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The Wildlife Conservation Society saves wildlife and wild places worldwide. 
We do so through science, global conservation, education and the 
management of the world’s largest system of urban wildlife parks, led by 
the flagship Bronx Zoo. Together these activities change attitudes towards 
nature and help people imagine wildlife and humans living in harmony. 
WCS is committed to this mission because it is essential to the integrity of 
life on Earth.

Over the past century, WCS has grown and diversified to include four zoos, 
an aquarium, over 100 field conservation projects, local and international 
education programs, and a wildlife health program. To amplify this 
diverse conservation knowledge, the WCS Institute was established as an 
internal “think-tank” to coordinate WCS expertise for specific conservation 
opportunities and to analyze conservation and academic trends that 
provide opportunities to further conservation effectiveness. The Institute 
disseminates WCS’s conservation work via papers and workshops, adding 
value to WCS’s discoveries and experience by sharing them with partner 
organizations, policy-makers, and the public. Each year, the Institute 
identifies a set of emerging issues that potentially challenge WCS’s mission 
and holds both internal and external meetings on the subjects to produce 
reports and guidelines for the institution.

The American Bison Society (ABS), managed by the WCS Institute, works 
with a broad range of stakeholders to build the scientific and social bases 
for the long term ecological restoration of bison in North America. ABS 
and partners address information gaps by initiating research and papers 
on issues that require further exploration or synthesis, or where policy and 
guidelines are needed. 

The ABS Working Paper Series, produced through the WCS Institute, is 
designed to share information with the conservation and bison stakeholder 
communities in a timely fashion. Working Papers address issues that are of 
immediate importance to helping restore bison and either offer new data 
or analyses, or offer new methods, approaches, or perspectives on rapidly 
evolving issues. The findings, interpretations, and conclusions expressed in 
this Paper are those of the author and do not necessarily reflect the views of 
the American Bison Society or the Wildlife Conservation Society. 
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The role of herbivores in grassland ecosystems is an important topic debated 
by ecologists and ecosystem managers for over a century. The Great Plains of 
North America are central to this discussion as most of the flora and fauna 
evolved with significant impact from large herbivores and other periodic 
disturbances. Until their near extirpation in the late 1800s, American bison 
(Bison bison) was the keystone herbivore on unfragmented landscapes, hav-
ing shared them with other herbivores and predators for nearly 10,000 years 
(Knapp et al. 1999; Anderson 2006). Since their near extinction, the vast and 
complex landscapes that contained the roaming herds have in most places 
been replaced by fragmented agricultural lands where domestic cattle are the 
dominant grazers on prairie remnants and the few remaining large natural 
landscapes. Through the 1900s, restoration and conservation of bison was 
pursued by private citizens, conservation organizations, and government 
agencies. Since then, additional groups have become interested in the con-
servation and management of grassland ecosystems, with principle goals of 
restoring critical processes and functions.
 Grazing is critical to restoration of grasslands.  Too often, the effects of 
grazing within an ecosystem are viewed in isolation, removing all complexity 
and variation besides that caused by grazing (e.g., plant community response 
in homogeneous, grazed and ungrazed plots).  Such work has resulted in 
tremendous amounts of knowledge gained, enhancing the management of 
grazed ecosystems.  Grazing, however, is much more complex than tradition-
al, small-scale experimental designs can replicate (Fuhlendorf et al. 2009); it is 
a dynamic process that interacts with complex landscapes to form disturbance 
patterns that are critical to biodiversity.  Because of this, the effects of grazing 
can be confounded by many factors, including those associated with animals 
and the environment (Figure 1).  While comparisons of cattle and bison may 
be interesting to conservation biologists, the species of animal alone is not the 
only determinant of grazing effects. Age, sex, number, and social organiza-
tion all contribute to altering their behavior and ecological influences (e.g., 
one herbivore does not have the same effect as 100 herbivores).  In addition 
to variation in the structure of the grazer community, environmental factors 
(e.g., predators, disturbances, climate, resources) will also alter the effects of 
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grazing (e.g., an arid system will respond differently than a mesic system).  
Central to both the grazing animals and the environment is the managerial 
objectives and actions at the social and ecological interface.
 When discussing grazing effects or grazing behavior, a traditional reduc-
tionist approach is to focus on one factor without considering the complexity 
of other factors and their interactions.  In the Great Plains of North America, 
for example, ecologists, conservationists, and land managers have studied 
and debated the effects of grazing by bison and domestic cattle (Bos taurus), 

often without including other relevant fac-
tors (Plumb and Dodd 1993; Hartnett et al. 
1997; Steuter and Hidinger 1999).  Studies 
that compare these two species are challeng-
ing because they could easily be confounded, 
as it would be expected that bison and cattle 
herds differ in number, age, sex, access to 
resources, or presence of disturbances unless 
they are evaluated in a carefully controlled 
experiment.  The trade-off between recogniz-
ing the importance of complexity in nature 
and the desire to conduct well controlled 
experimental studies has been a persistent 
challenge for conservation ecologists. 

 Many previous studies of grazing were conducted through the discipline 
of rangeland management which was largely developed in response to the 
vast over-utilization of rangelands from the livestock industry in the early 
1900s (Holechek et al. 2011).  While the approach of this research has agro-
nomic roots, many of the principles provide useful predictions of the effects of 
grazing on complex landscapes. Principles of grazing management on range-
lands focus largely on managerial aspects on maintaining proper distribution 
of grazing pressure in time and space and selecting the appropriate animal 
for the environment (usually in reference to domestic livestock for commod-
ity production purposes). The most important principle from this body of 
research is the consideration of the number of animals relative to the amount 
of forage available (stocking rate or grazing intensity).  A well known meta-
analysis (Milchunas and Lauenroth 1993) and range management textbooks 
(Holechek et al. 2011) suggest that the primary effects of grazing on vegetation 
and soils are largely dependent on grazing intensity, which is a function of 
animal numbers and biomass production. Animal numbers and distribution 
in space and time can be due to management or ecosystem dynamics, and are 
often primary drivers of animal behavior and the influence of grazing (Figure 
1). The few comparisons of bison and cattle that hold grazing intensity and 
distribution constant have concluded that many of the differences between 
the species may actually be attributed to differences in the approach to their 
management (Towne et al. 2005). 
 The effects of species grazing behavior (bison and cattle) are difficult to 
separate from common managerial differences (e.g., grazing intensity) that 
may occur under various land management objectives. Questions focused on 
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the differences between species are very different from questions focused on 
how they are typically managed, yet, often these two questions lead to con-
founded conclusions. Cattle herds are typically associated with ranches that 
are managed for optimum commodity production. Operations commonly rely 
on herds where animals are separated for most of the year based on sex and 
age (e.g., cow-calf, stocker steers). Additionally, cattle ranches often employ 
general animal husbandry practices (e.g., supplemental feeding and miner-
als) and land management practices that homogenize the landscape. These 
landscapes are often heavily cross-fenced with extensive water development 
and potentially managed to increase the dominance of a few key forage spe-
cies. Bison are often managed as production herds or as conservation-focused 
herds on preserves or refuges. Production/commodity systems with bison 
are often managed in a way similar to cattle systems, allowing for effective 
comparison in that simplified environment. Preserves focused on conserva-
tion may manage their bison herds as wildlife or livestock, but typically much 
less intensively than production systems. Cattle are rarely, if ever, managed 
as wildlife or with a conservation focus; consequently, many comparisons 
between bison and cattle may inevitably be confounded by differing land 
management approaches or alternatively, focus on comparing two similar 
production systems (i.e., small pastures intensively managed). 
 Very few studies comparing bison and cattle attempt to capture similar 
animal and environmental factors (Plumb and Dodd 1993; Towne et al. 2005).  
Even in these limited “head to head” studies, bison are most often placed in a 
cattle production environment.  We argue that if there are important ecologi-
cal differences between cattle and bison, they would best be studied on large 
and complex landscapes. It is unlikely, however, that one could ever compare 
these two species under all combinations of environmental and animal fac-
tors.  Nonetheless, we suggest that using the conceptual framework presented 
in Figure 1 will allow for a better and more accurate comparison of the eco-
logical grazing effects between bison and cattle.  From this framework, it is 
important to view studies in the context of other factors that could influence 
grazing behavior and effects on grasslands so that differences between species 
are not confounded by differences in management.
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It is important to examine the life histories of bison and cattle to understand 
the selection pressures responsible for our current populations. Prior to 
European settlement of North America, there were over 10 million American 
bison (Freese et al. 2007). Ancestors of our modern bison arrived on the 
North American continent during the middle Pliestocene (300,000 to 130,000 
years ago) and reached their maximum distribution 100,000 to 12,000 years 
ago (Potter et al. 2010). Modern bison (B. bison), including plains and wood 
bison, ranged freely across most of North America for over 10,000 years. Early 
explorers, settlers, and hunters reported large herds and estimates that ranged 
from 10 to 100 million (Shaw 1995; Potter et al. 2010). Regardless of the broad 
range in population estimates, it is generally agreed that bison were the domi-
nant herbivore throughout most of North America for thousands of years, 
capable of living in environments that ranged from the desert southwest to 
the boreal forest. 
 There is considerable debate over the taxonomy and nomenclature of 
American bison (Boyd et al. 2010). The genus name of Bison dates back to the 
early 1800s, but more recently taxonomists have argued that bison are not suf-
ficiently distinct from bovines, resulting in a change to the genus Bos (Boyd 
et al. 2010). Similarities between bison and cattle and the adaptation of bison 
to rangelands of North America have led to many attempts to cross the two 
species and/or domesticate bison. Recent literature reviews have suggested 
that bison may be a more efficient range animal in North America because of 
their ability to digest low quality forage (Hawley et al. 1981; Plumb and Dodd 
1993), defend against predators (Carbyn et al. 1993), survive harsh winter 
conditions, and have minimal calving difficulties (Haigh et al. 2001). Sections 
below will indicate that many of these claims have not been supported by 
experimental comparisons between bison and cattle, and while testable, 
would be very difficult to evaluate under all potential situations. 
 Domestication of cattle from aurochsen occurred about 10,000 years ago, 
in the near east from Bos taurus and in Asia from Bos indicus (Loftus et al. 1994; 
Gotherstrom et al. 2005). Over the next 5,000 years, cattle dispersed over many 

BISON AND CATTLE: 
A NATURAL HISTORY
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areas, becoming important economically, for both food and labor. There are 
currently over 250 recognized breeds of cattle and potentially hundreds more 
that are not recognized. There are as many as 80 breeds available for produc-
tion in the United States. Each breed has distinctive characteristics that are 
used to develop herds that are best suited for certain objectives and environ-
ments. Most of the breeding efforts have been largely associated with the meat 
industry, although some are more focused on reproductive efficiency and rela-
tionships with specific environments. Selection traits include environmental 
adaptability, age-size relationships, milk production, rate and efficiency of 
weight gain, and meat quality.  Recent studies have demonstrated that breeds 
of cattle will use rough terrain differently (VanWagoner et al. 2006) and have 
been suggested as a viable tool to obtain specific grazing effects (Rook et al. 
2004). There is also concern over the loss of indigenous cattle breeds (Solti et 
al. 1999), with studies suggesting that these breeds are less selective and can 
be used to maintain biodiversity (Dumont et al. 2007).  This is an indication 
that fairly subtle differences in animals may be important but also that there 
is substantial differences across breeds of cattle that make a comparison with 
bison difficult.
 The evolutionary history of bison and cattle provides important insight 
on expected differences in behavior and ecosystem effects of the two species. 
In general, bison evolved from natural selection as a dominant grazer on com-
plex landscapes, while cattle were selected for agricultural production and 
labor over thousands of years. It is a reasonable prediction that when these 
species are managed as wild populations on complex landscapes, there could 
certainly be differences in how they handle threats and limited resources. It 
is less reasonable to predict differences in ecological effects when both spe-
cies are compared within an agricultural setting. Additionally, as cattle have 
been selectively bred for agriculture all over the world, it is not sufficient to 
discuss bison comparisons with the generic species cattle. Cattle can represent 
European beef breeds such as Hereford or Angus or the breeds more adapted 
to extreme environments such as Highlanders, Brahman, or Texas Longhorns. 
Many local breeds of cattle have lived as wild animals over the past century 
or more and are capable of surviving in complex landscapes with minimal 
support from human societies (e.g., Hernandez et al. 1999). We suggest that 
comparisons should be specific in their objectives, comparing bison to specific 
breeds of cattle or to local herds that are typical for production agriculture.
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In North America, herbivores were a strong driving factor in the establish-
ment and maintenance of grasslands, but over at least the past 10,000–15,000 
years, the effects of herbivore activity were largely controlled by an interac-
tion between fire and grazing. This section summarizes the fire-grazing inter-
action, hereafter termed pyric herbivory (i.e., herbivory shaped by fire), that 
was recently published in Conservation Biology (Fuhlendorf et al. 2009). We 
have argued that grazing and fire may best be viewed as a single disturbance 
(pyric herbivory) that created a shifting mosaic of disturbance patches across 
a complex landscape (e.g., Fuhlendorf and Engle 2001; Salvatori et al. 2001; 
Hassan et al. 2008). This results from grazing animals freely selecting between 
burned and unburned portions of the landscape, and the dependence of fire 
occurrence on the removal of fuel by herbivores (e.g., Norton-Griffiths 1979; 
Fuhlendorf and Engle 2001). The mosaic pattern that results from this interac-
tion of fire and grazing is critical for grassland biodiversity and suggest that 
these two disturbance processes are coupled.
 Bison, cattle, and many other herbivores across rangelands throughout the 
world respond to patterns of fire (e.g., Fuhlendorf and Engle 2001; Archibald 
and Bond 2004; Archibald et al. 2005), preferentially selecting nutritious and 
available forages that grow in recently burned areas and avoiding unburned 
areas (Duvall and Whitaker 1964; Fuhlendorf and Engle 2004). Grazing pat-
terns are also strongly influenced by the movement patterns of large carni-
vores (Ripple and Beschta 2006) and it is likely that when predators, fire, and 
grazing are considered collectively, grazing patterns would be very complex. 
Even if grazing pressure is moderate across the landscape, local areas that 
have burned recently may be heavily grazed, whereas other areas that did not 
burn over the past few years may receive little or no grazing pressure. This 
pattern of fire also interacts with complex landscape and rainfall patterns that 
drive grazing and biodiversity patterns. Recently burned areas that attract 
heavy grazing pressure would not have an accumulation of fine fuel, reducing 

THE ROLE OF GRAZING IN 
THE DEVELOPMENT OF THE 
GREAT PLAINS 
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the likelihood and intensity of future fires completing the fire-grazing interac-
tion (Fuhlendorf et al. 2008).
 Pyric herbivory, with both cattle and bison, provides greater botanical 
and vegetation structural diversity across the landscape than when the same 
amount of grazing and fire is uniformly applied, as is done on most range-
lands that are commonly managed for livestock production (Fuhlendorf and 
Engle 2004). Analyses of grassland birds, insects, and small mammals suggest 
that some species within these groups depend on recent disturbances, whereas 
other species depend on habitat without disturbance (Figure 2) (Fuhlendorf 
et al. 2006; Engle et al. 2008). For example, 
Henslow’s Sparrows (Ammodramus hen-
slowii) require dense litter and tall vegeta-
tion. Under pyric herbivory, this regionally 
rare bird was dominant in patches that had 
not been burned or grazed in two or more 
years. Upland Sandpipers (Bartramia longi-
cauda) and Killdeer (Charadrius vociferous) 
were abundant in patches at the other end of 
the disturbance gradient (i.e., in areas with 
minimal litter and abundant bare ground) 
owing to recent application of fire and 
resulting focal grazing. Landscapes with 
variable patterns of interacting disturbances 
are critical for conservation of the full suite 
of grassland obligate species. Other stud-
ies illustrate that, in addition to species 
conservation, critical ecological processes 
(e.g., nutrient and water cycling) are also highly dependent upon this shifting 
mosaic of disturbance patterns (see Fuhlendorf et al. 2009). These studies of 
pyric herbivory exemplify the importance of heterogeneity and shifting mosa-
ics associated with the interaction of fire and grazing.
 Historically, fires and grazing with multiple herbivore species interacted 
across vast regions with climate patterns and predators to create heteroge-
neity at multiple scales. Recreating these patterns and scale with historical 
accuracy is both overwhelming and impractical, but it does not diminish the 
importance of restoring these disturbance processes as an interactive part of 
the landscape and of allowing the patterns that are critical for biodiversity 
to emerge from the interaction. The restoration of ecosystems involves criti-
cal processes such as fire and grazing, just as much as it involves restoring 
native plants and animals.  Scaling limitations, societal issues, the existence 
of alternative disturbances on the landscape (e.g., cultivation), and lack of 
understanding of fire and grazing processes limit the widespread restoration 
of these processes. Understanding evolutionary patterns of grazing is critical 
to understanding the evolutionary context of bison in the Great Plains. It is 
clear that simplifying or ignoring fire grazing interactions leads to limited and 
incomplete understanding of this keystone process. 
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Examining the differences and similarities between bison and cattle is difficult 
due to the many confounding environmental factors (Figure 1).  A title search 
within Web of Science (conducted December 10, 2009) revealed 87 papers with 
the terms “bison” and “cattle.”  Of those, only nine contained an ecological 
focus, with several limited to conjecture and review.  Two papers in particular 
attempted to control for confounding effects (Plumb and Dodd 1993; Towne et 
al. 2005).  While such a literature search is not perfect, it is an adequate sample 
of information available for bison and cattle comparisons and reflects what 
is currently in the published literature.  Due to the challenges of comparing 
these species, there are no peer-reviewed studies that directly compare bison 
and cattle on large complex landscapes (>300 ha).  Because of this, dogma 
and casual opinions are often intermixed with experimental or observational 
conclusions (Fritz and Dodds 1999; Steuter and Hidinger 1999).  
 Some of the most commonly reported differences between bison and 
cattle are their use of riparian areas, plant selection/diet compositions, diges-
tion, thermoregulation, energetic/metabolic rates, and foraging behavior 
(Hartnett et al. 1997).  We used literature searches and citation indices to find 
studies that directly compared bison and cattle within these specific topics.  
While there are many studies of bison and cattle performed separately (e.g., 
one study examining bison diet in location A, one study examining cattle diet 
in location B), such studies are not well suited for a direct species comparison 
due to the potential variation of resources at different locations.  These stud-
ies are useful in developing testable hypotheses but not useful for developing 
strong conclusions. We therefore limited our results to comparisons that were 
directly head to head, either observational or experimental.

HOW DIFFERENT ARE THEY?  
EVALUATIONS OF BISON 
AND CATTLE BASED ON 
LITERATURE



Bison as Keystone Herbivores on the Great Plains
9

 In popular press, government reports, and scientific literature, it is often 
stated that bison spend less time near water or riparian areas than cattle 
(Manning 1995; Hartnett et al. 1997; Fritz and Dodds 1999; Reynolds et al. 
2003; National Park Service 2009).  Indeed, van Vuren (1982) found a greater 
percentage of observations of cattle closer to water than bison.  Unfortunately, 
it is apparent that the management strategies of the two species were not 
taken into account, specifically with regard to stocking rate or animal density:  
“a herd of about 300 wild bison … shares its summer range with several hun-
dred range cattle” (van Vuren 1982).  With no clear definition of how many 
animals were present or specific management plans for each species, a reliable 
conclusion cannot be made.  This is the only study we found that directly 
compares use of water or riparian areas between bison and cattle and the lack 
of experimental control is likely one reason that it was not published in a peer-
reviewed journal.
 In contrast, it has been shown by direct comparison that cattle have 
greater plant selectivity and a lower composition of graminoids (grasses) in 
their diet than bison (Peden et al. 1974; Kautz and van Dyne 1978; Schwartz 
and Ellis 1981; van Vuren 1984; Plumb and Dodd 1993).  Direct compari-
sons of digestibility found differences (Peden et al. 1974; Hawley et al. 1981; 
Schwartz and Ellis 1981) as well as no differences (Schaefer et al. 1978; Plumb 
and Dodd 1993) between bison and cattle (including Hereford and Scottish 
Highland breeds).  Digestion retention time was also greater in bison than 
cattle (Schaefer et al. 1978).  Additionally, many ruminal fermentation charac-
teristics do not differ between bison and Hereford steers; bison, however, do 
average greater ruminal ammonia nitrogen concentrations, greater ciliate pro-
tozoal counts, and greater cell volume than cattle (Towne et al. 1988). While 
these differences are interesting they are not very informative about the actual 
influences of bison or their behavior in complex landscapes.
 It is also commonly reported that bison may be able to cope with cold or 
heat stress better than cattle (Hartnett et al. 1997; Steuter and Hidinger 1999).  
Christopherson et al. (1979) examined metabolic rates of bison and Hereford 
calves in environments at 10, 0, and -30°C.  Metabolic rate decreased with 
temperature in bison, while in cattle, metabolic rates were dependent upon 
temperature and age.  Decreased metabolic rates were attributed to reduced 
activity of bison at lower temperatures.  Heart rates and respiratory frequen-
cies were not affected by temperature.  Additionally, bison are estimated to 
have greater insulation and lower critical temperatures than Hereford and 
Scottish Highland breeds of cattle (Christopherson et al. 1978).  It is likely that 
any differences in thermal regulation would be highly dependent upon the 
breed of cattle used in the comparison. Bison historically existed across a wide 
range of thermal conditions (Mexico to Alaska), while unique cattle breeds 
may only be dominant in local areas where they are best adapted (i.e., Scottish 
Highlanders may respond differently than Texas Longhorns). 
 There are many mechanisms that influence grazing behavior of large 
herbivores. Grazing patterns can be determined by abiotic (e.g., topography, 
temperature, distance to water, etc.) and biotic (e.g., forage quality/quantity, 
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predation, etc.) factors (Bailey et al. 1996).  Abiotic factors primarily influ-
ence grazing behavior at larger scales, while biotic factors play a larger role 
at smaller scales (Senft et al. 1987).  As it is out of the scope of this paper to 
summarize all mechanisms that influence grazing patterns of large herbi-
vores, we refer the reader to the general literature for such information (e.g., 
Bailey et al. 1996).  As with the use of riparian areas, direct comparisons of 
foraging ecology or behavior between bison and cattle have been minimal.  
Plumb and Dodd (1993) found differences among summer feeding behaviors 
of bison and cattle in South Dakota.  In general, bison spent less time feeding 
with shorter grazing bouts than cattle, but had greater number of bouts per 
day.  Aside from this study and the one non-peer reviewed study of the use 
of riparian areas, we found no other studies that directly compared bison and 
cattle behavior. 
 While differences and similarities between bison and cattle may exist, a 
more prevalent topic may be the ecological effects of the two species.  The 
effects of species differences, however, are hard to separate from the two dif-
ferent management styles that often accompany them (Towne et al. 2005).  In a 
direct comparison, where animals were managed similarly in small pastures, 
plant communities were 85% similar after 10 years of grazing (Towne et al. 
2005).  In the same experimental units, arbuscular mycorrhizal fungal root 
colonization and pasture reflectance characteristics did not differ between 
bison and cattle grazing (Villarreal et al. 2006).  Forbs in tallgrass prairie are 
also affected differently by bison and cattle. Responses, however, are complex 
and dependent upon plant species, animal species, plant life history stages, 
and fire regimes (Damhoureyeh and Hartnett 1997). Studies that attempt to 
control all variation, except for the species differences, are difficult because 
ecosystems are variable and include interactive relationships. Studies have 
demonstrated that similar biodiversity effects can be achieved by cattle and 
bison as long as both species are allowed to interact with heterogeneous fire 
patterns (Fuhlendorf et al. 2006, 2009).
 In addition to exaggerating differences between bison and cattle, both 
the scientific and lay literature contains speculation about the unique role 
of bison, much of which may be logical but is not supported by data.  These 
speculations are likely due to the iconic nature and cultural history of bison. 
An example of this is the persistence of wallows in grassland ecosystems.  
While it is clear that bison, as well as other herbivores, wallow (McHugh 
1958; Cabon-Raczynska et al. 1987; Momongan and Walde 1988), it is com-
monly believed that many circular depressions in prairies are relict wallows, 
and wallows have been cited as a long lasting ecological effect of bison that is 
important to biodiversity (Barkley and Smith 1934; Polley and Collins 1984; 
Collins and Barber 1985; Hartnett et al. 1997; Knapp et al. 1999).  Critical 
study of relict wallows, however, simply revealed that they are unique land-
scape elements of pedogenic origin, which have also been described in many 
ecosystems throughout the world where bison do not occur (Coppedge et al. 
1999).  While grassland depressions, including bison wallows, are important, 
casual claims of their origin should be viewed skeptically.  



Bison as Keystone Herbivores on the Great Plains
11

 There is limited peer-reviewed data to compare bison and cattle, both 
in their life history differences and ecological effects.  Furthermore, nearly 
all of the bison and cattle comparisons do not attempt to account for both 
animal and environmental factors that can contribute to species differences 
(e.g., Figure 1).  Doing such essentially 
simplifies differences and similarities 
between the two species. Reductionist 
science that eliminates all other varia-
tion except species may find differences 
but would be incapable of describing 
the relevance of such differences, par-
ticularly in complex landscapes.  We 
located only two peer-reviewed studies 
that attempt to control for confounding 
effects (Plumb and Dodd 1993; Towne et 
al. 2005). Can we safely justify the differ-
ences between bison and cattle, particu-
larly those regarding ecological effects, 
with such limited data?  We recognize 
that comparisons of these species under all conditions or factors would be 
extremely difficult.  We suggest an approach, however, for comparing bison 
and cattle that considers the context of comparisons based on our framework 
(Figure 1). Below we describe the design, results, and limitations of a current 
study within the Great Plains that incorporates factors found within complex 
landscapes. We present this study as an example of how bison and cattle can be 
more appropriately compared.  
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The Nature Conservancy Tallgrass Prairie Preserve, located in northeast 
Oklahoma, USA, is a 16,000 ha natural area that is managed for biodiversity 
and heterogeneity (Hamilton 2007).  The preserve lies at the southern end of 
the Flint Hills of the Great Plains. Topography is lightly variable, with rocky 
outcrops of both sandstone and limestone. It is one of a few large manage-
ment areas in the United States that allows for fire grazing interactions (pyric 
herbivory) across large and complex landscapes (Fuhlendorf et al. 2009).  The 
preserve is also unique as portions of the area are delegated to bison and cattle 
(mixed breeds) under similar conditions/management plans, allowing for a 
more effective bison/cattle comparison.  
 Within the property, there is one large bison unit (9532 ha) and seven 
smaller cattle units (430-980 ha) (Figure 3). Animals are free to roam within 
each unit, as only perimeter fences separate units.  There is minimal handling 
of both bison and cattle and neither species receives supplemental feed, with 
the exception of salt and trace minerals to both species. Water is provided 
by natural streams and ponds constructed before ownership by The Nature 
Conservancy; water distribution is approximately equal for the two manage-
ment areas (Figure 3).  Bison are maintained in their respective unit all year, 
while cattle are only present April through September (similar to surrounding 
local management practice). Bison and cattle units are stocked with similar 
moderate stocking rates (bison:  2.1 AUM/ha; cattle:  2.4 AUM/ha).
 The entire preserve is managed extensively with fire and in such a way 
that fire and grazing are allowed to interact [i.e., fire influences grazing and 
vice versa; see Hamilton (2007) and Fuhlendorf et al. (2009)].  In the bison unit, 
approximately one third of the unit is burned each year (~3000 ha). Burns are 
variable in size (100-700 ha) and are located randomly across the landscape 
(no fixed burn units).  The seasonality of fire varies with 80% of burns occur-

THE TALLGRASS PRAIRIE 
PRESERVE: A MODEL FOR 
EXPERIMENTAL DESIGN
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ring in the dormant season (40% in late spring, 40% in winter) and 20% occur-
ring in the growing season (summer).  Fire is managed similarly in the cattle 
units; burn units, however, are contiguous and vary in size relative to total 
unit size (e.g., burn area may be one half to one fourth of total unit size). Bison 
and cattle units are shifting mosaics with fire occurring in discrete portions 
of the landscape; animals are allowed to select between recently burned areas 
and those with greater time since fire (Figure 4).
 In this study, bison and cattle units are managed similarly, but with 
important differences. The objective of bison management is to restore and 
maintain a large tract of functioning tallgrass prairie, while the objective of 
cattle management is to develop management tools that can be transferred 
to local working ranches.  The differing objectives result in slightly differ-
ent management scenarios.  First, stocking rates are a little different because 
cattle units are designed to more closely represent preferred stocking by local 
landowners.  Second, age, sex, and social organization are more complex with 
bison than the simplistic yearlings of cattle pastures (also chosen to represent 
local landowner preferences).  Finally, the bison unit is one of the largest 
single pastures with free roaming bison within the Great Plains, while cattle 
units are large but more typical of local landowner size.

Methods
Two of the most common reported differences between bison and cattle are 
their use of water/riparian areas and their ability to tolerate temperature 
stresses.  To specifically examine these behaviors, we collared seven bison and 
seven cattle individuals (one per unit) at the Tallgrass Prairie Preserve with 
global positioning systems (GPS; GPS3300L and GPS7000MU, Lotek Wireless, 
Inc.) and recorded their location information at various frequencies (every 10 
minutes – 1 hour).  GPS collars also recorded temperature (underneath the 
neck of the animal) with every location.  While this is not the same as internal 
animal temperature, it does provide a measure of temperature regulation.  
From these data we can evaluate whether animals are selecting different ther-
mal conditions. All GPS location data were imported into a spatially enabled 
database (PostgreSQL/PostGIS).  Bison data were reduced to match that of 
cattle (April – September).  We mapped treatment unit perimeters, fire histo-
ries, and water sources with handheld GPS units (GeoXT, Trimble Navigation 
Ltd), aerial photographs, and United States Geological Survey 7.5 minute 
topographic maps.
 We used Ivlev electivity indices (Ivlev 1961; Jacobs 1974) to evaluate the 
use of water/riparian areas by bison and cattle. Riparian areas were defined 
by putting a 20 and 40 m buffer around all mapped water sources. We cal-
culated electivity indices using the formula Ei

 = (ri - pi)/(ri + pi) where ri is 
the fraction of GPS locations recorded in a riparian area by animal i and pi is 
the fraction of area enclosed by the sum of buffers available to animal i.  A 
value of +1 indicates complete preference to riparian areas, while a value of 
-1 indicates complete avoidance.  Indices were calculated for each collared 
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bison and cattle individual, separating water sources into ponds, streams, and 
pond/stream combination.  Indices between bison and cattle were compared 
for each size riparian area (20 and 40 m) using a t-test. Differences in tempera-
tures would suggest that animals are selecting for cooler or warmer habitats.
As cattle are only present during the growing season (late spring and sum-
mer), temperature regulation differences between bison and cattle would be 
most prominent during the heat of the day (1100-1600 hours).  We calculated 
the mean and standard deviation of recorded temperature of each collared 
animal between 1100 and 1600 hours for a random selection of 15 days; we 
also included the days in which recorded temperature was lowest (May 17, 
2009; 7°C) and highest (July 26, 2009; 52°C).  The standard deviation of record-
ed temperature will show the variation in temperature regulation.  Mean and 
standard deviation of temperature between bison and cattle were compared 
for each selected day using a t-test.  
 For a more detailed examination of the influence of environmental factors 
on the grazing behavior of bison and cattle, we estimated resource selection 
functions (used/available design; Boyce et al. 2002; Manly et al. 2002) using 
mixed-effect logistic regression models.  To depict available habitat, we cre-
ated five random locations for each observed location.  Slope and aspect for all 
locations were calculated from digital elevation models for the area (United 
States Geological Survey).  We transformed aspect data by simple trigonomet-
ric functions; two variables were created, northing = cosine(aspect) and east-
ing = sin(aspect).  We also calculated the amount of time since fire, distance to 
water, and distance to patch edge for all locations.  Furthermore, we classified 
each location as herbaceous or woody vegetation using a GeoEye-1 satellite 
image acquired September 20, 2009.  We examined variables for collinearity 
and found none.  As we measured most environmental factors at a scale finer 
than that of time since fire (i.e., environmental factors are nested within fire 
patches), individual animals were nested within fire patch as a random inter-
cept (Gillies et al. 2006).  We created models using various combinations of 
environmental factors; as the influence of time since fire is likely to be highly 
influential (Vinton et al. 1993; Fuhlendorf and Engle 2004; Archibald et al. 
2005; Klop et al. 2007), we included interaction terms for this variable with 
all others individually (i.e., time since fire and distance to water, time since 
fire and slope, etc.).  In all models with interaction terms, main effects of both 
variables were included.  To allow for comparison of environmental factors, 
and to more easily interpret interaction terms, we standardized variables by 
subtracting the mean and dividing by the standard deviation (Gelman and 
Hill 2007). We compared and ranked models using Akaike information cri-
terion (AIC; Burnham and Anderson 2002). We performed all analyses in R 
(R Development Core Team 2008) with additional use of the lme4 (Bates and 
Maechler 2010), doMPI (Weston 2009), foreach (Revolution Computing 2009), 
and Rmpi (Yu 2010) packages.
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Results
Of bison locations, 9 and 15% fell within riparian areas of size 20 and 40 m, 
respectively (ponds and streams combined).  Of cattle locations, 13 and 20% 
fell within riparian areas of size 20 and 40 m, respectively.  Mean Ivlev elec-
tivity indices of riparian areas varied significantly between bison and cattle 
with all water sources and riparian area sizes (p<0.01; Figure 5).  Cattle had a 
greater preference for ponds (Figure 5A), while bison avoided streams (Figure 
5B).  When water sources were combined (ponds and streams), bison had a 
small avoidance of water, while cattle had a greater preference (Figure 5C).  
These data show the predicted difference between bison and cattle in their use 
of water and riparian areas, when managed in a similar manner for a single 
year. Cattle had a stronger preference for water but the percent locations near 
water were still relatively minor (<20%) so it is difficult to determine the eco-
logical significance of this difference. Neither species were strongly attracted 
to water sources, likely because this landscape has extensive watering with 
minimal areas far from water. On landscapes with less water it would likely 
change the distribution of these species, and based on these results bison may 
be more suited for such conditions.
 Mean recorded temperature between 1100 and 1600 hours varied among 
the 17 days sampled (Figure 6A).  No differences, however, were detected 
between bison and cattle with regards to thermal regulation (p>0.05) within 
randomly chosen days.  Standard deviation of recorded temperature between 
1100 and 1600 hours also varied, but did not show any differences between 
bison and cattle (p>0.05; Figure 6B).  When managed in a similar manner, 
and on large landscapes, temperature regulation of the two species appears 
to be comparable during the growing season.  However, these measurements 
are based on temperature sensors in the GPS collars and may not be the best 
approach for measuring temperature regulation. 
 Bison and cattle strongly preferred recently burned patches (Figure 7).  
Mean percentages of GPS locations in areas with six months or less since fire 
did not vary between bison and cattle (Figure 8; p>0.05)  With bison, 71% of 
locations were found in recently burned areas, while cattle averaged 61%.  The 
amount of areas burned within six months was approximately 25% (relative 
to total unit size) for both bison and cattle units. 
 Estimation of resource selection functions for both bison and cattle allowed 
for a more detailed examination of environmental factors that influence graz-
ing behavior.  Of models examined, the combination of interaction terms of 
time since fire with all variables (less northness and eastness) appeared to have 
the best fit for both bison and cattle (Table 1).  Resource selection functions for 
bison revealed that time since fire had the strongest influence in determining 
site selection.  Furthermore, bison tended to avoid steep slopes and wooded 
areas, while distance to water and patch edge did not limit selection (Table 2).  
Interactions of time since fire with other environmental factors indicate that 
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the influence of fire is complex but the dominant feature in driving selection 
patterns.  The influence of time since fire will increase as slope, distance to 
patch edge, or woody vegetation increases; conversely, the influence of time 
since fire will decrease as distance to water increases.  This decrease, however, 
is likely minimal, due to the strong influence of fire in general.  
 Similar to bison, cattle also selected recently burned areas and avoided 
steeper slopes.  Unlike bison, however, the most influential environmental 
factor was the preference of woody vegetation.  Moreover, cattle appeared 
to minimize distance to water and patch edge, while bison did not (Table 2).  
As with bison, interactions of time since fire with other variables indicate the 
complexity of fire within the system.  As slope, distance to water, and patch 
edge increase, so does the influence of time since fire; the presence of woody 
vegetation, however, decreases the influence of time since fire.  One reason for 
a strong preference of woody cover for cattle is that woody vegetation was 
more limited in cattle pastures (<1-5%) than bison (6.5%). However, bison 
actually avoided woody cover when the entire summer was considered col-
lectively.

Conclusions from this study 
Bison and cattle had similarities in many aspects of their behavior. Both spe-
cies had a high preference for recently burned areas, corroborating separate 
studies of the individual species (Coppedge et al. 1998; Fuhlendorf and 
Engle 2004). Also, we were unable to detect any differences between record-
ed temperatures associated with these animals, suggesting that small scale 
studies of thermal regulation may not scale up to influence animal behav-
ior. It is likely that thermal differences may alter animal performance, but a 
detailed examination was out of the scope of this study. We also identified 
two key differences.  Cattle preferred areas with woody vegetation, while 
bison avoided them.  This likely plays a critical role in thermal regulation, 
with woody canopy cover providing shade from solar radiation.  Detailed 
mapping of the thermal environment is required to determine the influence 
of heat on the grazing behavior of both bison and cattle.  Selection for sites 
closer to water was also greater in cattle than bison; in fact, bison appeared 
to maximize their distance to water.  In this particular landscape, bison 
spend less time near water than cattle.  These differences occurred in a well 
watered landscape and may be even more important in landscapes with 
greater distance between ponds and streams. 
  The design of this study effectively permits comparisons between bison 
and cattle, both in examining differences between the two species (results 
presented here) and their ecological effects (e.g., plant response, water qual-
ity, etc.; no results presented).  Our design incorporates more of the vari-
ability found in complex landscapes than most previous studies (e.g., Towne 
et al. 2005), allowing both species to interact and respond to variation and 
complexity. Admittedly, it is very difficult to account for the many factors 
that may create differences or similarities between bison and cattle, and our 
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study is not without limitations. While year round stocking rates are similar 
between bison and cattle units, cattle densities were higher but they were 
only present during the growing season (April – September), while bison 
densities were lower but remained throughout the year.  A yearlong, cow-
calf cattle operation would permit even better comparisons between the two 
species, allowing additional evaluation of winter thermal environments. 
Additionally, though treatment units were large and incorporated landscape 
complexity including fire, they were not 
of equal size. We could expect that animal 
behavior would be sensitive to the area 
available. There were differences in the 
social organizations of cattle and bison 
herds which may also confound any dif-
ferences found. 
  This study compared bison to Euro-
pean cattle breeds (Angus and Hereford) 
that are typical for agrarian objectives on 
tallgrass prairies. There are other breeds 
of cattle that are likely to respond differ-
ently.  Likewise, limited differences in the 
thermal environment may become more 
pronounced when greater climatic variation is included. This study pro-
vides minimal contribution to evaluation of differences in small pastures or 
in larger landscapes with less water available. We show, however, that both 
of these herbivores have a strong preference for recently burned areas. This 
would suggest that evaluation of differences between these species may be 
irrelevant to pre-settlement landscapes unless fire is incorporated.  With re-
gard to restoration and conservation, restoring the fire grazing interaction is 
perhaps more important than the specific species of large herbivore. In terms 
of regional conservation, cattle and bison are not identical but both species 
may be used to provide heterogeneity through pyric herbivory that is critical 
to biodiversity (Fuhlendorf et al. 2006, 2009). However, on large landscapes 
with less water development (currently rare within the Great Plains), bison 
may be better suited. 
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HOW CRITICAL ARE BISON TO 
GRASSLAND CONSERVATION?

In the Great Plains of North America, bison are reintroduced for primarily 
two reasons.  The first is to conserve bison as they were a dominant herbivore 
in the last 10,000 years (Anderson 2006).  By the end of the 19th century, the 
species was nearly extinct with only a few hundred individuals remaining.  
Reintroduction to conservation areas, development of private herds, and 
recent efforts in identifying pure herds to conserve genetics have been suc-
cessful in restoring wild bison populations to some areas.  Indeed, conserva-
tion of this species is a unique success story that continues as more herds are 
developed each year.  The second reason for reintroduction has been the focus 
of restoring the keystone impact that bison had within the Great Plains that 
may be important for the conservation of many species and entire ecosystems.  
Conservation groups and government agencies reintroduce bison to both 
small remnant preserves and large complex landscapes to restore historical 
disturbance patterns.  In most cases, this is done without considering the 
many other factors that influence grazing effects or behavior (Figure 1).  In 
some cases, complex and intensive grazing systems have been established to 
manage bison behavior and promote uniform utilization, counter to biodi-
versity objectives (Jackson et al. 2010).  While the first reason for reintroduc-
tion can be accomplished by building wild bison herds throughout the Great 
Plains, the second objective is not possible without the consideration and 
reintroduction of other environmental factors.
  With regard to the reasons for reintroducing bison, we developed a model 
to conceptualize the conservation value of different options (Figure 9).  We 
define conservation value as the contribution to regional conservation efforts, 
including promotion of native plants, animals, and ecosystem processes.  
The simple model is based on two primary factors that influence grazing 
behavior and effects, primarily complexity of grazers and the environment.  
Complexity of grazers refers to important factors such as species, diversity, 
origin, and social organization of the grazer community.  Historically, bison 
were a keystone species within the landscape, but their impacts were depen-
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dent upon how they interacted with the environment, disturbances, other 
small and large herbivores, carnivores, as well as their own complex social 
order.  Increasing the complexity of grazers (more species diversity, more wild 
herbivores, etc.) increases the conservation value of a particular ecosystem.  
The simple replacement of domestic cattle with bison may contribute to bison 
conservation, but will have minimal impact on the broader conservation value 
of restored ecosystems.  In an extreme example, replacing cattle with bison in 
a small, intensively managed, and simplified livestock production scenario 
has minimal conservation value.  Restoring other important processes such as 
fire, predation, migrations, etc., are as critical as restoring the dominant grazer 
if the intent of restoration is focused on biodiversity.  
  Conservation value of a refuge or land holding is also highly dependent 
on the environmental complexity of the area, including landscape diversity, 
fire regime, and size.  The majority of these factors are independent of the 
species of herbivore (bison or cattle), although in some situations there may 
be an interaction.  Similar to the complexity of grazers, the simple replace-
ment of cattle with bison without a restoration of fire regimes will not result 
in evolutionary disturbance patterns that are necessary for conservation and 
biodiversity.  The interaction of herbivore and environmental complexity was 
vital to the evolution of the Great Plains and other ecosystems and therefore is 
also critical to restoration of these systems. In the study described above, time 
since fire was a primary variable influencing bison and cattle grazing behav-
ior. Suppression of fire and the simplification of fire-grazing interactions 
have led to a simplified understanding of grazing on complex landscapes 
(Fuhlendorf et al. 2009). On lands with minimal environmental complexity, 
the differences between bison and cattle are minimal (Towne et al. 2005) and 
will contribute little to overall conservation value.
  Grasslands are endangered worldwide (Hoekstra et al. 2005).  While 
propositions to restore or conserve natural landscapes regularly focus on 
native herbivores (e.g., Sanderson et al. 2008), it is often overlooked that many 
natural landscapes are privately owned and used for domestic livestock pro-
duction (Samson and Knopf 1994). It is important to state that low and high 
conservation values can be achieved with both bison and cattle.  Though 
bison are the iconic symbol of the Great Plains of North America and it is 
critical that we conserve the species, there is not enough data to confidently 
state that landscapes with bison are inherently better for overall biodiversity 
than landscapes with cattle without considering the many other factors that 
interact with grazing. Both species can be mismanaged and cause degradation 
of habitat for other species as well as ecological processes, such as nutrient 
and water cycling.  Indeed, in some cases it may be more practical, relevant, 
and convenient to use cattle for conservation purposes and ecological stud-
ies, because cattle currently make up the vast majority of herbivores in North 
American grasslands.  As more studies effectively compare grazing effects 
and behavior between bison and cattle, incorporating environmental factors 
and variation, additional reliable conclusions will be made that may change 
conservation efforts or directions.
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We argue that for future studies and comparisons between bison and cattle 
(as well as other species) it is critical that we qualify our conclusions with 
discussions of the abiotic, biotic, and managerial environments in which 
these studies occur. Though it is unlikely that we will be able to conduct 
studies that encompass all possibilities in environmental and herbivore 
complexity, we must begin to contextualize our discussions and limit our 
tendency to over-infer. From a conservation perspective it is important that 

we describe and understand effects of bison 
grazing along with the interaction of grazing 
with other disturbances. It is also important 
to understand the ecological effects of grazing 
cattle for livestock production and explore 
approaches to alter these patterns to more 
effectively achieve some conservation objec-
tives. It is not productive to look for differ-
ences and similarities between these species 
to justify certain management objectives or 
agendas. Conservation of bison is important 
as they are an iconic species and a keystone 
herbivore that interacted with fire and other 
disturbances to create a shifting mosaic across 

much of North America. However, from a broad context, conservation efforts 
should recognize that cattle will likely continue to be a dominant feature on 
the Great Plains, and that some conservation objectives can be met with cattle 
(e.g., restoring critical ecosystem processes such as fire grazing interactions). 
The conservation community should not allow research on cattle to be rel-
egated strictly to a livestock production based enterprise. 

CONCLUSIONS FOR FUTURE 
COMPARISONS BETWEEN 
BISON AND CATTLE
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 The mystique and lore from historical accounts of millions of bison roam-
ing freely across a vast landscape is fodder for many conservationists to 
direct their passions toward saving some of the most imperiled species and 
ecosystems in the world. It can be argued that this kind of passion is critical 
for radical changes that may be required for many aspects of conservation. 
A value laden approach to scientific questions, however, can also lead to the 
promotion of dogma that may not have been critically evaluated. There is 
a paucity of scientific evidence supporting many commonly described dif-
ferences associated with bison and cattle comparisons in the peer-reviewed 
scientific literature. It is also important to note that there is even less evidence 
rejecting these differences. Evaluation of research literature demonstrates that 
there are actually many more studies demonstrating ecological differences in 
breeds of cattle than there are evaluating differences between bison and cattle, 
yet bison/cattle comparisons have become a dominant feature in grassland 
dogma. We argue that it is critical for us to understand grazing behavior and 
effects of both of these species in complex and simple landscapes relevant to 
conservation. There is an important place for species comparisons within this 
framework, but this is just one aspect of grassland conservation and it may 
not be the most important for future conservation of biodiversity.  
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Table 1. Varying models of resource selection for both bison and cattle at The Tallgrass Prairie Preserve, OK, 

water edge
(slope north east wood
(tsf

TABLES

K LL

Bison

tsf×water + tsf×slope + tsf×edge + tsf×wood + tsf×north + tsf×east 16 3.75
tsf×water + tsf×slope + tsf×edge + tsf×wood + north + east 14 0.00
tsf×water + tsf×slope + tsf×edge + tsf×wood 11 6.56
tsf×water + tsf×slope + tsf×edge + wood 12 66.33
tsf×water + tsf×slope + edge + tsf×wood 11 493.77
tsf×water + slope + tsf×edge + tsf×wood 11 227.64
water + tsf×slope + tsf×edge + tsf×wood 11 29.30
tsf + water + slope + edge + wood 8 855.56

Cattle

tsf×water + tsf×slope + tsf×edge + tsf×wood + tsf×north + tsf×east 16 5.14
tsf×water + tsf×slope + tsf×edge + tsf×wood + north + east 14 0.00
tsf×water + tsf×slope + tsf×edge + tsf×wood 11 1.41
tsf×water + tsf×slope + tsf×edge + wood 12 12.04
tsf×water + tsf×slope + edge + tsf×wood 11 85.89
tsf×water + slope + tsf×edge + tsf×wood 11 32.34
water + tsf×slope + tsf×edge + tsf×wood 11 497.62
tsf + water + slope + edge + wood 8 554.15
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Estimate SE Z value P

Bison
intercept 0.2409 <0.01
time since fire 0.0224 <0.01

0.1188 0.0069 17.17 <0.01
slope 0.0099 <0.01
distance to patch edge 0.0252 0.0078 3.20 <0.01

0.0570 <0.01
northness 0.0088 0.0055 1.60 0.10
eastness 0.0055 <0.01

0.0354 0.0070 5.01 <0.01
time since fire × slope 0.0116 <0.01
time since fire × distance to patch edge 0.0088 <0.01

0.0711 <0.01

Cattle
intercept 0.2694 <0.01
time since fire 0.0316 <0.01

0.0063 <0.01
slope 0.0065 <0.01
distance to patch edge 0.0065 <0.01

0.7562 0.0382 19.77 <0.01
northness 0.0084 0.0053 1.57 0.11
eastnest 0.0053 0.74

0.0069 <0.01
time since fire × slope 0.0070 <0.01
time since fire × distance to patch edge 0.0057 <0.01

0.1528 0.0386 3.95 <0.01

Table 2. 
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Figure 1. 
grassland ecosystems.  We focus primarily on animal and environmental 
factors.  While species of herbivore is an important factor, it does not act alone 

determine the effects of grazing. 
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Figure 2. Response of grassland birds to time since focal disturbance by 

management should not be considered in isolation from other environmental 
factors including grazing.  
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Figure 3. 

September.  Solid black lines represent perimeter fences.  Blue lines/areas 

Tallgrass Prairie Preserve
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Figure 4. 

colors represent season of burn for 2009.  Grazing animals have free access 
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Figure 5.

deviation.
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Figure 6.

a random selection of 15 days.  Temperature regulation of both bison and cattle 
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Figure 7. 

Tallgrass Prairie Preserve
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Figure 8. 

Figure 9. 

plants, animals, and ecosystem processes.  Species of animal alone does not 
automatically increase the value in regard to conservation.  High conservation 
value can only be achieved by incorporating many animal and environmental 
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