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Grazing by cattle is ubiquitous across the sagebrush steppe; however, little is known about its effects on 
sagebrush and native bunchgrass structure. Understanding the effects of long-term grazing on sagebrush and 
bunchgrass structure is important because sagebrush is a keystone species and bunchgrasses are the dominant 
herbaceous functional group in these communities. To investigate the effects of long-term grazing on sagebrush 
and bunchgrass structure, we compared nine grazing exclosures with nine adjacent rangelands that were grazed 
by cattle in southeast Oregon. Grazing was moderate utilization (30−45%) with altering season of use and infre
quent rest. Long-term grazing by cattle altered some structural aspects of bunchgrasses and sagebrush. Ungrazed 
bunchgrasses had larger dead centers in their crowns, as well as greater dead fuel depths below and above the 
crown level compared with grazed bunchgrasses. This accumulation of dry fuel near the meristematic tissue 
may increase the probability of fire-induced mortality during a wildfire. Bunchgrasses in the ungrazed treatment 
had more reproductive stems than those in the long-term grazed treatment. This suggests that seed production of 
bunchgrasses may be greater in ungrazed areas. Sagebrush height and longest canopy diameter were 15% and 20% 
greater in the ungrazed compared with the grazed treatment, respectively. However, the bottom of the sagebrush 
canopy was closer to the ground in the grazed compared with the ungrazed treatment, which may provide better 
hiding cover for ground-nesting avian species. Sagebrush basal stem diameter, number of stems, amount of dead 
material in the canopy, canopy gap size, and number of canopy gaps did not differ between ungrazed and grazed 
treatments. Moderate grazing does not appear to alter the competitive relationship between a generally unpalat
able shrub and palatable bunchgrasses. Long-term, moderate grazing appears to have minimal effects to the struc
ture of bunchgrasses and sagebrush, other than reducing the risk of bunchgrass mortality during a fire event. 

Published by Elsevier Inc. on behalf of The Society for Range Management. 

Introduction 

Grazing by livestock in sagebrush steppe communities of the Great 
Basin can be controversial. This is largely because these communities 
historically experienced limited grazing pressure from large ungulates 
(Mack and Thompson, 1982) and because of resource damage from 
widespread overuse by sheep, cattle, and horses following initial 
European settlement (Mack, 1981; Young and Allen, 1997; Chambers 
et al., 2007). Examples of glaring mismanagement, particularly in riparian 
areas (Beschta et al., 2014; Batchelor et al., 2015), have led many to 
assume that all grazing negatively affects sagebrush steppe ecosystems. 
However, ungrazed rangelands and moderate grazed rangelands have 
repeatedly been demonstrated to be similar in production, native species 
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composition and abundance, and exotic annual grass abundance (Sneva 
et al., 1980; Courtois et al., 2004; Davies et al., 2009; Davies et al., 
2014). Moderate grazing is utilization levels of 30%−45% of available 
forage (Holechek et al., 1999) with season of use altering between 
growing season and dormant season use. In contrast, overgrazing 
(greater utilization and often repeated growing season use) of sagebrush 
(Artemisia L.) steppe communities reduces native perennial grasses and 
promotes exotic annual grass invasion (Laycock, 1967; Mack, 1981; 
Young and Allen, 1997; Reisner et al., 2013). 

Moderate grazing, however, does alter some plant community 
characteristics. Grazed areas generally have less herbaceous cover 
than ungrazed areas (Szaro and Pase, 1983; Davies et al., 2010; Kerns 
et al., 2011; Bates and Davies, 2014). There may also be some shifts in 
competition that favor plants not grazed compared with grazed plants 
because of the loss of photosynthetic tissues (Caldwell et al., 1987; 
Briske and Richards, 1995). Grazed plant communities can have greater 
fine fuel moisture content than ungrazed plant communities (Davies 
et al., 2015, 2016, 2017). Ungrazed rangelands also have an accumula
tion of fuels, particularly standing-dead fine fuels (Davies et al., 2010, 
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2017). Ungrazed rangelands, because of an accumulation of dry fine 
fuels, are at a greater risk of fire propagation (Davies et al., 2017) and 
more likely to experience a more intense and severe fire than moderate 
grazed rangelands (Davies et al., 2009, 2016). 

However, little is known about the effects of cattle grazing on many 
structural characteristics of sagebrush communities. Grazing by sheep 
has been demonstrated to reduce sagebrush cover, especially with fall 
grazing (Laycock, 1967; Bork et al., 1998), which likely translates to 
smaller sagebrush canopies. Sheep consume more browse than cattle 
and therefore results from sheep studies should not be extrapolated to 
cattle. Shrub cover was similar in cattle grazed compared with ungrazed 
sagebrush steppe (Davies et al., 2010), but response of sagebrush was 
not evaluated on an individual plant basis. However, grazing of riparian 
areas by cattle during the summer can alter the structure of other shrubs 
such as willows (Salix sp.) (Schultz and Leininger, 1990). Livestock 
grazing alterations to woody vegetation structure can also influence 
fire intensity and frequency in forested ecosystems (Zimmerman and 
Neuenschwander, 1984). 

Cattle influence the structure of vegetation they consume, but vege
tation’s long-term structural response to grazing is generally unknown. 
Even less is known about the influence of cattle on the structure of 
vegetation they generally do not consume. Of particular interest in sage
brush steppe communities would be the structural response of sage
brush and large perennial bunchgrasses to long-term, moderate 
grazing. Sagebrush is a keystone species that provides vital habitat to 
sagebrush obligate wildlife species (Connelly et al., 2000; Prevéy et al., 
2010). Alterations to sagebrush structure may influence wildlife that 
use sagebrush for hiding and nesting cover. For example, greater sage-
grouse (Centrocercus urophasianus) mostly nest under sagebrush, and 
sagebrush structure often determines preference (Sveum et al., 1998). 
Though cattle generally consume very little, if any, sagebrush (Krysl 
et al., 1984), they may physically damage sagebrush as they graze 
herbaceous vegetation between and underneath sagebrush canopies. 
Large perennial bunchgrasses are vital because they are the most impor
tant plant functional group to preventing exotic annual grass invasion 
(Chambers et al., 2007; Davies, 2008) and, subsequently, the develop
ment of an exotic annual grass−fire cycle (D’Antonio and Vitousek, 
1992). Alteration to bunchgrass structure through grazing, such as 
reducing fuel accumulations on their crowns, may influence their sensi
tivity to disturbances (Davies et al., 2009). Perennial bunchgrasses also 
provide important hiding cover for wildlife (Sveum et al., 1998; 
Connelly et al., 2000). Considering that cattle grazing is extensive across 
the sagebrush steppe (Davies et al., 2014), it is critical to understand the 
influence of long-term grazing by cattle on sagebrush and perennial 
bunchgrass structure. 

The purpose of this study was to evaluate the effects of long-term 
(80 yr) grazing compared with no grazing by cattle on sagebrush and 
perennial bunchgrass structure. We hypothesized that grazing by cattle 
would alter sagebrush and native bunchgrass structure. Specificity, we 
expected that sagebrush canopies would be smaller with long-term 
grazing by cattle because of physical damage. In addition, we hypothe
sized that grazing by cattle would reduce dead fuels in the center of 
bunchgrasses. 

Methods 

Study Area 

The study was conducted in southeastern Oregon approximately 
50−60 km west of Burns, Oregon, at the Northern Great Basin Experi
mental Range (NGBER) (lat 43°29′N, long 119°43′W). Climate at the 
NGBER is typical of the northern Great Basin with cool, wet winters 
and hot, dry summers. The headquarters of the NGBER received on 
average 300 mm of precipitation annually during the past 50 yr 
(1956−2005). Elevation at the study sites ranges from approximately 
1 300 to 1 500 m above sea level, and the topography is flat (slopes 

0°−3°) to 15° with aspects from south to north. Soils at the study sites 
are Aridisols, Mollisols, and Andisols with varying soil depths (Lentz 
and Simonson, 1986). Wyoming big sagebrush (Artemisia tridentata 
ssp. wyomingensis [Beetle and A. Young] S. L. Welsh) and mountain big 
sagebrush (A. t. spp. vaseyana [Rydb.] Beetle) were the dominant shrubs 
with dominant bunchgrass species varying by study site. Thurber’s 
needlegrass (Achnatherum thurberianum [Piper] Barkworth), Idaho 
fescue (Festuca idahoensis Elmer), prairie junegrass (Koeleria macrantha 
[Ledeb.] J. A. Schultes), bluebunch wheatgrass (Pseudoroegneria spicata 
[Pursh] A. Löve), needle and thread (Hesperostipa comata [Trin. and 
Rupr.] Barkworth), and bottlebrush squirreltail (Elymus elymoides 
[Raf.] Swezey) were common large perennial bunchgrasses at the 
study sites. Plant communities were dominated by native perennial 
vegetation (sagebrush and bunchgrasses) with very limited abundance 
of exotic annual grasses (b 4% cover). Plant community composition and 
plant functional group densities were similar between exclosures and 
grazed areas (Bates et al., unpublished data). The plant communities at 
the study sites are common in the northern Great Basin (Daubenmire, 
1970; Davies et al., 2006; Davies and Bates, 2010). These plant communi
ties are not believed to have recently evolved with high numbers of large 
ungulates (Mack and Thompson, 1982), but they have evolved with peri
odic fire (Wright and Bailey, 1982; Miller and Rose, 1999; Mensing et al., 
2006; Miller and Heyerdahl, 2008). 

Experimental Design 

We used a randomized complete block design with two treatments. 
Treatments were long-term, moderate grazing (grazed), and long-term 
grazing exclusion (ungrazed) and were applied to nine different sites 
with varying vegetation, soils, and topography. The ungrazed treat
ments were 2-ha livestock exclosures established in 1936. The grazed 
treatments were concurrently established adjacent to the livestock 
exclosures and were similar in site characteristics (soil, topography, 
etc.) and vegetation composition. Thus, the experiment consisted of 
nine grazed and nine ungrazed areas. We considered moderate grazing 
to be utilization between 30% and 45% (Holechek et al., 1999) and  
season of use altering between growing season and dormant season 
use (deferred rotation). In 1937, density was similar among treatments 
for large perennial bunchgrasses, Sandberg bluegrass, perennial forbs, 
annual forbs, and annual grass (P N 0.05). Grazed treatments were 
grazed by cattle through 2015. Grazing pressure by cattle was moderate, 
30−45% use of the available forage. From 1938 to 1949 cattle use was 
rotation grazing with stocking rates determined from range surveys 
conducted in 1938 and 1944. From 1949 to 2015, the grazing program 
was a deferred-rotational system with an occasional year of complete 
rest. Stocking rates ranged between 0.15 and 0.36 animal unit months 
(AUMs) per ha with an average of 0.22 AUMs per ha. In 2016, no grazing 
occurred before sampling. Grazed treatments were in nine fenced 
rangeland pastures ranging in size from 65 to 810 ha. Wildlife were 
not excluded from the grazed or ungrazed treatments. 

Measurements 

Bunchgrass and sagebrush structure was measured in late June 
through July 2016. Fifty native perennial bunchgrasses, excluding 
Sandberg bluegrass (Poa secunda J. Presl), were randomly selected in 
each treatment replication. Sandberg bluegrass was excluded from 
measurements because it is smaller in stature, develops phenologically 
earlier (James et al., 2008), and differs in its response to disturbances 
compared with larger native bunchgrasses (McLean and Tisdale, 1972; 
Yensen et al., 1992). Total crown diameter (live and dead), dead 
crown center diameter, crown height, and depth of fuel in dead center 
above and below crown level were measured on each selected bunch
grass. Crown height was measured as the distance between the 
surrounding soil surface and the crown. Depth of fuel below the 
crown level was measured by excavating a small hole in the center of 
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the dead materials at the center of each plant until soil was contacted. 
Number of reproductive stems, reproductive stem height, and droop 
height were also measured on 50 previously selected bunchgrasses. 

Fifty sagebrush plants were randomly selected in each treatment 
replication. Height, widest canopy diameter, diameter perpendicular 
to widest diameter, basal trunk diameter, and number of basal stems 
were measured on each selected sagebrush. Number of gaps N 10 cm 
and length of gaps in the canopy were also measured on each sagebrush. 
Height of the bottom of the sagebrush canopy was measured at the 
dripline and halfway between the dripline and the trunk (50% of 
dripline) on each sagebrush. 

Statistical Analyses 

We used analysis of variance (ANOVA) with the PROC MIXED proce
dure in SAS v. 9.4 (SAS Institute, Cary, NC) to evaluate perennial bunch
grass and sagebrush structural responses to long-term grazing. 
Treatment (grazed, ungrazed) was considered a fixed variable, and 
block and block-by-treatment interaction were considered random 
variables in the models. The appropriate covariance structure, com
pound symmetry, was selecting using Akaike’s Information Criterion 
(Littell et al., 1996). Data that violated assumptions of ANOVAs were 
square root transformed to better meet assumptions. Original data 
(i.e., nontransformed) were presented in the figures and text. Means 
were considered different at α ≤ 0.05. Means were reported with 
standard errors in the text and figures. 

Results 

Perennial bunchgrass total crown diameter (live and dead) was 20% 
greater in the ungrazed compared with the grazed treatment (Fig. 1; 
P = 0.005). The diameter of the bunchgrass crown that was dead was 
1.3 times greater in the ungrazed than grazed treatment (see Fig. 1; 
P = 0.017). Crown height above the soil surface did not differ between 
treatments (see Fig. 1; P = 0.093). Depth of the fuel in dead center of the 
crown above the crown level was 1.6 times greater in the ungrazed 
compared with the grazed treatment (Fig. 2; P = 0.006). Depth of fuel 
in the dead center of the crown below the crown level was 40% greater 
in the ungrazed compared with grazed treatment (see Fig. 2; P = 
0.014). Number of reproductive stems per bunchgrass was 1.7 times 
greater in the ungrazed compared with the grazed treatment (Fig. 3; 
P = 0.012). Height of reproductive stems was 1.2 times greater in the 
ungrazed compared with the grazed treatment (see Fig. 3; P = 0.001). 
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Figure 2. Fuel heights above and below bunchgrass crown level (mean + S.E.) in long-term 
grazed and ungrazed sagebrush steppe communities. Asterisks (*) indicate difference 
between treatment means (P ≤ 0.05). 

The droop height of bunchgrasses was 1.3 times greater in the ungrazed 
compared with the grazed treatment (see Fig. 3; P = 0.006). 

Sagebrush height differed between treatments (Fig. 4; P = 0.022) and 
was 15% greater in the ungrazed compared with the grazed treatment. 
The longest diameter of the sagebrush canopy was 1.2 times greater in 
the ungrazed compared with the grazed treatment (see Fig. 4; P = 
0.039); however, the diameter perpendicular to the longest diameter 
did not differ between treatments (see Fig. 4; P = 0.140). Dripline height 
of the bottom of the sagebrush canopy did not differ between treatments 
(see Fig. 4; P = 0.149). Height of the bottom of the canopy at 50% of the 
dripline was 1.3 times greater in the ungrazed compared with the grazed 
treatment (see Fig. 4; P = 0.007). Number of basal stems did not differ 
between the ungrazed and grazed treatment (Grazed = 2.60 ± 0.20 
stems ∙plant-1, Ungrazed = 2.63 ± 0.15 stems ∙plant-1; P = 0.847). 
Basal diameter of sagebrush was similar between treatments (Grazed = 
11.92 ± 1.29 cm, Ungrazed = 13.04 ± 1.12 cm; P = 0.177). The percent 
of dead in the sagebrush canopy did not differ between the ungrazed and 
grazed treatments (Grazed = 30.18 ± 7.75%, Ungrazed = 27.25 ± 8.98%; 
P = 0.609). The number of gaps (Grazed = 0.55 ± 0.08 gaps ∙plant-1, 
Ungrazed = 0.50 ± 0.05 gaps ∙ plant-1) and the length of the gaps 
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Figure 4. Sagebrush height, longest canopy diameter, diameter perpendicular to longest 
diameter, and canopy height aboveground at dripline and at 50% of dripline (mean + S.E.) 
in long-term grazed and ungrazed sagebrush steppe communities. Asterisks (*) indicate 
difference between treatment means (P ≤ 0.05). 

(Grazed = 26.82 ± 2.04 cm, Ungrazed = 28.43 ± 1.78 cm) in the 
sagebrush canopy did not differ between treatments (P = 0.500 and 
0.440, respectively). 

Discussion 

Long-term, moderate grazing by cattle influenced the structure of 
native perennial bunchgrasses and sagebrush. These effects likely have 
both positive and negative consequences to the persistence of sagebrush 
steppe communities, as well as associated wildlife. However, many 
grazing-induced structural changes were negligible and therefore their 
ecological impact may be limited. Structural changes to bunchgrasses 
may be an exception when coupled with fire as ungrazed plants could 
be more susceptible to fire-induced mortality. Interestingly, moderate 
grazing influenced structure of sagebrush, a generally unpalatable shrub 
to cattle (Krysl et al., 1984). However, it was not the product of altering 
resource competition as might be expected when an unpalatable shrub 
grows with palatable grasses. If grazing altered the competitive relation
ship by consuming grasses, we would have expected greater sagebrush 
size in the grazed areas, but we found the inverse. Further, supporting 
our conclusion that moderate grazing was not affecting the competitive 
relationship between grasses and sagebrush, Bates et al. (unpublished 
data) found similar densities of sagebrush and bunchgrasses between 
the grazed and ungrazed areas. Sagebrush structure was likely altered 
by physical effects of livestock traversing between shrubs. 

Long-term grazing-induced changes to bunchgrasses may influence 
their risk of fire-induced mortality. In ungrazed areas, the larger centers 
of dead materials in the crowns of perennial bunchgrasses combined 
with a greater depth of fuel in this center below and above the meriste
matic tissues increase the risk that these bunchgrasses will experience 
lethal temperatures during a fire. Accumulations of dry fuels elevate 
fire temperature and elongate the time temperatures are elevated 
(Byram, 1959; Kimuyu et al., 2014; Davies et al., 2016). The probability 
of fire-induced mortality of perennial bunchgrasses increases with 
longer duration of elevated temperatures during fires (Wright and 
Klemmedson, 1965; Wright, 1970; Odion and Davis, 2000; Hulet et al., 
2015). This structural change to perennial bunchgrasses likely explains 
why Davies et al. (2009) observed a 50% reduction in perennial bunch
grass density after fire in ungrazed compared with grazed rangelands. 
Increased perennial bunchgrass mortality is concerning because bunch
grasses are the dominant herbaceous functional group in sagebrush 
steppe communities (Davies et al., 2006; Davies and Bates, 2010) and 

are critical to limiting exotic annual grass invasion and dominance 
(Chambers et al., 2007; Davies, 2008). Long-term, moderate grazing, 
by altering the structure of perennial bunchgrasses, is likely reducing 
the probability that bunchgrasses will suffer mortality during a fire 
and, thereby, helping to maintain resistance to exotic annual grass inva
sion. This should not be interpreted to be suggesting that all grazing 
promotes resistance to exotic annual grass invasion. Improper grazing 
can decrease the resistance of the plant community to exotic annual 
grass invasion by decreasing bunchgrasses (Daubenmire, 1970; Reisner 
et al., 2013). 

Significant postfire invasion of exotic annual grasses, especially 
cheatgrass (Bromus tectorum L.), is particularly concerning. Exotic annual 
grasses dry out earlier than native perennial vegetation (Davies and 
Nafus, 2013) and can promote frequent wildfires that are detrimental 
to native vegetation (D’Antonio and Vitousek, 1992). Cheatgrass and 
other exotic annual grass invasion is a great management challenge as 
there are no cost-effective methods to control cheatgrass across the 
vast areas it has invaded (Stohlgren and Schnase, 2006), let alone restore 
these areas. 

The lower number of reproductive stems per bunchgrass with long-
term grazing may be of concern. Fewer reproductive stems may indicate 
lower seed produced per plant, which could mean that fewer seeds are 
available to occupy safe sites and populate the seed bank. However, we 
cannot definitively conclude that fewer seeds were produced in grazed 
areas because we did not measure seed production. Even if fewer seeds 
were produced in the grazed areas, it appears that seeds were plentiful 
enough to recruit sufficient individuals to offset mortality, as perennial 
bunchgrasses are relatively short-lived (Svejcar et al., 2014). However, 
additional research is warranted to determine the effects of long-term 
grazing on seed production and fitness and seedling vigor of perennial 
bunchgrasses. 

Decreases in perennial bunchgrass and sagebrush heights with long-
term grazing were likely not biologically significant. Similar to our current 
study, Davies et al. (2010) found that long-term ungrazed bunchgrasses 
were 1.3-fold taller than long-term grazed bunchgrasses, even though 
annual production of bunchgrasses was the same. Sagebrush heights 
were only 9 cm taller in the ungrazed compared with the grazed 
treatments, which likely has little influence on its value to wildlife. For 
example, sagebrush in both the grazed and ungrazed treatments exceed 
the sagebrush height requirements for productive sage-grouse habitat 
(Connelly et al., 2000), though the ubiquitous application of these guide
lines is ill-advised (Davies et al., 2006). 

The longest diameter and height of the bottom of the sagebrush 
canopy may influence its value to wildlife. For example, sage-grouse 
generally nest under sagebrush with larger canopies (Sveum et al., 
1998). The longer canopy diameter results in a larger under-canopy 
area for hiding cover, particularly for nesting, in the ungrazed compared 
with the grazed treatments, especially since amount of dead, number 
of gaps, and gap size in canopies were similar between treatments. 
However, the height of the bottom of sagebrush canopy may have the 
opposite effect on under-canopy hiding cover in the ungrazed treat
ment. Less distance between the ground and the bottom of the sage
brush canopy at 50% of dripline in the grazed compared with the 
ungrazed may provide important hiding cover in the grazed treatments. 
Sage-grouse often select sagebrush for nesting with less distance 
between the canopy and the ground (Fischer, 1994; Sveum et al., 
1998; Holloran, 1999). Less distance between the sagebrush canopy 
and the ground at the 50% dripline was surprising as we expected that 
cattle grazing under the shrubs would likely break off lower branches, 
resulting in more distance between the bottom of the canopy and 
the ground. Cattle, however, often avoid grazing under sagebrush plants 
until total utilization exceeds 40% of available forage (France et al., 2008). 
Considering that both treatments may have opposing effects on hiding 
cover under sagebrush, it is likely that long-term grazing effects are 
minor. Furthermore, to conclude with any certainty that either of 
these structural differences influences nest success and wildlife 

Image of Figure 4
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population demographics would requiring measuring wildlife response 
to these treatments (Fulbright et al. 2018). 

Moderate, long-term grazing by cattle appears to have little effect in 
the interior of the sagebrush canopy. Number of gaps, gap size, and 
amount of dead in the canopy were similar between grazed and ungrazed 
treatments. The numbers of basal stems and basal diameter were not 
influenced by long-term grazing, further suggesting that the interior of 
sagebrush plants was not influenced by grazing by cattle. Therefore 
grazing by cattle, as conducted in this study, largely influences the exte
rior of the canopy, likely through physical damage as cattle traverse 
between sagebrush plants. Alterations to canopy size are likely caused 
by physical damage as cattle generally do not consume big sagebrush 
unless grazing pressure is heavy and even then it generally constitutes 
b 5% of their diet (Krysl et al., 1984). Grazing pressure in this study was 
moderate and during the spring and summer; therefore, sagebrush 
consumption by cattle was probably minimal. 

Management Implications 

Long-term grazing by cattle influences the structure of plants they 
readily consume (bunchgrasses) and plants they generally avoid con
suming (big sagebrush). The effects of moderate grazing, particularly 
on bunchgrasses, likely influences the persistence of some sagebrush 
communities. Most likely, moderate grazing is decreasing the probability 
of fire-induced mortality of native bunchgrasses by reducing the amount 
of dry fuel in and on top of bunchgrass crown and thereby decreasing the 
risk of postfire dominance by exotic annual grasses. However, reduced 
bunchgrass reproductive effort with grazing should be further investi
gated. Grazing reduces the size of sagebrush plants, but what effect this 
has on sagebrush communities and associated wildlife is unclear. The 
reductions in sagebrush height and canopy diameter were small and 
may be biologically insignificant. Grazing, however, does modify plant 
structure and with improper management (e.g., greater grazing 
pressures than used in this study) may have undesirable effects on 
structure. Nevertheless, our data provides compelling evidence that the 
effects of long-term, moderate grazing on bunchgrass and sagebrush 
structure likely has limited effects and may contribute to the 
persistence of these communities. 
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