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Abstract

There are concerns about the negative consequences of non-native livestock
grazing of sagebrush communities, especially since these communities are
experiencing unpreceded threats from invasive annual grasses, altered fire
regimes, and climate change. The narrative around grazing often focuses on
the effects of heavy, repeated growing season use that were common histori-
cally but now are rare or localized (e.g., near water sources). At the same time,
the potential for ecological benefits of strategically applied grazing is often
overlooked, limiting management options that may promote desired outcomes.
To improve management in the face of unprecedented threats, we synthesized
the literature to investigate and identify potential ecological benefits of strate-
gically applied livestock grazing in sagebrush communities. We found that
grazing can be used to modify fine fuel characteristics in ways that decrease
fire probability and severity in sagebrush communities. Pre-fire moderate graz-
ing may be especially important because it decreases fire severity and, thereby,
promotes biodiversity and reduces postfire annual grass invasion, fire-induced
mortality of native bunchgrasses, and fire damage to soil biocrusts. Grazing
can create and maintain fine fuel breaks to improve firefighter safety and fire
suppression efficiency. Strategic grazing can also be used to promote desirable
plant community composition. Grazing can be a valuable tool, that is currently
underutilized, for achieving desired management outcomes in the sagebrush
and likely other ecosystems. Improper grazing can generate severe negative
consequences; therefore, successful application of grazing to achieve desired
outcomes will require careful attention to plant community response and
balancing management objectives with community constraints.
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INTRODUCTION

Domestic livestock grazing is the most prominent land use
of sagebrush communities in western North America.
Non-native livestock (sheep, cattle, and horses) were intro-
duced in large numbers to these rangelands in the
mid-to-late 1800s by Europeans (Oliphant, 1968). Early
grazing practices were not ecologically sustainable and led
to widespread overuse and degradation (e.g., loss of peren-
nial grasses and forbs, reduced biodiversity, erosion,
overabundant unpalatable species, and non-native plant
invasions) (Box, 1990; Daubenmire, 1970; Griffiths, 1902).
During this period, grazing regimes characterized by heavy
stocking rates and repeated growing season use were per-
vasive because livestock producers did not know the graz-
ing capacity of these rangelands, and on public lands,
inadequate governance structures meant that if one pro-
ducer did not use the forage, another producer would
(Box, 1990; Hess & Holecheck, 1995). Grazing manage-
ment practices improved as rangeland science developed,
and with the creation of the Forest Service and Grazing
Service (precursor to the Bureau of Land Management)
which governed public land wuse (Box, 1990).
Improvements in grazing management led to widespread
recovery of native herbaceous understories in many range-
land plant communities (Box, 1990; Copeland et al., 2021;
Young & Sparks, 1985). However, legacy effects and local-
ized heavy grazing (e.g., near water sources) continue to
be associated with losses of native perennial herbaceous
plants and biocrusts, increases in invasive plants, and
increased erosion potential in some areas (Reisner et al.,
2013; Root et al., 2020; Williamson et al., 2020).
Consequentially, there has been concern about live-
stock grazing in sagebrush communities. Some have
called for the removal of livestock grazing from public
lands because of the effects of prior grazing practices and
localized heavy grazing (e.g., Beschta et al., 2012;
Kauffman et al., 2022; Meyer, 2011). However, grazing
occurs at moderate (30%-50% utilization of available for-
age) to low (<30% utilization of available forage) intensi-
ties in many sagebrush rangelands, and these areas are
comparable to ungrazed areas (Anderson & Holte, 1980;
Copeland et al,, 2021; Davies et al, 2018; Rice &
Westoby, 1978; Veblen et al., 2015). Thus, it is unlikely
that removing moderate or low intensity grazing will sub-
stantially improve sagebrush rangeland condition
(e.g., increase native perennial forbs and grasses, limit
invasive species, and decrease erosion potential)
(Copeland et al., 2021; Davies et al., 2014; Thomas et al.,
2022). There are also economic and social reasons to use
sagebrush rangelands for livestock production, especially
as world demand for food and fiber increases (Westcott &
Trostle, 2012). Overlooking the ability to generate

ecological benefits with livestock grazing may limit our
ability to achieve desired outcomes in sagebrush plant
communities.

It is well established that livestock grazing in other
ecosystems can have ecological benefits. Livestock graz-
ing promotes biodiversity in many different ecosystems
around the world (Baldi et al., 2013; Marty, 2005; Mu
et al.,, 2016; Papanikolaou et al., 2011; Porensky et al.,
2013). Livestock grazing can be used as a tool for control-
ling invasive plant species (DiTomaso et al., 2008;
Frost & Launchbaugh, 2003; Lym et al., 1997) and for
fuel modification to reduce the probability of wildfires in
some ecosystems (Freitag et al., 2021; Siegel et al., 2022).
Another ecological benefit of grazing in some systems is
that it can increase habitat diversity (Fuhlendorf et al.,
2006; Ollerer et al., 2019; Vavra, 2005). Undoubtedly,
grazing can be beneficial for some plant communities,
but the idea that livestock grazing could be beneficial for
sagebrush communities is often dismissed.

In the 62 million ha sagebrush ecosystem, particularly
in the Great Basin, livestock grazing is considered outside
of the historic disturbance regime by some people. This is
based on the limited abundance of large herbivores in the
recent evolutionary past and that most of the dominant
herbaceous species in the sagebrush ecosystem lack clear
grazing resilience traits (Adler et al.,, 2004; Diaz et al.,
2007; Mack & Thompson, 1982). This, combined with the
negative consequences of heavy, repeated growing season
grazing (Box, 1990; Daubenmire, 1970; Griffiths, 1902;
Laycock, 1967; Reisner et al., 2013), has led to a general
assumption that sagebrush communities are likely to be
negatively affected by any amount of grazing and that, at
best, management can minimize those negative
effects. However, large herbivores have been present at
low densities for thousands of years in this ecosystem,
and smaller herbivores are also common. Large ungulate
herbivores were even more abundant in the distant
past (>10,000 years ago) (Atwater & Davis, 2011;
Grayson, 2016), and sagebrush communities have been
around for at least 12 million years (Davis & Ellis, 2010).
There are also some herbaceous species found in parts of
the sagebrush ecosystem that have grazing resilience
traits, such as western wheatgrass (Agropyron smithii)
and blue grama (Bouteloua gracilis) (Benkobi et al., 2007;
Kotanen & Bergelson, 2000), or grazing avoidance/
tolerance traits, such as Sandberg bluegrass
(Poa secunda) (McLean & Tisdale, 1972; Porensky et al.,
2018). Sagebrush plant communities thus evolved in the
context of some nonzero level of herbivory and may be
resilient to grazing at moderate to low intensities or fre-
quencies. Thus, it is possible that strategically applied
livestock grazing could convey some ecological benefits
in these communities.
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There have been multiple terms used to define
grazing to achieve desired outcomes, such as
“prescribed,” “targeted,” or “strategic” livestock grazing
(e.g., Bailey et al., 2019; Barnes & Howell, 2013; Frost &
Launchbaugh, 2003; Rinella & Hileman, 2009). For the
purpose of this manuscript, we use the term strategic
grazing and define it as grazing purposefully applied to
facilitate change to or maintain desired plant community
characteristics. Our objectives were to synthesize the lit-
erature to investigate and identify potential ecological
benefits of strategic livestock grazing in sagebrush com-
munities and assess the ability of livestock management
to achieve desired outcomes. Because more frequent and
severe wildfires and undesirable plant community com-
positional changes (e.g., loss of native perennials, reduced
biodiversity, and increases in invasive annual grasses) are
two of the most pressing issues in sagebrush communi-
ties (Crist et al., 2023; Davies et al., 2011; Doherty et al.,
2022), we focus our synthesis on investigating if strategi-
cally applied grazing can decrease fire probability and
severity or can positively influence plant species composi-
tion. This includes identifying under what circumstances
grazing can be beneficial and providing insight into how
management can capitalize on its positive effects. We also
suggest additional research avenues to increase opportu-
nities to effectively manage livestock grazing to achieve
desired outcomes in sagebrush plant communities.

GRAZING TO MODIFY FUELS
AND FIRES

Fuels

Increased fire frequency, annual area burned, and inci-
dents of mega-fires (Crist, 2023; Crist et al., 2023; NIFC,
2023) threaten the resilience and resistance of sagebrush
communities prone to annual grass invasion (Chambers
et al., 2007, 2014) as well as sagebrush-associated wildlife
(USFWS, 2013). The cost of suppressing these wildfires
and postfire restoration is exceedingly expensive with
tens of millions of dollars expended per megafire (Crist
et al., 2023; NIFC, 2023). Pre-suppression management of
fuels could reduce the probability, size, and frequency of
fires in sagebrush communities (Hulet et al., 2015); how-
ever, the extent of vast sagebrush rangelands makes fuel
management challenging. Hence, grazing is one of the
most economical and logistically feasible treatments that
can be applied at the scale needed to manage fine fuels in
sagebrush rangelands (Davies et al., 2015).

Strategic grazing can modify a wide suite of fine fuel
characteristics (Figure 1). Moderate levels of grazing by
cattle reduce fine fuel biomass, height, and continuity

(Davies et al., 2010, 2015; Orr et al., 2023; Strand et al.,
2014; Thomas & Davies, 2023). More intense grazing may
also be used to reduce annual grass fine fuels in invasive
annual grass-dominated sagebrush rangelands (Diamond
et al., 2009, 2012; Porensky et al., 2018). Grazing also
increases the moisture content of fine fuels by altering the
live to dead ratio in subsequent years (Davies et al., 2015,
2017; Orr et al., 2023). By increasing fuel moisture content,
moderate grazing truncates the period of time when fine
fuels are dry enough to readily burn by ~2 months (Davies
et al., 2015). Clearly grazing has substantial effects on fuel
characteristics, but these effects vary according to grazing
intensity (Orr et al., 2023), plant community composition
(Thomas & Davies, 2023), and timing of grazing (Davies
et al,, 2017; Porensky et al., 2018). Hence, management of
grazing must align with fuel management goals within the
constraints of the plant communities.

Fuel breaks

Creating and maintaining fuel breaks with strategically
applied grazing (Figure 2) may be a particularly produc-
tive use of livestock to protect ecosystem goods and ser-
vices in sagebrush communities prone to annual grass
invasion, especially when they limit fire spread from
annual  grass-invaded = communities to intact
sagebrush-bunchgrass communities. Fuel breaks are
intended to provide firefighters “safe” locations from
which to suppress wildfires and increase the effectiveness
of suppression efforts. Recently a large network of fuel
breaks has been implemented to assist in limiting the
spread of fires in extensive sagebrush landscapes (BLM,
2020). Because of the vast nature of sagebrush
rangelands, these fuel breaks can be costly to create and
maintain (BLM, 2020; Shinneman et al., 2019). Grazing
by livestock may be a cost-effective tool to create and
maintain fine fuel breaks but presents logistical chal-
lenges, especially in regard to concentrating grazing in
the fuel break. Traditional fencing can be used to focus
grazing within the boundaries of fuel breaks but is expen-
sive and may not be an option on public lands (Boyd
et al., 2023; Clark et al., 2023). Supplementation place-
ment when forage is not meeting livestock nutritional
needs (Stephenson et al., 2023) and virtual fencing (Boyd
et al., 2023) show promise for effectively focusing grazing
within fuel breaks. In a 3-km long fuel break using vir-
tual fence to control cattle distribution, utilization was
49% and 6% inside and outside of the fuel break, respec-
tively (Boyd et al., 2023). Grazed fuel breaks in annual
grass-dominated sagebrush rangelands substantially
decreased wildfire flame lengths and rate of spread,
thereby greatly improving suppression, preventing much
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FIGURE 1 Conceptual diagram of the potential effects of different grazing strategies on plant communities in the sagebrush ecosystem.

Grazing needs to be applied with careful attention to the duration, frequency, and intensity of use needed to meet desired outcomes.

larger fires, and protecting adjacent sage-grouse habitat
from burning (Clark et al., 2023).

Fire probability

The aforementioned alterations to fuel characteristics
through strategic grazing can subsequently reduce fire
probability. Grazing prior to the wildfire season substan-
tially reduced the likelihood of fire propagation (Davies
et al., 2017; Diamond et al., 2009; Orr et al., 2023), though
results vary by weather (Davies et al., 2017; Strand et al.,
2014). Ignition of fuels is decreased with grazing as well
as the spread of fire from the initial ignited fuel to other
fuels (Davies et al., 2017; Orr et al., 2023). Without igni-
tion and spread, wildfire cannot propagate. Grazing
sagebrush-bunchgrass communities in the fall or spring
prior to the summer wildfire season reduced the proba-
bility of fire propagation; however, spring grazing
reduced it to a greater extent, especially during the hot-
test, driest part of the wildfire season (Davies et al., 2017).
As grazing intensity increased the probability of fire
decreased (Orr et al., 2023); however, substantial reduc-
tion of fire probability was achieved with moderate levels
of grazing (Davies et al., 2017; Orr et al., 2023). Strategic
grazing, especially if combined with the management of
anthropogenic ignition sources, is likely a valuable tool

to reduce the risk of fire propagation in sagebrush com-
munities prone to annual grass invasion.

Fire behavior

Grazing, by altering fuel characteristics, can also modify
fire characteristics. Moderately grazed compared with
ungrazed sagebrush steppe had shorter flame lengths,
slower rates of spread, and smaller burning fronts
(Davies, Boyd, et al., 2016). Similarly, strategic grazing in
annual grass-dominated rangelands reduced flame length
and rate of spread (Diamond et al., 2009). These
grazing-induced modifications to fire characteristics
would result in safer and more effective fire suppression
(Davies, Boyd, et al., 2016; Diamond et al., 2009).
Another benefit of modified fire characteristics with graz-
ing is a decrease in the area burned and a mosaic of
burned and unburned patches (Davies, Boyd, et al., 2016;
Orr et al., 2023; Strand et al., 2014). Unburned patches
within a fire perimeter are important because they serve
as a refuge for fire sensitive species and reduce the nega-
tive impacts of fire on wildlife (Henriques et al., 2000;
Robinson et al., 2013; Watson et al., 2012). Grazing modi-
fications to fire characteristics appear especially valuable
for wildland firefighter safety, fire suppression efficiency,
and fire sensitive species conservation.
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FIGURE 2 Fuel break created with strategically applied grazing in an invasive annual grass-dominated sagebrush steppe in
southeastern Oregon. Photo credit: Kirk Davies.

Fire severity

Grazing can also have ecological benefits in the event
that sagebrush rangelands burn. Reduction of fine fuel
and modification of fuel structure with grazing can
decrease the severity of wildfires. Maximum fire tem-
perature and heat loading (time with temperatures
above 60°C) during a fire were reduced because moder-
ate grazing decreases the total amount of highly flam-
mable fine fuel (Davies, Boyd, et al., 2016). This
reduction in fine fuel also decreases the engagement
and combustion of shrubs during a fire, which
decreases heat energy released during combustion, fur-
ther limiting fire temperatures and heat loading

(Davies, Boyd, et al., 2016). Moderate grazing in sage-
brush communities decreases fuel loads near the meri-
stematic tissue of native bunchgrasses and the
incidences of dead centers in bunchgrasses (Davies
et al., 2018) and, subsequently, reduces fire-induced
mortality and damage to native bunchgrasses if these
areas burn (Davies et al., 2009; Davies, Bates, et al.,
2016; Davies, Bates, Boyd, et al., 2021). Reducing fire
severity and the need for restoration, particularly when
the loss of native perennial plants makes the plant com-
munity more vulnerable to annual grass invasion
(Chambers et al.,, 2007; Davies et al., 2009; Davies,
Bates, et al., 2016), can be an important ecological ben-
efit of strategically applied grazing.

dny) suonIpuUD pue swis 1 81 89S *[Z02/90/90] o A%eiqi suluo A1 ‘Areiqi] aimnoLBy feuolieN Aq 6681 2s99/200T OT/I0P/W00" A3 1M Ake.q Ul juo s feuno fesa//sdny Wolj papeojumod ‘s ‘v202 ‘S2680ST2

100 Ao I A

85UB017 SUOWILLIOD) SAIIERID 3|l jdde auy Ag peusenob aJe ssoile YO 8sN Jo Sa|n. 1oy Aleuq i 8UlUO A1 UO (SUonIpuod-pL



60f15 |

DAVIES ET AL.

GRAZING TO INFLUENCE PLANT
COMMUNITY COMPOSITION

Grazing to limit invasive annual grasses in
the absence of fire

The largest threat to the integrity of the sagebrush ecosys-
tem is invasive annual grasses (Davies et al., 2011;
Davies, Leger, et al., 2021), with almost 200,000 ha of the
Great Basin transitioning from perennial plant communi-
ties to invasive annual grasslands annually (Smith et al.,
2022). Invasive annual grasses are highly competitive and
often grow earlier and more rapidly than many native
perennial species, thereby preempting resources and sub-
sequently excluding native species (Figure 3;
Humphrey & Schupp, 2004; Melgoza et al., 1990).
Annual grasses can also negatively affect native perennial
vegetation by increasing the amount and continuity of
highly flammable fine fuels (Davies & Nafus, 2013;

Knapp, 1995) and ultimately promoting more frequent
fires (Brooks et al., 2004; D’Antonio & Vitousek, 1992).
More frequent fire regimes exclude sagebrush and nega-
tively affect most native perennial plants, favoring inva-
sive annual grasses and often leading to the development
of a positive biofeedback between annual grasses and fire
(D’Antonio & Vitousek, 1992; Eiswerth et al., 2009;
Ellsworth et al., 2020; Mahood & Balch, 2019).

The widespread nature of invasive annual grasses and
minimal success in restoring annual grass-invaded com-
munities limits the effectiveness of traditional “control
and seed” restoration strategies (Davies, Leger, et al.,
2021). The scope of the annual grass problem necessitates
the use of treatments that can be applied at large spatial
scales, which greatly limits treatment options. Livestock
grazing is a treatment conducive for application at large
spatial scales but would need to be applied strategically
to limit invasive annual grasses, while avoiding
unintended consequences. This is especially important

FIGURE 3 Invasive annual grass-dominated sagebrush steppe in northern Nevada. Native perennial species have largely been
eliminated because of competition from annual grasses and increased fire frequency. Photo credit: Kirk Davies.
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because heavy, repeated growing season grazing has sub-
stantially contributed to the annual grass problem
(Laycock, 1967; Mack, 1981; Stewart & Hull, 1949).
Clearly articulating how and by what mechanism live-
stock grazing may be able to limit invasive annual grasses
would be crucial to its successful application.

Off-season (fall or fall-winter) grazing shows promise
as a strategy for reducing invasive annual grasses and
potentially increasing perennial vegetation in annual
grass-invaded communities with residual perennial vege-
tation (Figure 1). In Nevada, fall grazing by cattle
removed significant amounts of annual grass standing
crop, thereby reducing its seedbank and productivity and
increasing perennial plant standing crop, largely com-
prised of the introduced bunchgrass crested wheatgrass
(Agropyron cristatum) (Perryman et al., 2020; Schmelzer
et al., 2014). Similarly, moderate fall-winter grazing by
cattle in sagebrush-bunchgrass dominated steppe (Davies
et al.,, 2022) and after wildfire in annual grass-invaded
sagebrush steppe (Davies, Bates, Perryman, et al., 2021)

reduced invasive annuals and increased the native peren-
nial bunchgrass, Sandberg bluegrass (P. secunda).
Fall-winter grazing likely decreased invasive annual
grasses by defoliating its early growth and reducing
ground cover that favors annual grass emergence and
early growth (Davies, Bates, Perryman, et al., 2021).
Invasive annual grass abundance is often greater with
ground cover from litter and herbaceous plants because it
creates a microenvironment that is favorable for annual
grass emergence and growth (Adair et al., 2008; Evans &
Young, 1970; Facelli & Pickett, 1991; Newingham et al.,
2007; Wolkovich et al., 2009). In contrast, litter on the
soil surface can be a barrier to native bunchgrass estab-
lishment (Evans & Young, 1970). These studies suggest
that off-season grazing may decrease the competitive
advantage of invasive annual grasses over perennial
grasses. However, off-season grazing can be difficult to
apply successfully (e.g., Price et al., 2023).

Spring season grazing (Figure 4) may at times also
limit invasive annual grasses and possibly open up safe

FIGURE 4 Cow grazing a sagebrush community with low levels of invasive annual grass invasion during the growing season in eastern

Oregon. Photo credit: Kirk Davies.
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sites for native plants. A single application of short dura-
tion early spring grazing reduced annual grass biomass
and appeared to increase seeded species densities in cer-
tain seeding treatments compared with ungrazed treat-
ments in northern Arizona (Porensky et al., 2021).
Repeated spring grazing in an invasive annual
grass-native bunchgrass co-dominated plant community
reduced annual grass abundance and increased Sandberg
bluegrass abundance (Davies et al., 2020). However, the
authors cautioned against repeatedly applying spring
grazing as it might negatively affect other native bunch-
grasses. A decade of spring grazing of invasive annual
grass-dominated communities also increased Sandberg
bluegrass abundance (Thomas et al., 2022). Spring graz-
ing reduces invasive annual grass seed production
(Diamond et al., 2012), which might contribute to reduc-
ing annual grass abundance.

Other studies have found more generally that light to
moderate grazing, regardless of season, may be able
to reduce invasive annual grasses and favor some native
species (Figure 1). In a sagebrush-grassland ecotone in
northeast Wyoming, for example, long-term (>49 years)
grazing exclosures had nearly three times more invasive
annual grass cover and fewer native plant species than adja-
cent grazed areas, suggesting that light to moderate levels
of livestock grazing may be necessary to maintain resistance
to invasion in some sagebrush communities (Porensky
et al., 2020). More litter cover and low biocrust cover in
exclosures likely favored invasive annual grasses (Porensky
et al., 2020). As mentioned before, litter favors annual grass
establishment and growth (Evans & Young, 1970; Facelli &
Pickett, 1991; Newingham et al.,, 2007, Wolkovich et al.,
2009), while biocrusts can be a barrier to annual grass
establishment (Root et al., 2020; Slate et al, 2019).
Similarly, both heavy grazing and no grazing led to more
abundant invasive annual grasses and more non-native
plant species than moderate grazing in northern Arizona
(Loeser et al., 2007). These results suggest that spring graz-
ing of invasive annual grasses could favor native species as
long as native species are not negatively impacted by the
grazing treatment. Notably, this may require intensively
managed grazing as many native plant species are the most
sensitive to grazing when they are actively growing.

Grazing to reduce the effect of wildfire on
community composition

There is growing evidence that prefire grazing can
decrease postfire annual grass invasion. Long-term
(470 years) moderate growing season grazing with peri-
odic rest from grazing compared with grazing exclusion
prefire resulted in substantially less invasive annual

grasses and about double the abundance of native bunch-
grasses after fire (Davies et al., 2009; Davies, Bates, et al.,
2016). Similarly, when compared with short-term
(5 years) grazing exclusion, moderate off-season grazing
before fire also reduced postfire invasive annual grass
biomass and density and maintained plant community
diversity (Davies, Bates, Boyd, et al., 2021). In northern
Nevada, targeted applications of spring grazing for two
years prefire also led to reductions in invasive annual
grass biomass and densities measured two years postfire
(Gornish et al., 2023). As mentioned in prior sections, the
accumulation of dry fuels near the meristematic tissue in
ungrazed communities likely increases the probability of
fire-induced mortality of bunchgrasses (Davies et al.,
2009, 2018). Prefire grazing can reduce the accumulation
of these fine fuels, especially on the crowns of perennial
bunchgrasses, leading to less severe fires, which in turn
favors perennial bunchgrasses and limits invasive
annuals (Davies et al., 2018; Davies, Bates, et al., 2016).
This interaction between grazing and fire, both common
in the sagebrush ecosystem, probably plays a critical role
in plant community dynamics, particularly postfire inva-
sion. Moderate grazing appears to be vital as it reduces
fuel accumulations but does not negatively impact native
perennial vegetation (Copeland et al., 2021; Davies et al.,
2009, 2018).

Pre-fire, moderate grazing also reduced the negative
impact of fire on soil biocrusts by reducing fire severity
(Davies, Bates, et al., 2016; Davies, Boyd, et al., 2016).
Biocrust cover was 2.3-fold greater postfire in areas that
were moderately grazed compared with not grazed before
fire (Davies, Bates, et al., 2016). Biocrusts are an impor-
tant ecosystem component that captures soil resources,
reduces erosion, and increases resistance to invasive
annual grasses (Belnap et al., 2001; Harper & Belnap,
2001; Ponzetti et al., 2007; Root et al., 2020). In the
absence of fire, activity associated with cattle grazing gen-
erally has a negative impact on biocrusts (Ponzetti &
McCune, 2001; Root et al., 2020; Yeo, 2005). However,
grazing may have an undervalued positive effect on
biocrust because most sagebrush steppe plant communi-
ties will inevitably burn (Davies et al., 2012). The proba-
bility of these communities burning is also increasing as
fire activity and the incidents of mega-fires in the sage-
brush steppe have increased over the last several decades
(Crist, 2023; Crist et al., 2023). Moderate grazing may also
be benefiting biocrust by reducing the probability of wild-
fire (Davies et al., 2010, 2015, 2017; Orr et al., 2023)
because fire is one of the most detrimental disturbances
to biocrust (Brianne et al., 2020; Hilty et al., 2004; Root
et al.,, 2017). Hence, moderate grazing can mediate the
negative impacts of fire on biocrust by reducing fire
severity and probability.
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Shrub recovery

Shrub recovery after disturbances such as fire is critical
to maintaining ecosystem goods and services provided by
sagebrush communities. Strategic grazing can be used to
promote recovery of shrubs (Figure 1). Although peren-
nial herbaceous plants can resist invasion by annual
grasses, they can also reduce shrub establishment
(Porensky et al., 2014; Rinella et al., 2015). Grazing by
cattle likely gives generally unpalatable shrubs, such as
sagebrush, a competitive advantage over herbaceous veg-
etation. The removal of photosynthetic tissue places
grazed plants at a competitive disadvantage with
ungrazed plants (Briske & Richards, 1995; Caldwell et al.,
1987; Wan et al., 2015). Moderate spring grazing of areas
with sagebrush seedling transplants almost doubled sage-
brush growth and reproductive efforts compared with
ungrazed areas (Davies et al., 2020). Though not an ideal
management strategy because of negative impacts to
native herbaceous vegetation, heavy grazing in the spring
increased sagebrush (Laycock, 1967). Grazing by cattle
also promoted sagebrush recovery in grasslands com-
prised of highly competitive, introduced bunchgrasses
(Angell, 1997; Nafus et al., 2016). Similarly, moderate
grazing in the spring promoted the growth of young bit-
terbrush (Purshia tridentata), a wildlife-important native
shrub, after fire in sagebrush rangelands compared with
ungrazed and heavily grazed areas (Ganskop et al., 2004).
Applied strategically across spatial and temporal scales,
grazing appears to be a potential tool to alter competitive
relationships between herbaceous vegetation and shrubs
to promote recovery of shrubs.

Grazing to diversify introduced grasslands

Grazing can modify competitive relationships in intro-
duced bunchgrass grasslands in the sagebrush ecosystem
to achieve desired outcomes. Introduced bunchgrasses
(crested wheatgrass and desert wheatgrass, Agropyron
desertorum) are often seeded after disturbances to sup-
press invasive annual grasses, reduce erosion, and
increase livestock forage (Arredondo et al., 1998;
Dormaar et al.,, 1995; Dormaar & Smoliak, 1985). The
competitiveness of these introduced bunchgrasses can
result in near-monocultures and greatly reduce native
species (Christian & Wilson, 1999; Heidinga & Wilson,
2002; Looman & Heinrichs, 1973). Reducing the competi-
tiveness of introduced bunchgrasses by grazing them may
open sites up for other species (Busso & Richards, 1995).
In support of this, moderate grazing compared with graz-
ing exclusion, increased the abundance of native peren-
nial grasses, perennial forbs, sagebrush, and other native

shrubs in introduced grasslands in the northern Great
Basin (Nafus et al., 2016). Similarly, high stocking rates
increased sagebrush seedling abundance in an introduced
grassland in Oregon (Angell, 1997). Grazing to decrease
the competitiveness of introduced bunchgrasses and
encourage native species may be particularly valuable as
other methods to increase native species in these grass-
lands have been largely unsuccessful (e.g., Fansler &
Mangold, 2011; Hulet et al., 2010; McAdoo et al., 2017).

RESEARCH NEEDS

Understanding how prefire grazing modifies fire behavior
across different fuel communities and variable fire
weather is needed to improve fire management plans.
Further research is also needed to better understand the
effects of different types, intensities, and timings of grow-
ing and dormant season grazing on invasive annual
grasses and native plants across plant community compo-
sition and environmental gradients and variable weather.
Investigating integrating grazing with restoration efforts
may prove quite fruitful. In particular, evaluating differ-
ent grazing strategies to promote sagebrush recovery after
fire may be valuable for restoring habitat for
sagebrush-associated wildlife. Refinement of the timing,
frequency, and intensity of grazing to promote different
native species and functional groups in introduced grass-
lands would be invaluable. Investigating the effects of
interactions between grazing and other treatments on
native species recruitment in introduced grasslands is
also needed. Research into effective and cost-efficient
control of livestock distribution would also be valuable as
it is essential to achieving desired outcomes.

CONCLUSIONS

Strategically applied grazing can modify fuels and plant
community composition to achieve desired
social-ecological outcomes such as reduced invasion,
decreased fire probability and spread, reduced fire suppres-
sion cost, and prevention of ecological transformation
postfire (Figure 1). This does not discount that heavy,
repeated growing season grazing can have severe negative
ecological  consequences in  sagebrush  systems
(Daubenmire, 1970; Griffiths, 1902; Mack, 1981; Stewart &
Hull, 1949). However, strategic grazing, applied with care-
ful attention to the timing, duration, frequency, and inten-
sity of use needed to meet vegetation objectives, has the
potential to limit the detrimental impacts of invasive
annual grasses, promote native species in introduced grass-
lands, and encourage shrub recovery. Off-season grazing
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may be particularly beneficial for managing invasive
annual grasses and favoring perennial species, considering
few other treatments can be effectively applied to the vast
landscapes that have invasive annual grasses or are at risk
of transitioning to invasive annual grasslands. Grazing can
also be a valuable tool for fine fuel and fire management in
the sagebrush ecosystem. Modification of fuel amounts,
continuity, structure, and moisture content with grazing
can decrease fire probability and severity. Fuel and fire
management objectives will need to keep plant community
constraints in mind to ensure negative ecological conse-
quences do not develop. Creation and maintenance of fuel
breaks with grazing can increase fire suppression effective-
ness and firefighter safety. This can lead to a decrease in
area burned and the protection of important ecological
goods and services in sagebrush communities prone to
annual grass invasion.

This synthesis highlights that there is a strong empiri-
cal foundation for characterizing benefits of strategic
grazing in service of a wide variety of desired manage-
ment outcomes. The ability of managers to actualize this
knowledge for management benefit has increased dra-
matically in recent years with the advent of (1) geospatial
technologies (e.g., the Rangeland Analysis Platform;
RAP, 2023) that allow managers to characterize the spa-
tial distribution of vegetation, environmental characteris-
tics, and management challenges at very large spatial
scales; and (2) precision agricultural technologies
(e.g., virtual fencing; Boyd et al., 2022) that empower
managers to influence grazing distribution in accordance
with the geography and nature of those management
challenges. With the near ubiquitous coverage of grazing
within the sagebrush biome, this synthesis suggests the
potential for substantial benefits from strategic grazing
are high, but currently realized benefits are likely
much less.

The positive effects of grazing in sagebrush ecosys-
tems are often overlooked, possibly because heavy,
repeated growing season grazing can clearly have severe
negative impacts. Recognizing livestock grazing as a tool
that can achieve desired outcomes instead of as an unnat-
ural disturbance that needs to be limited could improve
our ability to achieve meaningful management outcomes
in sagebrush and likely other rangeland communities.
Whether livestock grazing has positive, neutral, or nega-
tive effects on ecosystem goods and services depends on
management of livestock use, including the timing,
intensity, frequency, and duration of use (Copeland et al.,
2023). Thus, outcomes are largely anthropogenically
driven and constrained by logistical challenges.
Strategically applying grazing to achieve specific out-
comes will need to be tailored to fit within the ecological
constraints of the plant community. Hence, investigating

different timing, frequency, duration, and intensity of
grazing to achieve desired outcomes in various plant
communities, especially across large landscapes, is
needed to further improve management. With the
unprecedented threats (e.g., invasive annual grasses, cli-
mate change, and increased fire frequency) to sagebrush
and other rangeland communities, strategic livestock
grazing will be a vital management tool to achieving
desired outcomes and limiting adverse disturbances.
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