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Abstract: Natural scientists have long recognized that regions with similar climate tend to have similar vegetation.
Preliminary observations suggest that shrub steppe communities of the western US and western China may be two
such regions with similar annual precipitation, temperature, land use, and vegetation. These cold dry shrub steppes
have traditionally been grazed. Despite these similarities, patterns of species dominance are different. Annual species that are rare in China become dominant when introduced to the United States. The objective of this study was
to investigate how climate, land use and community structure may explain these patterns of species dominance.
Community structure and grazing intensity were measured at 5 sites in each region. This information was combined
with a broader review of the literature describing the history of grazing in both basins. Climate was analyzed based
on a spatially-gridded, interpolated weather time series (monthly records) and climatological summary (1961–1990
mean conditions) data set from the Climate Research Unit. We found that differences in summer precipitation and
winter minimum temperature, land use intensity, and shrub size may all contribute to the dominance of annual species in the Great Basin, particularly Bromus tectorum. In particular, previous work indicates that summer precipitation and winter temperature drive the distribution of Bromus tectorum in the Great Basin. As a result, sites with wet
summers and cold springs, similar to the Chinese sites, would not be expected to be dominated by Bromus tectorum. A history of more intense grazing of the Chinese sites, as described in the literature, also is likely to decrease
fire frequency, and decreases litter and shrub dominance, all of which have been demonstrated to be important in
Bromus tectorum establishment and ultimate dominance. Further research is necessary to determine if other annuals that follow the same pattern of scarcity in the Junggar Basin and dominance in the Great Basin are responding to the same influences.
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Theories about convergent evolution suggest that unrelated organisms subjected to similar selection pressures should share similar physical characteristics

(Cody and Mooney, 1978). For example, the Mediterranean climate regions of California (USA), Chile,
South Africa, Australia and the Mediterranean all have
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similar patterns of temperature and precipitation, wet
cool winters and hot dry summers, which present a
particular set of challenges. In response to these challenges, Mediterranean plant communities have converged on a similar set of physiological mechanisms
related to survival and reproduction. In these regions,
common plant communities include evergreen sclerophyllous shrubs (Mooney and Dunn, 1969), evergreen
forests, drought-deciduous vegetation in the drier areas (Cody and Mooney, 1978) and high plant diversity
(Cowling et al., 1996).
The shrub steppes of the Junggar Basin in China
and the Great Basin in the western United States also
share the same basic climate constraints (Fig. 1). Climate in these regions is classified as Köppen climate
type BSk (arid cold steppe), with mean annual temperatures less than 18°C and precipitation less than
potential evaporation (based on the seasonality of the
precipitation; Peel et al., 2007). Although these shrub
steppe systems have a broadly similar climate, both
regions are topographically diverse and have considerable variation in climate and vegetation conditions.
As with Mediterranean flora, cold arid climates of the
Junggar Basin and Great Basin constrain the possible
vegetation types. These conditions preclude both forests that typically grow in cold regions and xeric cacti
that grow in warm arid regions. Shrub and perennial
grass dominated communities are able to survive in
both cold and arid conditions.
In addition to climate, land use and disturbance influence vegetation communities. Shrub steppe regions
in both the Great Basin and Junggar Basin have historically supported grazing based economies. Both
regions are also experiencing rapid population growth
and changes in historical grazing patterns. However,
the chronology, intensity and management of grazing
in the two regions differ. The Great Basin was intensely grazed in the early 1900s, but grazing decreased during the last half century and the first decade of the 21st century (Young and Sparks, 2002). In
contrast, the impact from grazing in the Junggar Basin
was low in the early 20th century and has significantly
increased in the last 50–60 years. Current intensity of
grazing differs between the basins for two primary
reasons: (1) more regulations that strictly control live-

stock numbers occur in the Great Basin, and (2) more
sheep, goats, and camels are on rangelands in the
Junggar Basin, which consume vegetation more completely than cattle, the primary livestock in the Great
Basin. As a secondary impact of grazing regime, the
role of fire in the shrub steppe is very different between the two regions: fire has become more frequent,
widespread and intense as a result of increased fuel
loads in the Great Basin but almost completely absent
in the Junggar Basin.
Despite similarities in overall climate and vegetation structure, recent work has shown that certain species function in fundamentally different ways. Specifically, species native to the Junggar Basin behave
differently when introduced to the Great Basin. For
example, annual species such as cheatgrass (Bromus
tectorum) and bur buttercup (Ceratocephala testiculata) are comparatively rare in their home range in the
Junggar Basin but dominate local or, in the case of
cheatgrass, widespread portions of the landscape when
introduced to the Great Basin. Cheatgrass in particular
is a highly dominant species in the US. Meinke et al.
(2008) found that almost half of the Great Basin
6
(28.1×10 hm2) had a moderate to high probability of
cheatgrass dominance.
Numerous hypotheses have been proposed to explain the spectacular success of some invasive species,
including enemy release (Keane and Crawley, 2002),
novel weapons (Callaway and Ridenour, 2004), and
biotic resistance (Levine et al., 2004). Clearly, all
these factors are important for individual species and
are playing a role in the invasions of Great Basin
shrub steppe, but the fact that some of these species
have been less successful in other grazing regions of
the world suggests that individual species characteristics might not be the whole explanation. In addition,
successful species invasions have been almost exclusively from Asia to North America. Cheatgrass (Bromus tectorum), bur buttercup (Ceratocephala testiculata), saltlover (Halogeton glomeratus), common
Mediterranean grass (Schismus barbatus), bulbous
bluegrass (Poa bulbosa), tumble mustard (Sisymbrium
altissimum), medusahead (Taeniatherum caput-medusae), and prickly Russian thistle (Salsola tragus) have
all been extremely successful invaders in the Western
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United States whereas only buffalobur nightshade
(Solanum rostratum) has become locally dominant in
the Junggar Basin. Although this asymmetric balance
of invasive plants may reflect (at least in part) the
asymmetric balance of commerce between the US and
China, other factors are likely important (Guo et al.,
2006).
Here, we examine the climate, land management,
and community ecology of shrub steppe communities
of the Central Asian Junggar Basin and the Western
North American Great Basin as putative “sister regions”. Our hypothesis is that seemingly small differences in climate, community structure and land management may combine to explain differences in species dominance in the two regions. We were particularly interested in one species, Bromus tectorum, that
has the potential to form large monotypic stands in the
Great Basin but is comparatively rare in the Junggar
Basin. To investigate this question, we selected 5 sites
in the Great Basin and 5 sites in the Junggar Basin
with shrub steppe vegetation, similar climates and
similar elevations. We compared the specific community structure of these sites and the overall management history and climate of the two regions using
community level vegetation data collected at all 10

Fig. 1

sites in the early summer of 2011 and the existing literature.

1
1.1

Methods
Site selection and description

Although sharing broadly similar climates, the two
basins of this study differ in the orientation of mountain ranges and basins, which can influence climate
within the basins. The Great Basin in the United States
consists of a series of north/south oriented mountain
ranges with relatively narrow valleys between ranges.
In contrast, the Junggar Basin is one large basin surrounded by very high mountain ranges on the north
and south of the basin. Valleys in the Great Basin are
higher in elevation than those in the center of the
Junggar Basin and have extensive stands of shrub
steppe vegetation at lower elevations and across the
foothills of the mountain ranges. In contrast, the interior of the Junggar Basin is dominated by sand dunes,
and shrub steppe communities are found around the
edge of the basin. As a result, sites in the Great Basin
follow a rough east–west transect whereas Junggar
Basin sites are located in a circular pattern around the
edge of the basin (Fig. 1). The sites were selected to

Map of sites in the Junggar Basin (Xinjiang, China) and the Great Basin (Nevada and Utah, the United States).
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be as floristically similar as possible, specifically excluding the Haloxylon and Tamarix communities in
the Junggar Basin and salt flat communities in the
Great Basin.
We selected sites within the regions that included
shrub steppe vegetation on the lower slopes and foothills of the mountain ranges and avoided extreme environments such as bottomland playas, sand dunes,
and salt basins as well as highly disturbed areas. The 5
sites in each basin (Fig. 1) were selected to encompass
a similar range of climate and elevation for naturally-occurring shrub steppe vegetation in each basin,
with the constraints that sites have similar overall
vegetation structure (i.e. shrub steppe) and plant
growth forms (i.e. a mixture of shrubs, grasses, and
forbs, but no trees).
1.2

Climate data and analysis

Owing to their remote locations and low populations,
both the Junggar Basin and Great Basin regions are
relatively poorly sampled (in space and time) by
weather station data. The sparseness of the instrumental record is especially acute in the Central Asia, leading to difficulty in assessing climatic conditions (New
et al., 2002; Hijmans et al., 2005). We acquired and
processed a spatially-gridded, interpolated weather
time series (monthly records) and climatological
summary (1961–1990 mean conditions) data set from
the Climate Research Unit (New et al., 2002; CRU CL
2.0 and CRU TS3.00; http://www.cru.uea.ac.uk/cru/
data/hrg/). These datasets offer a spatially-rich perspective, with circa 18-km (climate) and 54-km
(monthly weather time series) resolution allowing estimation of conditions at points not sampled by the
instrumental record. They are subject to modeling uncertainty, especially in areas of extreme topographic
relief and sparse samples. However, our sites in the
Junggar Basin, where observations are most sparse,
are primarily in areas of relatively gentle relief in or
near the plains.
1.3

Field methods

At each of the 10 sites, four vegetation sampling plots
were established. Plots were placed 250 m apart along
the main sampling axis. The main sampling axis was
orientated to keep elevation and dominant vegetation

relatively constant. Each sampling plot consisted of
three 50-m long transects placed 15 m apart perpendicular to the main sampling axis. Along each transect,
plant cover, density, biomass and frequency were
measured for each species. Transects and plots within
transects provide an estimate of within-site variability,
but the sampling unit for the study is the site (n=5 for
each basin).
Cover of all species was measured using line point
intercept at 1-m intervals along the transect for a total
of 600 points per site. A vertical pin was dropped, and
the species at all hits were recorded and ground surface cover was categorized as plant, litter (herbaceous
or wood), rock, moss, lichen, or soil.
Frequency, density, and biomass of grasses and
forbs were measured using circular quadrats placed at
10-m intervals along transects for a total of 60 quadrats per site. The size of the quadrat was scaled to the
density of plants and ranged from 0.021 m2 for extremely densely growing plants like cheatgrass to 0.89
m2 for less common species. All species that occurred
within the largest plot size were recorded, but for
plants occurring at high density subsampling was used
to prevent counting thousands of plants. Density and
frequency were measured at all quadrat locations.
Aboveground biomass was harvested for each species
in a subset of two of the five quadrats of each transect,
air dried, and weighed. Frequency, density, and biomass of shrubs were measured in two rectangular
quadrats parallel to each transect for a total of 24
quadrats per site. The size of shrub quadrats was also
scaled to shrub density and ranged from 1.5 to 10 m2.
Frequency and density were measured at all shrub
quadrats. Volume of the shrubs was measured at one
quadrat per transect, and a linear regression was created between volume and biomass by measuring the
volume and biomass of 15 representative shrubs of the
three most frequent shrub species. This relationship
was then used to calculate biomass of shrubs in the
quadrats from their volume. In China, all biomass
samples were weighed in the field; in the US, samples
were weighed in the laboratory. Data on species presence in each plot were used to calculate species richness, diversity, and Simpson’s diversity index for each
site. Comparisons between functional groups and
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families in the two basins were based on importance
values.
Disturbance was qualitatively measured at each plot
using five levels of impact ((1) none to slight, (2)
slight to moderate, (3) moderate, (4) moderate to extreme, and (5) extreme) for each indicator of disturbance. We recorded five indices of soil disturbance,
which included the presence of rills, pedestals and
terracettes, gullies, movement or displacement of litter,
and soil surface stability. Vegetation decadence and
livestock, wildlife, and insect impact were also measured using the qualitative five-level scale. These
qualitative assessments were based on guidelines used
by the US NRCS to evaluate rangelands (NRCS,
2005). Observations were calibrated with all field
personnel at a test site in the Great Basin.

2
2.1

Results
Climate

We compared climates at our 5 field plot locations in
both basins. Although broadly similar, the sites had
some key across- and within-region differences. The
sites in the Junggar Basin were lower in elevation than
those in the United States: 840–1,385 m as opposed to
1,336–2,040 m in the Great Basin. The Junggar Basin
sites generally have lower annual precipitation, ranging from 172–240 mm vs. 170–372 mm in the Great
Basin (Figs. 2 and 3). However, the most important
distinctions may be how temperature and precipitation
vary within the year.
Although average annual temperatures are similar,
the Junggar Basin has higher thermal amplitude than
the Great Basin with much colder winters and slightly
warmer summers. Relative to the Great Basin, the
Junggar Basin warms up later in the spring and cools
down earlier in the fall, resulting in a shorter growing
season. Average monthly temperatures rise above
freezing during March in the Great Basin but don’t
rise above freezing in the Junggar Basin until April.
Thaws in February and March are common in the
Great Basin and rare in the Junggar Basin. Within the
Junggar Basin, our southern sites were generally
warmer than northern sites despite their slightly higher
elevation. In the Great Basin, the eastern sites were

wetter and had more summer precipitation than western sites.
Precipitation is much more concentrated in the
summer months in the Junggar Basin than in the Great
Basin. Precipitation in the Great Basin is more evenly
distributed throughout the year, although a slight gradient of increasing dominance of winter precipitation
is apparent in the more western sites. June and July
are the wettest months in the Junggar Basin, whereas
July is the driest month in the Great Basin (Fig. 3).
Although precipitation, usually in the form of snow, is
less in the winter at the Junggar Basin sites than at
Great basin sites, snow cover is more consistent.
Colder and more consistent winter temperatures mean
that the ground is often covered by snow all winter in
the Junggar Basin. Although the Great Basin receives
more snow, warm periods in the winter occur when
the snow melts so that snow cover is less consistent.
2.2

Ecology

Analysis of vegetation data from plots at the 10 sites
indicated important differences in shrub steppe vegetation at the two basins. Although the general vegetation is similar, i.e. shrubs and grasses with a mixture
of annual and perennial forbs, details of ground surface cover, plant families, community structure, functional group abundance, and species diversity likely
affect the ability of annual species to become established and dominate.
Total plant cover at sites in the Junggar Basin was
only 43%, in contrast to 63% in the Great Basin. Only
17% of the ground hits in the Junggar Basin were litter; 79% were soil or rock. The Great Basin had both
more litter (34% of hits) and more plant basal hits
(4%), resulting in only 59% of ground hits on soil or
rock (Fig. 4a).
Despite different evolutionary histories, the same
plant families are found in both basins and have similar relative importance. Based on importance value,
plant families that are the most common in both basins
are the grass family Poaceae and the two most common shrub families, Asteraceae and Chenopodiaceae
(Fig. 4b). The Junggar Basin sites had higher cover of
shrubs from the Chenopodiaceae, and Great Basin
sites had more shrubs from the Asteraceae. Annual
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Fig. 2 Climographs of the 10 field sites. The bars and primary axes show precipitation, and the lines and secondary axes show temperature. Site elevations, mean annual temperature, and average total annual precipitation are also indicated.
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Fig. 3 Mean monthly temperatures (top) and precipitation (bottom) of the five field plot locations in each basin. The error bars indicate
variability across sites within each basin.

forbs in the Brassicaceae are common in both basins.
Cyperaceae, however, is more common in the Junggar
Basin. Some large shrubs in the Rosaceae were found
in the Junggar Basin and not in the Great Basin.
Plant community vertical structure differed between
the two basins. Layers of vegetation were assessed by
the number of times the pin hit multiple different plant
species as it was dropped through the vegetation (Fig.
4c). Although one hit was slightly more common in
the Great Basin, multiple hits (usually 2 or 3) were
much more common in the Great Basin, and the
Junggar Basin had almost no instances of three hits.
Bare ground, soil, or biological crust with no plant
canopy layers (no plant cover hits) were much more
common in the Junggar Basin. Shrubs in the Great
Basin are larger, and more layers of vegetation occur
along with a distinct undershrub microhabitat that is
either absent or much reduced in the Junggar Basin.
Subshrubs with less than 0.001 m3 of canopy volume
were common in the Junggar Basin, which restricted
the ability of shrubs to develop complex vertical levels of vegetation (Fig. 5).

Although the two basins have the same functional
groups, shrubs, subshrubs, grasses and forbs, the abundance of functional groups have important differences
between the two basins (Fig. 4d). The most important
difference is with the shrubs themselves. In the Great
Basin, shrubs are the dominant functional group. They
make up 77% of the biomass and 39% of the cover. In
the shrub steppe areas of the Junggar Basin, subshrubs
(woody perennials less than 10 cm tall) are the dominant functional group. There are large Haloxylon and
Tamarix shrubs in the center of the basin, but this is a
different plant community. In the shrub steppe, subshrubs make up 52% of the biomass and 45% of the
cover, whereas shrubs make up only 40% of the biomass and 12% of the cover. Figure 4d compares importance values of different functional groups.
Overall species diversity was similar in the two basins. Species richness, diversity and Simpson’s diversity index were not significantly different between two
basins (Fig. 4e). The Junggar Basin had a mean species richness of 33 species per site, and the Great Basin had a mean species richness of 32 per site. Four of
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Fig. 4 Comparison of ground surface cover, plant families, community structure, and plant functional groups and diversity between the
Great Basin and Junggar Basin. Values shown are means and standard errors of the five plots in each basin. ∗s indicate the results of
Mann Whitney test of significance. ∗, P=0.1–0.05; ∗∗, P=0.05–0.01; ∗∗∗, P<0.01.

Fig. 5

Histogram of shrub and subshrubs in the two basins
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the sites within the Great Basin were similar in species
diversity, but one site in the Great Basin had a higher
species diversity than the other Great Basin sites. In
the Junggar Basin, one site near Urumqi had significantly lower species diversity than the other Junggar
Basin sites.
Bromus tectorum was found in both basins, but it
was not found at all locations. Where it was found,
frequency, cover, density and biomass were all higher
in the Great Basin (Fig. 4f). Density in particular was
variable in both basins but much higher densities were
observed in the Great Basin. Six of the twenty plots in
the Great Basin averaged greater than 2,000 plants/m2
while the highest plot average density in the Junggar
Basin was 392 plants/m2.
Plot disturbance in the Junggar Basin was characterized by at least slight evidence of grazing by domestic animals (5 plots), but moderate levels of grazing were found across all sites (14 plots). Grazing was
characterized as moderate to extreme in one plot at
one site. Litter movement was characterized as slight
at 4 plots, but not present at 16 plots. There was a
slight decrease in soil surface stability in 6 plots, and a
moderate to extreme decrease in soil stability was
noted at one plot. Decreases in soil surface stability
often co-occurred with moderate levels of grazing by
domestic animals. Presence of rills, plant decadence,
and pedestals and terracettes were never noted. Gullies
were present at two Junggar sites, but they were infrequent and were found on slopes where precipitation
runoff occurred. In the Great Basin, plot disturbance
by grazing was characterized most often as none (2
plots) or slight (14 plots), and moderate level of grazing was found only at one site. Litter movement was
almost always characterized as none (15 plots), but
slight litter movement was noted at 5 plots. Soil surface stability, presence of rills, and pedestals and terracettes were similar to the level noted at the Junggar
Basin: levels of none to slight were common, and
moderate presence of gullies were noted at one plot.

3
3.1

Discussion
Climate

Mean annual temperature and precipitation are clearly

important drivers of broad plant community type.
Cold arid conditions in both basins favor shrubs and
perennial grasses that can withstand cold temperatures
but also have deep roots to allow them to withstand
dry conditions. However, seasonal details of climate
can also be critical. Work comparing the Karoo in
South Africa and the Mojave Desert in the United
States shows that winter minimum temperature and
the timing of precipitation lead to substantial differences in vegetation structure (Elser and Rundel, 1999).
Cowling et al. (2005) found that reliability of rainfall
explained the divergence of some plant traits in Mediterranean climate regions. Climate data from the
Junggar Basin and Great Basin show similar divergence with more summer rain, more consistent snow
cover, and colder winter temperatures in the Junggar
Basin.
Bradley (2009) showed that summer rain and winter temperatures were both significant drivers of Bromus tectorum distributions in the Great Basin. Specifically, June–September precipitation was the
strongest precipitation driver and winter minimum
temperature was the strongest temperature driver. Areas with more summer precipitation were less likely to
have dense stands of Bromus tectorum. Bradley’s
study suggests that seemingly minor differences in
timing of precipitation and minimum winter temperature alone may be sufficient to describe the observed
differences in Bromus tectorum dominance in the two
basins and be important drivers for other annual species as well.
Cold winter temperatures leading to more consistent snow cover in the Junggar Basin (Fig. 3) may
moderate winter minimum soil temperature (Decker et
al., 2003), but it also postpones the growing season for
spring annuals. In the Great Basin, annuals that commonly germinate in fall take advantage of warm periods in winter to become established. As a result, by
spring they are larger and have deeper roots than annuals in the Junggar Basin. This earlier growth cycle
serves to further accentuate differences in growing
season length between the two basins.
These observations combined suggest that annual
averages of temperature and precipitation exert important constraints that may drive plant distributions.
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Summer rain in particular allows a second flush of
annuals to flourish in the Junggar Basin that does not
occur in the Great Basin. These summer annuals obviously do not directly compete with spring annuals
such as Bromus tectorum.
3.2

Land use and disturbance

Some critical differences in land use and grazing
pressure may allow some annuals to dominate in the
Great Basin whereas they are comparatively rare in
the Junggar Basin. Different livestock species impact
rangeland differently. Cattle, which are the dominant
grazers in the Great Basin, eat more grass. Shrubs
such as big sagebrush (Artemisia tridentata) are less
palatable to cattle and tend to be more prevalent in
shrub steppe areas we studied. In the Junggar Basin,
however, the dominant livestock, sheep, goats and
camel, feed on both shrubs and grass, and these livestock consume them more completely. This difference
in livestock between the two basins may explain the
abundance of subshrubs in the Junggar Basin.
The chronology of recent human land use and
management differs between the two basins, and these
differences help shape current plant communities. In
the Junggar Basin prior to 1949, people grazed sheep,
goats, camels, horses, and cattle in highland regions,
but much of the Xinjiang region was thought to be too
arid for large scale grazing (Dahl and McKell, 1986).
Since then, policies aimed at increasing development
of western regions of China have led to increasing
population, grazing, agriculture, and urban land use,
especially in the last 20 years (Banks, 1999; Li and
Liu, 2009). Grazing rights are not well defined, and
individuals are economically encouraged to produce
more livestock than is sustainable (Banks, 2001). As
individuals are given more autonomy regarding
stocking and grazing management, rangeland degradation has increased (Bedunah and Harris, 2002). This
degradation is now being recognized (Banks, 2001;
Zhao, 2002; Zhao et al., 2005; Han et al., 2008; Dittrich et al., 2010; Liu et al., 2010), and managers in
Xinjiang have begun to recognize the fragile nature of
vegetation in arid lands (Williams, 1997; Guo et al.,
2006) but the magnitude of degradation is uncertain
(Ho, 2001; Harris, 2010). Our field observations of

litter and community structure and the presence of
grazing animals at our sites confirm that they experience intense doses of periodic grazing.
In contrast to the Junggar Basin, European settlement brought large numbers of cattle and sheep to the
Great Basin in the late 1800s. A period of intense,
season long grazing followed European settlers that
continued through the middle of the 1900s. The passage of the Taylor Grazing Act in 1934 announced the
beginning of modern grazing management. These
regulations were enhanced through the 1980s in order
to effectively address concerns about wildlife habitats.
The Bureau of Land Management (BLM) now manages 29×106 hm2 of federal land in 11 western states.
Over the past 40–50 years, stocking levels and extent
have decreased dramatically. Recently, introduced
plant species have increased in abundance in the Great
Basin, replacing native species (Burkhardt and Tisdale,
1976; Mack, 1981; Young et al., 1987). At the time of
European arrival, the Great Basin was vegetated
mostly with shrubs, with perennial grasses in the productive valley bottoms, and fire was comparatively
rare (Vale, 1975a). The vegetation today has lower
proportion of perennial grasses and large amounts of
exotic annual grasses (Davies et al., 2012).
Fire is almost completely absent in the Junggar Basin but is frequent in the Great Basin and is an important pathway for the establishment of exotic species.
The likely mechanism for differences in fire regimes
between the two regions is the interaction of greater
vegetative cover and biomass, less grazing, and significant presence of highly flammable annual grasses
in the Great Basin. We found no evidence of fire in the
Junggar Basin, and researchers at the Xinjiang Institute of Ecology and Geography, Chinese Academy of
Sciences confirm that fire is so infrequent that the
process is completely unimportant for vegetation dynamics. Vegetation structure and biomass in the Junggar Basin are not conducive to fire spread or intensity:
the vegetation is more sparse, and litter presence is
low. Under current land management, the vegetation
structure in the Great Basin, which includes large
shrubs, higher biomass, and highly flammable annual
grasses, makes it much more vulnerable to wildfires

Wendy TROWBRIDGE et al.: Explaining patterns of species dominance in the shrub steppe systems of the Junggar Basin ...

(Young and Clements, 2009).
3.3

Community structure

Both the Junggar Basin and the Great Basin are arid,
cold steppes with substantial shrub steppe communities. Both are dominated by shrubs and perennial
grasses and have similar species diversity, and many
of the same plant families are found in both regions.
However, three main differences in plant communities
(shrub size, abundance of litter, and summer annuals)
occur and have implications for annual species establishment and eventual dominance.
In the Great Basin, large shrubs create resource islands of increased soil nutrients and moisture and
protection from herbivory. These microsites provide
establishment sites for both annual and perennial species (Davies et al., 2007). Griffith (2010) found that
germination, survival and growth of Bromus tectorum
were all greater under shrubs than in shrub interspaces.
The much smaller subshrubs in the Junggar Basin are
less effective establishment sites and likely create
much smaller resource islands. Evans and Young
(1972) found that Bromus tectorum seeds have difficulty establishing on a bare seedbed surface. In addition, elevated soil nutrients under large Great Basin
shrubs may also allow non-native annuals to outcompete native species (Paschke et al., 2000).
Litter accumulation clearly differs between the two
regions, which in turn has implications for species
dominance. Litter impacts plant communities through
nutrient cycling, soil moisture and creating a physical
barrier to seed establishment (Facelli and Pickett,
1991). Work on cheatgrass has shown that increased
litter created by annual grasses increases nitrogen
availability (Evans et al., 2001; Hooker et al. 2008). In
turn, increased nitrogen availability has been shown to
favor annuals (Paschke et al., 2000). Litter accumulation also feeds back into the fire cycle. Grazed sites
with less litter are less likely to become dominated by
cheatgrass even after a fire (Davies et al., 2009). This
evidence suggests that litter accumulation contributes
to a positive feedback loop by which annual grasses,
once established, are more likely to maintain dominance in the Great Basin than the Junggar Basin.
Summer rain in the Junggar Basin leads to a second

wave of annual plant growth that does not occur in the
Great Basin. Although these annuals do not directly
compete with the spring annuals which are so successful in the Great Basin, they do utilize the soil resources. These summer annuals may draw down the
shallow nutrient pool that spring annuals rely on in the
Junggar Basin and thus reduce the potential for spring
annuals to predominate.

4

Conclusions

The patterns of species dominance that we describe
here have been observed across a variety of systems.
Species that are rare in some regions can be dominant
in others. When a species becomes dominant outside
of its native range, population level explanations are
usually put forth (e.g. enemy release, novel weapons).
This paper suggests that in some cases, larger scale
drivers may also play an important role. Bromus tectorum is considered native to Europe and Asia, but it
has been introduced through the world (Upadhyaya et
al., 1986). Throughout much of its native and introduced range, it is comparatively rare. In a few areas
such as the Great Basin, however, it is dominant. A
detailed analysis of the climate of the Great Basin and
Central Asia might reveal other locations with suitable
summer rainfall and winter minimum temperatures.
Study of these regions could allow further insight into
the relative importance of climate, land use, and finer
scale drivers.
The dominance of Bromus tectorum in the Great
Basin also has been attributed to excessive livestock
grazing of the past (Jardine and Anderson, 1919;
Perryman et al., 2002) and the interaction of wildfire
and grazing regime (Knapp, 1998). However, contrary
evidence on grazing effects also exists (Courtois et al.,
2004), suggesting that Bromus tectorum abundance
can be affected both positively and negatively by different grazing systems. Areas in Central Asia with
matching climate and different grazing histories may
shed light on some of these questions.
The other annual species that follow similar patterns of dominance in the Great Basin and Junggar
Basin are less studied. They may respond to similar
climatic, land use, and community structure drivers,
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but further work is needed to determine if they respond similarly as Bromus tectorum does.

neglected factor in explaining convergence and divergence of plant
traits in fire-prone mediterranean-climate ecosystems. Global
Ecology and Biogeography, 14(6): 509–519.
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