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Summary

Understanding how interactions among ungulate populations and their environmental dynamics play out across scales
of time and space is a principal obstacle to managing ungulates in western North America. Morphological similarity,
forage-base homogeneity and increasing animal density each enhance the likelihood of competitive interactions among
sympatric populations. Competition is an interspecific relationship with mutually negative effects, and it is often
confused with amensalism. Although competition or amensalism is commonly assumed, they have been very difficult to
confirm in applied management settings, perhaps because field research has not typically examined relationships across
temporal and spatial scales sufficient to linking short-term or small-scale interactions with longer-term reproductive
performance. Perhaps by default, neutral coexistence has been concluded in many studies, and experimental research
has suggested that facilitative relationships, in which resource overlap is actually beneficial, are possible as well.
Forage-mediated relationships among ungulates can be strongly influenced by disturbance-induced landscape dynamics,
through which forage composition (diversity), production, quality and pattern mosaics are modified. Unfortunately,
different management entities are responsible for ungulate populations and landscapes, respectively, and these entities
often approach their respective problems at differing temporal and spatial scales. These scales of management mayor
may not align with the scales at which interactions between herbivores and plants play out. The overarching challenge
facing managers is to develop information systems through which multi-species management can be planned so as to
demonstrably contribute to long-term ecosystem sustainability while also maintaining its socio-economic viability.

Introduction

Landscapes in western North America are naturally com-
plex due to rather extreme variations in climate, physiog-
raphy, soils and disturbance regimes. This multifaceted
variation creates landscape mosaics of heterogeneous plant
communities comprised of many successional states. The
vast majority of these mosaics require periodic disturbance
for their maintenance. Native ungulates developed adapta-
tions that facilitated coping with one another in the face of
this environmental variability.

With European settlement, however, a broad suite of
domestic herbivores has been introduced and historical
regimes of landscape disturbance modified (Langston,
1995). Grazing in the late nineteenth and early twentieth
centuries by domestic herbivores was very intense; the be-
lief at the time being that any herbaceous vegetation left
at the end of the grazing season was wasted. At the same
time, old growth stands were commonly subjected to heavy

logging pressure. Removal of over storey and understorey
vegetation and active fire suppression dramatically altered
natural fire cycles and successional dynamics at landscape
scales. Suppression of fire and non-coniferous plants facili-
tated establishment of conifer seedlings, and these new for-
ests often contained more trees per hectare than occurred
historically and contained tree species that were not fire-
adapted or adapted to the site conditions on which they
were now growing (Quigley and Arbelbide, 1997). Such
new forests in the western US developed unabated through-
out the western US until late in the twentieth century when
the combination of drought and insect attack provided a
fuel source for large-scale stand replacement wildfires.

Historically, native ungulates may have had less impact
on their environment than they do today. In some cases,
populations were kept in check by intense year round
Native American hunting (Kay, 1994, 1995, 1997b, 2003).
Populations of ungulates had unlimited access to their envi-
ronment and often migrated 300 km seasonally in response
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to annual changes in weather and forage availability (Cole,
1971; Smith et al., 2004). Animals were free to move from
a food patch or a seasonal range where they had depleted
the highest quality food available to one that was ungrazed
and in the process may have provided opportunities for
previously grazed areas to regenerate. Today, animals are
forced to live in ecologically incomplete, compressed (Cole,
1971; Vavra and Sheehy, 1996) and homogenized habitats
(Langston, 1995). Many seasonal ranges used historically
by native ungulates have now been converted to agricul-
tural uses, cities and recreational facilities, while historical
fire suppression, logging and grazing practices have effec-
tively homogenized habitats.

Modern managers are challenged to sort out the func-
tional significance of these disruptions and to design strate-
gies for management that can sustain both native species
and the viability of domestic production systems, while
also providing the ecological functions of ecosystem dis-
turbance. Succeeding in these potentially conflicting endea-
vours demands an articulate understanding of the nature of
ungulate interactions with one another and with landscape
disturbance and of the scales at which those interactions
become relevant to strategic management. Our central aim
in this paper is to review the state of knowledge concerned
with interspecific relationships and regional disturbance
dynamics, with an eye to illustrating their interrelated na-
ture and their relevance, while emphasizing some of the
potential obstacles to reliable inference from applied re-
search.

The hierarchy of foraging habitats

Ungulates must confront foraging in a descending hierar-
chy of habitats involving several scales from regional eco-
systems to landscapes, communities and ultimately feeding
stations. Animals implicitly make decisions at each scale
(Senft et al., 1987; O'Reagain and Schwartz, 1995), and
those decisions can influence, and be influenced by, distur-
bance agents and other herbivores.

Regional ecosystems are large-scale assemblages of land-
scapes through which wild and domestic ungulate popu-
lations move (or are moved in the case of domestics) to
efficiently exploit the broad-scale distribution of superior
food resources (Vavra, 1986; Senft et al., 1987; Cough-
enour, 1991). At this scale, movements and distributions
of ungulate populations are motivated by spatially explicit
differences in the availability of limiting resources. The ex-
tent to which populations interact with one another at this
scale is largely a function of the extent of spatial similarity
in their resource limitations.

Within regional ecosystems, landscapes are aggregates of
localized plant communities that differ in species composi-
tion, vegetation structure and geophysical characteristics
(O'Reagain and Schwartz, 1995). Landscapes are mosaics
of communities that are controlled by interactions among
climate and episodic disturbances such as fire, plant dis-
eases, forest practices and herbivory (Starfield and Chapin,
1996; Butler et al., 2007). Within these mosaics, the distri-

bution of animal foraging at any particular time is largely
based on spatial differences in the availability of preferred
plants (Skovlin and Vavra, 1979; Senft et al., 1987). Any
ungulate population's spatial pattern of plant exploitation
can be modified by a number of factors such as the acces-
sibility of preferred plants, the relative security that plant
communities provide because of their cover characteristics
or topographic position, the relative comfort they provide
to animals (e.g. shade) and/or their proximity to other lim-
iting resources such as water, minerals or escape terrain
(Risenhoover and Bailey, 1985; Stuth, 1991; Sheehy and
Vavra, 1996; Holechek et al., 1998). As a consequence of
such complexities, ungulate foraging is almost never uni-
formly distributed within landscapes but rather tends to be
concentrated in the best settings at particular times. Focal
areas for foraging within landscapes shift over time as
relative preferences among settings change. These spatial
preferences change as plant phenology progresses, as the
biomass of preferred plants is depleted by herbivores and as
disturbance agents modify nutritional and non-nutritional
attributes that contribute to their attractiveness.

Different authors have assigned the term 'patch'
(O'Reagain and Schwartz, 1995) or 'plant community'
(Senft et al., 1987) to units of vegetation within a land-
scape, which can be further partitioned into feeding stations
(Senft et al., 1987). For clarity, we use the term 'commu-
nity' for the larger of these scales and patch for the smaller.
Ungulates face discrete choices among and within commu-
nities. Soil nutrients, moisture regime and topographic as-
pect largely determine the forage production potential for
any given community. But, in forests, this potential can be
strongly modified by succession and resulting overstorey
dominance (by trees), episodic disturbances that periodi-
cally alter over storey dominance and also by chronic her-
bivory (Riggs et al., 2000, 2004).

Once ungulates have selected a community in which to
forage, the next unit of selection is the patch. Patches
may be formed within plant communities by such micro site
modifiers as dung and urine deposits, proximity to shrubs
or trees (Belsky, 1994), past defoliation by herbivores
(Ganskopp et al., 1993) or by fine-scale patterns in distur-
bance such as fire (Riggs et al., 1996), which variously
contribute to differences in composition and nutritional
content of plant tissues at fine scale. These modifiers may
be positive or negative in their effects from a foraging
perspective, are responded to by large herbivores to varying
extents (Hobbs and Spowart, 1984) and influence diet over-
lap among sympatric species (Spowart and Hobbs, 1985).

Animal efficiencies

All ungulates have annual cycles of reproduction, lacta-
tion, periodic climate stress and nutritional deprivation. To
meet these challenges, each herbivore species has evolved
rather unique morphological characteristics (Hanley, 1982;
Shipley, 1999) that govern the types of landscapes, com-
munities and patches that each species can most efficiently
exploit to meet its particular nutritional demands. Body



size largely dictates nutrient demand, while gut and mouth
morphology largely influence diet selectivity (Shipley,
1999). Nutrient demand and diet selectivity interact
with the composition, structure and biomass of forage
to determine the communities or patches in which a given
herbivore can be most efficient (Wickstrom et al., 1984;
Hobbs and Swift, 1985; Canon et al., 1987). These fine-
scale nutritional efficiencies interact with landscape factors
(Coughenour, 1991) and with cognitive and non-cognitive
mechanisms of selection (Bailey et al., 1996) to influence
which particular communities or patches will indeed be
preferred.

Scaling on body size and gut volume is common in as-
semblages of coevolved species (Owen-Smith, 1985; Me-
Fadden and Shockey, 1997), and it facilitates space and
food partitioning among species for the sake of energetic
efficiency (Bell, 1971; Houston, 1982; Austin et al., 1983;
Vavra et al., 1989; Sheehy and Vavra, 1996; Lindzey
et al., 1997). The partition is seldom 'clean'; however, in
that some overlap in use of nutritional resources is typi-
cal (Owen-Smith, 1985), and thus, food-mediated interac-
tions among ungulates expected and indeed are normal in
interspecific relations. The functional significance of these
interactions does not rest on their occurrence, however,
but rather on whether their nature is competitive, amen sal,
neutral or facilitative.

The theory of interspecific competition

Resource-mediated interactions are perhaps most often
considered in the context of competitive exclusion (Wagner,
1969), whereby two species utilize a common resource
that is limiting, and in so doing, each species reduces the
other's reproductive performance. Mutually negative
effects on performance of both populations have been
generally accepted as being the key criteria for confirming
competition in ecology (Odum, 1971; May, 1981). None-
theless, it has not been uncommon to see arguments for
relaxing these criteria to consider amensalism as equiva-
lent to competition (in amensal relationships only one of
the populations is negatively affected) or to infer competi-
tion from effects that are not clearly linked to reproductive
performance (e.g. Schoener, 1983). In management, such
relaxations usually are rationalized for convenience but
at the same time represent a risk to clarity. Nevertheless,
by any measure evidence for competition among species
of ungulates is uncommon and using the rigid criteria of
Odum (1971) and Wagner (1969) most research has con-
cluded non-competitive coexistence rather than competi-
tive exclusion (Lonner and Mackie, 1983 but see Hobbs
et al., 1996a, b).

Research scale is relevant to meeting the criterion that is
crucial for concluding either competition or amensalism:
the negative effect on a population must be significant to
population performance. Timescale is important because
the reproductive performance of any herbivore population
is not merely a function of nutrient balances during gesta-
tion and lactation. Nutrient balance in the months prior to

reproduction influence the likelihood of successful breed-
ing (Wiltbank et al., 1962; Cook et al., 2004) and can also
influence subsequent survival probabilities of adults and
young (Hobbs, 1989; Cook et al., 2004). Any negative
effects of resource overlap are potentially played out over
timescales that cross seasons and even years and are thus
subject to confounding by other potentially limiting factors
(Severson and DeBano, 1991). The detection of competi-
tion's consequences can also depend on the extent of time
over which resource overlap persists between species
(Ganskopp et al., 1999). The spatial scale of research can
be crucial to detecting competition as well, given that re-
source overlap between sympatric species can be expected
to vary across landscapes. Variation in animal densities
can, for example, introduce density-dependent variation
in reproductive dynamics as well. Thus, space, time and
density each influence how we perceived the nature and
functional importance of resource overlap.

Applying competition theory to management

In their extensive search for evidence of competition be-
tween elk and mule deer, Lindzey et al. (1997) stated that
competition might be the selective force that drives niche
separation, and they provided an in-depth discussion of
the opinions of Wiens (1977), Schoener (1982, 1983) and
others in this regard. When managers have been concerned
with potential competition, researchers have generally
taken one of two principal approaches to hypothesis gen-
eration and inference: (1) base investigation on key species
theory (Standing, 1938; Smith, 1965), which focuses on
food overlap at the patch scale (e.g. Hobbs and Spowart,
1984; Spowart and Hobbs, 1985; Beck and Peek, 2005)
or (2) focus principally on habitat partitioning among
herbivore populations at landscape scale (e.g. Yeo et al.,
1993). It has not been common to see both approaches
well integrated in a single investigation, and furthermore,
because applied investigations have a tendency to enjoy
short lifespans, the influences of persistence and animal
density seldom receive the deserved attention that longer
term research could provide. These constraints have often
rendered the inferences of applied competition research to
be reliant on assumptions that short-term or small-scale
relationships observed during the course of study are in-
deed relevant to population biology at broader spatial and!
or temporal scales. Ultimately, one reading Lindzey et al.
(1997) might conclude that competition among North
American cervids is still a matter of conjecture Mackie
(1978) (although the authors did not state so specifically),
principally because of an apparent inability of applied
researchers to link various degrees of observed resource
overlap to broader-scale reproductive performance.

Because interspecific competition and amensalism have
been difficult to document definitively, managers are usu-
ally hampered by imperfect knowledge. An alternative to
managing interspecific relationships directly is to manage
them indirectly based on the density-dependent ecology of
the respective species. Intra-specific competition increases



as the density of animals increases. Dominant individuals
are likely to obtain the highest quality diets over time, forc-
ing sub-dominants to subsist on inferior forage after domi-
nants abandon feeding stations. Houston (1982) found
that age of sexual maturity of female elk, pregnancy rates
in 2-year-old elk and survival of young over the first year to
be density dependent. Energy balance and winter mortality
of mule deer are strongly influenced by food biomass with
juvenile deer relatively more sensitive than adults (Hobbs,
1989). The probability of mortality increases as a function of
time, over which juvenile deer expend a greater proportion
of reserves than do adults, thereby predisposing juveniles
to higher mortality, regardless of density. Deer popula-
tions at higher densities should experience a more rapid
decline in forage biomass and quality during the course of
the growing season, thereby reducing fitness at the onset of
winter and increasing the probability of juvenile mortal-
ity in winter. Second, as an ungulate population increases
in number, its influence on vegetation stability increases.
Winter ranges, where herbaceous plants are consumed dur-
ing their dormant period, may be relatively insensitive to
increasing animal density (Houston, 1982; Wambolt et al.,
1998). On spring and summer ranges, however, herbaceous
plants are consumed during their active growth cycle, and
highly preferred forage species may be cropped to such ex-
tent that their reproduction and/or accrual of carbohydrate
reserves is limited. Under this circumstance, herbivore-
induced changes in composition are more likely to occur
at relatively low densities (Austin et al., 1983; Bowns and
Bagley, 1986; Miller et al., 1994; Riggs et al., 2000). Trees
and shrubs may react differently to seasonal defoliation,
whereby winter defoliation has an impact on future growth
(Kupferschmid and Bugmann, 2008).

In some cases, foraging habitats have been shown to im-
prove with grazing (McNaughton, 1976), usually as a result
of enhanced nutrient cycling, or induced growth stimula-
tion (Peek et al., 1978; Pastor and Naiman, 1992; Molvar
et al., 1993). Such studies usually view the forage substrate
as being more or less homogenous at the patch or feeding
station scale, whereas in reality, such substrates are rather
heterogeneous in terms of their botanical composition and
susceptibility of their constituent plant species to grazing.
Where the substrate is heterogeneous, which it usually is,
persistent selective foraging by a single herbivore species is
likely to move plant succession in a direction that provides
competitive advantage to those plants that are not preferred
(Severson and Urness, 1994) and could lead to localized
suppression or even the extinction of some of the most pre-
ferred species. Where this occurs, it represents a negative
feedback, which has been demonstrated for both domestic
livestock and wild ungulates (Chadde and Kay, 1991; Pas-
tor and Naiman, 1992; Fleischner, 1994; Kay, 1997a; Riggs
et al., 2000). One might expect (hypothesize) that at com-
parable levels of grazing intensity (e.g. total forage demand
per kilogram of total forage produced), wild selective herbi-
vores (e.g. mule deer, roe deer (Capreolus capreolus)) could
influence forest succession to greater extent than larger do-
mestic herbivores, which tend to be more general in their
food habits. However, this hypothesis runs counter to the

broadly accepted notion that native herbivores are more be-
nign in their effects than that are domestics. Nevertheless, a
caveat in western forests and woodlands is that certain
disturbance-adapted plant species are often preferred by
both generalist and by selective foragers, e.g. bitterbrush
(Lesperance et al., 1970), and thus, in landscapes occupied
by both types of herbivore such comparisons are likely to be
irrelevant. If landscape disturbance regimes (e.g. fires or sur-
rogates like logging) are insufficient to ensure regeneration of
these disturbance-adapted plant species over time, then the
cumulative grazing pressure is likely to degrade their repre-
sentation, sometimes even under low animal-density regimes
(Lesperance et al., 1970; Riggs et al., 2000). When selective-
grazing feedbacks are played out at landscape scale, animal
carrying capacity can be degraded over time (deCalesta and
Stout, 1997) even though obvious signs of 'overgrazing' are
lacking. In western North America, aspen (Populus tremu-
loides Michx.), bitter brush (Purshia tridentata (Pursh) OC.)
and mountain mahogany (Cercocarpus sp.) are commonly
considered at risk from the combined effects of persistent
herbivory and reduced episodic disturbance, but negative
trends in status of these species have been so subtle as to be
noticeable only after several decades.

Ungulates may influence their foraging habitats even
when numbers are relatively low because reduced animal
density facilitates a reduction in feeding patch size. This
influence may be equally negative to the herbivore (as the
density-dependent factors previously mentioned) but neu-
tral or positive to the affected plants. Grazing herbivores
are particularly sensitive to the presence of coarse standing
herbaceous litter (Ganskopp et al., 1993), and their selec-
tion of patches for feeding is negatively influenced by the
presence of coarse, standing herbaceous litter (McNaughton,
1984; Ganskopp and Bohnert, 2006). There appear to be
nutritional advantages to this selective behaviour for the
grazer (Birrell, 1989; Ganskopp et al., 2004) and implica-
tions for ecological condition of the range (McNaughton,
1984; Coughenour, 1991). Recently, burned areas are com-
monly preferred by ungulates due, at least in part, to the
lack of standing litter (Riggs et al., 1996). Periodic defolia-
tion can have similar influences on shrubs by stimulating
lateral budding and adventitious growth in the interior of
the crown (Lesperance et al., 1970; Peek et al., 1978).

Theory of facilitation

The theory of facilitation arises from observations that cer-
tain modifications of ecosystems by ungulates apparently
facilitate improvement in the foraging substrate for syrn-
patric species (e.g. Bell, 1971; Anderson and Scherzinger,
1975; McNaughton, 1976). Facilitation is thus an alterna-
tive to competition and amensalism in the consideration
of interspecific interactions. Anderson and Scherzinger
(1975) explain the facilitation hypothesis as it relates to
structure. Specific methodologies to manipulate struc-
ture and succession are discussed by Severson and Urness
(1994). Controlled livestock grazing, for example, can be
used to enhance foraging conditions for wild ungulates in



several ways including: (1) modify the botanical composi-
tion of plant communities to favour plant species that are
preferred by wild ungulates, (2) increase productivity of
preferred species, (3) increase the nutritive quality of pre-
ferred species seasonally and (4) increase structural diver-
sity in the landscape mosaic (Severson and Urness, 1994).
Domestic herbivores (cattle, horses and sheep) can be used
to seasonally improve foraging habitat for wild species
(pronghorn, deer and elk). Some research shows that in-
tensively managed grazing by sheep and/or goats can arrest
or even reverse encroachment by invasive species (Walker
et al., 1994). However, research exploring facilitative graz-
ing systems is usually conducted at relatively small spatial
scales and under highly controlled regimes that may not
have analogues in normal applied circumstances (Riggs
et al., 1990; Ganskopp et al., 1999,2007).

Application of facilitation

The mismatch of scale between experimental research and
applied management should motivate caution when at-
tempting facilitative grazing management. Seasonal food
preferences of the facilitative herbivore must be known be-
cause improperly timed or stocked grazing may negatively
impact the plant species of interest. For example, cattle can
be used to improve the productivity of a shrub species like
bitterbrush because cattle usually focus on herbaceous plants
early in the growing season. However, as herbs senesce cattle
are more likely to gravitate towards this shrub as the season
progresses (Lesperance et al., 1970), and late defoliation can
stimulate regrowth that cannot winter harden, thereby kill-
ing the plant. Thus, the time of the facilitative cattle grazing
is crucial. Sheep may be marginal facilitators or require more
intensive management in regard to season of use and stock-
ing density if they are used to enhance shrubs because they
are more inclined than cattle or horses to consume shrubs
(Urness, 1990; Alpe et al., 1999 but see Rhoades and
Sharrow, 1990). Alpe et al. (1999) reported that sheep
grazing had both negative and positive influences on browse
quality and quantity but concluded that a carefully managed
sheep-grazing programme could improve browse quality
for wild ungulates in the following winter.

Generally speaking, large generalist ungulates (e.g. cattle)
are more easily employed as facilitators than are smaller se-
lective feeders (e.g. sheep). Large generalists are more likely
to thrive on relatively poorer quality forage and in the pro-
cess of grazing reduce the amount of obstructive litter (Bell,
1971). Smaller more selective herbivores are then more
likely to take advantage of a residual sward that is low in
biomass, but high in quality, and in particular if the sward
regrows following the initial grazing treatment. Selective
grazing by small herbivores is not likely to materially
enhance forage swards for larger sympatrics in most cir-
cumstances, but there are exceptions (Riggs et al., 1990).

Facilitation has occurred in the western US, but docu-
mentation of its relevance at management scales is lim-
ited. The most-cited case studies have involved using cattle
grazing to improve forage conditions for elk (Anderson

and Scherzinger, 1975; Frisina and Morin, 1991; Frisina,
1992). Launchbaugh (2006) provides a how-to handbook
for targeted grazing that includes using livestock to im-
prove wildlife habitat. Likewise, Payne and Bryant (1994)
describe several facilitative grazing systems for wildlife
across a range of ecosystems. In Europe, Gordon (1988)
reported that reintroduction of cattle increased calf crops
for red deer hinds and speculated that cattle grazing could
improve forage for red deer, and possibly sheep, over large
areas of north-west Scotland.

Nevertheless, caution should be applied when attempting
to facilitate forage enhancements for wildlife using livestock.
In practice, facilitation usually involves modification of the
forage sward through enhancement of the herbage layer and
principally by stimulating grass regrowth or by making it
more accessible (Anderson and Scherzinger, 1975; Severson
and Urness, 1994). This type of facilitation is typically
referred to as 'forage conditioning' and in practice usually
involves using early season grazing by cattle to stimulate re-
growth of grass that will subsequently senesce prior to matu-
rity and thus be of higher nutritive value to wild herbivores
later in the year. The caveat to this approach is that the re-
alization of regrowth is dependent on there being sufficient
soil moisture to support significant regrowth after cattle
have been removed (Pitt, 1986). Judging the adequacy of soil
moisture remains more art than science for most managers,
and in arid or semi-arid regions or on thin soils, insufficient
soil moisture will preclude realization of the facilitation.
Ganskopp (1998) found an interacting effect of soil mois-
ture and time of grass defoliation. Regrowth was 22 per cent
of total herbage yield in a dry year and 50 per cent of total
yield in an average precipitation year (but see Ganskopp
et al., 2004). When formulating the forage conditioning hy-
pothesis, Anderson and Scherzinger (1975) did not address
the relevance of soil moisture heterogeneity at landscape
scale. Most western landscapes are heterogeneous in soil
depth and type and are thus variable in their ability to retain
moisture. Managers can expect the forage conditioning hy-
pothesis to be operative on only part of the landscape.

The production of annual biomass from shrubs and trees
may also be facilitated by livestock grazing. Cattle are pri-
marily grass consumers particularly prior to maturation of
grasses. Growing season defoliation affects the competi-
tive ability of grasses, leaving them less able to compete
for soil water and nutrient resources with neighbouring
shrubs and/or trees that are not defoliated (Augustine and
McNaughton, 1998). Ganskopp et at. (1999) found that
early season grazing by cattle resulted in bitter brush that
equalled or exceeded ungrazed control plants in volume
for 3 years of study. However, cattle use of bitter brush
increased as grasses matured (Ganskopp et al., 1999) and
negatively affected shrub volume compared with ungrazed
controls.

Management considerations

Severson and Urness (1994) remarked that dynamic pro-
cesses involved in plant community changes are a concern to



wildlife biologists when managing habitats and further that
changes in plant composition, productivity and community
structure will influence wildlife populations at the individual
species and faunal assemblage levels. Improper livestock
grazing has had tremendous negative effects in western
North America (Fleischner, 1994), but livestock grazing sys-
tems nevertheless can be defined which will demonstrably
benefit wildlife (Bryant, 1982; Severson and Urness, 1994).

Conversely, the managed growth and maintenance of
high populations of wild ungulates in the twentieth century
has also wrought dramatic and apparently negative effects
in several ecosystems (Irwin et al., 1994; Kay, 1997a; Riggs
et al., 2000), and in these circumstances, management goals
for these wild populations could usefully be conditioned on
larger ecosystem goals. The species of herbivore (wild or
domestic) would seem less important to the ecological role
of herbivory than the density and scale at which the her-
bivory is managed.

Succession

In the temperate coniferous forests, typical of western North
America, late successional plant communities dominated
by conifers or unpalatable shrubs seldom provide adequate
foraging habitats for large ungulate populations. The bulk
of the forage resource in forests is found in the 'transitory'
habitats that develop following disturbance (e.g. timber
harvest, fire). Transitory vegetations can provide diverse
and productive forage arrays for large ungulates, but as
succession progresses, the late-succession dominants regain
status over time through resource competition and shading
(Riegel et al., 1991). On any given forest site, the transitory
'window' is often short, and while the decline of the forage
sward is ultimately driven by closure of the forest canopy, it
can also be accelerated by persistent grazing (Hobbs, 1996;
Augustine and McNaughton, 1998; Riggs et al., 2000). In
some ecosystems, e.g. eastern US hardwood forests, white-
tailed deer have altered regeneration in late successional
forests and altered successions following disturbance
(Tilghman, 1989). The changing US political climate has
resulted in the near cessation of timber harvest and precom-
mercial forest thinning on public lands, while fire regimes
remain largely suppressed in managed landscapes. Timber
harvest and thinning, if conducted with wild ungulates in
mind, can facilitate understorey production (Rhoades and
Sharrow, 1990; Visscher and Merrill, 2009). In more arid
systems, Juniper (Juniperus sp.) and sagebrush (Artemisia
sp.) communities exhibit similar declines in their herbaceous
forage components during the course of their successions
as well. Near monocultures of these species have developed
over time across vast arid landscapes (Miller et al., 1994).
Carefully applied management practices such as cutting,
fire or chaining can markedly enhance nutritional carrying
capacities for both wild and domestic herbivores in these
landscapes, but again, these management actions must be
undertaken at the large scales meaningful to populations.
Nevertheless, for any of these disturbance agents to be ef-
fective, they must be executed at scales that are relevant
to the size (nutrient demand) of the herbivore populations

in the landscape; large ungulate populations require large-
scale disturbance regimes in these ecosystems (Riggs et al.,
1996). Along with relevant scale, forest managers should
consider ungulate density, the composition of landscapes
and herbivory effects on regeneration and composition
of desired species (Horsley et al., 2003), and ungulate
populations may need to be adjusted to a threshold level
(deCalesta and Stout, 1997).

Scale
The issue of scale is very important when considering
management and planning of successional dynamics for
habitats that cress-land ownerships. Private landowners
tend to be more 'pasture oriented' as their livestock are
restricted to fenced pastures. The largest scale relevant to
private operators is usually that of their own ranch or if
they graze public land the allotment area to which their
grazing is restricted. State government agencies, however,
plan and manage at rather large scales (multi-watersheds),
which typically approximate the spatial extents of wild
populations. These large planning units may contain
several landscapes defined by watersheds, subwatersheds
and/or political boundaries. Federal agencies increasingly
conduct strategic long-range planning at scales approxi-
mating regional ecosystems, while nonetheless constrain-
ing their tactical management decisions to smaller scales
on the order of watersheds or subwatersheds. The salient
point is that these diverse entities do not share a common
spatial-temporal basis for planning or management in most
circumstances. Nonetheless, anyone entity's decisions at
one scale can and does influence the options and outcomes
for the others. Additionally, research-generated knowledge
is often uniscalar and often not generated at the scale at
which management must be undertaken.

Landscape

Despite growing evidence of density-dependent feedbacks
resulting from high ungulate densities and reduced dis-
turbance regimes, one can reasonably assume that public
policy in western North America will continue to maxi-
mize herbivore population sizes (if not productivity). Big
game herds are unlikely to be reduced except perhaps on
some private lands, and livestock will continue on public
as well as on private lands albeit somewhat reduced on the
former. Most ecological assessments compare current veg-
etation with that perceived to have existed during the pre-
settlement period, consider any deviations from historical
conditions to be negative impacts, and champion manage-
ment activities to return to those pre-settlement conditions
(Quigley and Arbelbide, 1997). Nevertheless, it is widely
recognized that pre-settlement conditions can only be
approximated and never fully replicated, and restoration
goals are commonly addressed in management documents
as 'adaptive', 'ecosystem' or 'sustainable' end points. How-
ever, because ecosystems are dynamic, application of any
of these should not be considered as particular states or



attainable end points but rather as trajectories with certain
bounds (Fuentes, 1993).

Almost all North American ecosystems are disturbance
adapted, with the main difference being the time interval
between disturbances. In this context, management of eco-
systems to accommodate multiple ungulates invariably in-
volves periodic landscape-scale disturbance. Prescribed fire,
conifer cutting and other similar tools can be used singly or
in combination to develop mosaic patterns. The timescales
or intervals at which disturbances repeat are specific to eco-
systems as well as to goals for balancing early-succession and
late succession vegetations. For example, natural fire cycles
occurred every 8-15 years in many ponderosa pine types,
15-50 years in various sagebrush types and every 200-300
years in some conifer systems (Riggs et ai., 1996). Such
differences suggest strategies for anthropogenic manage-
ment and for managing herbivore dynamics. It is probably
unrealistic to expect to maintain high herbivore densities
and meet strategic vegetation goals in most landscapes.

Livestock

Given that livestock grazing will continue on public lands,
specialized programmes based on facilitation can enhance
the utility of domestic grazing and should be considered by
management agencies. Facilitative grazing provides forag-
ing patches at larger scales within a given landscape. Wild
ungulates in the absence of broad-scale forage removal by
livestock may concentrate foraging on preferred areas and
create grazing lawns. Adjacent areas may be ungrazed and
contain persistent standing litter that essentially makes
them 'grazing proof' (Ganskopp et al., 1992; Ganskopp
et aI., 1993). Changes in timing of livestock grazing should
also be considered on landscapes where the potential for
competitive interactions is possible. Ranges where shrubs
are an important diet component of wild ungulates should
not be grazed by livestock after maturity of grass species,
or if grazed at the time, at low density and carefully moni-
tored. In these cases, livestock grazing reduces the availabil-
ity of concentrated forage patches to areas not preferred
by livestock (scale reduction). Wild ungulates are forced to
disperse in search of scarce nutrient concentrations. Like-
wise, livestock use should be deferred until after fawning
where herbaceous cover is an important structural compo-
nent of fawning habitat (Barrett, 1981) because livestock
grazing reduces structure by utilization.

Pastor et al. (1997) provide an important cautionary
note. When managers intentionally alter the spatial and
temporal dynamics of habitat, a poor understanding of
how heterogeneity arises in ecological systems sometimes
leads to management techniques causing the opposite ef-
fects of those intended. Failure is always a risk of action.
A prescribed fire that is designed to burn 60 per cent of the
prescription area but actually burns 100 per cent serves as
an example. Lack of a regenerating shrub component on
that same area would compound the problem, particularly
if the area was a mule deer winter range. However, no
action may result in a fuel build-up and increasing risk of
conflagration fire with the same end result.

Research needs

Cooperative efforts between research and management
agencies must be undertaken to test research results at
management-relevant scales. Facilitative grazing has been
addressed at the plant community level (Ganskopp et al.,
1999) but it has not been applied at the landscape scale
with appropriate monitoring protocols to evaluate its
effectiveness. Following disturbance in forests, transitory
ranges exist until canopy closure occurs, but thus far, our
research has not adequately addressed how the size and
frequency of episodic disturbances could interact with
variations in the populations of multiple herbivore species
to influence ecosystem stability. Thus, researchers are chal-
lenged to 'scale up' the focus of their research, in terms of
temporal and spatial scale and in terms of the complexity
of disturbance agents and their regimes.

Conclusions

We have tried to convey the complexity involved in manag-
ing heterogeneous landscapes for multiple species of ungu-
lates that often include wild and domestic counterparts. To
say that our knowledge is incomplete would be an under-
statement. If it is in the interest of the public to simply have
only wild ungulates on western landscapes without regard
to the vigour of those ungulate populations and then the
extent of anthropogenic management of those lands could
be minimal. However, anthropogenic management is nec-
essary given continuation of livestock grazing or given that
production goals are in the Public interest for even wild
ungulates alone.

To be effective, anthropogenic management must be
based on planning that crosses all scales.

Disparate species of ungulates require complex habitats.
Almost all ecosystems are disturbance based, but distur-
bances rarely consume entire landscapes and thus contrib-
ute to the development and maintenance of mosaics. In
most areas of western North America, habitats have been
homogenized through direct action like fire suppression or
indirectly through succession caused by overgrazing with
livestock and/or by maintenance of large unproductive
herds of big game. These landscapes will support fewer un-
gulates over time if intervention does not occur. Mule deer
declines may be in part caused by changes in successional
stages that no longer favour mule deer (Urness, 1990).
There is also some evidence of a similar decline in some elk
populations (Irwin et al., 1994).

Unfortunately, habitat management for ungulates or
integrating them in landscape management paradigms ap-
pears to be a low priority on public lands. In the 1950s
and 1960s, alteration of landscapes reached its zenith on
public lands (Heady and Bartolome, 1977). Most of these
improvements were directed at rectifying degraded condi-
tions and providing improved livestock forage. Improve-
ments to wildlife habitat were mostly fortuitous. Today,
typically, where wild ungulate conflicts occur with private
lands, state wildlife agencies acquire nearby land. Intensive



management of that land is initiated to ensure that animals
will be attracted from conflict areas. Reseeding, fertiliza-
tion, facilitative grazing, water development, road closure,
feeding and weed and brush control are often employed
(Anderson and Scherzinger, 1975; Meresczak et al., 1981;
Frisina and Morin, 1991; Frisina, 1992). Yet, these same
intensive habitat management tools are seldom applied to
the general landscape on public lands.

Weisberg and Bugmann (2003) noted that we still may
not know enough to be able to derive the generalizations
needed to scale up to ungulate vegetation interactions over
multiple species and heterogeneous landscapes. But, as
Fuentes (1993) pointed out, if we consider management
actions as setting a trajectory rather than establishing a
static end point and if that trajectory is based on learning
from action and science, a direction of constructive change
should result. Lee (1993) stated that if we wait for all the
data to come in so that a final conclusion can be made, it
will take too long and it may be too late to do anything
about it.
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