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Management implications of the
ecology of free-roaming horses in
semi-arid ecosystems of the western

United States

Erik Beever

Abstract Compared to other ungulates of North America, free-roaming horses (Equus caballus)

possess a unique evolutionary history that has given rise to a distinct suite of behavioral,
morphological, and physiological traits. Because of their unique combination of cecal
digestion, an elongate head with flexible lips, and non-uniform use of the landscape,
horses represent a unique disturbance agent in semi-arid ecosystems of the western
United States. Consequently, it is inappropriate to assume that influences of horses on
the structure, composition, function, and pattern of arid and semi-arid ecosystems will
mirror influences of cattle or other artiodactyls. Although management areas for free-
roaming horses occupy 18.6 million ha of land across western North America, we know
relatively little about how western ecosystems and their components have responded to
this uniquely managed ungulate. | draw on my research of horse habitats in the western
Great Basin (U.S.A.) to examine predictions of horses’ unique influence, and advocate for
continued research to refine our understanding of synecological relationships among
horses and diverse ecosystem components in arid and semi-arid regions.
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Management of free-roaming horses (Equus
caballus) in western North America has proven to
be an ongoing political controversy in the 20th and
21st centuries, and the management challenge has
escalated in importance since passage of the Wild
Free-Roaming Horse and Burro Act (1971). Local,
state, and federal politicians, often using incom-
plete or faulty knowledge, have increasingly tried to
constrain the outcomes of wild horse and burro (E.
asinus) management (Zarn et al. 1977, Wagner
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1983, Bellisle 1997, Bama 1998). Galvanization of
interest groups (such as ranchers, animal-rights
activists, hunters, conservationists, and horse advo-
cates) is increasingly forcing managers to adopt
more rigorous, scientifically based methods and
analyses to justify management actions. Although
free-roaming horses have inhabited western North
America since the end of the 16th century, little
synecological research has been done to quantita-
tively characterize how they interact with ecosystem

Peer edited



888  Wildlife Society Bulletin 2003, 31(3):887-895

components there. The National Academy of
Sciences recognized the importance of potential
effects of free-roaming horses on native biota when
they commissioned 6 studies in 1980 to address
those effects. However, the database for formulat-
ing a sound management program was very limited
(Wagner 1983).

This article is written in response to the percep-
tions of some managers, biologists, and the general
public that free-roaming horses are ecologically
comparable to domestic cattle (Bos taurus) (e.g.,
equivalencies used in management calculations of
Animal Unit Months [AUMs])) and refill niches occu-
pied by equids prior to the Pleistocene megafaunal
extinctions (e.g., Zarn et al. 1977, Wagner 1983).
Because of the former perception, their influence
on structure, composition, and function of semi-
arid ecosystems is explicitly or (more often) implic-
itly assumed to parallel cattle influences. I describe
the biology of free-roaming horses in western
North America, and draw from my research in 9
herd management areas of the western Great Basin
(U.S.A) to highlight ways that horses constitute a
unique influence on western landscapes. To fur-
ther clarify the role that horses play in disturbance
regimes of western North America, I conclude that
further synecological research is needed to charac-
terize how this herbivore interacts with other
ecosystem components.

History and genetics of wild horses
in North America

Although equids arose and diversified in North
America (Simpson 1951), they were one of 18 taxa
known from the Great Basin to vanish from the
continent at the end of the Pleistocene around
10,000-14,000 years ago (Grayson 1993). This
wave of extinctions resulted from hunting by pre-
historic humans, climate change (and resulting veg-
etation shifts), or a combination of the two (Martin
1984, references in Martin and Klein 1984, Grayson
1993). After equids were absent from North
America for at least 10,000 years, domestic horses
were brought to the southwestern United States by
Spaniards near the end of the 16th century (Zarn et
al. 1977, Wagner 1983, Fradkin 1989). Reductions in
predator numbers, increased availability of water
due to construction of “wildlife guzzlers,” increased
mobility facilitated by fences in disrepair, and the
longstanding commensal relationship between
horses and humans resulted in the number of free-

roaming horses in the United States rising to an esti-
mated peak of 2-7 million animals during the 19th
century (Ryden 1978, Thomas 1979). However,
numbers of horses declined steadily during the late
19th through the mid-20th century because of per-
secution, domestication, and other means of
removal, facilitated by the Taylor Grazing Act of
1934 (Wagner 1983).

With protection afforded by the Wild Free-
Roaming Horse and Burro Act of 1971, which was
enacted largely in response to inhumane treatment
of free-roaming horses, numbers of horses on pub-
lic lands rose sharply from approximately 17,300 in
1971 to an estimated peak of 57,200 in 1978
(Wagner 1983, Anonymous 1997). Given the
changes in selective forces mentioned above, many
herds have exhibited annual population growth
rates of 20% and higher (Wolfe 1980, Eberhardt et
al. 1982, Anonymous 1997). According to a recent
Bureau of Land Management (BLM) estimate (30
May 2002), free-roaming horses in the western
United States currently number around 38,815 indi-
viduals on 208 herd management areas encompass-
ing 17.5 million ha of BLM-administered lands
across 10 states. In addition, lands administered by
the United States Forest Service (that contain other
jurisdictions) contribute an additional 1.1 million
ha and approximately 1,600 animals (Anonymous
1997). In Nevada, the state with the most animals
and herd areas, nearly 30% of the state’s area is
occupied by horse and burro herd management
areas (Anonymous 1997, Hammond World Atlas
Corporation 2000).

Several authors have suggested that current pop-
ulations of free-roaming horses in the western
United States are not the result of a single intro-
duction 350-450 years ago but rather the amalga-
mation of repeated introductions of domestic hors-
es and subsequent mixing with already established
feral herds (e.g., Ryden 1978, Wagner 1983).
Similarly, Beebe and Johnson (1964) suggested that
due to repeated interbreeding with released or
abandoned domestic horses, the free-roaming
horse of the western United States differs little
from other small domestic horse breeds. Ryden
(1978) believed that descendants of the original
Andalusian horses brought from Spain to the
Americas numbered in the hundreds and had large-
ly been removed to captivity. Bowling (1994) com-
pared 19 polymorphic loci from blood samples of
975 free-roaming horses from 7 Great Basin sites
with samples from 16 domestic horse breeds and



found no difference in either number of variants or
expected heterozygote frequency. From pairwise
comparisons of Nei’s genetic distance measure-
ments, Bowling (1994) concluded that Great Basin
horses originated from Iberian, American saddle
horse, and draft horse breeds.

Because free-roaming horses are relatively easy
to study (in that they are large, easily detectable,
diurnal, and found in groups), there is a relatively
well-developed literature on various aspects of
horse biology. These studies include descriptive
studies of diet (e.g., Hansen 1976) and of partition-
ing of dietary and habitat niches when horses are
sympatric with other native and domestic ungu-
lates (e.g., Hubbard and Hansen 1976, Olsen and
Hansen 1977, Hanley and Hanley 1982, Krysl et al.
1984, Mclnnis and Vavra 1987, Coates and
Schemnitz 1994). Behavioral ecology research has
suggested that because of their large body size and
great speed and power, free-roaming horses are
socially dominant when interacting with native
ungulates of the Great Basin, producing effects on
wildlife species different from those produced by
cattle (Meeker 1979, Berger 1985).

Moreover, studies have addressed genetic ques-
tions related to herd uniqueness and concern for
minimum viable populations (e.g., Bowling and
Touchberry 1990, Goodloe et al. 1991, Gross 2000)
as well as issues of social biology (Feist 1971, Miller
1980, Berger 1986, Turner et al. 1992) and repro-
ductive biology (Eberhardt et al. 1982, Seal and
Plotka 1983, Garrott et al. 1991). Immunocontra-
ception has been deemed the most humane and
socially acceptable method of population control,
and studies have proliferated in recent years to fine-
tune this technique for management (e.g., Turner et
al. 1997, Powell and Monfort 2001).

Although our understanding of the autecology
(i.e., the biology of organisms or populations, with-
out regard to other elements in the ecosystem) of
horses and their interactions with other ungulates
has improved greatly in recent decades, under-
standing how free-roaming horses interact with the
non-ungulate components of semi-arid ecosystems
is only beginning (Crane et al. 1997, Fahnestock
1998, Fahnestock and Detling 1999, Peterson
1999). This is especially curious, given that
research on grazing impacts on plant communities
was given the highest priority by the Committee on
Wild and Free-Roaming Horses and Burros over 2
decades ago (Wagner et al. 1980). Given the large
extent of land that horse management areas occu-
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py, an understanding of how horses affect various
components of their environment seems vitally
important. In studying 2 sagebrush-dominated ele-
vational strata across 9 mountain ranges of the
Great Basin during 2 wet years, I found that horse-
occupied areas possessed more deer mice
(Peromyscus maniculatus), more depauperate
rodent guilds, fewer ant mounds, and more plant
species, in addition to lower grass and shrub cover,
than did horse-removed areas (Beever et al. 2003).
This result suggests that there remains room to fine-
tune both our understanding of free-roaming hors-
es’roles in semi-arid landscapes and the determina-
tion of ecologically appropriate herd sizes.

Comparison of free-roaming horses
and other large herbivores in western

North America

Compared to other ungulates of North America,
horses possess a unique evolutionary history that
has given rise to a distinct suite of behavioral, mor-
phological, and physiological traits (Simpson 1951,
Hafez et al. 1969, Feist and McCullough 1975, Janis
1976, Berger 1986). In contrast to other large
Intermountain West ungulates that are ruminants,
horses are cecal digesters (Janis 1976, Hanley and
Hanley 1982). Combined with their large body
size, this type of digestion places more time-energy
constraints on the animal, meaning that the free-
roaming horse is one of the least-selective ungulate
grazers across most of western North America
(Hanley and Hanley 1982). Thus, fewer plant
species may remain ungrazed in areas occupied by
free-roaming horses compared to areas grazed by
other ungulates. Although elk (Cervus elapbus)
and feral burros can also consume a broad spec-
trum of food items, these species occupy only small
portions of the area encompassed by the 18.6 mil-
lion ha of wild-horse herd areas. This use of a
lower-quality diet requires that horses consume
20-65% more forage than would a cow of equiva-
lent body mass (Hanley 1982, Wagner 1983, Menard
et al. 2002). In addition, horses possess a more
elongate head and more flexible lips than cattle
and, unlike cattle, have upper front incisors.
Consequently, they can trim vegetation more close-
ly to the ground than do cattle, sometimes delaying
the recovery of plants (Symanski 1994, Menard et
al. 2002).

Differences between free-roaming horses and cat-
tle become more numerous and more pronounced
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as one scales up to investigate how the biology of
horses translates into grazing consequences at the
landscape scale (i.e., within and across mountain
ranges). For example, horses often segregate eleva-
tionally from sympatric cattle, using steeper slopes
and occupying higher elevations (Pellegrini 1971,
Ganskopp and Vavra 1986). This difference may
stem in part from the fact that free-roaming horses
in North America are related to the truly wild Prze-
walski’s horse (E. c¢. przewalskii) native to the
cooler Asian and European steppes (Wagner
1983, van Dierendonck
and Wallis de Vries 1996).
Several authors have
noted horses’ dispropor-
tionately high wuse of
ridgetops and high bench-
es (Pellegrini 1971, Miller
1980, Keiper and Berger
1982, Ganskopp and Vavra
1987). I agree with Pelle-
grini’s (1971) premise that
such behavior may be an
effort to maximize the
viewshed of the horse,
rather than pest avoidance
as suggested by Keiper
and Berger (1982). This
behavior may represent
an evolutionary vestige of
a “flight” response to pre-
dation predominantly in
the past, a phenomenon
not generally observed in
cattle on western land-
scapes.

Another difference be-
tween cattle and free-
roaming horses is that
horses tend to use semi-
arid landscapes more het-
erogeneously at some spa-
tial scales than do cattle.
At the smallest scales,
horses will use a few trails
repeatedly to cross the
landscape (Figures 1la,
1), whereas cattle more
often graze all portions of
an area with similar inten-
sity (Menard et al. 2002).
Horses restrict themselves

to fewer pathways partly because of their territori-
ality—they patrol the territory boundary of the
group repeatedly (Pellegrini 1971, Zarn et al. 1977).
Horses also use only a few trails to travel to and
from water (particularly during the driest seasons),
traveling farther from water each day than do cattle
(Pellegrini 1971, Green and Green 1977). In con-
trast, cattle tend to stay close to springs or riparian
areas throughout the day and season, unless man-
aged otherwise (review in Kauffman and Krueger
1984). Cattle also create detectable trails in some

Figure 1. Examples of heterogeneity in habitat use by free-roaming horses in semi-arid ecosystems.
(a) Trails primarily created by horses traveling across a sagebrush-dominated hillside on Dogskin
Mountain, western Nevada. (b) Trails created by horses in salt-scrub habitat, central Nevada.



instances, but often the number, length, and spatial
extent of cattle trails are less than horse trails (per-
sonal observation). As a means of territorial estab-
lishment and boundary marking (Pellegrini 1971),
free-roaming horses concentrate their defecations
in dung posts and stud piles that can reach over 60
cm in height and >10 m?2 in extent (Pellegrini
1971). In contrast, unless they are near a watering
source, cattle distribute themselves and their defe-
cations more uniformly across the landscape. At
the landscape scale, concentration of cattle at
watering areas constitutes an exception to the gen-
erality of greater heterogeneity in habitat use by
horses compared to cattle. Heterogeneous use of
landscapes by free-roaming horses should translate
into different effects on the processes of soil stabi-
lization, water retention, and nutrient cycling, as
well as on vegetative characteristics, than mosaics
created by cattle grazing.

To test this prediction, I examined the ecosystem
consequences of heterogeneous use of a landscape
by free-roaming horses in field research in western
Nevada at sites in high- and low-elevation big sage-
brush (Artemisia tridentata) habitats. At the
broadest (landscape) scale, sites from which horses
had been removed for 10-14 years exhibited signif-
icant differences in vegetative characteristics (e.g.,
grass cover, shrub cover, species richness) from
horse-grazed sites (Beever 1999, Beever et al. 2003).
In addition, I observed trends of the same magni-
tude and direction when I compared, within horse-
grazed sites, randomly located line-intercept tran-
sects with transects placed alongside established
horse trails (25-30 cm from the trail center)
(Beever 1999). Specifically, randomly located tran-
sects at horse-occupied sites exhibited an average
of 1.2-9.5 times greater grass cover, lower forb
cover (at all but the lowest-elevation site), 1.6-2.5
times greater shrub cover, and greater species rich-
ness of shrubs than did “horse-trail” transects. This
second-level (smaller-scale, within-site) comparison
corroborates the existence of heterogeneity in graz-
ing intensity at both the landscape and site scales.

In addition, I used a handheld penetrometer to
measure penetration resistance of soil surface hori-
zons (a surrogate of soil-surface hardness) at both
horse-removed and horse-grazed sites. I sampled
10 points within a 1-m-diameter circle at each of 25
locations per 1.82-ha site (see Beever et al. 2003),
and hypothesized that relative variability in hard-
ness values among locations within a site would be
higher at horse-grazed sites, due to horses’ hetero-
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geneous use of the landscape. Relative variability
(as measured by CV) in penetration resistance aver-
aged 1.65 times higher at horse-occupied sites in
1997 sampling, even though resistance was 3.0 and
4.5 times higher at horse-occupied sites at high
elevations and low elevations, respectively (E.
Beever, unpublished data; Beever et al. 2003).
Sampling in 1998 showed an even greater differ-
ence in penetration resistance, as horse-occupied
sites exhibited 17.4 times higher penetration resist-
ance than horse-removed sites at low elevations and
2.9 times higher penetration resistance at high ele-
vations (E. Beever, unpublished data; Beever et al.
2003). The much lower means dictated that horse-
removed sites in 1998 did not have greater variabil-
ity in soil hardness but rather exhibited significantly
lower relative variability than horse-occupied sites.
Thus, the greater amount of absolute variability
observed at horse-occupied sites in 1998 was over-
ridden by the vast difference in mean hardness.
Due to the differences noted above, it is inappro-
priate to assume that effects of grazing by free-
roaming horses are similar in nature or in magni-
tude to effects of grazing observed for cattle or
other species. Even among the closely related
African equids, Klingel (1972) noted considerable
differences in social organization. Differences such
as grouping behavior can affect movement patterns
in horses (Berger 1986) and other ungulate popula-
tions (Bailey 1984, Feh et al. 1994). Ways in which
greater heterogeneity in habitat use by horses (rel-
ative to cattle) at several spatial scales translates
into effects on patch dynamics, landscape ecology,
and a cumulative measure of ecosystem function
remain unknown. Consequently, in light of the
tremendous amount of controversy engendered by
issues of horse management (Thomas 1979, Wagner
1983, Linklater et al. 2002), it is important to study
both the interactions of free-roaming horses with
other species and their general effects on ecosys-
tems. Recent studies of horses in more mesic
ecosystems (e.g., Levin et al. 2002, Menard et al.
2002) have provided an insightful first step in that
direction. For example, in 2 wetlands in France,
Menard et al. (2002) found that cattle used forbs
and shrubs much more than did horses, whereas
horses spent more time feeding in short-grass areas
and maintained a mosaic of patches of short and tall
grass. However, these ecosystems have horses pres-
ent in only limited numbers and over a limited area,
and their response to horse grazing is likely funda-
mentally different than what would be expected in
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semi-arid ecosystems where thresholds and nonlin-
ear dynamics dominate (Mack and Thompson 1982,
Laycock 1991).

Just as it is questionable to extrapolate past
research on grazing or browsing effects of other
ungulates to horses, extrapolating results of numer-
ous published studies on domestic horses to free-
roaming populations may be problematic, particular-
ly with respect to behavior. Since the time horses
were first released into North America ca. 350-450
years ago, they may have diverged from their mixed
domestic ancestry in some traits. When compared to
the average generation time of free-roaming horses,
approximately 3-6 years, 350-450 years translates
into approximately 75-150 generations during
which natural selection could have acted. However,
because free-roaming herds have continued to
receive immigrants from and interbred with domes-
tic horses, differences between domestic and free-
roaming animals more likely simply reflect pheno-
typic plasticity in horses experiencing different
availability of forage, demographics, and available
habitats, rather than genetic divergence. For exam-
ple, eliminative behavior in free-roaming horses is
often concentrated at “stud piles” along edges of ter-
ritories dominated by harem-possessing stallions
(Pellegrini 1971, Miller 1980). In contrast, such con-
centration of feces is generally not observed to the
same degree in domestic horses, even in large pas-
ture areas (Odberg and Francis-Smith 1977).
Because eliminative behavior may direct horse
movements and affect nutrient cycling at various
scales, spatial distribution of grazing effects may thus
differ between domestic and free-roaming horses.

Another behavior that may differ between
domestic and free-roaming horses is grouping.
Although domestic horses may exhibit social strati-
fication (Hafez et al. 1969), they do not appear to
exhibit the full complement of associations (e.g.,
harem bands, multiple male and female bands, and
bachelor groups) observed in free-roaming horses
(Feist 1971, Berger 1977, Zarn et al. 1977, Miller
1980). However, in domestic settings the propor-
tions of horses that are mares, yearlings, geldings,
and studs will greatly influence the diversity of
associations observed. Thus, knowledge of the graz-
ing ecology of domestic horses in captive settings
(Hafez et al. 1969, Reiner and Urness 1982) may not
accurately predict expected consequences of free-
roaming horse grazing, due to differences in their
behavior. Free-roaming horses are believed by
some to possess harder hooves and have ability to

last for longer periods without water than some
domestic horse breeds (S. Kipping, BLM,
Washington D.C., personal communication),
though this contention has not been demonstrated
with empirical data.

In summary, because of the behavioral differ-
ences between captive and free-roaming horses
(which may or may not reflect heritable traits), we
cannot uncritically rely on studies of domestic hors-
es to help us understand ecosystem response to
free-roaming horses. More investigations are need-
ed on free-roaming horse populations to predict
how they will influence their surroundings.

Management considerations and
conclusion

In addition to the differences noted above, a final
suite of differences between horse and cattle influ-
ences on semi-arid landscapes arises from the
unique management status of horses. Free-roaming
horses are not managed as wild or as domestic ani-
mals; they currently occupy a unique political status
among large mammals of North America. Although
cattle and free-roaming horses are of similar size, cat-
tle generally are managed more intensively (e.g.,
with fencing exclosures and enclosures, rotation
grazing, herding, provision of salt licks and supple-
mental water, etc.) than are horses. In contrast,
horses by law must be managed under a “minimal
management strategy” For example, other than dur-
ing periodic removals, many free-roaming herds of
horses are not fenced. In contrast to other wild
ungulates, however, hunting of horses is not permit-
ted, as mandated by the Wild Free-Roaming Horse
and Burro Act of 1971. These policies constrain pos-
sible management strategies and mean that distribu-
tion of horse grazing across semi-arid landscapes
will diverge greatly from cattle distribution.

Herbivory and trampling may occur across a larg-
er percentage of the physiographically heteroge-
neous Intermountain West with the addition of wild
horses (sensu Symanski 1994), as in Australia
(Symanski 1994). Other ungulates such as mule
deer (Odocoileus bemionus) and bighorn sheep
(Ovis canadensis) also use upland and steep areas
(Ganskopp and Vavra 1987). These ungulates are
substantially lighter and possess smaller hoof-
surface areas than horses (Symanski 1994);
consequently, native ungulates may exert less phys-
ical impact on plants and upper soil horizons than
do free-roaming horses at similar densities.



My purpose in this article has not been to argue
whether horses in western North America should
be considered “wild” or “feral.” I refer readers to the
thoughtful and well-balanced treatment of that con-
troversy by the Committee on Wild and Free-
Roaming Horses and Burros (Wagner et al. 1982).
My purpose has been to highlight the uniqueness
of the free-roaming horse among large herbivores
of western North America, and to explore ways in
which their differences from other ungulates may
translate onto managed landscapes. Paleontological
and other lines of evidence have suggested that
large-bodied grazers existed at low densities across
the Intermountain West from the Pleistocene
extinctions of 10,000-14,000 years ago until >180
years ago (Mack and Thompson 1982; Milchunas et
al. 1988, Grayson 1993). Relative to grassland and
savannah ecosystems, ecosystems that have experi-
enced herbivory infrequently or at low intensity
over evolutionary time may be less resilient to con-
temporary nonnative grazing, and may require
more careful monitoring of responses to grazing of
both plants and other ecosystem components to
avoid deterioration.

Determining whether extant free-roaming horse
populations exhibit density-dependent population
regulation is complicated by at least three factors,
reducing the utility of this consideration in man-
agement decisions: 1) horse population levels are
likely kept below the carrying capacity of land-
scapes by periodic removals; 2) ability of manage-
ment areas to sustain horses depends on the degree
of niche overlap between horses and native herbi-
vores in the area (Wagner 1983); and 3) density-
independent mortality (e.g., from catastrophes or
extremely severe conditions) occurs periodically.

In closing, I acknowledge that results from eco-
logical research on free-roaming horses will be
implemented in the context of a highly complex
sociopolitical arena (Wagner 1983, Boyles 1986,
Linklater et al. 2002). Given current legislation,
there is no question that some number of free-
roaming horses will be maintained in the United
States. The primary management questions are
how many horses there should be, how they should
be distributed, and, following these, how to control
horse numbers (Wagner 1983). With a clearer
understanding of horses’ effects, appropriate man-
agement levels can be adapted to facilitate grazing
intensities and spatial mosaics that explicitly con-
sider all species occupying public lands.

When mandates from >2 types of legislation
(e.g., Wild Free-Roaming Horse and Burro Act of
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1971, Endangered Species Act) come into conflict, I
recommend the use of directed ecological
research, open communication, and varied means
of compromise, achieved through education and
consensus-building. Under this strategy, well-
planned synecological research and monitoring
may be used to direct and bound options present-
ed to the general public. For example, public con-
cern regarding competition between free-roaming
horses and either cattle or browsing mule deer or
bighorn sheep is widespread. However, conditions
necessary to demonstrate ecological competition
(i.e., mutually reduced fitness) are difficult to
achieve in the field (Wagner 1983), and the con-
tention could be satisfactorily assessed only
through replicated factorial experiments with
AUMs kept constant across treatments within large-
scale enclosures. Numerous aspects of horse man-
agement have been driven by political and social
forces without sufficient biological understanding
(Beever and Brussard 2000, Linklater et al. 2002).
Therefore, I recommend enlightening societal con-
cerns with adequate relevant ecological data when
determining appropriate management levels
(Boyles 19806).

Literature cited

ANOoNYMOUS. 1997. The 10th and 11th report to Congress on the
administration of the Wild Free-Roaming Horses and Burro
Act for fiscal years 1992-1995. Co-sponsored by the United
States Department of the Interior-Bureau of Land
Management and the United States Department of
Agriculture-Forest Service. United States Government
Printing Office, Washington, D.C., USA.

BaILEY, J.A. 1984. Principles of wildlife management. John Wiley
& Sons, New York, New York, USA.

Bama, L. 1998. Wild horses: do they belong in the West? High
Country News 30(4):1,8-12.

BEEBE, B. E,AND J. R. JOHNSON. 1964. American wild horses. David
McKay, New York, New York, USA.

BEEVER, E.A. 1999. Species- and community-level responses to
disturbance imposed by feral horse grazing and other man-
agement practices. Dissertation, University of Nevada, Reno,
USA.

BEEVER, E.A.,AND P. E BrRUSsaRD. 2000. Charismatic megafauna or
exotic pest? Interactions between popular perceptions of
feral horses (Equus caballus) and their management and
research. Pages 413-418 in T. P. Salmon and A. C. Crabb, edi-
tors. Proceedings of the 19th International Vertebrate Pest
Conference, University of California, Davis, USA

BEEVER, E. A, R. J.TAUSCH, AND P. FE BrUSSARD. 2003. Characterizing
disturbance in semiarid ecosystems across broad spatial
scales using multiple indices. Ecological Applications 13:
119-136.

BELLISLE,M. 1997. Battle brewing over Nevada’s mustangs. Reno
Gazette-Journal, 9 Feb 1997.

BERGER, J. 1977. Organizational systems and dominance in feral



894  Wildlife Society Bulletin 2003,31(3):887-895

horses in the Grand Canyon.
Sociobiology 2:131-146.

BERGER, J.  1985. Interspecific interactions and dominance
among wild Great Basin ungulates. journal of Mammalogy
66:571-573.

BERGER, J. 1986. Wild horses of the Great Basin: social competi-
tion and population size. University of Chicago Press,
Chicago, Illinois, USA.

BowLING, A. T.  1994. Population genetics of Great Basin feral
horses. Animal Genetics 25 (Supplement 1):67-74.

BOWLING, A. T., AND R. W. TOUCHBERRY. 1990. Parentage of Great
Basin feral horses. Journal of Wildlife Management 54:
424-429.

BoviEs, J. S. 1986. Managing America’s wild horses and burros.
Journal of Equine Veterinary Science 6:261-265.

CoATES, K. P,AND S. D. SCHEMNITZ. 1994. Habitat use and behavior
of male mountain sheep in foraging associations with wild
horses. Great Basin Naturalist 54: 86-90.

CRANE, K. K.,M.A. SMITH,AND D. REYNOLDS. 1997. Habitat selection
patterns of feral horses in southcentral Wyoming. Journal of
Range Management 50:374-380.

EBERHARDT, L.,A. MAJOROWICZ,AND J.WILCOX. 1982. Apparent rates
of increase for two feral horse herds. Journal of Wildlife
Management 46:367-374.

FAHNESTOCK, J.T. 1998. Vegetation responses to herbivory and
resource supplementation in the Pryor Mountain Wild Horse
Range. Dissertation, Colorado State University, Fort Collins,
USA.

FAHNESTOCK, J.T.,AND J. K. DETLING. 1999. Plant responses to defo-
liation and resource supplementation in the Pryor
Mountains. Journal of Range Management 52:263-270.

Fen, C.,T. BoLDSUKH, AND C. TOURENQ. 1994. Are family groups in
equids a response to cooperative hunting by predators? The
case of Mongolian kulans (Equus bemionus luteus
Matschie). Revue d’Ecologie; la Terre et la Vie 49:11-20.

FrisT, J. D. 1971. Behavior of feral horses in the Pryor Mountain
Wild Horse Range. Thesis, University of Michigan,Ann Arbor,
USA.

FEistT, J. D, AND D. R. McCuiiouGH. 1975. Reproduction in feral
horses. Journal of Reproduction and Fertility, Supplement
23:13-18.

FRADKIN, P L. 1989. Sagebrush country: land and the American
West. University of Arizona Press, Tucson, USA.

GANSKOPP, D., AND M. Vavra. 1986. Habitat use by feral horses in
the northern sagebrush steppe. Journal of Range
Management 39:207-212.

GANskOPP, D.,AND M. VAVRA. 1987. Slope use by cattle, feral hors-
es, deer, and bighorn sheep. Northwest Science 61:74-81.

GARROTT, R.A., T. C. EAGLE, AND E. D. PLoTka. 1991. Age-specific
reproduction in feral horses. Canadian Journal of Zoology
69:738-743.

GOODLOE, R. B., R. J. WARREN, E. G. COTHRAN, S. P. BRATTON, AND K. A.
TREMBICKL. 1991. Genetic variation and its management
applications in eastern U.S. feral horses. Journal of Wildlife
Management 55:412-421.

GRAYSON, K. D. 1993. The desert’s past: a natural history of the
Great Basin. Smithsonian Institution Press, Washington, D.C.,
USA.

GREEN, N. E,AND H. D. GreeN. 1977. The wild horse population of
Stone Cabin Valley, Nevada: a preliminary report. Pages
59-65 in J. L. Artz, Forum Chairman. Proceedings: National
Wild Horse Forum, Cooperative Extension Service,
University of Nevada, Reno, USA.

Behavioral Ecology and

Gross, J. E. 2000. A dynamic simulation model for evaluating
effects of removal and contraception on genetic variation
and demography of Pryor Mountain wild horses. Biological
Conservation 96:319-330.

Harez, E. S. E., M. WILLIAMS, AND S. WIERZBOWSKI. 1969. The behav-
iour of horses. Pages 391-416 in E. S. E Hafez, editor. The
behaviour of domestic animals. Baliere, Tindall and Cassell,
London, England.

HAMMOND WORLD ATLAS CORPORATION. 2000. Hammond citation
world atlas. Union, New Jersey, USA.

HaNLEY, T. A. 1982. The nutritional basis for food selection by
ungulates. Journal of Range Management 35: 146-151.

HAaNLEY, T.A.,AND K. A. HANLEY. 1982. Food resource partitioning
by sympatric ungulates on Great Basin rangeland. Journal of
Range Management 35:152-158.

Hansen, R. M. 1976. Foods of free-roaming horses in southern
New Mexico. Journal of Range Management 29:347.

HusBaRrD, R.,AND R. HANSEN. 1976. Diets of wild horses, cattle, and
mule deer in the Piceance Basin, Colorado. Journal of Range
Management 29:389-392.

Jants, C. 1976. The evolutionary strategy of the Equidae and the
origins of rumen and cecal digestion. Evolution 30:757-774.

KAUFFMAN, J. B., AND W. C. KRUEGER. 1984. Livestock impacts on
riparian ecosystems and streamside management implica-
tions...a review. Journal of Range Management 37:430-438.

KEeIPER, R. R.,AND J. BERGER. 1982. Refuge-seeking and pest avoid-
ance by feral horses in desert and island environments.
Applied Animal Ethology 9:111-120.

KunceL, H. 1972, Social behaviour of African Equidae.
Zoological Africa 7:175-185.

KRysi, L. J., M. E. HusBERT, B. E SOWELL, G. E. PLum, T. K. JEWETT, M.A.
SMITH,AND J.W.WAGGONER. 1984. Horses and cattle grazing in
the Wyoming Red Desert, 1. Food habits and dietary overlap.
Journal of Range Management 37:72-76.

Laycock, W.A. 1991. Stable states and thresholds of range con-
dition on North American rangelands: a viewpoint. Journal of
Range Management 44:427-433.

Levin, P. S, J. Eruis, R. PETRIK, AND M. E. Hay. 2002. Indirect effects
of feral horses on estuarine communities. Conservation
Biology 16:1364-1371.

LINKLATER,W. L., K. J. STAFFORD, E. O. MINOT,AND E. Z. CAMERON. 2002.
Researching feral horse ecology and behavior: turning politi-
cal debate into opportunity. Wildlife Society Bulletin 30:
644-650.

Mack, R. N.,AND J. N.THOMPSON. 1982. Evolution in steppe with
few large hooved mammals. American Naturalist 119:
757-773.

MARTIN, P S. 1984. Prehistoric overkill: the global model. Pages
354-403 in PS. Martin and R.G. Klein, editors. Quaternary
extinctions: a prehistoric revolution. University of Arizona
Press, Tucson, USA.

MARTIN, P. §, AND R. G. KiFIN, editors. 1984. Quaternary extinc-
tions: a prehistoric revolution. University of Arizona Press,
Tucson, USA.

McInnis, M. L., AND M. Vavra. 1987. Dietary relationships among
feral horses, cattle, and pronghorn in southeastern Oregon.
Journal of Range Management 40: 60-66.

MEEKER, J. O. 1979. Interactions between pronghorn antelope
and feral horses in northwestern Nevada. Thesis, University
of Nevada, Reno, USA.

MENARD, C., P. DUNCAN, G. FLEURANCE, J. GEORGES, AND M. Lita. 2002.
Comparative foraging and nutrition of horses and cattle in
European wetlands. Journal of Applied Ecology 39:120-133.



MILCHUNAS, D. G., O. E. SALA,AND W. K. LAUENROTH. 1988. A generalized
model of the effects of grazing by large herbivores on grassland
community structure. American Naturalist 132:87-106.

MILLER, R. 1980. The ecology of feral horses in Wyoming’s Red
Desert. Dissertation, University of Wyoming, Laramie, USA.

ODBERG, E O., AND K. FRANCIS-SMITH. 1977. Studies on the forma-
tion of ungrazed eliminative areas in fields used by horses.
Applied Animal Ethology 3:27-34.

OLSEN, E, AND R. M. HansEN.  1977. Food relations of wild free-
roaming horses to livestock and big game, Red Desert,
Wyoming. Journal of Range Management 30:17-20.

PELLEGRINL, S.W. 1971. Home range, territoriality and movement
patterns of wild horses in the Wassuk Range of western
Nevada. Thesis, University of Nevada, Reno, USA.

PETERSON, J. 1999. Ungulate/vegetation dynamics in the Pryor
Mountain Wild Horse Range. Dissertation, Colorado State
University, Fort Collins, USA.

PowkLL, D. M., AND S. L. MONFORT. 2001. Assessment: effects of
Porzine Zona Pellucida (PZP) immunocontraception on
estrous cyclicity in feral horses. Journal of Applied Animal
Welfare Science 4:271-284.

REINER, R. J.,AND P. J. URNEss. 1982. Effect of grazing horses man-
aged as manipulators of big game winter range. Journal of
Range Management 35:567-571.

RYDEN, H. 1978. America’s last wild horses. E. P. Dutton, New
York, New York, USA.

SEAL, U. S.,AND E. D. PLOTKA. 1983. Age-specific pregnancy rates
in feral horses. Journal of Wildlife Management 47:422-429.

SIMPSON, G. G. 1951. Horses: the story of the horse family in the
Modern world and through sixty million years of history.
Oxford University Press, New York, New York, USA.

Symanski, R. 1994. Contested realities: feral horses in outback
Australia. Annals of the Association of American Geographers
84:251-269.

THoMAS, H. S.  1979. The wild horse controversy. A.S. Barnes,
New York, New York, USA.

TURNER, J. W, I. K. M. Liu, A. T. RUTBERG, AND J. E KIRKPATRICK. 1997.
Immunocontraception limits foal production in free-roaming
feral horses in Nevada. Journal of Wildlife Management 61:
873-880.

TURNER, J. W. JR., M. L. WOLFE, AND J. E KIRKPATRICK. 1992. Seasonal
mountain lion predation on a feral horse population.
Canadian Journal of Zoology 70:929-934.

VAN DIERENDONCK, M. C.,AND M. E WALLIs DE VRIES. 1996. Ungulate
reintroductions: experiences with the takhi or Przewalski
horse (Equus ferus przewalskif) in Mongolia. Conservation
Biology 10:728-740.

‘WAGNER, EH. 1983. Status of wild horse and burro management
on public rangelands. Pages 116-133 in Transactions of the

Forty-eighth North American Wildlife and Natural Resources
Conference. Wildlife Management Institute, Washington,
D.C., USA.

‘WAGNER, F H., G. L. ACHTERMAN, J. L.ARTZ, E J. AvaLA, W. H. BLACKBURN,
‘W. H. CONLEY, L. L. EBERHARDT, S. K. FAIRFAX, W .E. JOHNSTON, S. R.
KELLERT, J. C. MALECHEK, P. D. MOEHLMAN, U. S. SEAL,AND J. W. SWAN.
1980. Wild and free-roaming horses and burros: current
knowledge and recommended research. Phase I Final Report
of the Committee on Wild and free-roaming horses and bur-
ros, National Research Council. National Academy Press,
‘Washington, D.C., USA.

‘WAGNER, F H., G. L. ACHTERMAN, J. L. ARTZ, E J. AvaLA, W. H. BLACKBURN,
‘W. H. CONLEY, L. L. EBERHARDT, S. K. FAIRFAX, W .E. JOHNSTON, S. R.
KELLERT, J. C. MALECHEK, P. D. MOEHIMAN, U. S. SEAL,AND J.W. SWAN.

895

Commentary ® Beever

1982. Wild and free-roaming horses and burros: final report.
Committee on Wild and free-roaming horses and burros,
National Research Council. National Academy Press,
Washington, D.C., USA.

WELsH, D.A. 1975. Population, behavioral and grazing ecology of
the horses of Sable Island, Nova Scotia. Dissertation,
Dalhousie University, Halifax, Nova Scotia, Canada.

WoLrg, M. L., JR. 1980. Feral horse demography: a preliminary
report. Journal of Range Management 33:354-360.

ZARN, M., T. HELLER, AND K. CoLLiNs. 1977. Wild, free-roaming
horses—status and present knowledge. Bureau of Land
Management Technical Note 294, United States Department
of the Interior, and United States Department of
Agriculture-U.S. Forest Service, Washington, D.C., USA.

Author's address: U.S. Geological Survey, Biological Resources
Division, Forest & Rangeland Ecosystem Science Center, 3200
SW Jefferson Way, Corvallis, OR 97331, USA; e-mail:
erik_beever@usgs.gov.

Erik A. Beever is a postdoctoral ecologist with the United States
Geological Survey-Biological Resources Division’s Forest and
Rangeland Ecosystem Science Center. He completed his B.S. in
biological sciences at the University of California, Davis in
1993 and completed his Ph.D. in ecology, evolution, and con-
servation biology in December 1999, working with Dr. Peter
Brussard at the University of Nevada, Reno. While in Reno, Erik
also performed research under the tutelage of Drs. Dennis
Murphy and Joel Berger. Although he has worked in systems
throughout Latin America, Erik has recently focused on the arid
and semi-arid ecosystems of the Intermountain West, USA.
Particular foci have included ecosystem response to changes in
grazing regimes in the Great Basin and Mojave deserts, com-
munity ecology of montane shrublands, habitat use by free-
roaming horses, and persistence of mammal species (especially
pikas [Ochotona princeps)). Erik has been a member of

TWS since 1994 and has served in various office posi-

tions of the Biological Diversity Working Group since

1998.



	Article Contents
	p. 887
	p. 888
	p. 889
	p. 890
	p. 891
	p. 892
	p. 893
	p. 894
	p. 895

	Issue Table of Contents
	Wildlife Society Bulletin, Vol. 31, No. 3 (Autumn, 2003), pp. 609-921
	Front Matter
	Editor's Page: Going International? [p. 609]
	Wildlife Diseases
	Chronic Wasting Disease in Deer and Elk: A Critique of Current Models and Their Application [pp. 610-616]

	Capture Methods
	Evaluating Injury Mitigation and Performance of #3 Victor Soft Catch® Traps to Restrain Bobcats [pp. 617-629]
	Live Capture of Denning Mammals Using an Improved Box-Trap Enclosure: Kit Foxes as a Test Case [pp. 630-633]
	Using Doe Behavior and Vaginal-Implant Transmitters to Capture Neonate White-Tailed Deer in North-Central Minnesota [pp. 634-641]

	Landscape Patterns and Management
	Response of Riparian Avifauna to Percentage and Pattern of Woody Cover in an Agricultural Landscape [pp. 642-660]
	Current and Future Red-Cockaded Woodpecker Habitat Availability on Non-Industrial Private Forestland in North Carolina [pp. 661-669]
	Grizzly Bears for the Bitterroot: Predicting Potential Abundance and Distribution [pp. 670-683]

	Biological Characteristics
	A Review of Color Vision in White-Tailed Deer [pp. 684-691]
	Genotyping Herbivore Feces Facilitating Their Further Analyses [pp. 692-697]
	Fecal Corticosterone Levels in California Spotted Owls Exposed to Low-Intensity Chainsaw Sound [pp. 698-702]

	Survey Methods
	Evaluation of Methods and Data Quality from a Volunteer-Based Amphibian Call Survey [pp. 703-714]
	Statewide Habitat Assessment for White-Tailed Deer in Arkansas Using Satellite Imagery [pp. 715-726]

	Predator Management
	Effect of Predator Control on Ring-Necked Pheasant Populations [pp. 727-735]
	Effects of Utah's Coyote Bounty Program on Harvester Behavior [pp. 736-743]
	Comparison of 3 Tracking Mediums for Detecting Forest Carnivores [pp. 744-747]

	New Technologies
	Using Automatically Triggered Cameras to Individually Identify Bobcats [pp. 748-755]
	Evaluation of an Expandable, Breakaway Radiocollar for White-Tailed Deer Fawns [pp. 756-761]
	Evaluation of Stouffer® Wildlife Timers for Conducting Temporal Wildlife Studies [pp. 762-768]
	A GPS-Based Method to Examine Wolf Response to Loud Noise [pp. 769-773]

	Habitat Use and Management
	Use of Winter Food Plots by Nongame Wildlife Species [pp. 774-778]
	Effects of CRP Field Age and Cover Type on Ring-Necked Pheasants in Eastern South Dakota [pp. 779-785]
	Black Bear Habitat Use in Burned and Unburned Areas, Central Arizona [pp. 786-792]
	Selection of Flooded Agricultural Fields and Other Landscapes by Female Northern Pintails Wintering in Tulare Basin, California [pp. 793-803]

	Behavior
	Behavioral Response of Free-Ranging Bison to Human Disturbance [pp. 804-813]

	Estimation of Biological Parameters
	Tag Loss Can Bias Jolly-Seber Capture-Recapture Estimates [pp. 814-822]
	Comparison of Least-Squares Cross-Validation Bandwidth Options for Kernel Home-Range Estimation [pp. 823-831]

	Policy News [pp. 832-835]
	In My Opinion
	Raccoons, Coyotes, and Reflections on the Mesopredator Release Hypothesis [pp. 836-842]
	Unrecognized Values of Wildlife and the Consequences of Ignoring Them [pp. 843-848]
	Eastern Cougar Recovery Is Linked to the Florida Panther: Cardoza and Langlois Revisited [pp. 849-853]
	Dimensions of Capacity in Community-Based Suburban Deer Management: The Managers' Perspective [pp. 854-864]

	From the Field
	Using a Thermographic Imager to Find Nests of Grassland Birds [pp. 865-869]
	High Mortality among Marked Crows Subsequent to the Arrival of West Nile Virus [pp. 870-872]
	A Statewide Surveillance Effort for Detecting Chronic Wasting Disease in Wild White-Tailed Deer in Missouri [pp. 873-881]
	A Vehicle-Mounted Radar for Dual-Purpose Monitoring of Birds [pp. 882-886]

	Commentary
	Management Implications of the Ecology of Free-Roaming Horses in Semi-Arid Ecosystems of the Western United States [pp. 887-895]

	Head to Head
	Improving Methods for Regional Landbird Monitoring: A Reply to Hutto and Young [pp. 896-902]
	On the Design of Monitoring Programs and the Use of Population Indices: A Reply to Ellingson and Lukacs [pp. 903-910]

	Book Reviews
	Review: untitled [pp. 911-912]
	Review: untitled [p. 912]
	Review: untitled [p. 913]
	Review: untitled [pp. 914-915]

	Our Respects
	Daniel L. Leedy, 1912-2003 [pp. 916-918]
	Bart W. O'Gara, 1923-2003 [pp. 918-919]

	Errata: Rapid Increase in the Lower Great Lakes Population of Feral Mute Swans: A Review and a Recommendation [p. 920]
	Errata: Our Respects [p. 920]
	The Lighter Side [p. 921]
	Back Matter



