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Grazing and Biodiversity 
 

By Christopher D. Allison and Louis C. Bender1

Maintaining biological diversity of rangelands is an important and appro-
priate land management objective. The Linebery Policy Center for Natural 
Resource Management supports research, education, and development of 
management approaches that address and facilitate biological diversity (i.e., 
biodiversity) in rangeland ecosystems. This requires an understanding of 
what biodiversity is and the processes that contribute to biodiversity and its 
maintenance on rangelands, and development of strategies that can maintain 
all relevant ecological processes that support healthy rangelands and all the 
products and attributes of healthy rangelands, including biodiversity.

WHAT IS BIODIVERSITY?
The Society for Range Management (2002) defines biodiversity as “the va-
riety and variability of the world’s organisms, the ecological complexes in 
which they occur and the processes and life support services they mediate. 
[Biodiversity] is a complex phenomenon influenced by the kinds of organ-
isms (i.e. plants, animals, microbes), their genetic variation, spatial distribu-
tion (e.g. ecosystem, landscape, regional, global), structural organization 

Figure 1. Common use grazing by cattle and sheep on Chihuahuan desert  
grassland. Biodiversity can be encouraged with dietary and area selectivity  
differences between cattle and sheep.
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(e.g. vertical stratification) and functional role (e.g. 
nutrient and water cycling, energy flow).” Biodiversity 
is described “in many different ways including species 
richness, evenness, community processes and organiza-
tion structure. No one expression is intrinsically supe-
rior to another. No single expression of [biodiversity] is 
sufficient nor is one scale of consideration paramount” 
(Society for Range Management, 2002). Perhaps most 
importantly, biodiversity varies in time and space and is 
influenced by many natural processes and management 
activities (Fuhlendorf and Engle, 2001, 2004; Gillson, 
2004; Derner et al., 2009).

“There is no simple relationship between [biodiver-
sity] and properties of ecological systems such as stabil-
ity for all rangeland sites. Loss of biological diversity, 
however, may reduce future land use options and the 
ability to maintain sustainable systems” (Society for 
Range Management, 2002) and resilience of rangelands 
to resist change or recover from extreme disturbance 
(Walker, 1989; Fuhlendorf and Engle, 2004). Conse-
quently, biodiversity is of fundamental importance to 
the maintenance of ecological function and thereby “di-
rectly provides for human wants and needs” (Society for 
Range Management, 2002).

“The Society for Range Management recognizes the 
value of [biodiversity] to ecosystem structure and func-
tion and promotes the inclusion of biological diversity 
in the array of facts to be considered in management of 
rangelands” (Society for Range Management, 2002). 
However, “maximizing [biodiversity] is not always pos-
sible or desirable [or necessary] at all levels of biological 
or spatial organization” (Society for Range Manage-
ment, 2002). Biodiversity is also hierarchical, a result 
of differing ecological processes dominating at the site, 
patch, local, landscape, and geographic scales, many of 
which are poorly understood. Management for biodiver-
sity usually focuses on the landscape level since this can 
retain the large-scale ecological processes (Ryan, 1990; 
Curtin et al., 2002; Gillson, 2004; Fuhlendorf and 
Engle, 2004) that drove the development of rangelands 
at all finer spatial scales. This approach recognizes that 
landscapes are not static, but rather dynamic systems 
that exhibit a mosaic of ecological states shaped by 
various biotic and abiotic factors, most fundamentally 
topography, soils, fire, and the grazing, trampling, and 
excreta of herbivores (Wiens, 1985; Ryan, 1990; Pieper, 
1994; Fuhlendorf and Engle, 2001; Metera et al., 2010; 
Fynn et al., 2016). While climate sets the limits to grass-
land formation at geographic scales (i.e., continental), 
it combines with these other factors to shape grasslands 
at more localized scales from the landscape to the patch 
(Stoddart et al., 1975; Ryan, 1990). The result is a dy-
namic mosaic that results from and reflects disturbance 
associated with the above and many other factors medi-
ated by a variety of ecological processes (Hart, 1990; 

Ryan, 1990; Gillson, 2004; Fuhlendorf and Engle, 
2004; Derner et al., 2009).

GRAZING AND VEGETATION COMPOSITION,  
STRUCTURE, AND FUNCTION
Herbivores impact rangeland vegetation through defo-
liation, physical trampling and other soil disturbances, 
and excretion (Wiens, 1985; Pieper, 1994; Derner et 
al., 2009; Metera et al., 2010; Fynn et al., 2016). All 
herbivores are selective grazers, and show three types of 
selectivity: area selectivity, species selectivity, and, as il-
lustrated in Figure 1, intra-species selectivity (Allison, 
2004). Through the above, “managed livestock grazing 
can have 4 general impacts on vegetation: (1) alter the 
composition of the plant community, (2) increase the 
productivity of selected species, (3) increase the nutritive 
quality of the forage, and (4) increase the diversity of the 
habitat by altering its [physical] structure” (Vavra, 2005, 
p. 128). Intensity of defoliation varies among individual 
plants as a function of the unique combination of plants 
and herbivores present at any given time (Van Soest, 
1996). As a result of non-uniform use of plants (site 
scale) and patches (patch, local, and landscape scales), 
grazing can increase the diversity of habitats for both 
plants and animals (Milchunas et al., 1998; Fuhlendorf 
and Engle, 2001; Derner et al., 2009; Rosenthal et al., 
2012; Borer et al., 2014; Fynn et al., 2016). Such patch-
iness is characteristic of rangelands, and spatially vari-
able disturbance is critical to the function of rangelands 
(Fuhlendorf and Engle, 2004).

Maintaining or increasing the heterogeneity of 
vegetation is essential for biodiversity, ecosystem 
goods and services, and long-term sustainability of 
ecosystems and wildlife populations (Laycock, 1994; 
Fuhlendorf and Engle, 2001; Derner et al., 2009; 
Metera et al., 2010; Rosenthal et al., 2012). Vegeta-
tion heterogeneity refers to variability in the structure 
and composition of plant communities over space 
and time (Fuhlendorf and Engle, 2001; Derner et al., 
2009), which results from differences in physical char-
acteristics (climate, soils, topography) and disturbance 
processes (grazing, fire, burrowing mammals, ant 
hills, etc.) (Ryan, 1990; Pieper, 1994; Fuhlendorf and 
Engle, 2001, 2004; Borer et al., 2014; Lwiwski et al., 
2015). Grasslands with more vegetation heterogeneity 
support a greater number of plant and animal species 
because they contain additional structural complex-
ity and/or diverse plant communities, which provide 
added spatial and temporal niches (Toombs et al., 
2010; Fynn et al., 2016). Thus, management strate-
gies that maintain or increase vegetation heterogeneity 
at appropriate scales can increase habitat diversity for 
wildlife (Severson and Urness, 1994; Laycock, 1994; 
Fuhlendorf and Engle, 2001; Vavra, 2005; Derner et 
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al., 2009; Fynn et al., 2016). In contrast, management 
practices that emphasize more homogeneous use of 
plant communities can result in decreased vegetation 
heterogeneity and wildlife diversity (Fuhlendorf and 
Engle, 2001, 2004). Clements (1905) may have been 
the first to point out that diversity, in terms of number 
of species, is not linearly correlated with stage of succes-
sion. Heterogeneity and biodiversity tend to be greatest 
at intermediate levels of succession in grasslands and 
lower in early successional and climax grasslands (Cle-
ments, 1905; Huston, 1979; Ryan, 1990), although this 
is not always the case (Milchunas et al., 1998).

The above relationship between diversity and stage 
of succession is often seen in grasslands (Ryan, 1990; 
Milchunas et al., 1998). Grazing, through influences 
on vegetation heterogeneity, can maintain a variety of 
successional or ecological states in grasslands (Pieper, 
1994; Fuhlendorf and Engle, 2001; Derner et al., 2009; 
Metera et al., 2010; Rosenthal et al., 2012; Lwiwski et 
al., 2015). This increases both heterogeneity and biodi-
versity locally by limiting the proportion of climax com-
munities in favor of increased and varied intermediate 
ecological states (Fuhlendorf and Engle, 2001; Rosen-
thal et al., 2012). Grazing can also increase heteroge-
neity and biodiversity at the landscape scale because 
non-uniform use creates a variety of patches in differing 
ecological states (Fuhlendorf and Engle, 2001; Lwiwski 
et al., 2015).

The effects of grazing on plant communities and 
biodiversity thus reflect some basic ecological principles 
(Laycock, 1994). These include: (1) plants are distributed 
in patches, and the status and distribution of patches 
depend upon the processes, such as grazing, that create 

them (Watt, 1947); (2) grazing can increase heterogeneity 
of plant communities by reducing dominance by a few 
species, which are replaced by numerous secondary spe-
cies (Laycock, 1994; Pieper, 1994; Fuhlendorf and Engle, 
2001; Rosenthal et al., 2012; Lwiwski et al., 2015); and 
(3) habitat diversity (patchiness) and resultant ecotones 
or edges are important as wildlife habitat for many spe-
cies (Leopold, 1933), but not all (Reese and Ratti, 1988). 
Non-uniform use of rangelands by livestock contributes 
to these effects (Fuhlendorf and Engle, 2001). For ex-
ample, many areas, such as uplands, receive much less use 
than other areas of rangelands, such as lowlands (Stod-
dart et al., 1975; Lwiwski et al., 2015); consequently, less 
vegetatively diverse but still important patches of later 
successional or climax communities are retained on the 
landscape in addition to intermediate ecological states. 
While edge is important to a large number of wildlife spe-
cies, a number of species require larger patches of more 
homogenous vegetation (Reese and Ratti, 1988; Ribic et 
al., 2009). This is particularly true for species that require 
late successional states, and these states need to be main-
tained in adequate sizes on the landscape mosaic (Ribic 
et al., 2009); although not well documented, this is likely 
around 200 ha (NRCS, 1999). However, even species 
that require later successional patches often require diver-
sity within home ranges. For example, the lesser prairie 
chicken (Tympanuchus pallidicinctus; Figure 2) requires 
both late successional tall grassland for nesting and early 
successional short grassland for brood rearing within their 
200–600 ha home ranges (Derner et al., 2009). Using 
livestock to alter vegetation structure for wildlife habitat is 
thus a valuable tool for land managers to achieve desired 
objectives for rangelands (Derner et al., 2009).

Figure 2. Lesser prairie chicken (left; Tympanuchus pallidicinctus) and dunes sagebrush lizard (right; Sceloporus arenicolus) 
are two species that often occupy common rangeland areas, but require vastly different habitats. Grazing is a tool that can 
create and maintain vegetative cover and structure needs of these two animal species.  
(Image credit: left, Larry Lamsa, flickr.com; right, Mark Watson, flickr.com.)
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Because factors that determine rangeland vegetation 
and its attributes (including species composition and 
heterogeneity) are hierarchical, and different factors pre-
dominate at different scales, biodiversity is hierarchical 
(e.g., Gillson, 2004). The lowest level is the microsite 
or individual plant level, where plant species composi-
tion and vigor are affected by several factors, including 
microclimate (e.g., shading, etc.), selective herbivory, 
and among plant interactions such as competition or 
facilitation (Noy-Meir, 1981; Pieper, 1994; Van Soest, 
1996; Gillson, 2004; Borer et al., 2014; Fynn et al., 
2016). The next level is the patch or local scale (such as 
a pasture), where plant species composition and hetero-
geneity are determined by characteristics of the site (e.g., 
soils, slope, moisture, etc.) and disturbances such as fire 
and differing grazing intensity within patches (Watt, 
1947; Wiens, 1985; Pieper, 1994; Fuhlendorf and 
Engle, 2001; Lwiwski et al., 2015). At the landscape 
scale, differences in environmental variables like hydrol-
ogy, topography, local rainfall, and soils combine with 
historical disturbances such as fire, varying use by her-
bivores among patches (including non-grazed patches), 
and differences in herbivore density across the land-
scape to create a mosaic comprised of many patches in 
differing successional or ecological states (Watt, 1947; 
Bormann and Likens, 1981; Fuhlendorf and Engle, 
2001, 2004; Gillson, 2004; Lwiwski et al., 2015). This 
landscape mosaic, comprised of differing patches of dif-
fering sizes in differing ecological states, is the primary 
determinant of biodiversity on rangelands at the scales 
influenced by management.

GRAZING AND BIODIVERSITY

Grazing and system biodiversity
There is no question that historical, largely unregulated 
grazing often caused serious damage to rangelands (e.g., 
Milchunas, 2006). Generalizing these largely historic 
effects to contemporary practices is unwarranted, how-
ever. To the contrary, much work has clearly shown 
that proper livestock grazing can maintain biodiversity 
and other rangeland functions, and in some cases is 
necessary to maintain and enhance these processes and 
attributes (e.g., Severson and Urness, 1994; Laycock, 
1994; Milchunas et al., 1998; Fuhlendorf and Engle, 
2001; Metera et al., 2010; Borer et al., 2014). Among 
likely future land-use options on rangelands, ranching 
is the most viable means of conserving the functional-
ity of the large-scale ecological processes that formed 
rangelands (Curtin et al., 2002). These are also the very 
processes (e.g., fire, herbivory, etc.) that create biodiver-
sity on rangelands.

Grazing does not necessarily result in negative im-
pacts on all or even a majority of wildlife species. For 

example, Kie and Loft (1990) predicted likely wildlife 
responses to grazing-induced changes from tall to short 
herb structure in annual grasslands in California. They 
noted that decreased vegetation height would likely 
benefit 52 species, harm 29, and not affect 171. They 
found similar likely responses to grazing wet meadows. 
Milchunas et al. (1998) found that light to moderate 
grazing enhanced conditions for some species and de-
graded conditions for others, limited invasion of grass-
lands by noxious weeds, and provided early succession-
al habitat for some species of concern (e.g., mountain 
plover [Charadrius montanus]). Many studies have 
focused on diversity of plant, bird, and animal species 
in adjacent grazed and ungrazed riparian areas (e.g., 
Medin and Clary, 1990; Krueger, 1985; Schulz and 
Leininger, 1990; Knopf et al., 1988; Kauffman and 
Krueger, 1984). In general, moderate grazing usually 
had little to no effect on bird populations and often 
had positive effects on vegetation and bird biomass, 
density, and diversity. Livestock can also be used to 
enhance conservation of species requiring certain suc-
cessional states (see below; Severson and Urness, 1994; 
Milchunas et al., 1998; Derner et al., 2009; Fynn et 
al., 2016). Metera et al. (2010) found that grazing cre-
ated favorable conditions for the formation of habitat 
structure preferred by many endangered birds, small 
mammals, and invertebrates, positively impacting bio-
diversity of grasslands.

Work with specific guilds has found similar results. 
Elwell et al. (2016) found that livestock grazing did not 
negatively affect pollinator or flowering plant abun-
dance, richness, diversity, or community composition. 
Derner et al. (2009) noted that livestock could be used 
as “ecological engineers” to enhance habitat availability 
and quality for grassland birds. Livestock grazing can 
also enhance plant community biodiversity, even in 
arid environments; for example, Naveh and Whittaker 
(1979) found greater plant diversity for several range-
land sites on moderately grazed areas as compared to 
ungrazed or heavily grazed areas in Israel. Rosenthal et 
al. (2012) found that low-intensity grazing was a valu-
able tool to maintain and restore plant diversity, and 
livestock were also an effective means of transporting 
plant propagules to maintain connectivity between iso-
lated plant populations. Similarly, Török et al. (2014) 
found that Hungarian Grey cattle were able to create 
and maintain grassland heterogeneity, suppress noxious 
species, and create a mosaic of vegetation structures of 
short and tall species, maintaining high species richness 
in the landscape via extensive grazing. Consequently, ex-
tensively managed pastures are of critical importance for 
sustaining grassland biodiversity across Europe (Török 
et al., 2014). This also highlights the importance of 
matching livestock species to grazing goals (Rook et al., 
2004; Metera et al., 2010).
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Grazing can also mitigate human impacts on range-
lands. Ellenberg (1988) proposed that livestock grazing 
may have to be increased to enhance diversity of the 
herbaceous plant communities of central Europe, which 
are experiencing dramatic nitrogen and sulfur enrich-
ment due to air pollution. This results in dominance by 
a few species that thrive under high nutrient inputs.

Grazing and featured species
Numerous examples exist of grazing benefiting a broad 
array of wildlife species. While we highlight several 
examples because this issue is frequently ignored in 
the antigrazing literature, we urge readers to reject 
the static management paradigm that featured species 
management invariably leads to. Rather than focusing 
on needs of individual species, the focus should be on 
maintaining the ecological processes that developed the 
rangelands of North America, including herbivory and 
fire (Ryan, 1990; Fuhlendorf and Engle, 2001, 2004). 
Focusing on featured species rather than ecological 
processes can lead to unnecessary conflicts when mul-
tiple rare species occupy the same ecological sites but 
require radically different structures or ecological states 
(see below). Moreover, trying to benefit a featured spe-
cies by maintaining a site in the same ecological state in 
perpetuity is a futile battle against nature (Hart, 2001; 
Fuhlendorf and Engle, 2004; Derner et al., 2009). Rath-
er, management should strive to maintain the ecological 
processes that create varying ecological states across pas-
tures and landscapes, and embrace the variability in dis-
turbance and other processes that change existing states 
to other ecological states (Ryan, 1990; Fuhlendorf and 
Engle, 2001, 2004; Gillson, 2004). These same process-
es, if conserved, would concurrently be recreating these 
altered states at other sites on the landscape, conserving 
all habitat features (e.g., Bormann and Likens, 1981; 
Fuhlendorf and Engle, 2004; Gillson, 2004).

As noted above, changes in vegetation structure can 
affect habitat quality for wildlife (Kie and Loft, 1990). 
Determining the true cause-and-effect relationships 
driving changes in structure can be complicated, how-
ever, particularly when multiple factors are potentially 
at work. For example, expansion of tall shrubs such as 
velvet mesquite (Prosopis velutina) into desert grasslands 
along the Arizona-Sonora border has been associated 
with declines in habitat quality for the endangered 
masked bobwhite quail (Colinus virginianus ssp. ridg-
wayi) (King et al., 1996; Zornes and Bishop, 2009; 
USFWS, 2014). Expansion of velvet mesquite in the 
Southwest is frequently attributed to livestock grazing 
(Mensah, 2010).

However, the increase in shrub cover has been a 
long-term process (Van Devender, 1990; Pieper, 1994), 
and the relative impact of livestock versus climate and 
other causes of change is unknown (Bahre, 1991; Pieper, 

1994). Moreover, population and habitat viability as-
sessments for the masked bobwhite noted that livestock 
grazing could be proactively used to decrease dominance 
of the invasive exotic Lehmann lovegrass (Eragrostis 
lehmanniana), which would enhance habitat quality by 
favoring forbs and other desert legumes, increasing veg-
etation diversity and forage resources (King et al., 1996). 
However, the U.S. Fish and Wildlife Service opted to use 
prescribed fire to accomplish these goals, even though 
fire has been shown to actually favor Lehmann lovegrass 
(Sayre, 2005). Subsequently, the masked bobwhite has 
declined to near absence in the wild on the Buenos Ai-
res National Wildlife Refuge despite the elimination of 
livestock grazing (USFWS, 2014), and other rangeland 
degradations attributed to grazing, such as large arroyos, 
have similarly not recovered (Sayre, 2005).

The desert tortoise (Gopherus agassizii and Gopherus 
morafkai) is another herbivore declining in Southwest-
ern deserts (West, 1993). While this decline is often at-
tributed to livestock grazing (Berry, 1978), livestock use 
declined well before tortoise densities, and studies have 
shown that the tortoise prefers grazing on introduced 
annuals (Bostick, 1990). Likely, other influences, such 
as increased predator densities, increased off-road vehic-
ular traffic, diseases, and direct human removals, were 
as or more responsible for declines than were vegetation 
changes attributed to grazing and cattle trampling of 
tortoises and dens (Huxtable, 1992; West, 1993).

Some rare species are clearly favored by grazing. The 
mountain plover nests only in relatively heavily grazed 
shortgrass steppe (Graul, 1973, 1975; Ryder, 1980; 
Leachman and Osmundson, 1990; Milchunas et al., 
1998; Derner et al., 2009), likely an adaptation to the 
historical influences of bison (Bison bison) grazing that 
only cattle can now replace. However, species of concern 
seldom occur in isolation, and conflicts can arise when 
multiple species with differing requirements occur on 
the same site. An example is the lesser prairie chicken 
and the dunes sagebrush lizard (Sceloporus arenicolus; 
Figure 2). The lesser prairie chicken requires tall grasses 
for nesting cover while the dunes sagebrush lizard prefers 
bare ground and active dunes (USFWS, 2008). Grazing 
creates these “heavy” and “light” utilization areas that are 
beneficial to these respective species (Derner et al., 2009), 
but not necessarily in the same patch. Selective manage-
ment of a site for one of these species would be detrimen-
tal to the other. Alternatively, a landscape mosaic would 
provide suitable states for each species.

Livestock grazing can also facilitate foraging by other 
herbivores by removing coarse and senescent growth of 
dense or cured grasses through a process called facilitative 
herbivory (Vesey-Fitzgerald, 1960; Fynn et al., 2016). 
Forage quantity and quality are often inversely related 
(Hobbs and Swift, 1985; Noy-Meir, 1981), and wildlife 
are more selective feeders that require higher-quality 
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foods than do livestock. By removing grasses that are 
high in crude fiber, grazing enhances foraging efficiency 
for wildlife like mule deer (Odocoileus hemionus) that 
require foods such as forbs and nutritious regrowth of 
grasses, which are higher in cell solubles like sugars, pro-
teins, and fats, and lower in crude fiber (Hanley, 1997; 
Hoenes and Bender, 2012; Fynn et al., 2016). Dietary 
needs of wild herbivores result in far more time spent 
searching for food than seen in cattle, so the facilitative 
effect of cattle grazing can increase foraging efficiency, 
diet quality, and overall energy balance of wild herbi-
vores by decreasing search times (Fynn et al., 2016). 
The facilitative effect of livestock herbivory can be a key 
component in conserving biodiversity by enhancing for-
aging opportunities for wild herbivores and increasing 
grassland heterogeneity (Western and Gichohi, 1993; 
Severson and Urness, 1994; Fynn et al., 2016).

Some species of concern can benefit from very heavy 
grazing. While inappropriate use of pasture—both over-
grazing and undergrazing—can pose a threat to biodiver-
sity (Fuhlendorf and Engle, 2001; Metera et al., 2010; 
Milchunas, 2006), there are examples where heavy graz-
ing benefits both biodiversity and ecosystem function. 
Prairie dogs (Cynomys spp.) prefer heavily grazed patches 
for their colonies (“prairie dog towns”), and the presence 
of these colonies is critical for the endangered black-foot-
ed ferret (Mustela nigripes; Hillman et al., 1979; Uresk 
et al., 1981; Sierra-Corona et al., 2015). Historical over-
grazing by livestock contributed significantly to the de-
velopment of large areas of big sagebrush (Artemisia tri-
dentata) shrublands throughout western North America 
(Laycock, 1967; Hull and Hull, 1974). This habitat type 
is currently of intense management interest because of 
the dependence of sage grouse (Centrocercus urophasian-
us) on these shrublands. Ironically, livestock grazing (and 
fire) are currently considered by some to be detrimental 
to big sagebrush communities and sage grouse (Shroeder 
et al., 2006; USFWS, 2015).

Rare plant species can similarly benefit from proper 
grazing. A species of buttercup (Ranunculus ophioglossifo-
lius) in Great Britain can only be sustained where heavy 
sheep grazing is maintained (Frost, 1981). Sheep graz-
ing was also found to benefit populations of the early 
spider orchid (Ophrys sphegodes) in England, apparently 
because maintenance of a short turf reduces interspecies 
competition (Hutchings, 1987). Cattle grazing had been 
resulting in declines of this species previously, appar-
ently because of less close-cropping of competitors and 
mechanical hoof damage.

Clearly, grazing as an ecological process is not in-
herently incompatible with wildlife or biodiversity. 
While evaluation of species or guild responses is 
valuable, rangelands and their attributes such as bio-
diversity fundamentally depend upon conserving the 
ecological processes that controlled the development of 

grasslands, including herbivory (Ryan, 1990; Pieper et 
al., 1994; Fuhlendorf and Engle, 2001, 2004; Curtin 
et al., 2002; Derner et al., 2009; Metera et al., 2010; 
Rosenthal et al., 2012; Fynn et al., 2016; Teague et al., 
2016). The latter is more conducive than a “charismatic” 
or “featured” species approach to conserving landscapes 
since conservation of ecological processes at appropriate 
scales provides for maintenance of larger tracts of land 
with habitat or ecosystems capable of supporting suites 
of sensitive species (West, 1993; Fuhlendorf and Engle, 
2001; Gillson, 2004; Derner et al., 2009).

Managing rangelands for  
biodiversity and multiple uses
Maintaining or creating vegetation heterogeneity at both 
pasture and landscape scales is the key to healthy range-
lands and biodiversity. Any attempt to impose a static 
management paradigm on rangeland will ultimately 
result in decreased biodiversity and other products of 
healthy rangelands because such an approach fights the 
ecological processes that controlled the development of 
North American grasslands (Ryan, 1990; Fuhlendorf 
and Engle, 2001, 2004; Derner et al., 2009). This is 
true whether the static management is intended to ben-
efit a species of concern by conserving some preferred 
ecological state, or whether it results from desires for 
uniform use of rangelands by livestock.

At local (pasture) scales, grazing management can 
enhance conditions for achieving biodiversity and 
other goals. If pastures are large, like those associated 
with Southwestern ranches (Figure 3), management of 
supplements, minerals, salt, and water can be used to 
enhance local heterogeneity. If water and minerals are 
available only at a few, widely scattered points, then 
gradients of disturbance and consequent successional 
states will be available across the pasture because of 
non-uniform use by livestock (Andrew, 1988; Laycock, 
1994; Fuhlendorf and Engle, 2001, 2004; Derner et 
al., 2009). Other local treatments, particularly pre-
scribed burning, can further enhance community and 
landscape diversity on rangelands (Mueggler, 1984; 
Fuhlendorf and Engle, 2004; Derner et al., 2009; Me-
tera et al., 2010). To illustrate, Toombs et al. (2010) 
listed several practices that may be used to enhance 
vegetation heterogeneity and biodiversity at the pasture 
level. These include:
•  Water. “Manipulating the availability of water sourc-

es throughout the year depends on a pasture’s having 
more potential water sources than are needed by live-
stock at any given time, and being sufficiently large 
that livestock cannot access all portions of the pasture 
while using only one of the water sources. Alternating 
the availability of water sources during several years 
can produce a nonstatic mosaic of heavily grazed and 
undergrazed areas. This strategy provides additional 
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range benefits by allowing plant communities near 
water sources to recover when those water sources 
are not in use” (Toombs et al., 2010, p. 13). “Un-
even livestock distribution and forage use is already 
occurring [in every pasture]: areas close to water 
receive consistent high use [and fertilization from 
excreta], and areas furthest from water receive less 
use” (Toombs et al., 2010, p. 14). While the large 
size of pastures also helps to maintain within-pasture 
vegetation heterogeneity, tall- and short-structure 
areas will remain static over time if water locations 
are held constant.

•  Supplemental feed. “Managers can also use supple-
mental feed sites strategically to create intensively 
disturbed patches on the order of several hectares 
within pastures, while reducing livestock use of dis-
tant portions of the pasture. This is particularly effec-
tive when forage quality is low (e.g., dormant season 
or plant maturity [or periods of drought]) and can be 
used to influence the amount of standing dead veg-
etation within pastures” (Toombs et al., 2010, p. 13).

•  Fire. “Prescribed fire is another way to create a shift-
ing mosaic of vegetation within a pasture. Burning 
influences vegetation structure in ways that differ 
from livestock grazing,” provides a significant  
enhancement in forage quality through fertilization 
and earlier green-up, and increases digestibility of 

foods by decreasing crude fiber content (Toombs et 
al., 2010, p. 13; Bender, 2011). Combined with graz-
ing, fire can produce a multitude of vegetative condi-
tions that otherwise would not occur. In a pasture 
context, “patch” burning has been suggested as a pre-
ferred management practice for implementing pre-
scribed fire treatments. The managerial idea behind 
patch burning with grazing is to burn different areas 
each year and allow livestock access to both burned 
and unburned areas during the next growing season 
(Toombs et al., 2010; Fuhlendorf and Engle, 2004). 
Livestock will then selectively graze the burned areas, 
promoting deferment of the unburned range and 
resulting in greater spatial heterogeneity of vegetation 
(Toombs et al., 2010; Smart, 2008).

This illustrates how two of the fundamental ecologi-
cal processes that shaped the development of range-
lands—herbivory and fire—can be used to enhance 
vegetation heterogeneity at multiple scales to achieve 
resource goals such as biodiversity. At both local and 
landscape levels, fire burns with differing intensity across 
rangelands because of differences in fuel loading, topog-
raphy, etc. (Whelan, 1995; Fuhlendorf and Engle, 2001, 
2004). The result is a mosaic of unburned and burned 
patches, with burned patches similarly showing differing 
degrees of impact on vegetation because of varying fire 
intensity (Whelan, 1995; Fuhlendorf and Engle, 2001, 
2004). This increases vegetation heterogeneity at both 

Figure 3. Cattle grazing high-elevation range in Rio Arriba County, NM. 

 P
H

O
TO

 B
Y 

CH
RI

S 
AL

LI
SO

N



Circular 686  •  Page 8

local and landscape levels, similar to non-uniform use 
by livestock.

Heterogeneity can be further increased at the land-
scape (multi-pasture) level through varied use of pas-
tures across space and time, including rests, deferments, 
prescribed burning, varying the intensity of grazing 
from light to heavy, etc. (Fuhlendorf and Engle, 2001; 
Derner et al., 2009). Herbivory is a powerful tool for 
managing rangelands for biodiversity because varied 
grazing treatments among pastures or management units 
can be combined with other treatments, such as mow-
ing, cutting, or burning, to enhance heterogeneity at 
the landscape level. Which treatment or combination of 
treatments is most suitable and feasible in a particular 
area depends on local biological and socioeconomic fac-
tors (Fuhlendorf and Engle, 2004; Derner et al., 2009; 
Metera et al., 2010). However, we encourage the use of 
the natural disturbance agents that shaped rangelands in 
their future management whenever possible. Fire is per-
haps the most fundamental of these natural disturbances 
(Ryan, 1990; Fuhlendorf and Engle, 2004).

At the landscape level, burning selected management 
units, while varying those units in space and time, com-
bined with varied grazing strategies (rest; deferment; 
light, moderate, and heavy grazing; etc.), can create 
highly heterogeneous landscapes (not even including 
the within-pasture heterogeneity noted above). Such 
treatments result in substantial differences in vegeta-
tion structure among pastures within a larger manage-
ment unit, i.e., a landscape (ranging from a ranch to 
a region) (Derner et al., 2009). The result is a mosaic 
of vegetation patches and structure resulting in greatly 
increased vegetation diversity (Vavra, 2005). By alternat-
ing treatments like burning and grazing practices among 
pastures or management units, a dynamic and shifting 
landscape mosaic is created, driven by patch-selective 
grazing by herbivores (Fuhlendorf and Engle, 2004). 
Such a heterogeneous mosaic reflects the historic role 
of disturbances in North American rangelands, which 
created vegetation heterogeneity across space and time 
(Fuhlendorf and Engle, 2004). Selective herbivory then 
drove differing grazing pressure among sites, resulting 
in a dynamic landscape of habitats that varied in time 
since disturbance, and ranged from heavily disturbed to 
essentially climax communities. The dynamic landscape 
mosaic thus is constantly changing in response to out-
of-phase successional changes among sites, but always 
includes heavily disturbed areas, essentially undisturbed 
areas, and a matrix of differing ecological (successional) 
states that vary due to differing time since disturbance 
(Fuhlendorf and Engle, 2004).

Many other considerations can facilitate development 
of heterogeneity within and among pastures on the 
landscape mosaic. The conservation of rangelands and 
their varied products requires careful selection of grazing 

species, grazing treatments, and appropriate stocking 
levels of grazing animals (Rook et al., 2004; Derner et 
al., 2009; Metera et al., 2010). Grazing species differ in 
their preference of habitat and plant species, which can 
enable the effective use of mixed grazing systems with 
different animal species to achieve management goals 
(Rook et al., 2004; Metera et al., 2010). For example, 
cattle grazing can be used to enhance the shrub com-
ponent of rangelands to increase vertical structure and 
browse for wildlife (Severson and Urness, 1994). Con-
versely, browsing by goats can favor herbaceous species 
over woody (Stoddart et al., 1975; Hart, 2001; Rook 
et al., 2004). The selection of livestock thus depends 
upon the management goals regarding specific habitat 
needs for conservation of biodiversity. The same is true 
with fire; when employed at appropriate intervals, fire 
can limit the expansion of woody species (Ryan, 1990; 
Scifres and Hamilton, 1993; Bender, 2011), and both 
grazing and fire can be employed to favor the develop-
ment of woody species where appropriate (Severson and 
Urness, 1994; Bender, 2011). At larger scales, further 
enhancement of landscape-level biodiversity can be 
achieved by carefully designed prescription grazing on 
protected areas to compliment the mosaic on adjacent 
ownerships (Fynn et al., 2016).

Implications
Livestock grazing is not inherently incompatible with 
maintenance of biodiversity. However, maintaining or 
creating vegetation heterogeneity at both pasture and 
landscape scales is key to healthy rangelands and biodi-
versity. This requires maintaining the ecological processes 
that shaped the rangelands of North America, including 
grazing, in order to maintain the health and productivity 
(for all products) of rangelands. To summarize: 

• Herbivory is an important process in rangeland 
ecosystems. Livestock grazing at varied intensities 
can increase the variety of patch states or habitats at 
both pasture and landscape scales, increasing both 
habitat diversity and edge. Even if plant and animal 
species diversity is reduced in smaller, heavily grazed 
areas, grazing can increase habitat diversity on the 
landscape, providing a variety of habitat attributes 
for wildlife. A mosaic of ungrazed, lightly grazed, 
moderately grazed, and heavily grazed areas probably 
would maximize diversity in most landscapes, as long 
as adequate patch size is maintained.

• Grazing creates living conditions that are varied 
and will necessarily be “good” for some species 
and “bad” for others at a given place and time. 
Striving for a uniform level of area utilization or a 
uniform stubble height is not only impossible to 
achieve under ranching situations but would create a 
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static landscape that is “good” for only a few species. 
By increasing heterogeneity, grazing can increase 
overall wildlife diversity on the landscape, unless 
grazing has been so severe and prolonged that the 
landscape has been simplified. In some cases, very 
heavy grazing is necessary to provide needed habitat 
structure for some species of concern.

• A shifting mosaic of intensively grazed, climax, 
and intermediate states is necessary for the main-
tenance of structural heterogeneity and biodiver-
sity of rangeland ecosystems. To emphasize, dis-
tribution of the various seral states on the landscape 
should not be static; this would result only from the 
removal of the ecological processes that drove devel-
opment of rangelands. In contrast, a dynamic mosaic 
is the result of these ecological processes, including 
herbivory and fire. If these processes are conserved, 
all relevant ecological states can be maintained on 
the landscape, and while individual patches will con-
stantly shift from one ecological state to another (the 
dynamic mosaic), overall proportions of the various 
states will be conserved on the landscape, providing 
habitats for the full continuum of rangeland wildlife.

• Land management involves choices, decisions, and 
resulting consequences. For example, when given 
the choice between two endangered or threatened 
species that may be present on a particular landscape, 
are there right choices as to which species should 
prosper? Management that focuses on maintenance 
of the processes that developed rangelands, and not 
on a static “featured species” approach, provides a 
solution to such conflicts by providing for a variety of 
ecological states on all landscapes.

• While persistence of all species cannot be guaran-
teed by any management approach, a healthy and 
functional rangeland system should be. Ultimately, 
it is the health and functionality of the entire range-
land system that is important, not the presence of a 
particular species in a particular area. By promoting 
a healthy and dynamic rangeland system, all relevant 
ecological states (habitats) should be present on the 
landscape, and ecological functions preserved. Main-
taining healthy and functional processes in a dynamic 
rangeland landscape is the only guarantee of a healthy 
rangeland and the varied products of healthy range-
lands, including biodiversity. 
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