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Ecological Effects of Free-Roaming 
Horses in North American Rangelands

KIRK W. DAVIES AND CHAD S. BOYD

Free-roaming horses are a widespread conservation challenge. Horse use (grazing and related impacts) is largely unmanaged, leading to concerns 
about its impact on native plant communities and ecosystem function. We synthesized the literature to determine the ecological effects of free-
roaming horses in North American rangelands. Largely unmanaged horse use can alter plant community composition, diversity, and structure 
and can increase bare ground and erosion potential. Free-roaming-horse use has also been linked to negative impacts on native fauna. Horses 
have repeatedly been shown to limit and even exclude native wildlife’s use of water sources. These effects would likely be greatly reduced if the 
horse populations were better managed, but sociopolitical factors often preclude improved management. Using rigorous ecological research 
to educate politicians and the general public may facilitate the development of science-based management of free-roaming horses; however, 
ecological effects may have to become more severe before such changes can be realized.
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Free-roaming horses in North America are a  
management   challenge and conservation concern 

(Turner 1987, Beever 2003, Girard et  al. 2013, Beever 
et al. 2018). Wild horses (Equus sp.) went extinct in North 
America approximately 10,500 (Guthrie 2003, 2006) to 
13,000 (Grayson 2006) years ago. Self-sustaining popula-
tions of free-roaming domestic horses (Equus caballus) 
in North America established in the sixteenth and seven-
teenth centuries from domestic stock introduced by Spanish 
explorers (Haines 1938). Both accidental and intentional 
releases of domestic horses associated with the agricultural 
industry also augmented free-roaming horse populations 
and genetics (Young and Sparks 2002). At times, livestock 
producers used nearby free-roaming-horse populations as 
brood stock and would occasionally release stallions to alter 
the free-roaming-horse genetics for their purposes (Bowling 
1994, Hyslop 2017, Idaho BLM 2018). These practices 
largely ended with the passage of the Wild Free-Roaming 
Horses and Burros Act (WFRHBA) of 1971, although the 
abandonment of domestic horses in free-roaming-horse- 
occupied areas still occurs, particularly during economic 
downturns or when feed costs increase substantially.

The management of free-roaming horses is a contentious 
topic, with pressure from multiple special interest groups 
(e.g., wildlife enthusiasts, hunters, animal-rights groups, 
ranchers, conservationists, environmental groups, and horse 
advocates and enthusiasts) with divergent demands. A large 
part of the challenge is that humans often have a strong 
emotional connection to horses, because horses have been 

ingrained in human cultures for centuries (Beever et  al. 
2019). Free-roaming horses are viewed as a symbol of free-
dom and strength, as well as an icon of the American West 
(Beever 2003), but the modern free-roaming horse is also an 
exotic species in North America that may influence ecosys-
tem function and integrity if the population is left unman-
aged. An additional concern is that most of the free-roaming 
horses on public lands in the United States occur in the dri-
est state, Nevada (BLM 2018), which, similar to other arid 
and semiarid environments, is composed of plant communi-
ties and ecological sites that are sensitive to disturbance and 
mismanagement. The management of free-roaming horses, 
however, is often challenged and criticized by special interest 
groups (Symanski 1996, Linklater et al. 2002).

Free-roaming horses are a serious conservation concern, 
because the use (grazing and related impacts) by this species 
is largely unmanaged and continuous, suggesting that its 
effects may be large, even in areas with low animal popula-
tions (Beever 2003). In contrast, domestic livestock are more 
intensively managed through planned periods of grazing 
deferment and rest; herding; and salt, mineral, and water 
placement (Beever 2003). Therefore, unlike domestic spe-
cies under managed grazing, free-roaming horses have the 
potential to continuously graze preferred plants and loca-
tions, such as riparian areas. The ecological effects of free-
roaming horses would likely be similar to the effects that 
have been documented for largely unmanaged use by other 
large herbivores, such as historic livestock grazing in the 
western United States (Davies et al. 2014b) or free-roaming 
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camels in Australia (Edwards et  al. 2010). Therefore, free-
roaming horses may pose a threat to the sustainability of 
these ecosystems and the services they provide, includ-
ing wildlife habitat, ecohydrologic function, and forage 
production.

Free-roaming horses have the potential to affect large 
tracts of rangeland. They occupy 31.6 million acres of fed-
eral land in the United States (BLM 2018). The population 
estimate of free-roaming horses and burros ranging on 
Bureau of Land Management (BLM)–administered lands 
was 81,951 animals and exceeded the appropriate manage-
ment level (AML) by more than 55,000 animals in 2018 
(BLM 2018). The BLM is required to determine the AML 
by the 1971 WFRHBA, and AML reflects the number of 
horses allowable, given consideration of ecological factors 
and other uses and values, including wilderness, wildlife, 
recreation, and livestock grazing. The number of horses on 
US rangelands will likely continue to grow; free-roaming 
horse populations are estimated to increase at a mean annual 
rate approaching 20% (National Research Council of the 
National Academies 2013), and the federal government has 
been unable to remove even a substantial portion of this 
increase in recent years (BLM 2018). Free-roaming-horse–
occupied areas also overlap with habitat for many species 
of conservation concern, including sage-grouse and other 
sagebrush obligate species. There is a critical need to deter-
mine the ecological effects of free-roaming horses on North 
American rangelands.

However, determining the ecological effects of free-roam-
ing horses has proven difficult, because domestic livestock 
frequently uses the same landscapes as free-roaming horses. 
Domestic livestock, particularly cattle, and free-roaming-
horse diets overlap substantially (Krysl et  al. 1984, Scasta 
et  al. 2016). Therefore, domestic livestock grazing often 
confounds the ecological effects of free-roaming-horse graz-
ing, giving rise to considerable uncertainty regarding the full 
extent and degree of impact of horses on rangeland ecologi-
cal processes.

A synthesis of the literature is needed to more fully com-
prehend the ecological effects of free-roaming horses and to 
separate their effects from those of domestic livestock. Our 
objective in this article is to synthesize the ecological effects 
of free-roaming horses on North American rangelands and 
to provide science-based suggestions for minimizing those 
effects. We will determine the state of the science and its 
application potential in the management of free-roaming 
horses.

Free-roaming-horse effects on vegetation
Unrestricted free-roaming-horse use affects vegetation in 
uplands and riparian areas. In general, horse use alters the 
structural characteristics and, at times, the abundance of 
native vegetation (figure 1). Areas from which horses had 
been excluded compared with horse-occupied areas in Great 
Basin uplands had two to three times greater native grass 
cover and frequency (Beever et al. 2008). In riparian areas, 

free-roaming-horse use decreased herbaceous vegetation 
cover and height (Beever and Brussard 2000, Boyd et  al. 
2017). Grass cover was lower in areas occupied by horses 
over a long term than those from which horses had been 
excluded for short or long terms in Montana and Wyoming 
(Fahnestock and Detling 1999). In contrast, Davies and col-
leagues (2014a) found greater native perennial grass cover 
in sagebrush communities from which horses had been 
excluded than in those with heavy horse use but found 
no difference between areas from which horses had been 
excluded and those that showed light to moderate use by 
horses. One limitation with the Davies and colleagues 
(2014a) study was that the horses were only excluded for 
4–5 years, and therefore, the exclusion areas may have still 
been recovering from prior horse use. Sagebrush communi-
ties often require several decades for recovery to become 
detectable after the removal of a disturbing agent (Sneva 
et  al. 1980, West et  al. 1984, Anderson and Inouye 2001). 
Beever and colleagues (2008) found that horse use can shift 
plant community composition toward greater abundance 
and cover of grazing-tolerant and unpalatable herbaceous 
species, but others have not detected an effect on compo-
sition (with a small sample size and confounding grazing 
effects from other large herbivores; Baur et al. 2017).

In shrub-occupied riparian and upland habitats, the 
exclusion of free-roaming horses increased shrub density 
(Beever and Brussard 2000, Davies et al. 2014a, Boyd et al. 
2017). Horses also consumed riparian shrubs and thereby 
greatly decreased the shrubs’ height. Although the differ-
ence was not significant, the juvenile sagebrush density in 
areas from which horses had been excluded was 7.8 times 
greater than that in horse-occupied areas (Davies et  al. 
2014a). Juvenile sagebrush density was not significantly 
different between occupied and unoccupied areas because 
of large variability, and one of the replicates essentially 
had no juveniles because it was fully occupied by mature 
sagebrush. The results from Davies and colleagues (2014a) 
and Boyd and colleagues (2017) suggest that free-roaming 
horses limit the recruitment of shrubs and thereby prevent 
their recovery. Mature sagebrush was twice as dense in 
areas from which horses had been excluded than in those 
horses occupied (Davies et  al. 2014a). Shrub cover was 
also generally greater in areas from which horses had been 
excluded than in those horses occupied (Beever et al. 2008, 
Davies et  al. 2014a). The exclusion of unmanaged use by 
other large herbivores also increased shrub cover in shrub-
steppe communities in the Rocky Mountains (Manier and 
Hobbs 2006).

Free-roaming-horse use may also decrease plant species 
diversity and richness in Intermountain West plant com-
munities. Species richness was lower in free-roaming-horse–
occupied sites than in those from which the horses had been 
removed in the Great Basin and declined as grazing distur-
bance increased (Beever et  al. 2008). Diversity increased 
with free-roaming-horse exclusion in sagebrush communi-
ties in northern Nevada (Davies et  al. 2014a). In riparian 
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areas, species richness increased with free-roaming-horse 
exclusion (Beever and Brussard 2000). However, plant diver-
sity declined in Montana and Wyoming with free-roaming-
horse exclusion (Fahnestock and Detling 1999). The reduced 
cover of dominant grasses probably allowed subordinate 
species to increase in horse-occupied areas (Fahnestock and 
Detling 1999). No difference in diversity or species richness 
was detected across five study sites spanning a wide diversity 
of ecosystems (from the Great Basin Desert to mixed-grass 
prairie; Baur et al. 2017). The effects of herbivory on diver-
sity and richness likely vary with use levels and frequency 
(de Villalobos and Zalba 2010), plant community composi-
tion, environmental characteristics (Olff and Ricthie 1998), 
and the degree to which plant communities evolved with 
herbivory. Therefore, limited free-roaming-horse use likely 
increases diversity when it reduces dominant vegetation 
where light competition is a driving force in the composition 
of the plant community. However, when horse use is heavy 

or in a moisture-limited system, it likely reduces diversity 
and richness.

Postfire restoration is likely hampered by free-roaming-
horse use. In southeast Oregon, free-roaming-horse use 
was a major factor leading to the failure of a postfire seed-
ing project. The free-roaming horses pulled first-year grass 
seedlings out of the ground, resulting in high mortality of 
perennial bunchgrass and, subsequently, much lower grass 
density than in adjacent areas that did not have horses. 
Compounding this problem is the reality that grazing 
animals may preferentially use burned areas in larger land-
scapes (Clark et al. 2014). Similar issues have been observed 
with domestic livestock use of grass seedlings (Salihi and 
Norton 1987), and it is therefore a standard practice to defer 
grazing until after grass seedlings are of sufficient maturity 
to not be readily pulled from the ground. Grazing is also not 
recommended immediately after fire in areas that are not 
seeded, because it will likely decrease recovery by adding 

Figure 1. Free-roaming-horse–grazed upland on the right and horse excluded upland on the left on Sheldon National 
Wildlife Refuge, in Nevada, in early June 2012. Horse use at this location was heavy and should not be interpreted to 
represent horse use across the entire area occupied by horses, because their forage use is highly heterogeneous.
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more stress to already stressed plants (Bates et  al. 2009). 
Therefore, free-roaming horses are an added challenge to 
postfire restoration of rangelands.

The effects of free-roaming-horse use on exotic plant 
abundance are not clear. Cheatgrass (Bromus tectorum L.), 
an exotic annual grass causing ecological damage across 
the western United States, was generally more frequent in 
horse-occupied sites, but its cover was not significantly 
greater on these sites (Beever et al. 2008). Short-term horse 
exclusion did not decrease annual grasses (largely composed 
of exotic species) relative to those in horse-occupied sites 
(Davies et  al. 2014a), although it’s unlikely that short-term 
grazing cessation would allow native vegetation to recover 
to a high enough abundance to limit exotic annual grasses 
(Davies et al. 2014b). However, because free-roaming-horse 
grazing can decrease native perennial grasses (Beever et  al. 
2008), it may increase the risk of exotic annual grass inva-
sion. Perennial grasses are a plant functional group crucial to 
limiting exotic annual grasses in the Great Basin (Chambers 
et al. 2007, Davies 2010). In other systems, feral-horse-driven 
changes in the abundance of native plant functional groups 
have decreased biotic resistance to exotic plant invasion 
(de Villalobos and Schwerdt 2017). Better knowledge of the 
effects of free-roaming horses on exotic plants would improve 
the understanding of their ecological effects and potentially 
improve resource management in horse occupied areas.

Free-roaming-horse effects on soils
One of the more concerning impacts of unmanaged horse 
use may be its effects on soils and erosion potential, 
because these affect site productivity and ecosystem func-
tion. Unrestricted free-roaming-horse use can result in high 
levels of bare ground, particularly in areas they repeatedly 
select (figure 2). Similar impacts were observed with other 
large herbivores when they were allowed to repeatedly use 
preferred areas (Dobkin et al. 1998, Bescta and Ripple 2009, 
Batchelor et al. 2015). Bare ground was approximately seven 
times greater in riparian areas occupied by free-roaming 
horses than in areas from which horses were excluded (Boyd 
et al. 2017). Bare ground was quantitatively greater in horse-
occupied sagebrush communities than in those from which 
horses had been excluded; however, the difference was not 
statistically significant (Davies et  al. 2014a). Combined, 
these results suggest the potential for free-roaming horses to 
increase bare ground.

The trampling effect of horses on soils is a destructive 
component of unmanaged use by free-roaming horses 
(Turner 1987). Horse use decreased soil aggregate stability 
and increased soil surface penetration resistance (i.e., an 
index of compaction) in uplands (Beever and Herrick 2006, 
Davies et al. 2014a), likely largely because of trampling and 
unrestricted grazing. In some instances, the effects of com-
paction may be limited to established trails; however, the area 
covered by such trails can be extensive (Ostermann-Kelm 
et al. 2009). Water infiltration rates decrease with increased 
soil penetration resistance, leading to increased runoff risk 

(Maestre et al. 2002, Aksakal et al. 2011). Declines in aggre-
gate stability increase the risk of soil movement with wind 
and water (Herrick et  al. 2001). Bare ground is also more 
exposed to erosional forces than ground covered by litter or 
vegetation and can increase the probability of exotic plant 
invasion. The combined effect of these alterations to soils 
from unmanaged horse use is an elevated risk of soil erosion, 
potentially affecting ecohydrologic function. Furthermore, 
soil erosion has the potential to cause irreversible declines in 
plant community productivity and stability (Pimentel et al. 
1995); therefore, free-roaming-horse use over time could 
permanently affect the productivity and function of some 
areas.

Free-roaming horse effects on wildlife
It is well established that free-roaming horses can alter 
vegetation and soils in rangeland ecosystems (e.g., Beaver 
and Herrick 2006, Beever et  al. 2008, Davies et  al. 2014a), 
and this can negatively affect wildlife habitat (Beever and 
Aldridge 2011). Free-roaming-horse use has also been linked 
to negative impacts on insects (Beever and Herrick 2006), 
small mammals (Beever and Brussard 2004), birds (Zalba 
and Conzzani 2004), and estuarine fauna (Levin et al. 2002).

Shrubs are a critical habitat component for many wildlife 
species, and therefore, horse use limiting the recovery of 
shrubs could negatively affect these species. In particular, 
unmanaged horse use may negatively affect sagebrush-associ-
ated wildlife. The results from recent horse-exclusion studies 
(Davies et al. 2014a, Boyd et al. 2017) support the prior con-
clusions that free-roaming-horse effects may negatively influ-
ence sagebrush-associated wildlife (Beever and Brussard 2004, 
Beever and Aldridge 2011). Altered vegetation structure and 
composition in riparian areas can affect the availability and 
suitability of habitat for a variety of wildlife species. Avian spe-
cies often select particular vegetation characteristics in ripar-
ian habitats (Ammon and Stacey 1997); therefore, horse effects 
may negatively influence some species and positively influence 
other species, depending on their habitat requirements.

In moisture-limited ecosystems, horses may cause addi-
tional stress on native wildlife through competition for 
water. Free-roaming horses frequently prevented water 
acquisition by elk at a natural water source in Colorado 
(Perry et al. 2015) and pronghorn in Nevada (Gooch et al. 
2017). Pronghorn and mule deer also used water sources less 
often where horse activity was high (Hall et al. 2018). Free-
roaming-horse use of water sources was also associated with 
decreased native wildlife species richness and diversity (Hall 
et al. 2016). Native wildlife also visit and spend less time at 
water sources used by free-roaming horses, indicating that 
horses further constrain access to a limited resource (Hall 
et  al. 2016, 2018). Clearly, free-roaming horses displace 
native wildlife at water sources. How this affects wildlife 
populations, demographics, and fitness is unknown (Berger 
1985), but further loss of water in these water-limited envi-
ronments from competition with free-roaming horses could 
amplify conservation challenges for native wildlife.
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We agree with Beever and Aldridge (2011) that the effects 
of free-roaming-horse use in sagebrush uplands and ripar-
ian areas (Beever and Brussard 2000, Beever et  al. 2008, 
Davies et al. 2014, Boyd et al. 2017) on the conservation of 
sage-grouse and other sagebrush-associated wildlife need 
to be considered in developing wildlife management plans 
and conservation strategies. Free-roaming horses are an 
additional stressor on the wildlife species of conservation 
concern in North America, particularly in water-limited 
ecosystems. Therefore, horse effects likely need to be consid-
ered when developing wildlife plans and conservations strat-
egies for any species with a range that substantially overlaps 
with horse-occupied areas.

Management implications
The management of free-roaming horses is a complicated 
social and legal issue. It is controversial, with many special 
interest groups issuing competing demands. Furthermore, 

management is constrained by the WFRHBA and politicians 
with faulty or incomplete knowledge of the issue (Beever 
2003). In particular, the “minimal management strategy” 
set forth by the act restricts the application of scientifically 
validated management options.

Managing free-roaming horse populations is needed, 
because most herd management areas are over AML (BLM 
2018). The overpopulation of free-roaming horses is a widely 
recognized problem, and limitations to resolving this issue 
are largely sociopolitical, because there are well-defined 
strategies for animal population management (Gaillard 
et al. 1998, Garrott 2018, Norris 2018). Unmanaged herbi-
vores will repeatedly defoliate preferred vegetation, causing 
ecological damage over time (Engle and Schimmel 1984, 
Launchbaugh and Howery 2005, di Virgilio and Morales 
2016). Repeated defoliation that continuously removes pho-
tosynthetic tissue can place grazed plants at a competitive 
disadvantage with ungrazed plants and prevents the grazed 

Figure 2. Free-roaming-horse–grazed riparian area on Sheldon National Wildlife Refuge, in Nevada, in September of 
2009. Note the high degree of trampling. Domestic livestock have been excluded from the Sheldon National Wildlife Refuge 
since the mid-1990s, and wild ungulates were not abundant. Unrestricted use by other large herbivores in areas that have a 
similar disparity in the timing between riparian vegetation and upland vegetation senescence will produce similar results.
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plants from completing their life cycle (Caldwell et al. 1987, 
Briske and Richards 1995, Holechek et al. 1998). Dissimilar 
to free-roaming-horse use, use by domestic livestock is man-
aged so that defoliation only occurs for a set period of time; 
defoliation is limited during the periods of use; and periods 
of no use (deferment or short-term rest from herbivory) 
occur, which allows plants to periodically complete their life 
cycle without the physiological stress of defoliation (Davies 
et al. 2014b). Ecological damage is exacerbated with increas-
ing free-roaming-horse populations, because larger areas 
experience repeated use. Therefore, purposeful management 
to reduce horse populations should be practiced, because 
the management strategies often used for domestic livestock 
(e.g., rotational grazing, periodic rest) are generally not 
allowed under the WFRHBA or are not feasible with horses.

Where competition for water from horses negatively 
affects native wildlife access to water, the full or partial 
exclusion of horses from water sources may be needed, 
perhaps with a concomitant development of off-site water 
sources. Horses may also need to be excluded from sensitive 
areas, such as riparian areas, or other areas they overuse. 
However, the exclusion of horses from any resources will 
need to be carefully applied, because exclusion may increase 
horse use in other areas. This, again, points to the need for 
diligent management of horse populations.

A reevaluation of AMLs is needed, because climate 
change, invasive plants, and woody plant encroachment 
have potentially altered forage production, plant community 
composition, and water availability since the WFRHBA was 
written. Reevaluating AMLs is particularly needed in areas 
in which federal agencies have frequently had to supplement 
forage or water or have had to conduct emergency gathers to 
prevent horse deaths. Clearly, AMLs need to be reevaluated 
if herd management areas cannot meet the needs of horses 
year-round. AMLs may need to be lowered in areas in which 
free-roaming-horse use causes substantial ecological dam-
age or negatively affects species of conservation concern.

Conclusions
Unmanaged free-roaming-horse use can cause changes in 
plant community structure, composition, and diversity, 
which can affect both ecological processes and the quality 
and availability of wildlife habitat. When they are largely 
unmanaged, other animals, including camels, cattle, and 
pigs cause similar ecological degradation (Gallacher and 
Hill 2006, Cole and Litton 2014, Davies et al. 2014b). Free-
roaming horses also appear to directly affect other wild 
species by potentially limiting their access to water sources. 
Providing wildlife with access to water without the pres-
ence of free-roaming horses may entail excluding the horses 
from at least a portion of the water sources in water-limited 
environments. Unmanaged horse use increases the risk of 
soil erosion in both riparian and upland plant communities 
(Davies et al. 2014a, Boyd et al. 2017) and may, at some sites, 
decrease ecosystem productivity and function. Unrestricted 
use over time may cause stream channel incision and a 

drop in the water table in riparian areas, particularly if the 
banks were made unstable by a loss of deep-rooted plant 
species (e.g., Carex spp.). Soil compaction from unrestricted 
free-roaming-horse use likely limits herbaceous vegetation, 
because soil compaction can restrict water infiltration and 
root growth (Ehlers et al. 1983, Bengough and Mullin 1991, 
Villamil et  al. 2001). Collectively, the body of literature on 
unrestricted free-roaming-horse grazing demonstrates that 
horses have a substantial ecological impact in native upland 
and riparian plant communities. The ecological effects 
are probably greater than these studies suggest, because 
ecosystem recovery can be slow and because most exclu-
sion studies are short term relative to the speed at which 
ecological properties are recovered following a disturbance 
(e.g., Davies et  al. 2014a, Boyd et  al. 2017). Longer-term 
evaluation of the response of soil, vegetation, and wildlife 
to free-roaming-horse exclusion is needed in order to bet-
ter understand the magnitude of these effects. However, 
the magnitude of horse effects will likely vary substantially 
across the landscape, because horse use intensity and fre-
quency is variable. The ecological effects of free-roaming 
horses need to be considered in restoration efforts and con-
servation plans for native fauna and flora. Some restoration 
and conservation goals may not be achievable in areas that 
free-roaming horses occupy and should therefore not be 
attempted, because resources would be wasted.

Limiting the ecological effects of free-roaming-horse use 
will require the successful navigation of a complex and emo-
tionally charged sociopolitical environment. We currently 
have sufficient ecological literature to inform management 
decisions regarding free-roaming horses. However, science-
based ecosystem conservation is confounded by human 
psychology and the politics and sociology of horse advocacy 
groups (Sysmanski 1996). 

We would like to believe that change in the sociopolitical 
arena around free-roaming horses can be stimulated by rig-
orous ecological research and using that research to inform 
scientifically sound management of free-roaming horses, as 
well as educating politicians and the public. However, we 
recognized that science is often ignored and, in some cases, 
blatantly discounted because of people’s emotional con-
nection to horses. People’s emotional connections to other 
animals cause similar issues around the world. In Dubai, 
camel use is unrestricted because of a cultural reverence for 
them, even though it is the single greatest threat to inland 
deserts (Gallacher and Hill 2006). Introduced feral pigs 
cause ecosystem degradation in Hawaii, but eliminating 
them is strongly opposed by native Hawaiians because of 
their cultural tradition of pig hunting (Cole and Litton 2014, 
Beever et al. 2019). The ecological impacts of free-roaming 
horses will likely have to become more severe before the 
sociopolitical environment surrounding this issue changes 
sufficiently to alter management. That said, the status quo 
of largely not managing free-roaming-horse populations is 
neither ecologically tenable nor compatible with the conser-
vation of North American rangelands and their native fauna.

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article-abstract/69/7/558/5519497 by guest on 12 July 2019



Forum

564   BioScience • July 2019 / Vol. 69 No. 7	 https://academic.oup.com/bioscience

Acknowledgments
We appreciated thoughtful reviews of earlier versions of 
the manuscript by David Ganskopp and two reviewers 
who wished to remain anonymous because of the socio-
political environment surrounding this issue. We are also 
grateful to the associated editor and three anonymous 
reviewers for their constructive reviews of the manuscript. 
The US Department of Agriculture is an equal opportunity 
provider and employer. Mention of a proprietary product 
does not constitute a guarantee or warranty of the prod-
uct by the USDA or the authors and does not imply its 
approval to the exclusion of other products that may also 
be suitable.

References cited
Aksakal EL, Öztaş T, Özgük M. 2011. Time-dependent changes in distribu-

tion patterns of soil bulk density and penetration resistance in a range-
land under overgrazing. Turkish Journal of Agriculture and Forestry 
35: 195–204.

Ammon EM, Stacey PB. 1997. Avian nest success in relation to past grazing 
regimes in a montane riparian system. Condor 99: 7–13.

Anderson JE, Inouye RS. 2001. Landscape-scale changes in plant spe-
cies abundance and biodiversity of a sagebrush steppe over 45 years. 
Ecological Monographs 71: 531–556.

Batchelor JL, Ripple WJ, Wilson TM, Painter LE. 2015. Restoration of 
riparian areas following the removal of cattle in the northwestern Great 
Basin. Environmental Management 55: 930–942.

Bates JD, Rhodes EC, Davies KW, Sharp RN. 2009. Post-fire succession in 
big sagebrush steppe with livestock grazing. Rangeland Ecology and 
Management 62: 98–110.

Baur LE, Schoenecker KA, Smigh MD. 2017. Effects of feral horse herds on 
rangeland plant communities across a precipitation gradient. Western 
North American Naturalist 77: 526–539.

Beever EA. 2003. Management implications of the ecology of free-roaming 
horses in semi-arid ecosystems of the western United States. Wildlife 
Society Bulletin 31: 887–895.

Beever EA, Aldridge CL. 2011. Influences of free-roaming equids on sage-
brush ecosystems, with a focus on greater sage-grouse. Studies in Avian 
Biology 38: 273–290.

Beever EA, Brussard PF. 2000. Examining ecological consequences of 
free-roaming horse grazing using exclosures. Western North American 
Naturalist 20: 236–254.

Beever EA, Brussard PF. 2004. Community- and landscape-level responses 
of reptiles and small mammals to free-roaming-horse grazing in the 
Great Basin. Journal of Arid Environments 59: 271–297.

Beever EA, Herrick JE. 2006. Effects of free-roaming horses in Great Basin 
landscapes on soils and ants: Direct and indirect mechanisms. Journal 
of Arid Environments 66: 96–112.

Beever EA, Huntsinger L, Petersen SL. 2018. Conservation chal-
lenges emerging from free-roaming horse management: A vex-
ing social–ecological mismatch. Biological Conservation 226:  
321–328.

Beever EA, Taush RJ, Thogmartin WE. 2008. Multi-scale responses of 
vegetation to removal of horse grazing from the Great Basin (USA) 
mountain ranges. Plant Ecology 196: 163–184.

Beever EA, Simberloff D, Crowley SL, Al-Chokhachy R, Jackson HA, 
Petersen SL. 2019. Social–ecological mismatches create conservation 
challenges in introduced species management. Frontiers in Ecology and 
Environment 17: 117–125.

Bengough AG, Mullin CE. 1991. Penetrometer resistance, root penetration 
resistance and root elongation rate in two sandy loam soils. Plant and 
Soil 131: 59–66.

Berger J. 1985. Interspecific interactions and dominance among wild Great 
Basin ungulates. Journal of Mammalogy 66: 571–573.

Beschta RL, Ripple WJ. 2009. Large predators and trophic cascades in ter-
restrial ecosystem of the western United States. Biological Conservation 
142: 2401–2414.

[BLM] US Department of the Interior, Bureau of Land Management. 2018. 
Program data, Wild Horse and Burro Program. BLM. www.blm.gov/
programs/wild-horse-and-burro/about-the-program/program-data. 

Boyd CS, Davies KW, Collins G. 2017. Impacts of feral horse use on 
herbaceous riparian vegetation within a sagebrush steppe ecosystem. 
Rangeland Ecology and Management 70: 411–417.

Bowling AT. 1994. Population genetics of Great Basin feral horses. Animal 
Genetics 25: 67–74.

Briske DD, Richards JH. 1995. Plant responses to defoliation: A physi-
ological, morphological and demographic evaluation. Pages 635–710 
in Bedunah DJ, Sosebee RE, eds. Wildland Plants: Physiological 
Ecology and Developmental Morphology. Society for Range 
Management. 

Caldwell MM, Richards JH, Manwaring JH, Eissenstat DM. 1987. Rapid 
shifts in phosphate acquisition show direct competition between neigh-
boring plants. Nature 327: 615–616.

Clark PE, Lee J, Ko K, Nielson RM, Johnson DE, Ganskopp DC, Chigbrow 
J, Pierson FB, Hardegree SP. 2014. Prescribed fire effects on resource 
selection by cattle in mesic sagebrush steppe, part 1: Spring grazing. 
Journal of Arid Environments 100–101: 78–88.

Chambers JC, Roundy RA, Blank RR, Meyer SE, Whittaker A. 2007. What 
makes Great Basin sagebrush ecosystems invasible by Bromus tectorum? 
Ecological Monographs 77: 117–145.

Clary WP, Kinney JW. 2002. Streambank and vegetation response to simu-
lated cattle grazing. Wetlands 22: 139–148.

Cole RJ, Litton CM. 2014. Vegetation response to removal of non-native 
feral pigs from Hawaiian tropical montane wet forest. Biological 
Invasions 16: 125–140.

Davies KW. 2008. Medusahead dispersal and establishment in sagebrush 
steppe plant communities. Rangeland Ecology and Management 61: 
110–115.

Davies KW. 2010. Revegetation of medusahead-invaded sagebrush steppe. 
Rangeland Ecology & Management 63: 564-571.

Davies KW, Collins G, Boyd CS. 2014a. Effects of free-roaming free-roam-
ing horses on semi-arid rangeland ecosystems: An example from the 
sagebrush steppe. Ecosphere 5: 127.

Davies KW, Vavra M, Schultz B, Rimbey N. 2014b. Implications of longer 
term rest from grazing in the sagebrush steppe. Journal of Rangeland 
Applications 1: 14–34.

di Vigilio A, Morales JM. 2016. Towards evenly distributed grazing patterns: 
Including social context in sheep management strategies. Peer J 4: e2152 
https://doi.org/10.7717/peerj.2152

de Villalobos AE, Schwerdt L. 2017. Feral horses and alien plants: Effects 
on the structure and function of the Pampean Mountain grasslands 
(Argentina). Ecoscience 25: 49–60.

de Villalobos AE, Zalba SM. 2010. Continuous feral horse grazing and 
grazing exclusion in mountain pampean grasslands in Argentina. Acta 
Oecologica 36: 514–519.

Dobkin DS, Rich AC, Pyle WH. 1998. Habitat and avifaunal recovery from 
livestock grazing in a riparian meadow system of the northwest Great 
Basin. Conservation Biology 12: 209–221.

Edwards GP, Zeng B, Saalfeld WK, Vaarzon-Morel P. 2010. Evaluation of the 
impacts of feral camels. Rangeland Journal 32: 43–54.

Ehlers W, Köpke U, Hesse F, Böhm W. 1983. Penetration resistance and root 
growth of oats in tilled and untilled loess soils. Soil and Tillage Research 
3: 261–275.

Engle DM, Schimmel JG. 1984. Repellent effects on distribution of steers on 
native range. Journal of Range Management 37: 140–141.

Fahnestock JT, Detling JK. 1999. Plant responses to defoliation and 
resource supplementation in the Pryor Mountains. Journal of Range 
Management 52: 263–270.

Gaillard JM, Festa-Bianchet M, Yoccoz NG. 1998. Population dynamics 
of large herbivores: Variable recruitment with constant adult survival. 
Trends in Ecology and Evolution 13: 58–63.

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article-abstract/69/7/558/5519497 by guest on 12 July 2019



Forum

https://academic.oup.com/bioscience July 2019 / Vol. 69 No. 7 • BioScience   565   

Gallacher DJ, Hill JP. 2006. Effects of camel grazing on the ecology of small 
perennial plants in the Dubai (UAE) inland desert. Journal of Aric 
Environments 66: 738–750.

Garrott RA. 2018. Wild horse demography: Implications for sustain-
able management within economic constraints. Human–Wildlife 
Interactions 12: 46–57.

Girard TL, Bork EW, Nielsen SE, Alexander MJ. 2013. Seasonal variation in 
habitat selection by free-ranging free-roaming horses within Alberta’s 
forest reserve. Rangeland Ecology and Management 66: 428–437.

Gooch AMJ, Petersen SL, Collins GH, Smith TS, McMillan BR, Egget DL. 
2017. The impact of free-roaming horses on pronghorn behavior at 
water sources. Journal of Arid Environments 138: 38–43.

Grayson DK. 2006. The late Quaternary biogeographic histories of some 
Great Basin mammals (western USA). Quaternary Science Reviews 25: 
2964–2991.

Guthrie D. 2003. Rapid body size decline in Alaskan Pleistocene horses 
before extinction. Nature 426: 169–171.

Guthrie D. 2006. New carbon dates link climatic change with human colo-
nization and Pleistocene extinctions. Nature 441: 207–209.

Haines F. 1938.Where did the plains Indians get their horses? American 
Anthropologist 40: 112–117.

Hall LK, Larsen RT, Knight RN, McMillan BR. 2018. Free-roaming horses 
influence both spatial and temporal patterns of water use by native 
ungulates in a semi-arid environment. Ecosphere 9 (art. e02096).

Hall LK, Larsen RT, Westover MD, Day CC, Knight RN, McMillan BR. 
2016. Influence of exotic horses on the use of water by communi-
ties of native wildlife in a semi-arid environment. Journal of Arid 
Environments 127: 100–105.

Herrick JE, Whitford WG, de Soyza AG, Van Zee JW, Havstad KM, Seybold 
CA, Walton M. 2001. Field soil aggregate stability kit for soil quality and 
rangeland health evaluations. Cantena 44: 27–35.

Holechek JL, Pieper RD, Herbel CH. 1998. Range Management: Principles 
and Practices. Prentice-Hall.

Hyslop L. 2017. Nature notes: wild horse history in Nevada, Part 1. Elko 
Daily Free Press (10 June 2017). https://elkodaily.com/lifestyles/nature-
notes-wild-horse-history-in-nevada-part/article_8e2d2fff-ece2-524b-
9b80-b50d1389d1ef.html.

[Idaho BLM] Idaho Bureau of Land Management. 2018. State herd area: 
Challis HMA, Idaho. Idaho BLM. www.blm.gov/adoptahorse/herdar-
eas.php?herd_areas_seq=120&herd_states_seq=3.

Krysl LJ, Hubbert ME, Sowell BF, Plumb GE, Jewett TK, Smith MA, 
Waggoner JW. 1984. Horses and cattle grazing in the Wyoming 
Red Desert, I. food habits and dietary overlap. Journal of Range 
Management 37: 72–76.

Launchbaugh KL, Howery LD. 2005. Understanding landscape use patterns 
of livestock as a consequence of foraging behavior. Rangeland Ecology 
and Management 58: 99–108.

Levin, PS, Ellis J, Petrik R, Hay ME. 2002. Indirect effects of free-roaming 
horses on estuarine communities. Conservation Biology 16: 1364–1371.

Linklater WL, Stafford KJ, Minot EO, Cameron EZ. 2002. Researching feral 
horse ecology and behavior: Turning political debate into opportunity. 
Wildlife Society Bulletin 30: 644–650.

Maestre FT, Huesca M, Zaady E, Bautista S, Cortina J. 2002. Infiltration, 
penetration resistance and microphytic crust composition in contrasted 
microsites within a Mediterranean semi-arid steppe. Soil Biology and 
Biochemistry 34: 895–898.

Manier DJ, Hobbs NT. 2006. Large herbivores influence the composition 
and diversity of shrub-steppe communities in the Rocky Mountains, 
USA. Oecologia 146: 641–651.

National Research Council of the National Academies. 2013. Using Science 
to Improve the BLM Wild Horse and Burro Program: A Way Forward. 
National Academies Press.

Norris KA. 2018. A review of contemporary U.S. wild horse and burro man-
agement policies relative to desired management outcomes. Human–
Wildlife Interactions 12: 18–30.

Olff H, Ritchie ME. 1998. Effects of herbivores on grassland plant diversity. 
Trends in Ecology and Evolution 13: 261–265.

Ostermann-Kelm SD, Atwill EA, Rubin ES, Hendrickson LE, Boyce WM. 2009. 
Impacts of feral horses on a desert environment. BMC Ecology 9: 22–31.

Perry ND, Morey P, Miguel GS. 2015. Dominance of natural water source by 
free-roaming horses. Southwestern Naturalist 60: 390–393.

Pimentel D, Harvey C, Resosudarmo P, Sinclair K, Kurz D, McNair M, 
Crist S, Shpritz L, Fitton L, Saffouri R, Blair R. 1995. Environmental 
and economic cost of soil erosion and conservation benefits. Science 
267: 1117–1123.

Salihi DO, Norton BE. 1987. Survival of perennial grass seedlings under 
intensive grazing in semi-arid rangelands. Journal of Applied Ecology 
24: 145–151.

Scasta JD, Beck JL, Angwin CJ. 2016. Meta-analysis of diet composition 
and potential conflict of wild horses with livestock and wild ungulates 
on western rangelands of North America. Rangeland Ecology and 
Management 69: 310–318.

Sneva FA, Rittenhouse LR, Tueller PT. 1980. Forty years: Inside and out. 
Pages 10–12 in Miller RF, Schmisseur WE, eds. Research in rangeland 
management. Oregon State University, Oregon Agricultural Experiment 
Station. Special report no. 586.

Symanski R. 1996. Dances with horses: Lessons from the environmental 
fringe. Conservation Biology 10: 708–712.

Turner MG. 1987. Effects of grazing by free-roaming horses, clipping, 
trampling, and burning on a Georgia Salt Marsh. Estuaries 10: 54–60.

Villamil MB, Amiotti NM, Peinemann N. 2001. Soil degradation related to 
overgrazing in the semi-arid southern Caldenal area of Argentina. Soil 
Science 166: 441–452.

West NE, Provenza FD, Johnson PS, Owens MK. 1984. Vegetation change 
after 13 years of livestock grazing exclusion on sagebrush semidesert in 
west central Utah. Journal of Range Management 37: 262–264.

Young JA, Sparks BA. 2002. Cattle in the Cold Desert. University of Nevada 
Press.

Zalba SM, Cozzani NC. 2004. The impact of free-roaming horses on grass-
land bird communities in Argentina. Animal Conservation 7: 35–44.

Kirk W. Davies (kirk.davies@ars.usda.gov) and Chad S. Boyd (chad.boyd@
oregonstate.edu) are affiliated with the Eastern Oregon Agricultural Research 
Center, USDA Agricultural Research Service, in Burns, Oregon.

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article-abstract/69/7/558/5519497 by guest on 12 July 2019




