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RESTORING HETEROGENEITY ON THE TALLGRASS PRAIRIE
PRESERVE: APPLYING THE FIRE–GRAZING

INTERACTION MODEL

Robert G. Hamilton1

The Nature Conservancy, Tallgrass Prairie Preserve, Box 458, Pawhuska, OK 74056, USA

ABSTRACT

The interaction of fire and grazing is an important ecological process in the Great Plains grasslands of North America. The fire–grazing
interaction promotes a shifting mosaic of patches that support a diverse array of grassland flora and fauna. This ecosystem variability,
or heterogeneity, has been identified as critical to the maintenance of biological diversity and therefore should serve as the foundation
for conservation and ecosystem management.

Landscape heterogeneity has been a primary focus of the ecological management plan at The Nature Conservancy’s Tallgrass
Prairie Preserve in northeastern Oklahoma. Since 1993, an expanding bison (Bison bison) herd has been interacting with randomly
selected burn patches that reflect the historical seasonality and frequency of fire. The fire–bison interaction produces vegetation structural
and compositional heterogeneity in an ever-shifting landscape patch mosaic. Research and monitoring has confirmed that this hetero-
geneity provides for the full array of tallgrass prairie biodiversity.

The larger-scale conservation challenge is to develop cattle management regimes that incorporate some of the same ‘‘biodiversity
friendly’’ elements as fire–bison. To that end, The Nature Conservancy is in the sixth year of a research partnership with Oklahoma
State University to investigate ‘‘patch-burning’’ with cattle. Results thus far are very encouraging: increased heterogeneity and biodi-
versity can be realized with little or no decrease in livestock production.
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INTRODUCTION

Ecosystem variability, or heterogeneity, has been
described by numerous authors as the root of biolog-
ical diversity at all levels of ecological organization,
and should therefore serve as the foundation for eco-
system and conservation management (Christensen
1997, Ostfeld et al. 1997, Wiens 1997, Fuhlendorf et
al. 2006). The Great Plains of North America evolved
with fire and ungulate grazing, and these two agents
of natural disturbance are considered by grassland
ecologists to be keystone processes of the prairie eco-
system (Axelrod 1985, Milchunas et al. 1988, Knapp
et al. 1999). In addition, the interaction between graz-
ers and fire is believed to be the primary means of
achieving heterogeneity and the full range of natural
variation in Great Plains grasslands (Biondini et al.
1989, Vinton et al. 1993, Steuter et al. 1995, Hartnett
et al. 1996, Fuhlendorf and Engle 2001). Steuter
(1986) and Fuhlendorf and Engle (2004) present con-
ceptual models of the fire–grazing interaction that
demonstrates how fire and grazing, interacting through
a series of positive and negative feedback loops, result
in a shifting mosaic of vegetation patches across the
grassland landscape (see figure 2 in Kerby et al., this
volume).
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SITE DESCRIPTION

The Tallgrass Prairie Preserve is a 15,700-ha nat-
ural area located in northeastern Oklahoma (36�50�N,
96�25�W), which is owned and managed by The Na-
ture Conservancy. The cornerstone property, the his-
toric 11,800-ha Barnard Ranch, was purchased by the
Conservancy in late 1989, with additional property ac-
quisitions since that time bringing the preserve to its
current size. The Barnard Ranch managed for both
cow–calf and yearling cattle production and used pre-
scribed fire on a roughly 4- to 5-y rotation. Aerial ap-
plication of broadleaf herbicides on a 4- to 5-y rotation
was practiced since the 1950s until the ranch was pur-
chased by the Conservancy, and is still a common re-
gional range management practice. However, with 755
species of vascular plants collected thus far (M.W.
Palmer, Oklahoma State University, unpublished data),
the preserve’s botanical diversity appears to be rela-
tively intact.

The Tallgrass Prairie Preserve is located within the
southern end of the Greater Flint Hills—the largest
extant intact landscape of native tallgrass prairie in
North America (Knopf 1994, Steinauer and Collins
1996). The 2.0-Mha Greater Flint Hills landform runs
from northeastern Oklahoma through eastern Kansas
and consists of two distinct vegetation associations
(Figure 1). The northwestern 1.5-Mha tallgrass prairie
landscape is underlain by limestone and shale, while
the southeastern 0.5 Mha of crosstimbers (tallgrass
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Fig. 1. The Greater Flint Hills region of eastern Kansas and northeastern Oklahoma, with the location of The Nature Conservancy’s
Tallgrass Prairie Preserve in Osage County, Oklahoma. Figure modified from The Nature Conservancy (2000). Reprinted by permission
of The Nature Conservancy.
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prairie and oak woodlands of post oak [Quercus stel-
lata] and blackjack oak [Q. marilandica]) is underlain
by sandstone and shale. The Tallgrass Prairie Preserve
is located on this ecotone and consists of approxi-
mately 90% grassland and 10% forest cover. Tallgrass
prairie is the dominant grassland (big bluestem [An-
dropogon gerardii], Indiangrass [Sorghastrum nu-
tans], composite dropseed [Sporobolus compositus],
switchgrass [Panicum virgatum], and little bluestem
[Schizachyrium scoparium]), but shortgrass prairies
(dominated by grama [Bouteloua spp.]) occur on shal-
low soils and in ‘‘grazing lawns.’’ Most of the forested
areas on the preserve are crosstimbers, but there are
substantial areas of floodplain forests and mesic to xe-
ric hardwood forests on the upper stream terraces
above Sand Creek. Crosstimbers become the dominant
regional vegetation type on the east side of the pre-
serve.

Because of its rough topography and shallow,
rocky soils, the Greater Flint Hills have not been cul-
tivated as was most of the original tallgrass prairie on
the continent. Ranching is the primary economic land
use, with annual spring burning coupled with intensive
early stocking (IES) of yearling cattle gaining in pop-
ularity over the last several decades (Launchbaugh and
Owensby 1978, Smith and Owensby 1978, Vermeire
and Bidwell 1998). The IES management regime in-
volves the intensive early stocking of approximately
250 kg/head yearling cattle at twice the season-long
stocking rate, but for only the first half of the growing
season. The annual burn–IES range management prac-
tice results in uniform grazing use across the entire
pasture, and thus a homogeneous landscape with low-
ered biodiversity potential. Homogenizing range prac-
tices are considered to be one of the leading sources
of ecological stress in the Flint Hills (The Nature Con-
servancy 2000).

ECOLOGICAL MANAGEMENT PLAN
The principle of heterogeneity has been a primary

consideration in the development of the ecological
management plan at Tallgrass Prairie Preserve. The
preserve’s operating hypothesis is that the best way to
achieve The Nature Conservancy’s goal of biodiversity
protection is through the maintenance of a heteroge-
neous mix of vegetation (habitat) patches that repre-
sent the full range of natural variation. Landscape het-
erogeneity will be realized through management re-
gimes that couple fire with both native and domestic
grazers. Responses of vegetation and grassland bird to
management treatments are presented below in the
Cattle–Fire section.

There have been several significant revisions to the
ecological management plan at the Tallgrass Prairie
Preserve since the original plan was published (Ham-
ilton 1996). I describe those revisions and summarize
some key research results to date.

Bison–Fire

American bison (Bison bison) was the dominant
ungulate prior to settlement of the Great Plains (Ax-

elrod 1985, Shaw 1995, Shaw and Lee 1997). There-
fore, it is intuitive that a large-scale effort to restore
prairie ecosystem dynamics would utilize bison. The
Tallgrass Prairie Preserve bison herd was initiated with
the donation of 300 bison in the fall of 1993, which
were introduced into a year-round unit of 1,960 ha.
The area of the bison unit has been expanded eight
times since then to keep pace with the growing herd
(internal recruitment). The bison herd is still growing
and currently consists of approximately 2,400 individ-
uals in the summer season with calves, occupying a
unit of 8,517 ha. The final target herd size of 2,600
bison in the summer season will be reached in 2007
and occupy a unit of 9,532 ha (Figure 2). On a year-
round basis, this herd will be equivalent to 20,200 an-
imal-unit months (AUM; 1 AUM is the forage require-
ment for 1 mo for a 454-kg animal unit or its equiv-
alent).

Both the initial bison stocking rate and fire return
interval were modified in summer 1999. Observations
over the first 5 growing seasons (1994–1998) in the
bison–fire unit confirmed that the initial bison stocking
rate (forage intake target of 12.5% of annual produc-
tion) was a very conservative starting point (50% be-
low U.S. Department of Agriculture–Natural Resourc-
es Conservation Service [USDA-NRCS] recommen-
dations). Abundant standing forage was available to
the herd in all seasons, including several drought
years. The revised bison forage intake target is 20%
intake of annual herbage production, which averages
approximately 4,300 kg/ha (Bourlier et al. 1979).
When combined with an expected similar forage loss
from animal trampling, total annual forage consump-
tion will be approximately 40%, which is 20% below
USDA-NRCS recommended cow–calf stocking rates
for the region. The revised bison stocking rate is cal-
culated at 2.1 AUM/ha, or 5.7 ha/AU per year (14.1
acres/AU per year).

Within the bison unit, there are no internal fences
except for one imbedded pasture of 1,500 ha. How-
ever, its gates are left open at all times except for sev-
eral weeks during roundup when it is used to move
the herd towards the corral. The bison unit is a drive-
through, ‘‘open range’’ situation, where visitors can
drive 27 km of gravel county roads within the unit.
Unfortunately, this public vehicle access within the bi-
son unit usually results in the mortality of several an-
imals each year from vehicle impacts.

General herd management follows the Conservan-
cy’s guidelines for bison management (The Nature
Conservancy 2002), which emphasizes minimal han-
dling and managing for the strengths of bison as a wild
species. The herd does not receive any supplemental
protein or energy; however, salt with trace minerals is
provided free-choice because some elements may be
lacking within the bounded landscape. Water is pro-
vided by natural stream flow and small, man-made
stock ponds. The entire herd is rounded up each fall
and processed through a bison corral system. Since the
historic large predators were extirpated over a century
ago, the proper ecological stocking rate is maintained
by culling surplus bison during the roundup, which are
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Fig. 2. Long-term management units planned for The Nature Conservancy’s Tallgrass Prairie Preserve, Osage County, Oklahoma.

then sold to private bison ranchers or meat producers.
Roundup is also the opportunity to apply health main-
tenance treatments (internal parasite control and vac-
cinations to prevent regional bovine diseases), with

special emphasis on preventing brucellosis and tuber-
culosis. All heifer calves are vaccinated to prevent bru-
cellosis. From 1995 to 2005, the reproductive rate of
the herd has averaged a 72% weaned calf crop.
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Fig. 3. Bison–fire unit burn history, 2002–2005, The Nature Conservancy’s Tallgrass Prairie Preserve, Osage County, Oklahoma.

All year-round the bison herd is free to move over
the entire unit, with unrestricted access to all burned
and unburned patches on the landscape. Burn patches
are randomly selected across the unit (no fixed or per-
manent burn units) and reflect the historical seasonality

and frequency of fire (Figure 3). All prescribed burns
are conducted by an on-site Nature Conservancy burn
crew. From 1991 to 2005, 390 prescribed burns were
conducted on the preserve, totaling 93,900 ha. During
that same time, the Nature Conservancy burn crew has
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also assisted neighboring ranches in burning an addi-
tional 79,700 ha and assisted with the suppression of
52 wildfires.

The initial fire return interval in the bison unit was
set at 5 y (20% of unit burned each year). However,
because of the random selection system used to deter-
mine the locations of burn units, some areas were go-
ing unburned for a much longer period. Shrubs and
tree seedlings were increasing in these long-unburned
areas, suggesting a shorter fire return interval was
needed. Therefore, the bison unit fire return interval
was revised in the summer of 1999 to 3 y (33% of
unit burned each year), but the seasonality of the burns
will stay the same: 40% dormant spring (March–
April), 20% growing season (July–September), and
40% dormant fall (November–December).

In general, the Tallgrass Prairie Preserve bison
herd has reacted to fire as expected, but there have
been some interesting findings from on-site research.
In particular, diet selection: studies at various Great
Plains sites have consistently shown bison to be
strongly graminivorous, usually with graminoids mak-
ing up �90% of their diets (Hartnett et al. 1997, Steu-
ter and Hidinger 1999). However, Coppedge et al.
(1998b) found that the preserve bison herd is extreme-
ly focused on grasses and sedges (Carex spp.) and ob-
tain not �98% of their diet from graminoids on a year-
round basis. As expected, there is a significant bison–
fire interaction, with strong selection for recently
burned patches during the growing season due to the
increased forage quality of the regrowth following a
burn (Coppedge and Shaw 1998, Coppedge et al.
1998a, Biondini et al. 1999). Interestingly, there was
also a lesser but still preferential use of recent burn
patches in the dormant season. Although the tallgrass
prairie is dominated by warm-season grasses, cool-sea-
son sedges were accessible on burn patches in the dor-
mant season and accounted for up to 39% and 62% of
bison diets in winter and spring, respectively (Cop-
pedge et al. 1998b). Due to this strong selection for
graminoids, forbs increase dramatically within recently
burned and grazed patches, but native warm-season
grasses regain their dominance several years post-burn.

Cattle–Fire

The original management plan for the Tallgrass
Prairie Preserve called for nearly complete elimination
of cattle grazing once the bison herd covered most of
the preserve (Hamilton 1996). However, the long-term
bison/cattle plan was revised in late 2002 and now
calls for a significant portion of the property to be kept
in experimental treatments using cattle, while the
‘‘core preserve’’ bison–fire unit has been modestly
scaled back (but will still constitute the dominant man-
agement treatment). This revision was prompted by the
encouraging results from collaborative cattle ‘‘patch-
burn’’ research initiated on 2,350 ha at the preserve in
2001 with Oklahoma State University (OSU). This
project is comparing traditional intensive early stock-
ing (IES) with patch-burn treatments. IES consists of
annual spring burning coupled with stocking double

the density of yearling cattle, but only for the first half
of the grazing season. The patch-burn treatments con-
sist of burning only one-third of a cattle pasture each
year (entire pasture burned after 3 y) and still stocking
it at IES levels. Results thus far are very encouraging:
patch-burn treatments increased heterogeneity and bio-
diversity with little or no decrease in livestock pro-
duction when compared with traditional IES treat-
ments (Fuhlendorf and Engle 2004). Fuhlendorf et al.
(2006: figures 2, 4) found from the cattle patch-burn
research conducted on the preserve that increasing the
spatial and temporal heterogeneity of grassland distur-
bances increases vegetation variability, thus supporting
a greater diversity of grassland birds.

Although the above bison–fire regime has proven
to be very attractive for biodiversity conservation, it
is unlikely to be very exportable to the private ranch-
ing industry that dominates the Flint Hills. Instead, a
more productive strategy is to engage with conserva-
tion partners in the development of progressive cattle
management systems, such as patch-burning, in an ef-
fort to impact the conservation of the Flint Hills (and
other native prairie) landscapes. Starting in 2008, the
next generation of patch-burn research with OSU will
begin on 4,350 ha and will be testing a wider array of
fire return intervals (2–4 y) and season of fire (spring-
only and spring-plus-summer) using season-long graz-
ing with yearling cattle.

ECOLOGICAL RESEARCH

In May 2004, construction of the Tallgrass Prairie
Ecological Research Station was completed at the pre-
serve headquarters in a partnership with the University
of Tulsa. This modern laboratory and classroom facil-
ity will greatly enhance applied and basic ecological
research on the preserve. More than three dozen re-
search projects are currently active on the preserve,
and 95 articles in scientific journals have been pub-
lished. Information regarding research facilities, poli-
cies, and GIS data layers can be accessed by going to
The Nature Conservancy’s website at http://www.
nature.org, then navigating to Oklahoma, Tallgrass
Prairie Preserve, then Prairie Science.
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