
BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers, academic institutions, research
libraries, and research funders in the common goal of maximizing access to critical research.

Mowing Wyoming Big Sagebrush Communities With Degraded Herbaceous
Understories: Has a Threshold Been Crossed?
Author(s): Kirk W. Davies, Jonathan D. Bates, and Aleta M. Nafus
Source: Rangeland Ecology & Management, 65(5):498-505. 2012.
Published By: Society for Range Management
DOI: http://dx.doi.org/10.2111/REM-D-12-00026.1
URL: http://www.bioone.org/doi/full/10.2111/REM-D-12-00026.1

BioOne (www.bioone.org) is a nonprofit, online aggregation of core research in the biological, ecological, and
environmental sciences. BioOne provides a sustainable online platform for over 170 journals and books published
by nonprofit societies, associations, museums, institutions, and presses.

Your use of this PDF, the BioOne Web site, and all posted and associated content indicates your acceptance of
BioOne’s Terms of Use, available at www.bioone.org/page/terms_of_use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercial use. Commercial inquiries
or rights and permissions requests should be directed to the individual publisher as copyright holder.

http://dx.doi.org/10.2111/REM-D-12-00026.1
http://www.bioone.org/doi/full/10.2111/REM-D-12-00026.1
http://www.bioone.org
http://www.bioone.org/page/terms_of_use


Rangeland Ecol Manage 65:498–505 | September 2012 | DOI: 10.2111/REM-D-12-00026.1

Mowing Wyoming Big Sagebrush Communities With Degraded Herbaceous Understories:
Has a Threshold Been Crossed?

Kirk W. Davies,1 Jonathan D. Bates,1 and Aleta M. Nafus2

Authors are 1Rangeland Scientist, USDA-ARS Eastern Oregon Agricultural Research Center, Burns, OR 97720, USA; and 2Research Associate, Oregon
State University, Corvallis, OR 97331, USA.

Abstract

Wyoming big sagebrush (Artemisia tridentata ssp. wyomingensis [Beetle & A. Young] S.L. Welsh) plant communities with
degraded native herbaceous understories occupy vast expanses of the western United States. Restoring the native herbaceous
understory in these communities is needed to provide higher-quality wildlife habitat, decrease the risk of exotic plant invasion,
and increase forage for livestock. Though mowing is commonly applied in sagebrush communities with the objective of
increasing native herbaceous vegetation, vegetation response to this treatment in degraded Wyoming big sagebrush communities
is largely unknown. We compared mowed and untreated control plots in five Wyoming big sagebrush plant communities with
degraded herbaceous understories in eastern Oregon for 3 yr posttreatment. Native perennial herbaceous vegetation did not
respond to mowing, but exotic annuals increased with mowing. Density of cheatgrass (Bromus tectorum L.), a problematic
exotic annual grass, was 3.3-fold greater in the mowed than untreated control treatment in the third year posttreatment. Annual
forb cover, largely consisting of exotic species, was 1.8-fold greater in the mowed treatment compared to the untreated control
in the third year posttreatment. Large perennial grass cover was not influenced by mowing and remained below 2%. Mowing
does not appear to promote native herbaceous vegetation in degraded Wyoming big sagebrush plant communities and may
facilitate the conversion of shrublands to exotic annual grasslands. The results of this study suggest that mowing, as a stand-
alone treatment, does not restore the herbaceous understory in degraded Wyoming big sagebrush plant communities. We
recommend that mowing not be applied in Wyoming big sagebrush plant communities with degraded understories without
additional treatments to limit exotic annuals and promote perennial herbaceous vegetation.

Resumen

Las comunidades de plantas de artemisia Wyoming big sagebrush (Artemisia tridentata ssp. wyomingensis [Beetle & A. Young]
S.L. Welsh) con degradadas coberturas herbáceas ocupan una gran extensión del oeste de los Estados Unidos. El
restablecimiento de la cobertura herbácea nativa en estas comunidades es necesario para mejorar la calidad del hábitat para
fauna silvestre, mitigar el riesgo de la invasión de plantas exóticas e incrementar la producción de forraje para ganado. A pesar
de que comúnmente se hacen cortes en comunidades de artemisia con el objetivo de incrementar la vegetación nativa, se
desconoce la respuesta de la vegetación al tratamiento en áreas con comunidades degradadas de Wyoming big sagebrush. Se
compararon parcelas segadas y áreas control sin tratamientos en cinco comunidades de Wyoming big sagebrush con cobertura
herbácea degradada en el este de Oregón durante tres años posteriores a la aplicación de los tratamientos. La vegetación perenne
herbácea no respondió a la siega, pero las plantas exóticas anuales se incrementaron con esta práctica. La densidad de cheatgrass
(Bromus tectorum L.), una especie problemática exótica fue tres veces mayor en áreas segadas que en áreas control sin
tratamiento tres años después de la aplicación de los tratamientos. La cobertura herbácea anual en gran parte formada por
especies exóticas fue 1.8 veces mayor en las zonas segadas que en las áreas control sin tratamiento tres años posteriores a la
aplicación de tratamientos. La gran cobertura de pastos perennes no fue influenciada por la siega y permaneció debajo del 2%.
La siega parece no promover la vegetación herbácea nativa en comunidades degradadas de Wyoming big sagebrush y podrı́a
facilitar el cambio de áreas de matorrales a pastizales anuales exóticos. Los resultados de este estudio sugieren que la siega,
como un tratamiento independiente, no restablece la cobertura herbácea en comunidades de Wyoming big sagebrush. Nosotros
recomendamos que la siega no se practique en comunidades de Wyoming big sagebrush con cobertura degradada sin
tratamientos adicionales para limitar la presencia de plantas anuales exóticas y estimular la vegetación herbácea perenne.
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INTRODUCTION

Wyoming big sagebrush (Artemisia tridentata ssp. wyomingen-
sis [Beetle & A. Young] S.L. Welsh) plant communities occupy
vast portions of the western United States (Miller et al. 1994;
West and Young 2000). These plant communities provide an

important forage base for livestock production and critical

habitat for wildlife (Connelly et al. 2000; Crawford et al. 2004;

Davies et al. 2006; Davies et al. 2009a). A decrease in fire

frequency and historic overgrazing by sheep, cattle, and horses

associated with European settlement degraded the native

herbaceous understory (large reductions in large native

perennial grass and forb abundance and production compared

to reference sites) and increased sagebrush dominance in many

locations (West 1983; Miller and Rose 1999). West (2000)
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estimated that 25% of the big sagebrush ecosystem is
comprised of dense sagebrush stands with depleted native
understories. West (2000) grouped all the subspecies of big
sagebrush in this estimate. The percent of Wyoming big
sagebrush plant communities with degraded understories is
probably much greater because they are the most easily
degraded of the three common big sagebrush subspecies (Miller
and Eddleman 2000). Thus, large areas of Wyoming big
sagebrush plant communities probably require active manage-
ment to increase their native herbaceous understories.

Treatments that reduce sagebrush are often applied in big
sagebrush communities in an attempt to restore the native
herbaceous understory. Sagebrush control is expected to
promote native herbaceous vegetation, because sagebrush
competes with herbaceous vegetation for resources (Robertson
1947; Cook and Lewis 1963; Williams et al. 1991) and
sagebrush control often generates two- to threefold increases in
herbaceous vegetation (Mueggler and Blaisdell 1958; Hedrick
et al. 1966; McDaniel et al. 1991; Davies et al. 2007; Davies et
al. 2012). However, herbaceous vegetation does not always
increase with sagebrush control (Blaisdell 1953; Peek et al.
1979; Sturges 1986). In addition, increases in herbaceous
vegetation may be primarily exotic annuals. For example,
exotic annual grasses have been reported to increase following
fires in Wyoming big sagebrush plant communities (Stewart
and Hull 1949; Young and Allen 1997; Davies et al. 2009b).
However, Davies et al. (2011a) reported mowing Wyoming big
sagebrush plant communities with relatively intact herbaceous
understories caused only small increases in exotic annual
grasses. Thus, applying mowing treatments in degraded
Wyoming big sagebrush communities may not cause large
increases in exotic annual species; however, this has not been
tested.

Mowing is commonly applied in sagebrush plant communi-
ties to reduce sagebrush and increase herbaceous vegetation.
However, empirical evidence of increases in native perennial
herbaceous vegetation following mowing in Wyoming big
sagebrush plant communities is generally lacking. The results
of some studies suggest that there may be potential for perennial
vegetation to increase with mowing in degraded Wyoming big
sagebrush communities. For example, increases in native annual
forbs and soil nutrient concentrations have been documented
following mowing (Davies et al. 2011a). This suggests that
mowing degraded Wyoming big sagebrush communities may
increase resources for native perennial herbaceous vegetation.
However, Davies et al. (2011a) did not observe an increase in
native perennial grass or forbs cover, density, or biomass after
mowing Wyoming big sagebrush plant communities. In
contrast, in mountain big sagebrush plant (Artemisia tridentata
spp. vaseyana [Rydb.] Beetle) communities, mowing generated
a twofold increase in native perennial grass cover and biomass
(Davies et al. 2012). The Wyoming (Davies et al. 2011a) and
mountain (Davies et al. 2012) big sagebrush plant communities
mowed in these studies had relatively intact native herbaceous
understories and thus, in these situations, sagebrush may not
have been a major factor limiting native herbaceous vegetation.
Mountain big sagebrush plant communities are also more
productive and diverse than Wyoming big sagebrush commu-
nities, and thereby may respond differently to disturbances
(Davies and Bates 2010a, 2010b).

Though the goal of mowing Wyoming big sagebrush
communities with degraded understories is to increase native
herbaceous vegetation, results from the aforementioned studies
suggest that there are probably two possible scenarios: 1) native
herbaceous vegetation increases, or 2) exotic annual vegetation
increases and native vegetation either remains relatively
unchanged or decreases. It is important to know which of
these possible outcomes occur with mowing because an
increase in exotic annuals, especially exotic annual grasses,
would negatively impact ecosystem function, degrade wildlife
habitat, reduce quality livestock forage, and promote frequent
wildfires that further degrade native plant communities (Mack
1981; D’Antonio and Vitousek 1992; Davies 2011). The large
decline in the area occupied by the sagebrush ecosystem
(Schroeder et al. 2004; Knick et al. 2003; Davies et al. 2011b)
and the threat of these losses to sagebrush-associated wildlife
(Connelly et al. 2000; Crawford et al. 2004) further emphasizes
the need to determine the outcome of mowing Wyoming big
sagebrush with degraded herbaceous understories.

The objective of this study was to determine the response of
Wyoming big sagebrush plant communities with degraded
herbaceous understories to mowing. We expected that sage-
brush dominance limits the herbaceous understory and
reduction via mowing leads to an increase in herbaceous
vegetation. We evaluated if native herbaceous vegetation
increased and/or if exotic annuals increased with mowing in
degraded Wyoming big sagebrush plant communities.

METHODS

Study Area
The study was conducted at five sites in the High Desert
Ecological Province (Anderson et al. 1998) in southeastern
Oregon between 40 and 50 km southwest of Burns, Oregon,
USA (lat 43858 0N, long 119802 0W). At all sites Wyoming big
sagebrush was the dominant shrub and the herbaceous
understory was considered degraded. Prior to treatment,
cover of sagebrush, Sandberg bluegrass (Poa secunda J. Presl),
large perennial bunchgrasses, and perennial forbs averaged
across the study sites were 14.9%, 1.7%, 1.5%, and 0.5%,
respectively. The perennial herbaceous component at our
study sites were much lower than reported for relatively
intact Wyoming big sagebrush communities in Davies et al.
(2006) and (2010a). For example, large perennial grass cover
was 5.9- to 6.7-fold greater in relatively intact Wyoming big
sagebrush communities (Davies et al. 2006, 2010a) compared
to our study sites. Sagebrush cover was 1.2- to 1.5-fold
greater at our study sites than the average reported for
relatively intact Wyoming big sagebrush communities (Davies
et al. 2006, 2010a). Sandberg bluegrass and squirreltail
(Elymus elymoides [Raf.] Swezey) were the most common
perennial grasses at the study sites. Bluebunch wheatgrass
(Pseudoroegneria spicata [Pursh] A. Löve) and/or Thurber’s
needlegrass (Achnatherum thurberianum [Piper] Barkworth)
were also found at the study sites and would have been the
dominant perennial bunchgrasses if the plant communities
were not degraded. Climatic conditions across the study area
are characteristic of the High Desert Ecological Province with
cool, wet winters and springs and hot, dry summers. Average
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annual precipitation ranges between 250 and 275 mm for the
study area (Oregon Climatic Service 2009). Crop-year (1
October–30 September) precipitation was 87%, 101%, and
118% of this long-term average in 2009, 2010, and 2011,
respectively (Eastern Oregon Agricultural Research Center
2011). Elevation of the study sites ranged from 1 263 to 1 350
m above sea level and slopes were relatively flat (0–4%). Soils
at the study sites were loamy and well drained. Soil depth
ranged from 50 to 100 cm to a duripan. All study sites were
on the Loamy 10-12PZ (R023XY212OR) ecological site.
Historical livestock use of this area was heavy and often
season-long. Recent use was approximately 40% use of
available forage, and season of use has been rotational.
Livestock were excluded from the study sites during the
experiment.

Experimental Design and Measurements
A randomized complete block design was used to determine the
response of Wyoming big sagebrush plant communities with
degraded understories to mowing. Five sites were used as
blocks in this study. Blocks varied in soil characteristics and
elevation. Each block consisted of two 30350-m plots with a
2-m buffer between plots and treatments were randomly
assigned to one of the plots. Treatments were 1) mowed and
2) an untreated control. Mowing was implemented with a
Schulte XH 1500 rotary cutter (Schulte Equipment Co.,
Englefield, Saskatchewan, Canada). Mowed plots were mowed
to a 20-cm height in September of 2008. Prior to mowing,
vegetation characteristics were similar between plots in each
block, but varied between blocks.

Vegetation response variables were measured in June of
2009, 2010, and 2011. Four 50-m transects spaced 5 m apart
were used to sample each 30350-m plot. Shrub canopy cover
by species was measured with the use of the line-intercept
method (Canfield 1941) on each of the four transects. Shrub
density was measured by species by counting all individuals
rooted in four, 2350-m belt transects. Each belt transect was
positioned over one of the four 50-m transects. Herbaceous
canopy cover was estimated by species inside 40350-cm
frames (0.2 m2) located at 3-m intervals on each transect line
(starting at 3 m), resulting in 15 frames per transect and 60
frames per plot. Visual cover estimates were based on markings
that divided the frames into 1, 5, 10, 25, and 50% segments.
Moss and litter cover were also visual estimated in the 40350-
cm frames. Herbaceous density by species was also measured
inside the 60, 40350 cm frames.

Statistical Analyses
We used a mixed model of analysis of variance (ANOVA) in
Spotfire Sþ (Timco Software, Inc., Palo Alto, CA) to compare
vegetation response variables between treatments in each year.
For analyses, herbaceous cover and density were grouped into
five functional groups: Sandberg bluegrass, large perennial
bunchgrass, cheatgrass (Bromus tectorum L.), perennial forbs,
and annual forbs. Sandberg bluegrass was treated as a
separate functional group from the other perennial grasses
because it is smaller in size and its phenological development
generally occurs earlier than other perennial bunchgrasses

(James et al. 2008). Cheatgrass was the only annual grass
detected at the study sites. Approximately 80% and 85% of
the total annual forb cover and density was from desert
madwort (Alyssum desertorum Stapf). No exotic perennial
forbs or exotic perennial bunchgrasses were detected at any of
the study sites. Shrub cover and density were separated into
two groups: Wyoming big sagebrush and other shrubs.
Wyoming big sagebrush was treated as a separate group
because it was the dominant shrub and all the other shrubs
were resprouters. Differences were considered significant at
P� 0.05. Means were reported with standard errors (mean-
SE).

RESULTS

Sandberg bluegrass, large perennial bunchgrass, and peren-
nial forb cover did not differ between treatments in any year
(Figs. 1A–1C; P . 0.05). Annual forb and cheatgrass cover
were greater in the mowed compared to the nontreated
control in 2009, 2010, and 2011 (Figs. 1D and 1E;
P , 0.05). Annual forb cover was 3.3-, 4.0-, and 1.8-fold
greater in the mowed than control treatment in 2009, 2010,
and 2011, respectively. Cheatgrass cover was 3.5-, 3.6-, and
4.6-fold greater in the mowed compared to the control in
2009, 2010, and 2011, respectively. Total herbaceous cover
was 1.5-, 2.2-, and 1.4-fold greater in mowed compared to
nontreated control in 2009, 2010, and 2011, respectively
(Fig. 1F; P , 0.05). Bare ground and sagebrush cover were
less in the mowed compared to the nontreated control in all
years (Figs. 2A and 2B; P , 0.05). Sagebrush cover was more
than threefold greater in the nontreated control than the
mowed treatment. Bare ground was 1.3-fold greater in the
nontreated control compared to the mowed treatment in all
years. Other shrub cover did not differ between treatments in
any year of the study (Fig. 2C; P . 0.05). Moss cover did not
differ between treatments in 2009 (Fig. 2D; P¼0.15). In
2010 and 2011, moss cover was lower in the mowed than
nontreated control (P¼0.01 and 0.02, respectively). Litter
cover was greater in the mowed compared to the control in
all years (P , 0.05). Litter cover was 41 6 2, 31 6 2, and
32 6 2% in the mowed treatment and 28 6 1, 24 6 3, and
19 6 1% in the untreated control in 2009, 2010, and 2011,
respectively.

Sandberg bluegrass, large perennial bunchgrass, and
perennial forb density did not vary between treatments in
2009, 2010, and 2011 (Figs. 3A–3C; P . 0.05). Annual forb
density was 2.5-, 1.8-, 1.7-fold greater in the mowed
compared to the nontreated control treatment in 2009,
2010, and 2011, respectively (Fig. 3D; P , 0.01). Cheatgrass
density did not differ between treatments in 2009 (Fig. 3E;
P¼0.16). In 2010 and 2011, cheatgrass density was 2.3- and
3.3-fold greater in the mowed than control treatment,
respectively (P¼0.03 and 0.05, respectively). Sagebrush
density was more than 1.5-fold greater in the nontreated
control than the mowed treatment in all years of the study
(Fig. 3F; P , 0.01). Other shrub density did not differ
between treatments in any of the years posttreatment (data
not presented; P . 0.05).
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Figure 2. Shrub canopy cover, moss ground cover, and bare ground (meanþSE) in mowed and untreated control plots in Wyoming big sagebrush
communities with degraded herbaceous understories in 2009, 2010, and 2011. An asterisk indicates significant (P� 0.05) differences between treatments
in that year. Note that scale varies by individual graph.

Figure 1. Plant functional group canopy cover (meanþSE) in mowed and untreated control plots in Wyoming big sagebrush communities with degraded
herbaceous understories in 2009, 2010, and 2011. An asterisk indicates significant (P� 0.05) differences between treatments in that year. Note that scale
varies by individual graph.
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DISCUSSION

Though mowing Wyoming big sagebrush plant communities
with degraded herbaceous understories increased total herba-
ceous vegetation, it did not elicit a positive response from
native herbaceous vegetation and resulted in a decline in soil
surface moss. The increase in exotic species after mowing these
communities suggests a trajectory of continued degradation of
the native plant community.

The results of this study indicate that sagebrush dominance is
limiting herbaceous vegetation in degraded Wyoming big
sagebrush communities. Total herbaceous cover was 1.4- to
2.2-fold greater where sagebrush was reduced with mowing.
Similarly, other studies have reported two- and even threefold
increases in herbaceous vegetation when sagebrush dominance
is reduced (Mueggler and Blaisdell 1958; Hedrick et al. 1966;
McDaniel et al. 1991; Davies et al. 2007; Davies et al. 2012).
However, we found that exotic annual grasses and forbs appear
best suited to take advantage of reductions in sagebrush in
degraded Wyoming big sagebrush plant communities. Exotic
annuals increased substantially with mowing the degraded
Wyoming big sagebrush plant communities in our study.
Mowing may favor exotic plants because it increases soil
nutrient concentrations (Davies et al. 2011a). Greater water
and soil nutrient availability have been repeatedly reported to

increase the success of exotic plant invasions (Huenneke et al.
1990; Burke and Grime 1996; Davis et al. 2000). In addition,
exotic annual grasses invading sagebrush communities are
more able than native plants to take advantage of elevated soil
nutrients (Young and Allen 1997; Vasquez et al. 2008).

Greater litter in the mowed treatment compared to the
untreated control also probably favored exotic annual grasses.
Litter moderates temperature and moisture, creating favorable
microsites for germination and establishment of cheatgrass and
other exotic annual grasses (Evans and Young 1970, 1972).
Similarly, Japanese brome (Bromus japonicus Thunb.), an
exotic annual grass, density was greater when litter covered the
soil surface compared to bare ground and the importance of
litter increased as precipitation decreased (Whisenant 1990). In
our study, the approximate 1.5-fold increase in litter with
mowing probably greatly increased the number of favorable
microsites for cheatgrass establishment. This combined with
elevated resources probably facilitated greater density and
cover of exotic annuals, especially cheatgrass, in the mowed
treatment compared to the untreated control.

The lack of a native herbaceous vegetation response provides
strong evidence that mowing Wyoming big sagebrush commu-
nities with degraded herbaceous understories will not restore
the native herbaceous component; however, longer-term
evaluation is needed. Similarly, mowing relatively intact

Figure 3. Plant functional group density (meanþSE) in mowed and untreated control plots in Wyoming big sagebrush communities with degraded
herbaceous understories in 2009, 2010, and 2011. An asterisk indicates significant (P� 0.05) differences between treatments in that year. Note that scale
varies by individual graph.
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Wyoming big sagebrush communities did not increase native
perennial vegetation (Davies et al. 2011a). However, Davies et
al. (2011a) reported that native annual forbs increase with
mowing. We measured a large increase in annual forbs, but the
increase was predominantly exotic species. More than 80% of
the increases in annual forb cover and density were from desert
madwort, an exotic annual forb. Though long-lived native
perennial vegetation are often slow to respond in arid and
semiarid environments (West et al. 1979; Neilson 1986; Liston
et al. 2003), the average to above-average precipitation with
wet, cool springs in the postmowing years should have been
favorable climatic conditions for establishment of new indi-
viduals, especially native cool-season (C3) bunchgrasses.
Therefore, it appears doubtful that native herbaceous vegeta-
tion will increase substantially in response to mowing. If exotic
annuals had not increased, the response of native vegetation
may have been different. Exotic annual species densities of
almost 900 plant �m�2 in the mowed areas probably severely
limited the response of native herbaceous vegetation. Exotic
annuals are competitive with native vegetation and may
severely limit recruitment of native plants (Melgoza et al.
1990; Young and Mangold 2008). Native plant abundance and
biodiversity declined exponentially with increasing abundance
of an exotic annual grass (Davies 2011). Increases in exotic
annuals probably suppress native vegetation in these ecosys-
tems through competition and increased fire frequency (Hir-
onaka and Sindelar 1975; D’Antonio and Vitousek 1992;
Young and Mangold 2008; Davies 2011).

Increases in the cover and density of exotic annuals with
mowing are concerning because the plant communities may
have transitioned or may be transitioning across a threshold
that will be prohibitively expensive and difficult to reverse.
Invasion by exotic annual grasses, and possibly exotic annual
forbs, may promote frequent fires by increasing fine fuel
biomass and continuity. This may create an opportunity for an
exotic annual species/fire cycle that would further degrade the
native plant community and be difficult to reverse. For
example, exotic annual grass invasion can promote frequent
fires that are detrimental to native vegetation and facilitate
annual grass invasion into adjacent noninvaded plant commu-
nities (D’Antonio and Vitousek 1992; Brooks et al. 2004). The
increase in cover and density of exotic annual species in the
mowed treatment in this study increased fine fuel continuity
and probably the fine fuel biomass. Thus, mowing degraded
Wyoming big sagebrush communities elevated the wildfire risk.
The impact of increased exotic annual cover and density in
these communities with mowing may take many years to be
fully realized, especially because their full impacts may not be
realized until they fuel frequent fire events.

Similar to the results of this study, Davies et al. (2011a) also
reported that cheatgrass cover increased with mowing in
relatively intact Wyoming big sagebrush plant communities.
In the current study, however, we found a much greater increase
in cheatgrass density and also an increase in exotic annual forb
cover and density. This suggests that Wyoming big sagebrush
plant communities with degraded herbaceous understories may
be even more likely to respond negatively to mowing, at least
without additional treatments, than relatively intact commu-
nities. Similarly, postfire exotic annual grass abundance in
Wyoming big sagebrush plant communities depends to large

degree on the herbaceous understory condition prefire. Burning
degraded Wyoming big sagebrush plant communities resulted
in large increases in exotic annual grasses (Stewart and Hull
1949; Young and Allen 1997), but burning Wyoming big
sagebrush with intact herbaceous understory had limited exotic
annual grass invasion (Davies et al. 2007; Bates et al. 2009).
The combination of these results with our current results
suggests that a threshold has been crossed when perennial
native herbaceous vegetation is depleted in Wyoming big
sagebrush communities. This threshold may be difficult and
expensive to reverse. Thus, Wyoming big sagebrush communi-
ties with degraded herbaceous understories are likely less
resilient to disturbance than ones with relatively intact
herbaceous understories.

The decrease in moss with mowing is further evidence that
mowing causes negative impacts in degraded Wyoming big
sagebrush plant communities. Moss, as a major constituent of
biological soil crusts, is a critical component of arid and
semiarid ecosystems that captures resources, prevents erosion,
and reduces invasibility (Belnap et al. 2001; Harper and Belnap
2001; Belnap 2006). Though biological soil crusts are not a
large component of the cover in intact Wyoming big sagebrush
plant communities in the northern Great Basin (Davies and
Bates 2010a), a decrease in moss cover may have long-term
negative impacts because surface moss in sagebrush plant
communities is slow to recover from disturbances (Hilty et al.
2004). Similar to our results, Davies et al. (2011a) found that
mowing relatively intact sagebrush communities reduced moss
cover and attributed the decrease to soil surface disturbance
from mowing and possibly the decline in sagebrush cover.
Others have also linked disturbances to reductions in soil biotic
crusts in the sagebrush steppe ecosystem (e.g., Ponzetti and
McCune 2001; Ponzetti et al. 2007; Root and McCune 2012).

Though the goal of mowing was to increase native
herbaceous vegetation by decreasing sagebrush, the decrease
in sagebrush has some negative impacts that should be
considered. Reducing sagebrush cover to less than 5% with
mowing would negatively impact sagebrush obligate wildlife
species if applied across large areas. For example, sage
grouse (Centrocercus urophasianus) habitat needs (Connelly
et al. 2000) would not be met with such low sagebrush cover
after mowing (Hess and Beck 2012). Beck et al. (2012), in a
synthesis of the literature, also concluded that mowing and
other treatments that reduce sagebrush in Wyoming big
sagebrush plant communities were generally not beneficial
for sage grouse or common big-game ungulates. The
reduction in sagebrush could also negatively impact other
wildlife species, especially those that consume large quanti-
ties of sagebrush. For example, pygmy rabbits (Brachylagus
idahoensis), pronghorn (Antilocapra americana), and mule
deer (Odocoileus hemionus) consume, at least seasonally,
large amounts of sagebrush (Mason 1952; Green and
Flinders 1980; Austin and Urness 1983; Shipley et al.
2006). Thus, large-scale applications of treatments that
greatly reduce sagebrush are not recommended in habitat
for sagebrush-associated wildlife (Connelly et al. 2000;
Wilson et al. 2011; Beck et al. 2012). The negative impact
of mowing on sagebrush-associated wildlife habitat is
expected to be finite, as sagebrush density and cover are
predicted to recover in 10 and 19 years postmowing,
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respectively (Davies et al. 2009a). However, the increase in
exotic annual species with mowing may promote frequent
wildfires that will eliminate sagebrush from the plant
communities. Thus, mowing degraded Wyoming big sage-
brush stands would have at least short-term negative impacts
to some sagebrush-associated wildlife species, but postmow-
ing invasion of exotic annual species may permanently
reduce available sagebrush habitat with the conversion to
exotic annual communities that are maintained by an exotic
species/fire cycle.

Though mowing degraded Wyoming big sagebrush com-
munities promoted exotic annual dominance, doing nothing
will probably also ultimately result in conversion to exotic
annual communities. Fire is a natural disturbance in these
ecosystems, so it is logical to assume that most degraded
Wyoming big sagebrush communities will burn in a wildfire
event at some point in time and the postburn communities
will be dominated by exotic annuals (Stewart and Hull 1949;
Chambers et al. 2007; Davies et al. 2011b). Reducing
sagebrush dominance with mowing in Wyoming big sage-
brush plant communities is not a method in and of itself to
restore native herbaceous understories and increase resilience
to disturbances. However, mowing may be a component of
methods that include additional treatments (e.g., seeding,
exotic annual control, etc.) to restore the herbaceous
understories. This emphasizes the need for additional
research on the interaction between mowing and other
treatments to restore herbaceous understories and improve
resilience in degraded Wyoming big sagebrush plant com-
munities. Especially important would be research to deter-
mine if mowing promotes the establishment of seeded
herbaceous vegetation and if mowing in combination with
additional treatments can increase the resilience of plant
communities to future disturbances.

MANAGEMENT IMPLICATIONS

Mowing Wyoming big sagebrush plant communities with
degraded understories increased total herbaceous vegetation,
but did not increase native perennial herbaceous vegetation.
Mowing without additional treatments to promote native
vegetation and control exotic species probably increases the
risk of converting Wyoming big sagebrush plant communities
to exotic annual-dominated communities. The increase in
exotic annual species with mowing increased the cover of
fine fuels which may elevate the wildfire risk. Degraded
Wyoming big sagebrush plant communities should not be
mowed without additional treatments planned to promote
perennial herbaceous vegetation and control exotic annuals.
This research suggests that Wyoming big sagebrush with
degraded herbaceous understories have probably crossed a
threshold that will be expensive and difficult to reverse.
Thus, we caution against mowing Wyoming big sagebrush
plant communities with degraded understories until research
has determined the best treatment combinations to promote
perennial herbaceous vegetation, limit exotic annuals, and
increase resilience. In addition, we suggest that it is critical
to prevent additional Wyoming big sagebrush communities
from crossing the threshold from intact to degraded.
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