Western North American Naturalist
Volume 69 | Number 2

Article 11

7-14-2009

Ant assemblages in intact big sagebrush and
converted cheatgrass-dominated habitats in Tooele
County, Utah
Steven M. Ostoja
Utah State University, Logan, sostoja@usgs.gov

Eugene W. Schupp
Utah State University, Logan, eugene.schupp@usu.edu

Kelly Sivy
Utah State University, Logan, ksivy@usu.edu

Follow this and additional works at: https://scholarsarchive.byu.edu/wnan
Recommended Citation
Ostoja, Steven M.; Schupp, Eugene W.; and Sivy, Kelly (2009) "Ant assemblages in intact big sagebrush and converted cheatgrassdominated habitats in Tooele County, Utah," Western North American Naturalist: Vol. 69 : No. 2 , Article 11.
Available at: https://scholarsarchive.byu.edu/wnan/vol69/iss2/11

This Article is brought to you for free and open access by the Western North American Naturalist Publications at BYU ScholarsArchive. It has been
accepted for inclusion in Western North American Naturalist by an authorized editor of BYU ScholarsArchive. For more information, please contact
scholarsarchive@byu.edu, ellen_amatangelo@byu.edu.

Western North American Naturalist 69(2), © 2009, pp. 223–234

ANT ASSEMBLAGES IN INTACT BIG SAGEBRUSH AND
CONVERTED CHEATGRASS-DOMINATED HABITATS
IN TOOELE COUNTY, UTAH
Steven M. Ostoja1,2,3, Eugene W. Schupp1,2, and Kelly Sivy1
ABSTRACT.—Biological invasions are one of the greatest threats to native species in natural ecological systems. One
of the most successful invasive species is Bromus tectorum L. (cheatgrass), which is having marked impacts on native
plant communities and ecosystem processes. However, we know little about the effects of this invasion on native animal
species in the Intermountain West. Because ants have been used to detect ecological change associated with anthropogenic land use, they seem well suited for a preliminary evaluation of the consequences of cheatgrass-driven habitat
conversion. In our study, we used pitfall traps to assess ant community assemblages in intact sagebrush and nearby
cheatgrass-dominated vegetation. Ant abundance was about 10-fold greater in cheatgrass-dominated plots than in sagebrush plots. We also noted differences in diversity and evenness between habitat types at both the species and the functional-group levels of organization. At the species level, Shannon’s diversity index was greater in sagebrush plots than in
cheatgrass-dominated plots. However, at the functional-group level, Simpson’s and Shannon’s diversity indices and the
Brillouin evenness index were greater in cheatgrass-dominated plots than in sagebrush plots. Further, common
species / functional groups tended to be more abundant while less common species / functional groups tended to be less
abundant in cheatgrass-dominated plots compared to intact sagebrush plots. Patterns appear to be at least partially
related to resource availabilities. This initial survey of ant communities from intact-native and altered vegetation types
may be indicative of similar trends of biodiversity shifts throughout the Intermountain West where cheatgrass has successfully replaced native species. We also discuss the implications of ant communities on land management activities,
specifically in the context of aridland restoration.
Key words: ants, invertebrates, ant communities, invasion, cheatgrass, Bromus tectorum, big sagebrush, Artemisia tridentata, Great Basin desert, ecological restoration.

Initially introduced in contaminated livestock feed, the Eurasian annual grass Bromus
tectorum L. (cheatgrass) has become a very
successful invader throughout the United
States (Novak and Mack 2001). Climate change,
overgrazing by livestock, and generally poor
management practices initially facilitated the
invasion of B. tectorum into sagebrush habitats (Billings 1990, Fleischner 1994, Knapp
1996), but the subsequent conversion of sagebrush habitat to B. tectorum-dominated grasslands throughout the Intermountain West is
most closely tied to fires (D’Antonio and
Vitousek 1992, Fleischner 1994, Brooks et al.
2004). It is estimated that about 40,000,000 ha
have been invaded by or converted to near
monocultures of B. tectorum within this
region (Link et al. 2006). Because of the
extensive fine fuels produced by B. tectorum,
invaded communities are subject to frequent

fires that reinforce the conversion (Pellant
1989).
As one of the greatest threats to species
diversity, B. tectorum threatens the historically
rich biotic diversity once a part of the Intermountain West (Vale 1975, Billings 1990). Many
animals dependent on sagebrush and associated
vegetation are thought to have been greatly reduced or eliminated altogether because of cheatgrass invasion (Pimentel et al. 2000). Reports
indicate that the conversion of sagebrush habitat to B. tectorum negatively impacts native animal species such as sage grouse and small mammals (Yensen et al. 1992, Wirth and Pyke 2003,
Ostoja 2008), but there is little understanding of
the effects of this conversion on less charismatic
species like invertebrates. Although we assume
that invertebrate responses are similar to mammalian and avian responses, there are few data
evaluating this assumption.
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Terrestrial invertebrates can be good indicators of ecological change associated with
land-use activities such as mining, restoration,
and grazing (Andersen and Majer 2004).
Specifically, ants have received much attention from ecologists as bioindicators in land
management and restoration because they are
thought to respond in ecologically interpretable ways to environmental changes associated with disturbances (Bestelmeyer and
Wiens 1996, 2001, King et al. 1998, Hoffmann
and Andersen 2003). Furthermore, it is
thought that ants are good indicators of the
potential responses of a variety of species
across very different taxonomic groups. For
example, Andersen and Sparling (1997) found
a relationship between aboveground ant activity and belowground decomposition processes
at altered sites and a negative correlation
between ant species richness and soil microbial biomass across a range of undisturbed
sites. This may be suggestive of the consequences of differentiating between withinhabitat variation due to disturbance and variation across unique habitats when researchers
select for bioindicators of ecological change
(Andersen 1997, Andersen and Sparling 1997,
Andersen et al. 2002). Thus, in the face of a
changing sagebrush desert landscape throughout the Great Basin, ants are an appropriate
group to evaluate.
In this study, we evaluated ant communities in intact sagebrush stands and in adjacent
areas converted to B. tectorum in the Great
Basin of western Utah. In addition to their
value as bioindicators, some species of ants
harvest large quantities of seed. Because seed
application is a frequent restoration strategy in
these invaded habitats, understanding changes
in ant communities might be especially relevant to restoration efforts. We predicted that
(1) overall species composition and diversity of
ants in cheatgrass-dominated sites would be
lower than in nearby intact sagebrush sites but
also that (2) conspicuous species (i.e., Pogonomyrmex occidentalis) would be more abundant
in cheatgrass-dominated sites than in sagebrush sites. The first prediction was based on
findings that vertebrate abundance and diversity were lower in cheatgrass-dominated communities relative to sagebrush communities
(Ostoja 2008) and that insect abundance and
diversity are generally greater in areas of
greater plant diversity and structural complexity
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(Murdoch et al. 1972, Crisp et al. 1998,
Koricheva et al. 2000, Tews et al. 2004, Perner
et al. 2005, Wenninger and Inouye 2008). The
second prediction was based on previous findings that P. occidentalis mound densities were
significantly higher in cheatgrass than in sagebrush locations (Ostoja unpublished data) and
that species richness and abundance of rodents,
potential competitors for seed resources, were
significantly lower in cheatgrass monocultures
(Ostoja 2008).
METHODS
Study Site
This study was conducted in Rush Valley
in west central Utah in an area referred to as
Vernon Hills, Tooele County (Zone 12, 384335E,
4438482N), approximately 155 km southwest
of Salt Lake City, Utah. Six 1.5-ha study plots
were established, 3 in intact sagebrush vegetation (“sagebrush” hereafter) and 3 in nearby
annual nonnative vegetation dominated by B.
tectorum L. (“cheatgrass-dominated” hereafter).
Although perhaps not initially identical to the
sagebrush plots, all cheatgrass-dominated plots
were previously sagebrush-dominated shrub
stands that were converted to their current
state by a fire in 1998 and subsequent cheatgrass invasion (Dan Washington, Salt Lake
Field Office, USDI Bureau of Land Management, personal communication; Eugene W.
Schupp unpublished data). All plots occur on
the Hiko Peak soil series, where the potential
plant community consists of about 45% perennial grasses, 15% forbs, and 40% shrubs dominated by Wyoming big sagebrush (Artemisia
tridentata Nutt. ssp. wyomingensis Beetle &
Young; NRCS 2000). To our knowledge, no
postfire seeding or other attempts at restoration had occurred at these sites.
Vegetation of sagebrush plots was typical of
Wyoming big sagebrush communities of the
Great Basin. In addition to Wyoming big sagebrush, the shrubs fourwing saltbush (Atriplex
canescens [Pursh] Nutt.), broom snakeweed
(Gutierrezia sarothrae [Pursh] Britton & Rusby),
yellow rabbitbrush (Chrysothamnus viscidiflorus [Hook.] Nutt.), and mormon tea (Ephedra
viridis Coville) were also present. Interspaces
were dominated by the grasses Indian ricegrass
(Achnatherum hymenoides [Roem. & Schult.]
Barkworth), squirreltail (Elymus elymoides
[Raf.] Swezey), Sandberg bluegrass (Poa
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secunda J. Presl), needle and thread (Hesperostipa comata [Trin. & Rupr.] Barkworth),
basin wildrye (Leymus cinereus [Scribn. &
Merr.] A. Löve), bluebunch wheatgrass (Pseudoroegneria spicata [Pursh] A. Löve), and some
B. tectorum. Cheatgrass-dominated plots were
primarily B. tectorum (≥90% standing biomass—Ostoja unpublished data) but also had
other weedy species including Russian thistle
(Salsola spp.), tall tumblemustard (Sisymbrium
altissimum L.), and peppercress (Lepidium
spp.).
Ant Sampling
In each plot, 25 pitfall traps were placed in
a 5 × 5 grid with 20-m spacing between traps.
A trap consisted of a steel can (78 mm diameter) buried flush with the ground and containing approximately 3 cm of a 1:1 mixture of animal-safe propylene glycol (SIERRA® Antifreeze, Safe Brands Corporation) and water.
Traps were baited with peanut butter placed
near the inside rim of the can and with onequarter of a Pecan Sandie® cookie crumbled
on the ground around the can (Brown 2000).
Although Greenslade and Greenslade (1971)
suggested that using bait with traps may bias
capture rates because of variation in speciesspecific responses, we used bait to increase the
likelihood that ants would encounter a trap
(Marsh 1986). In addition, because our primary
interest was differences in ant communities
between vegetation types rather than absolute
estimates of relative abundances of the different species, this potential bias would not have
affected our results. Trapping occurred on
20–22 June 2004. Traps were set and after 48
hours were retrieved. This duration is considered the minimum trapping period to effectively characterize ant communities (Bestelmeyer et al. 2000, Borgelt and New 2006).
Trapped animals were separated from the
propylene glycol solution, rinsed in purified
water, and cold-stored in 70% ethanol until
identified.
Data Analysis
Ants were sorted, identified to species
using published keys, and counted. Identifications were verified by E. Sarnat of the Department of Entomology at the University of California at Davis. Voucher specimens were
deposited at the Plant and Restoration Ecology Lab, Utah State University, and at the
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Eastern Oregon Agricultural Research Center,
Oregon State University. We positively identified >99% of our specimens. All 3 “Formica
fusca” specimens considered in our data
analyses were identified to the Formica fusca
group, but they could not be identified to
species with total certainty due to missing
critical taxonomic features.
Identified species were assigned to functional groups according to their species-group
responses to environmental stress and disturbance, following previous studies of ants as
bioindicators (Andersen 1997, Andersen et al.
2002). These groups are dominant Dolichoderinae (DD), cold-climate specialists (CCS), hotclimate specialists (HCS), cryptic species (CrS),
opportunists (OPP), generalized Myrmicinae
(GM), and subordinate Camponotini (C). See
Andersen (1997) for detailed descriptions of
functional group designations.
Overall taxon abundances in pitfall traps
were first assessed by summing the abundances
of a species across the 3 plots in a vegetation
type (i.e., cheatgrass-dominated or sagebrush).
We used ANOVA to the compare species and
functional-group abundances between the 2
vegetation types, using SYSTAT 12 (SYSTAT
2007). To better meet assumptions for ANOVA,
pitfall trap data were log transformed. We
constructed rank abundance curves in Species
Diversity and Richness 3.03 (Pisces Conservation Ltd., www.pisces-conservation.com/
indexsoftdiversity.html) by plotting the species
and functional-group abundances (log) against
the species rank to determine whether “abundant” or “common” species and/or functional
groups respond to cheatgrass conversion in
similar ways. Based on patterns observed in
the rank abundance curves, we conducted additional contingency table analyses in StatXact 6
(Mehta and Patel 2003) to quantify inferences
regarding shifting patterns of abundance to
habitat conversion.
Simpson’s and Shannon’s diversity indices
and the Brillouin evenness index were calculated for both vegetation types at both the
species and the functional-group levels (Solow
1993, Magurran 2004, 2005, Buckland 2005).
We used nonparametric t tests to compare ant
species and functional-group diversity and
evenness between vegetation types (Magurran
2004, Bestelmeyer 2005). Because different
diversity indices vary in their sensitivity to
rare species or, conversely, abundant species,
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TABLE 1. Total numbers of ants of identified species captured in pitfall traps by vegetation type. Functional groups of
species based on Andersen (2000), Brown (2000), and Bestelmeyer (2005) are also shown.
Functional group / Species
Dominant Dolichoderinae (DD)
Forelius pruinosus (Roger)
Notes: Abundant, very active and aggressive
species, favor hot and open habitats.
Cold-climate specialists (CCS)
Temnothorax nevadensis (Wheeler)
Temnothorax rugatulus Emery
Temnothorax CA-10* Ward
Notes: Geographical distribution is cooler climates,
occur where DD are not abundant.
Hot-climate specialist (HCS)
Pogonomyrmex occidentalis Cresson
Myrmecocystus hammettensis Cole
Myrmecocystus testaceus Emery
Notes: Associated with warm climates; demonstrate morphological,
physiological, or behavioral specializations to aridity.
Cryptic species (CrS)
Solenopsis molesta Say
Notes: Small, often subterranean taxa which forage predominantly
within soil and litter and interact little with other groups.
Opportunists (OPP)
Aphaenogaster uinta Wheeler
Formica fusca Linnaeus§
Formica manni Wheeler
Myrmica tahoensis Wheeler
Notes: Submissive taxa that are subordinate to DD and GM, may
be locally dominant where these taxa are poorly represented.
Generalized Myrmicinae (GM)
Monomorium ergatogyna Wheeler
Pheidole creightoni Gregg†
Pheidole pilifera Roger††
Notes: Mass recruiting taxa with lower tempo and are often subordinate
to DD, may be dominant where latter are under represented.
Subordinate Camponotus (C)
Camponotus vicinus Mayr
Notes: Co-occurring but behaviorally submissive to DD,
large body size and often nocturnally foraging.

Cheatgrass-dominated

Sagebrush

8241

140

20
8
9

25
22
10

2673
8
88

899
4
93

3140

54

9
—
2
4

69
3
—
—

14630
385
1476

1686
3
103

3

46

*An undescribed species (but see Ward 2005).
§Indicates that species designations were for the Formica fusca group.
† and ††
Indicates that specimens from this taxonomically difficult complex (i.e. “california complex” for P. creightoni) and/or the larger group (i.e. “pilifera group”)
were assigned with both major and minor workers (see Burge 2005, Wilson 2003).

we constructed Rényi curves (Rényi 1961) to
help interpret diversity patterns among the
habitat types. This method of diversity ordering allows for the interpretation of diversity
patterns across a range of indices by plotting
index values against the scale parameter to
determine, in our case, whether species
and/or functional-group diversity may unambiguously differ between habitat types (see
Rényi 1961, Hill 1973). Larger Rényi index
values (y-axis) suggest greater levels of species

diversity at a given point along the scale parameter (x-axis). The scale parameter represents
a range of diversity metrics that differ in their
sensitivity to abundant species; lower scale
parameter (0, 1) values give less weight to
abundant species than do larger scale parameter values (3, 4). All diversity and/or evenness
calculations and comparisons were done in
Species Diversity and Richness 3.03 (Pisces
Conservation Ltd., www.pisces-conservation
.com/indexsoftdiversity.html).
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TABLE 2. The Simpson’s and Shannon’s diversity indices
and the Brillouin evenness index by vegetation type at the
species and functional-group levels (see Magurran 2004).
Significant results (P ≤ 0.05) for nonparametric t tests
comparing cheatgrass-dominated and sagebrush habitat
types are denoted by an asterisk (*). Bold type indicates
the habitat type that had greater diversity or evenness.
Cheatgrassdominated

Sagebrush

Species
Simpson’s diversity
Shannon’s diversity*
Brillouin evenness

2.570
1.192
0.451

2.665
1.353
0.524

Functional group
Simpson’s diversity*
Shannon’s diversity*
Brillouin evenness*

2.705
1.169
0.600

2.272
1.091
0.558

Index

Taxa were examined at the species level for
richness and other statistical analyses (unless
treated as functional groups), allowing for ecological interpretation of taxon-specific responses
to vegetation type (Bestelmeyer 2005). Significance for all analyses was accepted at α =
0.05. Because all data were collected at the
southern end of the Rush Valley region, statistical inferences are limited to the study area
(Wester 1992).
RESULTS AND DISCUSSION
Patterns of Richness, Diversity,
and Abundance
In contradiction to our first prediction, ant
species richness was similar between the 2
vegetation types. Sixteen species were identified in this study, 15 in cheatgrass-dominated
plots and 14 in sagebrush plots, with 13 trapped
in both vegetation types (Table 1). However,
measures of diversity and evenness at the
individual species level and the functionalgroup level differed between the habitat types
(Table 2). At the species level, Shannon’s
diversity index indicated that sagebrush plots
were significantly more diverse than were
cheatgrass-dominated plots. In contrast, at the
functional-group level, both Simpson’s and
Shannon’s diversity indices revealed significantly greater diversity in the cheatgrass-dominated plots. Similarly, functional-group Brillouin evenness was also significantly greater in
cheatgrass-dominated plots (Table 2). However, examination of the Rényi diversity ordering curves yields a more complex conclusion
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(Fig. 1). When more abundant species or functional groups are weighted more heavily (higher
scale parameter values) cheatgrass-dominated
plots are more diverse, but when abundant
species or functional groups are given less
weight (lower scale parameter values), sagebrush plots are more diverse. The resulting
crossings of the curves (Fig. 1) reveal that
species diversity was not wholly greater in
sagebrush plots than in cheatgrass-dominated
plots and that functional-group diversity was
not wholly greater in cheatgrass-dominated
plots than in sagebrush plots.
Limited research suggests that cheatgrassdominated sites are a less-suitable habitat type
than sagebrush sites for some other groups of
animals (birds—Knick and Rotenberry 2000;
small mammals—Gano and Rickard 1982,
Ostoja 2008; lizards—Green et al. 2001, Newbold 2005a, 2005b; and snakes—John Mull
personal communication) in the Intermountain West. If the present results reflect patterns
across a broader geographic range, at least in
terms of species diversity and evenness, ant
communities may not respond negatively to
site conversion to cheatgrass. However, a
closer consideration of species and functionalgroup responses provides a more complete
understanding of how cheatgrass conversion
appears to affect ant communities.
Total ant abundance differed significantly
between the 2 vegetation types, but in a pattern opposite to our first prediction: ants were
about 10-fold more abundant in cheatgrassdominated plots (10,342, sx– = 682) than in
sagebrush plots (1075, sx– = 112; F1, 4 = 179.5;
P < 0.001). At the individual species level, 6
species were significantly more abundant in
cheatgrass-dominated plots while 3 were significantly more abundant in sagebrush plots
(Fig. 2). In both cheatgrass-dominated and
sagebrush plots, the most abundant species
was Monomorium ergatogyna, which was one
order of magnitude more abundant than the
second-most common species (Table 1, Fig. 2).
The abundances of all 7 functional groups
differed significantly between intact sagebrush and cheatgrass-dominated communities
(Fig. 3). Interestingly, the patterns of abundances across the vegetation types appear to
be related to whether the groups were relatively common versus relatively uncommon.
Three of the 4 functional groups with the
fewest captures in intact-sagebrush plots (CCS,
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Rényi Index

Rényi Diversity Ordering

Scale Parameter
Fig. 1. Diversity ordering of Rényi curves based on plotting the Rényi index against the scale parameter for the
species level (A) and the functional-group level (B) for cheatgrass-dominated and sagebrush plots. Greater Rényi index
values suggest greater diversity for a given population at any given scale parameter. The scale parameters are differing
diversity indices with 0 representing species number, 1 representing Shannon’s H, 2 representing Simpson’s D, and so
on. With increasing scale parameter values, more abundant species/functional groups are progressively weighted more
heavily.

OPP, and C) were significantly less abundant
in cheatgrass-dominated plots compared to
sagebrush plots (Fig. 3). In contrast, all 3 of
the more-abundant functional groups in intactsagebrush plots (DD, HCS, and GM) and only
1 of the 4 less-abundant groups (CrS) were
significantly more abundant in cheatgrassdominated plots than in sagebrush plots (Fig.
3). This pattern is graphically corroborated by

the patterns of the rank abundance curves for
functional groups, where the cheatgrass-dominated curve lies above the sagebrush curve at
higher rank-order abundances but then drops
below the sagebrush curve at lower rankorder abundances (see Fig. 4B).
Similar, though less extreme, results are seen
at the species level (Fig. 4A). To further assess
these patterns, we considered a species to be
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Aphaenogaster uinta
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Fig. 2. Means (bars represent standard errors) of abundances in pitfall traps by species in cheatgrass-dominated and
sagebrush plots. ** = P ≤ 0.001, * = P ≤ 0.05 for ANOVA tests. Functional groups: DD = dominant Dolichoderinae,
GM = generalized Myrmicinae, C = subordinate Camponotus, CCS = cold-climate specialists, CrS = cryptic species,
HCS = hot-climate specialists, OPP = opportunists; see Table 1 for descriptions of functional groups.

uncommon if fewer than 100 individuals were
captured in total across all 6 plots and common
if more than 100 individuals of that species were
captured. Although not a biologically-based
definition of common, this categorization was
chosen because it roughly divides the data set
in half, while basing the cutoff on the first
relatively large jump in abundances (from 78
to 181 total captures). With these criteria, 6 of 9
uncommon species were more abundant in
sagebrush plots, while 6 of 7 common species
were more abundant in cheatgrass-dominated
plots (Table 1). Although this analysis was
somewhat arbitrary and not quite significant
in a 2 × 2 exact contingency table analysis (P
= 0.051, χ2 = 4.39, df = 1), this result is compatible with other evidence such as the rankabundance curves. Overall, evidence strongly
suggests that more-common species and functional groups are more likely to be favored

by cheatgrass conversion, while less-common
species and functional groups are more likely to
be adversely affected by cheatgrass conversion.
The greater overall ant abundance in cheatgrass-dominated plots may be related to differences in resource availability and/or to
competitive release due to rodent granivores
being less abundant and diverse in cheatgrassdominated than in intact sagebrush communities in this region (Ostoja 2008). Although data
on ants are not available, grasshopper assemblages in sites dominated by annual vegetation
(predominately cheatgrass) had relatively high
densities of some species, which the authors
attributed to these species’ preference for
cheatgrass as food (Fielding and Brusven
1992, 1993). Data on resource availability and
use are insufficient for us to make strong
conclusions about our study system in its
entirety. Increased resource availability due to
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Fig. 3. Means (error bars represent standard errors) of abundances in pitfall traps by functional group in cheatgrassdominated and sagebrush plots. ** = P ≤ 0.001, * = P ≤ 0.05 for ANOVA tests. Functional groups: DD = dominant
Dolichoderinae, GM = generalized Myrmicinae, C = subordinate Camponotus, CCS = cold-climate specialists, CrS =
cryptic species, HCS = hot-climate specialists, OPP = opportunists; see Table 1 for descriptions of functional groups.

a combination of differences in seed production and competitive release may be at least
partially responsible for the greater abundance of seed-harvesting ants such as Pogonomyrmex spp. and Pheidole spp. in cheatgrassdominated communities. Although data are
not extensive, cheatgrass-dominated stands in
the Great Basin can have seed bank densities
in excess of 4000 or even 12,000 seeds ⋅ m–2
(e.g., Humphrey and Schupp 2001), while
intact sagebrush-steppe communities appear
to have seed banks 1–2 orders of magnitude
lower than cheatgrass-dominated stands (e.g.,
Anderson and MacMahon 2001). Moreover,
rodents have lower species richness and
abundance in cheatgrass-dominated communities compared to nearby intact sagebrush
vegetation (Ostoja 2008). Seed-harvesting ants
might thus increase in abundance due to
higher seed production and reduced competition from granivorous rodents (Davidson et al.
1980). Aridland ants and rodents are reported
to have extensive diet overlap (suggestive of
resource competition among rodents and ants;
see Brown and Davidson 1977), a pattern corroborated in our region with seed removal tri-

als for both groups (Ostoja 2008).
Other factors such as edaphic characteristics and natural enemies could also contribute
to the relatively low abundances of P. occidentalis and other ant species in sagebrush sites.
Ants in desert habitats have strong interactions with many organisms (MacMahon et al.
2000). As noted by Andersen (1997) and
Andersen et al. (2002), the diversity of interactions suggests that environmental variation in
ecosystem structure may be reflected in ant
community composition. For example, Bestelmeyer and Wiens (2001) found that ant abundance and/or diversity was influenced more by
the vegetation community and soil texture than
by the disturbance histories of sites. However,
such considerations were beyond the scope
of this study.
Considering differences between communities in ant species abundance in terms of the
biology of the functional groups may provide
additional insight into the patterns (Fig. 3). For
example, particularly in warmer climates of
North America, the DD are considered to be
active and aggressive species while other
functional groups (i.e., OPP and CCS) are
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Fig. 4. Rank abundance curves depicting the species abundance on a log scale against rank order for the species level
(A) and the functional-group level (B) for cheatgrass-dominated and sagebrush plots. Note that abundant species and
functional groups in the native sagebrush plots become more abundant in cheatgrass-dominated plots, while the groups
demonstrating low abundance in sagebrush become even less abundant with habitat conversion.

reported to be subordinate and/or to occur
where the DD are not abundant (Andersen
1997). With a marked relative increase in the
abundance of DD in cheatgrass-dominated
plots, all 3 species within the CCS in those plots
had relatively lower abundances, as would be
expected (Fig. 2). Similarly, although all species
of opportunists (i.e., OPP) had low abundances
everywhere, one species, Aphaenogaster uinta,
was significantly more abundant in sagebrush

than in cheatgrass-dominated plots. The GM,
which are thought to be behaviorally dominant
to the DD, were in fact more abundant than the
DD functional group in both vegetation types
(Andersen 1997). Thus, there is evidence that
something about the biology of species interactions and use of resources by functional groups
likely drives not only community structuring of
functional groups in general but also their
responses to cheatgrass conversion. However,

232

WESTERN NORTH AMERICAN NATURALIST

continued research is necessary to untangle the
suite of potential factors affecting the observed
ant-community changes. We suggest that the
results of this study be considered in the context
of the experimental design and limited scope of
the study area. A more comprehensive evaluation of invertebrate responses to cheatgrass conversion conducted over a larger area and longer
period is suggested.
Restoration, Conservation, and
Management Implications
Restoration of cheatgrass-dominated communities to big sagebrush is occurring throughout semiarid regions of the western United
States, often through the application of seed.
Thus, it is important to understand how seedharvesting species such as Pogonomyrmex spp.
and Pheidole spp. are affected by conversion to
cheatgrass. All species within these seed-harvesting genera were more abundant in cheatgrass-dominated plots than in sagebrush plots.
This can have important implications where
aerial broadcast seeding is used. Some species
of Pogonomyrmex are reported to remove 10%
of annual seed production, although they may
remove 100% of more-preferred seed types
(Crist and MacMahon 1992, Mull and MacMahon 1997, MacMahon et al. 2000). Pogonomyrmex occidentalis is the most conspicuous
ant in both habitats, but it is especially abundant
in cheatgrass-dominated plots. Moreover, this
species has a greater mound density in cheatgrass-dominated habitats than in any of 7 other
vegetation types in the area, including intact
sagebrush (Tyler Logan unpublished data).
Overall, these results suggest that predation
on desirable seeds by ants might be a significant
problem for aerial seeding efforts in cheatgrassdominated sites. However, because ants cannot locate and harvest buried seeds, predation
should be less of a problem for drilled seeds
(MacMahon et al. 2000).
The shifts in ant communities found in this
study could be happening at larger scales
throughout the Intermountain West, where
cheatgrass conversion is occurring at an alarming rate. However, given the limited research on
how cheatgrass conversion may be affecting
other invertebrate groups, it is difficult to assess
whether these ant results represent what other
groups are experiencing. Potentially, rare ant
species may be threatened by cheatgrass
conversion, as the observations reported here
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suggest that rare species are more likely than
common species to be negatively impacted by
this habitat conversion. Because changes to
other environmental factors (i.e., soil morphology, soil microbial communities, and the fire
cycle) occur with cheatgrass conversion, it is difficult to know which direct or indirect factors
favor some species while harming others (Belnap et al. 2005, 2006). These results suggest that
the effects of invasion on biodiversity may not
be wholly negative per se, but they point to the
continued need to assess animal communities in
the face of a changing landscape.
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