Mean height 

(cm) 

Mean tree-

crown  

(cm) 

Living plants 

density 

(individual / 

ha) 

Dead 

standing 

plants density 

(individual / 

ha) 

Coverage 

(%) 

P1 
A. aphylla 49.56±23.65 d 61.93±23.12 d 6163±247 a 431±36 c 18.55±3.45b 

H. mmodendron 59.89±55.32 c 67.83±54.58 c 237±50 e 12±5 f 0.86±0.28 d 

P2 
A. aphylla 47.68±17.15 e 55.25±22.89 e 4372±359 b 1372±315 a 10.48±4.16 c 

H. mmodendron 88.21±86.68 b 107.54±68.06b 1262±104 d 106±17 d 11.46±5.62 c 

P3 
A. aphylla 50.82±13.12 d 61.15±15.10 de    74±17 f 809±112 b 0.22±0.09 e 

H. mmodendron 159.41±65.10a 115.68±60.49 a 2961±215 c 25±9 e 31.10±5.14 a 

a–f Means within a column at each treatment with the same letter are not significantly different (P>0.05). 
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Figure 1. Height class distribution of A. aphylla (a–c) and H. ammodendron (d–f) in the three 
study plots 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Mean tree-crown diameter of three tree height A. aphylla in the diluvial and diluvial–
sandy plot. Horizontal lines are the medians and the boxes spanning the first and third quartile, 

whiskers show the non-outlier range, whereas points are outliers. H20, H40 and H70 are 20cm, 

40cm and 70 cm height of A. aphylla, respectively. 
 

 

Spatial pattern 

Analysis of the spatial pattern of A. aphylla population showed that plants in the 

diluvial and diluvial–sandy plots were significantly aggregated at all distances between 

0 and 53 m, while plants in the sandy plot was weakly aggregated at 1–34 m and 42–44 
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m, and randomly distributed at 0–1 m (Fig. 3a, b, c). A. aphylla population in the 

diluvial and diluvial–sandy plots tended to similar spatial distribution, but the difference 

between the aggregated intensity of two populations was striking (Fig. 3a, b; Manne–

Whitney: p < 0.05) while the difference of aggregated intensity between these two and 

the sandy plot was significant (Fig. 3a, b, c; Manne–Whitney: p < 0.05). 

Figure 3. Spatial aggregation of A. aphylla population (a–c) and H. ammodendron population 

(d–f) in the three study plots analyzed by the univariate O-ring statistics with the null model of 

complete spatial randomness (CSR) 

 
 

Analysis of the spatial pattern of H. ammodendron population indicated that plants in 

the diluvial, diluvial–sandy and sandy plots were significantly aggregated at 0–14 m, 0–

12 m and 0–12 m respectively at small scale level (Fig. 3d, e, f). H. ammodendron 

population in the three plots tended to similar spatial distribution, and the difference of 

aggregated intensity between the diluvial–sandy and sandy plots was not significant 

(Fig. 3e, f; Kolmogorov–Smirnov: p > 0.05) while the difference of aggregated intensity 

between these two and the diluvial plot was significant (Fig. 3d, e, f; Kolmogorov–

Smirnov: p < 0.05). 

 

Plant–plant interactions 
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adults of A. aphylla and H. ammodendron were spatially negative association at 1–54 m 

(Fig. 5f). In the sandy plot, seedlings of A. aphylla were spatially independent 

association at all scales, and juveniles and adults of A. aphylla were all positive 

association with H. ammodendron at small scales (Fig. 5g, h, i). 

 

 
 

  

 

 

 

 

 

 

 

 
Figure 4. Spatial association between A. aphylla population and H. ammodendron population 

in the three study plots with the null model of independence. 

 

Figure 5. Spatial association between different stages of A. aphylla population and H. 

ammodendron population in the two study plots with the null model of independence. Seedlings 

of A. aphylla–H. ammodendron (a, d, g); Juveniles of A. aphylla–H. ammodendron (b, e, h); 

Adults of A. aphylla–H. ammodendron (c, f, i). 
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Figure 6. Spatial association between different stages of H. ammodendron population and A. 

aphylla population in the three study plots with the null model of independence. Seedlings of H. 
ammodendron–A. aphylla (a, d, g); Juveniles of H. ammodendron–A. aphylla (b, e, h); Adults of 

H. ammodendron–A. aphylla (c, f, i). 

 

Figure 7. Spatial association between dead standing population of A. aphylla and living 

population in the three study plots with the null model of random labeling. A. aphylla–Dead 
standing population of A. aphylla (a, b, c); H.ammodendro–Dead standing population of A. 

aphylla (d, e, f). 
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In the diluvial plot, seedlings of H. ammodendron had significantly negative 

association at 0–56 m with A. aphylla (Fig. 6a). Juveniles and adults of H. 

ammodendron had respectively positive association at 4–14 m and 5–23 m with A. 

aphylla (Fig. 6b, c). In the diluvial–sandy plot, seedlings of H. ammodendron and A. 

aphylla were spatially negative association at 0–53 m (Fig. 6d). Juveniles and adults of 

H. ammodendron had respectively positive association at 0–27 m and 0–39 m with A. 

aphylla (Fig. 6e, f). In the sandy plot, seedlings of H. ammodendron tended to be no 

association with A. aphylla within a small scale(Fig. 6g). Juveniles and adults of H. 

ammodendron had respectively positive association at 0–39 m and 0–54 m with A. 

aphylla (Fig. 6h, i). 

For dead standing plants of A. aphylla in the diluvial plot, the test statistic g12(r) – 

g11(r) differed respectively and significantly from the random labeling null model at 0–9 

m and 0–16 m, indicating an additional aggregation of dead standing plants of A. 

aphyllla independent of A. aphylla and H. ammodendron pattern (Fig. 7a, d). In the 

diluvial–sandy plot, the test statistic g12(r) – g11(r) revealed strong departures from 

random labeling pointing to an aggregation mechanism of dead standing plants of A. 

aphylla independent of A. aphylla and H. ammodendron pattern at 0–1 m and 0–45 m 

respectively (Fig. 7b, e). In the sandy plot, there was a very strong aggregation among 

dead standing plants independent from dead standing plants of A. aphylla and H. 

ammodendron living plants relation at 0–7 m and 54–92 m, while dead standing plants 

of A. aphylla and A. aphylla living plants were no association spatially (Fig. 7c, f). 

Discussion 

Spatial pattern 

Aggregation is a very general phenomenon in plants, it can often be explained simply 

in terms of regeneration near to seed sources, or perhaps in safe sites associated with 

older, larger individuals of one's own or another species (Zhang et al., 2010; Schleicher 

et al., 2011). We suggest that the small scale aggregation in the A. aphylla and H. 

ammodendron populations were an effect of limited seed dispersal because of winged 

perianth being separated arfter a short retention, and the safe-site effect probably plays 

an important role. At medium scales, H. ammodendron population was deviated from 

aggregated distribution. Moreover, the similar spatial distribution of H. ammodendron  

was exhibited in the four habitats by Song et al. (2010). H. ammodendron owns 

enormous root system and capacity of the drought resistance, which probably lead to the 

no aggregated spatial distribution of H. ammodendron population at medium scales. 

What is more, H. ammodendron has a longer lifespan, which allows them to outlive A. 

aphylla, so that the spatial pattern of H. ammodendron population is more stable (Song 

et al., 2010). However, A. aphylla population was still aggregated in the diluvial and 

diluvial–sandy plots at medium scales. It's worth mentioning that Phillips and 

MacMahon (1981) found a trend which small shrubs tended to be aggregated, medium-

sized shrubs randomly distributed, and large shrubs regularly distributed in spatial 

patterns of desert shrubs. For A. aphylla, non–overlapping individuals are constrained to 

occur in regular-looking distributions, but this appearance of regularity may conceal 

significant aggregation (Prentice and Werger, 1985). We inferred that the effect of 

intraspecific competition of A. aphylla was expressed as the underground part 

interactions and the dwarf performance tolerating drought stress. Furthermore, A. 

aphylla continued to maintain aggregated state of population and promoted cycle 
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succession due to the group effect. In addition, we suggested that the inherent spatial 

distribution of A. aphylla in the sandy plot did not exist and the aggregated intensity in 

the diluvial–sandy plot was greatly reduced due to the change of harsh desert 

environment and interspecific competition.  

 

Spatial association 

As an important natural selection pressure of plant distribution in desert areas, 

desertification plays an important role on the community succession (Maun, 1998; Peng 

et al., 2012; Salvati et al., 2008). Some studies showed that sand burial can enhance the 

seed germination and seedling emergence of the sand-burial tolerant shrubs (Zhang et 

al., 2010; Wang et al., 2013). During the process of wind and sandy disturbance in 

Junggar Basin shrub communities, strongly sand-burial tolerant shrub H. ammodendron 

plays a expand role after sand invasion while the occurrence of weekly sand-burial 

tolerant shrub A. aphylla was gradually reduced. Therefore, H. ammodendron and A. 

aphylla exhibited a significant negative association at small scales at the early stage of 

desertification expansion (diluvial plot), and tended to negative association at the 

intermediate stage of desertification expansion (diluvial–sandy plot). However, H. 

ammodendron and A. aphylla had a significant positive association at small scales at the 

later stage of desertification expansion (sandy plot). We suggested that weakly sand-

burial tolerant specie A. aphylla tended to become extinct, and the number of H. 

ammodendron increased at the later stage of desertification. The competition association 

between the two woody species was weaker at small scales because A. aphylla was 

sparsely distributed in the sandy plot. Furthermore, we found that small size plants of A. 

aphylla in the diluvial–sandy plot were smaller than those in the diluvial plot while H. 

ammodendron plant number in the diluvial–sandy and sandy plots were bigger than 

those the diluvial plot. This suggested that sand layer thickness seems to play an 

important role in the growth of two woody plants, and a negative effect of H. 

ammodendron population in the diluvial–sandy and sandy plots cannot be excluded for 

A. aphylla population. 

In semi-arid and arid area, water is often the most limiting resource (Sheng et al., 

2004). Small scale variation in vegetation, soil surface cover, and soil texture, alters the 

amount of water available to plants (Whitford, 2003; Zou et al., 2010). In sandy soil, 

there should be more moisture content for desert plant than in finer-textured clay soils 

due to the high infiltration rate, deep percolation, and less evaporation of capillary water 

in coarse soil (McAuligge, 1994; Zou et al., 2010). For a corresponding life form, H. 

ammodendron developed more feeder roots in sandy compared to heavy textured soil, 

showing that plants at coarse soil have a greater need to develop more roots (Zou et al., 

2010). Sheng et al. (2004) found root lengths up to 13.5 m of H. ammodendron in the 

sandy soils and we also observed root lengths of H. ammodendron greater than 8 m in 

the sandy soils. As a large size plant in Junggar Basin, H. ammodendron may deplete 

the water and nutrient resources of the soil beyond their tree-crown areas because of a 

large root system in the sandy soil area. However, with a large number of small size 

plants growth, we expect that H. ammodendron will have a larger root system extent in 

the diluvial–sandy soil area. A belowground negative effect of H. ammodendron on A. 

aphylla population may occur in the desertification area. In addition, Cao et al. (2005) 

reported that the niche breadths of most original species decreased and those of 

psammophytic species increased accordingly in the process of desertification. 

Therefore, this difference in density of the desert species can be caused by (1) niche 

app:ds:intermediate
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differences, H. ammodendron preferred sandy soil and A. aphylla preferred diluvial soil 

and (2) a competitive effect, in which H. ammodendron may be a stronger competitor 

on the desertification soil than A. aphylla. 

In addition, plants pass through different physiological stages as their development 

progresses and competition occurs not only within species, but also within and between 

stages of different species (Mangla et al., 2011). Seedlings stage may be particularly 

sensitive to environment and neighboring individual, and much more sensitive to 

competition than adult plants (Foster, 1999; Suding and Goldberg, 1999). In our study, 

H. ammodendron population (superior competitor) was similar to the conclusions while 

seedlings of A. aphylla and H. ammodendron population changed from negative 

association to no or even positive association in desertification process. Competition 

during early stages of growth can critically influence individual plant growth and 

determine future development patterns (Foster and Gross, 1998; Suding and Goldberg, 

1999). Small differences in initial size and growth rates between individuals and species 

could potentially determine long-term developmental patterns (Mangla et al., 2011). In 

the field, annual growth of A. aphylla was about 4 cm far less than H. Ammodendron 

(Wang and Chu, 2014). We suggested that capability of fast growth by H. 

ammodendron, especially during the early growth phase, allows them to capture more 

resources (e.g., water) than slow growing A. aphylla. This provides H. ammodendron a 

competitive advantage in later stages of growth compared to A. aphylla. Thus, seedlings 

of H. ammodendron have potential competitive power in desertification process. 

 

Shift of plant–plant interactions among the sandy desertification stages 

Intraspecific and interspecific interactions determine the structure and dynamics of 

ecological communities and their responses to environmental change (Mangla et al., 

2011). Nanami et al. (2011) also suggested the shift between interspecific and 

intraspecific competition corresponded to the change in the spatial association between 

the two species. In the diluvial plot, H. ammodendron was repulsive with the life-

history stage of A. Aphylla at relative small or medium scale. Furthermore, the random 

labeling null model showed that the aggregation of dead standing plants of A. aphylla 

was strong around A. aphylla and H. ammodendron plants, indicating intense 

intraspecific and interspecific competition in the diluvial plot. Classical competition 

theory predicts intraspecific competition should be greater than interspecific 

competition because individuals of the same species share similar resource requirements 

(Fowler, 1986, Goldberg and Barton, 1992). The theory may exist in the early sandy 

desertification stages for A. aphylla. But, the aggregation scales of dead standing plants 

of A. aphylla was small or even zero around A. aphylla while was above 7 m around H. 

ammodendron at the intermediate and later stage of desertification expansion. 

Interestingly, seedlings and Juveniles of A. aphylla were non-negative association or 

even positive association with H. ammodendron plants in the diluvial–sandy plot, and 

all tree age stages of diluvial–sandy plot tended to be non-negative association with H. 

ammodendron plants in the sandy plot. H. ammodendron also may create spatial refuges 

for some or all growth stages of A. aphylla with environmental change. We suggested 

that the dead standing plants of A. aphylla mainly caused by interspecific and 

intraspecific competition in the diluvial plot, and were largely determined by the 

combined effects of interspecific competition and harsh environments in the diluvial–

sandy and sandy plots. Thus, the interspecific competition changes depending on the 
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shift of spatial environment (desertification) between the two species, suggesting that 

the intraspecific and interspecific competition and spatial patterns are interdependent. 

Conclusion 

In sum, in our study area, we found clear differences in the population density and 

spatial distribution of A. aphylla and H. ammodendron with regard to the desertification 

condition, which is also connected with changes in plant–plant interactions. Although 

an aggregation of A. aphylla and H. ammodendron population was found in each plot, 

the cause of spatial aggregation and association is different in the three sandy 

desertification areas. In the diluvial plot, the spatial association of A. aphylla and H. 

ammodendron seems to reflect a tense negative woody plant interaction. On the other 

hand, the random labeling null model showed that plant–plant interactions were largely 

determined by the combined effects of interspecific competition and harsh 

environments in the diluvial–sandy and sandy plots, contrary to the competitive effect 

of the early stage of desertification expansion. In addition, Seedlings stage may be 

particularly sensitive to environment and competition in our study sites, and we also 

revealed the competitive advantage of H. ammodendron seedlings and therefore its 

potential for encroachment with the desertification environment. It is clear that 

competition between H. ammodendron and A. aphylla influence structure, pattern, and 

dynamics of plant distributions, but the relative role of competition may vary 

dramatically among different desertification disturbance. 
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