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Abstract
Question: In the same landscape context – at a desert grass-
land-shrubland transition zone, how does subdominant plant
abundance vary in microsites around dominant grasses and
shrubs?
Location: Sevilleta LTER, New Mexico, USA (34°21' N;
106°53' W; 1650 m a.s.l.).
Methods: We compared the distribution of subdominant plants
in canopy, canopy edge and interspace microsites around
individual shrubs (Larrea tridentata) and grasses (Bouteloua
eriopoda) at a transition zone that has been encroached by
shrubs within the past 50 - 100 a. Plots of variable size accord-
ing to microsite type and dominant plant size were sampled.
Results: Subdominant abundance was higher in microsites
around L. tridentata shrubs than in microsites around B.
eriopoda. Furthermore, differences in species abundance and
composition were higher among microsites around grasses
than among microsites around shrubs. The distribution of
subdominants was mostly explained by their phenological
characteristics, which indicates the importance of temporal
variation in resources to their persistence.
Conclusions: This study of coexistence patterns around domi-
nants revealed ecological contrasts between two dominant life
forms, but other factors (such as disturbances) have to be taken
into consideration to evaluate landscape-scale diversity.

Keywords: Annual; Bouteloua eriopoda; Dominant plant;
Ecotone; Functional group; Larrea tridentata; Scale; Shrub
invasion; Spatial heterogeneity.

Nomenclature: Anon. (1999).

Introduction

Many processes determining vegetation pattern oc-
cur at the plant scale (Silvertown & Wilson 1994). Often
subdominant distribution patterns are affected by the
presence of dominant plants, around which microsites
with different ecological conditions can be found (e.g.
Grime 1998). In arid environments, several studies have
related small-scale species coexistence patterns to
microsites around dominant plants (e.g. Shmida &
Whittaker 1981; Lightfoot 1991; Tielbörger & Kadmon
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1997; Pugnaire & Luque 2001). Generally, a marked
difference in subdominant species distribution is ob-
served between microsites because of differences in
resource availability and the competitive environment
(Shmida & Whittaker 1981; Guo 1998). These differ-
ences are partially due to positive and negative effects of
dominant plants on subdominants (Aguiar & Sala 1994;
Tielbörger & Kadmon 2000). Dominant plants with
contrasting ecological characteristics, such as grasses
and shrubs, may, therefore, influence subdominant
species distribution differently (Belsky 1994; Köchy &
Wilson 2000). Our objective was to examine the distri-
bution of subdominant species in microsites around
dominant grasses and shrubs.

A unique opportunity to study microsites around
dominant grasses and shrubs in the same landscape
context is offered by transition zones between desert
grasslands and shrublands in the northern Chihuahuan
desert. At these ecotones the dominant grass, Bouteloua
eriopoda coexists with shrubs, e.g. Larrea tridentata,
which have expanded their range within the past 50-100 a
(Burgess 1995; Van Auken 2000). Comparing micro-
sites associated with coexisting shrubs and grasses is
important, since landscape characteristics, such as the
disturbance regime or soil conditions, may influence
small-scale coexistence patterns.

Although the distribution of nutrients and water
around individual shrubs and grasses has been com-
pared in the northern Chihuahuan desert (Schlesinger et
al. 1996; Kieft et al. 1998), it is unclear how different
microsites influence subdominant abundance. For grasses
(B. eriopoda), only community composition has been
investigated and little is know about fine-scale coexist-
ence patterns (Huenneke 1996; Kröel-Dulay 1998; Kröel-
Dulay et al. 2004). From earlier studies of the influence
of shrubs (L. tridentata) on subdominant abundance it is
unclear if shrubs have negative or positive effects (nurse
plant effect) on subdominant species abundance (Shmida
& Whittaker 1981; Guo & Berry 1998; Tielbörger &
Kadmon 2000; Whitford et al. 2001). Even though the
direct comparison of subdominant abundance around
dominants promises to increase our understanding of
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changes occurring during shrub encroachment, it poses
methodological challenges because of the differences in
plant sizes.

We expect subdominant species distribution to vary
between microsites around B. eriopoda and L. tridentata
because of differences in their morphology, longevity
and phenology. B. eriopoda is a C4 perennial grass with
a medium life span (ca. 40 a), that has most growth
during the summer (Kemp 1983). In contrast, L.
tridentata, a long-lived (ca. 400 a), evergreen C3 shrub,
typically grows when water is available (Miller &
Huenneke 2000). The influence of these ecological char-
acteristics may have different effects on subdominants
according to their ecological characteristics. Therefore,
we expect different groups of subdominant species with
similar morphological, longevity and phenological char-
acteristics to occur in the same microsite(s).

The objective of this study was to study the distribu-
tion of subdominant plants in the neighbourhood of
individuals of two dominant life forms at a desert grass-
land-shrubland transition zone. We tested three hypoth-
eses: 1. The abundance of subdominant plants in
microsites around Larrea tridentata is different from
that around Bouteloua eriopoda. 2. Around individual
plants, subdominant abundance and composition varies
among microsites. 3. Subdominant species belonging to
the same functional group occur in the same microsite(s).

Methods

Study site

This study was conducted at the Sevilleta Long-
Term Ecological Research (LTER) site (http://sevilleta.
unm.edu) in central New Mexico (34°21' N; 106°53' W;
1650 m a.s.l.). Mean temperature (1916-1995) at a nearby
weather station in Socorro, NM (1398 m a.s.l.), ranges
from 2.6 °C in January to 24.6 °C in July; mean annual
precipitation is 232 (± 79 SD) mm (Hochstrasser et al.
2002). Domestic livestock has been excluded from the
site since 1973.

We selected a transition from B. eriopoda grassland
to L. tridentata shrubland that was free of old roads or
fence lines. This transition zone contains kangaroo rat
burrows typical of areas where shrubs have recently
expanded into grasslands (Krogh et al. 2002). A 100 m ×
500 m long transect subdivided into 10 m × 10 m quadrats
was located perpendicular to the transition zone. Based
on previous studies, we expected that the level of kanga-
roo rat activity and shrub cover in these quadrats would
influence small-scale coexistence patterns (Fields et al.
1999; Guo 1998). To give equal emphasis to all quadrat
types independent of their abundance in this particular

transition zone, we classified all 500 quadrats into four
classes based on the importance of kangaroo rat activity
(< 35% or ≥ 35% of quadrats affected) and shrub domi-
nance (L. tridentata dominant in < 15% or ≥ 15% of
quadrats). A total of 45 quadrats were selected in a
stratified random manner for vegetation sampling, such
that quadrats with high and low kangaroo rat activity
and shrub dominance were represented in similar num-
bers (Hochstrasser 2001).

Soil texture of microsites

We characterized the surface soil texture (0-7 cm) as
an indicator of abiotic conditions. Surface soil texture
affects the infiltration capacity of the soil, seed germina-
tion and seedling establishment (Lauenroth et al. 1994).
Soil samples (5 cm diameter) were collected from four
microsites (shrub canopy, shrub canopy edge, grass
canopy and in a bare interspace) in 34 of the 45 quadrats
selected for sampling vegetation. Because of the small
area of the canopy edge of grasses, we did not sample
soil texture in this microsite. Each sample was a com-
posite of three subsamples collected from random loca-
tions within each microsite in each quadrat. Samples
were analysed for texture using a hydrometer method
modified for soils with high sand content.

Subdominant abundance

In the 45 quadrats, microsites around a total of 167
B. eriopoda and 115 L. tridentata individuals were
sampled (three randomly selected shrubs and five grasses
in each quadrat with a sufficient number of individuals,
otherwise as many individuals as available). Groups of
shrubs that had overlapping canopies were considered
equivalent to an individual. Sampling was conducted in
September 1997 at the peak of herbaceous growth.

Around each individual, we distinguished three types
of microsites: (1) the canopy – influenced by the above-
ground structure of the plant; (2) the interspace – the
space between above-ground structures of neighbouring
plants of the same species and (3) the canopy edge – a
transitional zone between the canopy and the interspace
(Fig. 1). The emphasis was placed on delimiting microsite
types with different ecological conditions, such that the
shape of our sample plots was adapted to the shape of
microsites. We sampled the total area of microsites to
maximize the area sampled within each microsite. This
method was easily adapted to individual plants of differ-
ent sizes and assured that the scale of sampling corre-
sponded to the scale of plants.

Canopy and canopy edge microsites were defined
relative to the edge of a plant canopy (Fig. 1). For
shrubs, the canopy microsite included only the area
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above which the canopy was multi-layered and shaded
the ground for most of the day. We sampled this microsite
with a circular plot with a radius of ca. 75% of the radius
of the canopy. The shrub canopy edge plot consisted of
a ring around the shrub canopy plot. The width of this
ring corresponded to twice the remaining distance be-
tween the canopy edge and canopy plot, and therefore
covered the remaining area under the canopy as well as
an area outside the canopy, where the influence of the
canopy was still present. For grasses, the perimeter of
the canopy microsite corresponded to the perimeter of
crowns. We sampled the area delimited by this perim-
eter and approximated the area of this sample plot with
an elliptical shape obtained by measuring the longest
diameter of the grass basal cover and the diameter
perpendicular to it. For the grass canopy edge, we used
a 3 cm wide band around the perimeter of the crowns as
the standard delimitation of a plot, because of the pres-
ence of grass stems in this area. Therefore, in both
shrubs and grasses, the influence of the canopy was
expected to be strong in canopy plots and weak in
canopy edge plots.

The interspace for both life forms was defined as the
area between plants of the same species. Because this
microsite could be extensive (several meters), we sam-
pled this microsite with three circles placed immedi-
ately adjacent to the canopy edge (Fig. 1). For shrubs, we
used three circles with the same radius as the canopy plot.
For grasses, the radius of these sample plots was equal to
the shorter of the two radii of the canopy ellipse, except in
cases where the interspace between grasses was too small;
in these cases, we used a plot with the longest radius
possible (Fig. 1). Because of size differences between L.
tridentata and B. eriopoda, it was possible for B. eriopoda
to occur in microsites around L. tridentata, whereas only
seedlings and small plants of L. tridentata occurred in
microsites around B. eriopoda plants.

In each microsite sample plot, we identified all indi-
vidual plants by species and counted their abundance
(number of plants/microsite). Canopy cover (percent of
the sample plot area) was estimated for clonal grasses
that could not easily be separated into individual ramets.
We converted this cover estimate to a number of grass
subunits to allow comparison with the abundance of
other subdominant species. For the purpose of deriving
the conversion factor, we counted the number of subunits
and estimated % cover for a subset of grass plants
sampled. These observations indicated that grass subunits
increase in size as grass cover increases. An empirical
function was fitted to these field observations:

S = 0.59 * C0.21 (1)

where S = size of the subunit and C = cover of the clonal
species in the microsite (between 1 and 100). Once the

size of the subunit was determined, we converted the
cover estimate into a number of subunits by dividing the
area occupied by S.

Analyses

Even though shrub density generally increased across
the transition zone, the subdominant abundance data
from microsites exhibited stationarity (Hochstrasser
2001). The distribution of subdominant plants (exclud-
ing seedlings) in microsites was analysed using an ap-
proach for different sizes of microsites (Aguiar & Sala
1997; Kröel-Dulay et al. 2000). We calculated the pro-
portion of plants in each type of microsite (PPLANTi)
and the proportion of area sampled in this type of
microsite (PAREAi):

PPLANTi = INDi / IND (2)
PAREAi = Ai / A (3)

where INDi is the number of individuals found in a
given type of microsite, IND is the total number of
individuals found in all microsites compared, Ai is the
area of a given type of microsite and A is the combined
area of all microsites compared. We then performed a
Wilcoxon signed rank test to determine if the proportion
of plants (PPLANTi) found in the microsite of interest
was higher, equal to or lower than expected based on the
proportion of area (PAREAi) sampled in this microsite
(α = 0.05) (Univariate Procedure; Anon. 1988). We
selected this method rather than perform a simple calcu-
lation of the density of plants because it does not require
extrapolation to a standard area. This analysis was per-
formed at two levels of comparison: first, we compared
all six microsites in a quadrat and second, we contrasted
the three microsites around individual plants.

Hypothesis 1. We used the grouping of microsites within
10 m × 10 m quadrats to compare the abundance of
subdominant plants between all microsites represented
in a quadrat (grass canopy, grass edge, grass interspace,

Fig. 1. Sampling plots around Larrea tridentata and Bouteloua
eriopoda individuals, viewed from above.
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shrub canopy, shrub edge and shrub interspace). INDi
and Ai in equations (2) and (3) were calculated as the
sum over all sample plots from a given type of microsite
in a quadrat. Correspondingly, IND and A corresponded
to the sums of all sample plots from all microsites in a
quadrat (n = 45).

Hypothesis 2. Comparison of microsites around indi-
vidual plants (canopy, canopy edge and interspace) was
used to determine if differences in subdominant species
abundance are greater among microsites around shrubs
than around grasses. This analysis differed from the
previous one in that numbers from microsites around
each plant sum to 100%, whereas at the quadrat level,
numbers from all six microsites sum to 100%. Numbers
from the same type of microsite were aggregated at the
plant level: The three interspace plots sampled around
each individual were combined to give ‘interspace’ and
small groups of shrubs were considered equivalent to a
single shrub. For these groups of shrubs, ‘canopy’ and
‘canopy edge’ samples were a composite of samples
from three individuals in each group (n = 115 for shrubs,
n = 167 for grasses).

Hypothesis 3. A similar analysis was used to contrast the
distribution of functional groups in microsites around
individual plants. Subdominant species were classified
into functional groups according to their life form (forbs,
grasses, subshrubs and succulents), longevity (annual,
perennial) and their photosynthetic pathway (C3, C4 and
CAM). We also analysed the distribution of individual
species to determine if species belonging to the same
functional group have the same distribution. Only the
distribution of functional groups and species which
were represented by at least three individuals around at
least five dominant plants were taken into considera-
tion. Because of the different areas sampled in each
microsite, the number of functional groups or species
included in this analysis is not a measure of species
richness.

Species composition. One cumulative species list for
each microsite was created at the transect level to com-
pare the similarity in species composition among
microsites (n = 1). Overlap in species lists was deter-
mined using Jaccard’s Index (J):

J = a / (a + b + c) (4)

where a is the number of species common to both
microsites and b and c are the numbers of species that
occur in microsite 1 or 2, respectively (Podani 2000).
This index varies between 0 and 1, and expresses the
probability that a species will occur in a second microsite,
given that it occurred in the first microsite.

Results

Characterization of microsite plots

Sample plots in microsites around L. tridentata were
larger than in microsites around B. eriopoda (Fig. 2a).
Canopy sample plots of L. tridentata were ca. 0.79 m2

whereas for B. eriopoda they were ca. 0.14 m2. Interspace
samples between L. tridentata were larger than the canopy
area, whereas interspaces between B. eriopoda plants
were similar in area to the canopy area. These results
partially reflect the way sample plots were designed, but
they also indicate differences in the mean size of
microsites (Hochstrasser 2001).

Surface soil texture of microsites differed between
canopies and interspaces. In shrub and grass canopy,
sand content was 77 % whereas the interspace contained
67%. The bare interspace had higher percentages of fine
particles (silt 19 %, clay 14%) and large particles > 2
mm (19%) than the canopy areas of both life forms (silt
16 %, clay 8 %, large particles 8 %). The soil texture of
the shrub canopy edge was similar to the bare inter-
space, except for its lower clay content (clay 12%).

Differences in subdominant species abundance and
composition around L. tridentata vs. B. eriopoda

Under the L. tridentata canopy, we found ca. 19
subdominant plants, whereas in the canopy edge and the
interspace more than 74 plants were present (Fig. 2b). In
contrast, subdominant abundance was very low around
B. eriopoda grasses, where less than one individual was
found in the canopy and canopy edge and only five
individuals in interspaces between plants. Subdominant
species abundance in microsites around shrubs was high
in comparison to microsites around grasses, even when
the area sampled was taken into account (Fig. 2c). On
the basis of area sampled, the number of plants in shrub
canopy edges and interspaces was greater than expected,
whereas it was lower than expected in all grass microsites.

Canopy areas of L. tridentata and B. eriopoda were
more dissimilar (Jaccard’s index, J = 0.3) than their
interspaces (J = 0.71) in terms of overall species compo-
sition. The lowest species overlap was found when the
grass canopy area was compared to shrub microsites (J
= 0.27 – 0.3).

Differences between canopy, canopy edge and inter-
space around individual plants

When comparing total subdominant species abun-
dance among microsites around individual plants, we
found that the variation in abundance was high around
B. eriopoda, whereas it was low around L. tridentata
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under shrub canopies than expected. C4 perennial forbs
and succulents were not sufficiently abundant to com-
pare frequencies among microsites. Not all species which
were sufficiently abundant to test hypothesis 3 followed
the distribution of their functional group (Table 1). For
example, we found that C4 annual forbs Chamaesyce spp.
tended to occur in interspaces, whereas Salsola kali,
another C4 annual forb, tended to occur under shrub
canopies. B. eriopoda, a subdominant in microsites
around shrubs, tended to be less abundant under shrub
canopies than expected based on area.

In microsites around B. eriopoda, all functional
groups preferentially occurred in interspaces, especially
the C4 annual grasses, which did not occur in the other
microsites. C3 perennial forbs, in particular Caesalpinia
drepanocarpa, also occurred more frequently than ex-
pected in canopy edges. All C4 perennial grass species
showed the same distribution pattern in grass microsites:
they occurred more frequently than expected in inter-
spaces.

Fig. 2. Comparison of microsites around shrubs (Larrea
tridentata) and grasses (Bouteloua eriopoda). a. Mean area of
sample plots; b. Number of subdominant plants found in
sample plots; c. Proportion of subdominant plants found/
proportion of area sampled. The * indicates that this ratio is
significantly different from 1 (Wilcoxon signed rank test, α =
0.05). Error bars are standard errors.

Fig. 3. Comparison of microsites at the individual plant level.
Proportion of area sampled versus proportion of subdominant
plants found in each microsite. a. Microsites around grasses
(Bouteloua eriopoda) (n = 167); b. Microsites around shrubs
(Larrea tridentata) (n = 115).

(Fig. 3). For both dominant species, subdominant spe-
cies abundance was significantly lower than expected
based on the area sampled in canopy areas and higher
than expected in interspaces. In canopy edges, the abun-
dance of subdominant plants corresponded to the area
sampled. Species overlap ranged between 0.41 – 0.58
(Jaccard’s index) among grass microsites whereas it
was between 0.7 – 0.8 among shrub microsites.

Distribution of functional groups and species in
microsites around individual plants.

Functional group responses differed among micro-
sites (Table 1). Near L. tridentata C3 functional groups,
except for perennial forbs, were less frequent in inter-
spaces than expected for the area sampled (Table 1). In
contrast, C4 species tended to occur less abundantly
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Discussion

Direct comparison of microsites around a dominant
shrub (L. tridentata) and a dominant perennial grass (B.
eriopoda) in the same landscape context showed that
subdominant abundance was higher near L. tridentata
than near B. eriopoda. Subdominant plants occurred
almost exclusively in interspaces around grasses, and
differences in subdominant plant abundance were small
between microsites around L. tridentata. These findings
may be related to the direct and indirect effects of the
two dominants on abiotic and biotic conditions (e.g. root
competition, soils, animals, microbes, microclimate).
Furthermore, differences in the characteristics of sub-
dominant plants contribute to this pattern.

Differences in microsite conditions

The abundance of subdominants was higher in all
microsites around L. tridentata than in microsites around
B. eriopoda, despite similar soil texture in their canopy
areas. In a more extensive study, it was found that, even
though soil texture was similar, soil carbon and nitrogen
content were higher in soil under B. eriopoda than L.
tridentata canopies (Kieft et al. 1998). Other factors,
such as the size of microsites and past disturbances, may

explain higher subdominant abundance around L.
tridentata compared with B. eriopoda. Area is an impor-
tant factor in determining the suitability of microsites
for subdominant plants (McConnaughay & Bazzaz 1987;
Hook et al. 1994). Alternatively, high subdominant
species abundance around L. tridentata may be a legacy
of past disturbances, especially in recently invaded grass-
lands (Grover & Musick 1990; Chew & Whitford 1992).

Differences in canopy structure and competitive abil-
ity between L. tridentata and B. eriopoda may also
contribute to subdominant distribution around individual
plants. The physical presence of above-ground biomass
and the strong competitive ability of B. eriopoda (Baggs
1997) can exclude subdominant species from the grass
canopy. In comparison, shrubs have canopies that do not
occupy the same space as subdominant plants, but simply
add another layer to the vegetation (Belsky 1994). Shrub
canopies can have positive (e.g. shading) as well as
negative effects (e.g. interception) on resource availabil-
ity for subdominant plants (Tielbörger & Kadmon 2000).

Functional groups and subdominant species

Subdominant functional groups, particularly C3 and
C4 plants, showed contrasting distributions in microsites
that may be due to differences in ecological characteristics,

Table 1. Percentages of subdominant species and functional group abundance in the three microsites around individuals of the
dominant species.  The last row contains percentages of area sampled in each microsite for comparison.  * = significantly lower % of
plants in relation to the % area occupied by the microsite;  # = a significantly higher percentage (Wilcoxon signed rank test, α = 0.05).

Functional group / Species Shrub Shrub Shrub Grass Grass Grass
canopy canopy edge inter-space canopy canopy edge inter-space

Total 12 * 48 40 # 8 * 19 73 #
C3 annual forbs 34 48 18 *
C3 perennial forbs 18 48 34 12 * 30 # 59 #
Caesalpinia drepanocarpa 16 47 37 12 * 32 # 56 #
Sphaeralcea wrightii 13 60 28
Sphaeralcea leptophylla 12 36 52
Lesquerella fendleri 24 53 22
C3 perennial grasses   92 # 8 * 0 *
C3 perennial subshrubs and shrubs   33 # 51 16 *
Gutierrezia sarothrae   36 # 54 11 *
C4 annual forbs   12 * 47 41 8 * 10 * 82 #
Chamaesyce serrula     2 * 46 52 #
Chamaesyce serpyllifolia     3 * 46 51 #
Chameasyce revoluta    7 * 42 52
Salsola kali  37 # 47 16 *
Tidestromia lanuginosa   3 * 50 48
C4 annual grasses   3 * 43 * 55 # 0 * 0 * 100 #
Bouteloua barbata   4 * 38 * 58 # 0 * 0 * 100 #
Monroa squarrosa    3 * 52 45
C4 perennial grasses   12 * 50 37 8 * 15 * 77 #
Aristida purpurea  22 42 36
Bouteloua eriopoda   12 * 47 40
Enneapogon desvauxii   7 * 53 40
Dasyochloa pulchella   10 * 47 43 # 4 * 4 * 92 #
Muhlenbergia torreyi 19 49 32 0.4 * 15 84 #
Scleropogon brevifolius 13 45 42 0 * 9 91 #
Sporobolus contractus    52 # 34 * 14 *
Sporobolus flexuosus 25 64 11 *
% Area 15 50 36 38 14 48
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including temperature optima for photosynthesis and
nitrogen use efficiency (Gutierrez & Whitford 1987).
Temperatures are lower and nitrogen levels higher un-
der shrub canopies than in interspaces (Breshears et al.
1998; Kieft et al. 1998), which may make this microsite
particularly suitable for C3 species (Guo 1998). Similar
to a previous study in the Chihuahuan desert (Lightfoot
1991), we found that subdominant abundance was high
in interspaces, where summer annuals (C4) occurred.
This contrasts with observations from the Mojave desert,
where subdominants (mostly C3 annuals) tend to occur
under shrub canopies (Shmida & Whittaker 1981;
Ludwig et al. 1988). Seasonal differences in the activity
of C3 vs. C4 plants may also be important for coexist-
ence patterns around B. eriopoda; C3 perennial forbs
seem to be well suited to co-exist with B. eriopoda, a C4
plant (Kemp 1983; Baggs 1997). Further studies are
needed to test if there is a general pattern of distribution
of C3 versus C4 plants in these microsites.

Even though general patterns of functional group
distribution were found, species belonging to the same
functional group did not always occur in the same micro-
sites. Species in the same functional group may have
functional traits that distinguish them ecologically, such as
different constraints on seed dispersal and seedling estab-
lishment (Aguiar & Sala 1997; Guo 1998; Bisigato &
Bertiller 1999). Furthermore, the suitability of microsites
for different species may change over time and their
distribution between microsites may shift (Fowler 1988;
Primack & ShiLi 1991; Tielbörger & Kadmon 1997).

Implications for landscape-scale diversity

Our results show that subdominant abundance around
L. tridentata is higher than around B. eriopoda, which
contrasts with landscape level observations that species
diversity is lower in L. tridentata shrublands than in B.
eriopoda grasslands (Huenneke 1996). This discrep-
ancy indicates that our small-scale observations can not
be directly extrapolated to the landscape level, because
other factors (e.g. disturbances) influence species diver-
sity at the landscape scale (Gosz 1993). Furthermore,
this study was conducted at a transition zone where B.
eriopoda and L. tridentata coexist. The presence of
these two dominant species may increase landscape
level species richness at this transition zone compared to
vegetation types with only one dominant (Zólyomi 1987;
Łuczaj & Sadowska 1997). Nevertheless, the marked
difference in ecological conditions in microsites around
plants is an important characteristic of desert ecosys-
tems and contributes to their diversity (Shmida &
Whittaker 1981; Guo 1998). Over time, certain microsites
may serve as refugia for species when large-scale changes
in climate occur (Beatty 1984; Zólyomi 1987).
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