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ARTICLE INFO ABSTRACT

Article history: Ecological interactions between fire and grazing have shaped the evolutionary history of grassland ecosystems.
Received 23 January 2016 Currently, grassland birds have experienced ongoing population declines, following widespread implementation
Received in revised form 16 June 2016 of intensive rangeland management practices that reduce habitat heterogeneity. Patch-burn grazing is an alter-
Accepted 9 August 2016 native rangeland management strategy that promotes habitat heterogeneity and biodiversity. We conducted a 3-
Keywords: yr. field study in th.e cer}tral Flint Hills of Kansas tg compare the spatial ecology of female Greater Prairie-Chickgns
home range (Tympanuchus cupido) in rangelands managed with intensive rangeland management versus patch-burn grazing.

This is the first study on the effects of patch-burn grazing on the space use decisions of Greater Prairie-Chickens at
the home range scale. We used seasonal estimates of home range for 6-mo breeding and nonbreeding periods, as
well as resource utilization functions to investigate the response of female prairie chickens to landscape metrics
describing fire, grazing, and proximity to anthropogenic structures or lek sites. In our analysis of all radio-marked
females, distance to lek was consistently the strongest predictor of space use during both breeding and nonbreed-
ing seasons. Females captured at properties managed with patch-burn grazing selected areas with low stocking
rates and high fire frequencies, and they avoided recently burned areas. Our study provides new evidence that
patch-burn grazing can improve grassland habitat for Greater Prairie-Chickens, an umbrella species in the
tallgrass prairie ecosystem. Patch-burn grazing created preferred habitats for female Greater Prairie-Chickens,
with a relatively frequent fire return interval, a mosaic of burned and unburned patches, and a reduced stocking
rate in unburned areas avoided by grazers. Widespread implementation of patch-burn grazing could result in sig-
nificant improvements in habitat quality for wildlife in the tallgrass prairie ecosystem.

© 2017 The Society for Range Management. Published by Elsevier Inc. All rights reserved.
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Introduction

Grasslands are among the most threatened ecosystems in the world,
primarily because of extensive conversion to croplands (Vitousek et al.,
1997; White et al.,, 2000; With et al., 2008; Fuhlendorf et al., 2012). In
North America, > 95% of the historical extent of tallgrass prairie has
been lost to rowcrop agriculture, oil and gas extraction, and urban de-
velopment during the past century (Samson et al., 2004; Hoekstra
etal., 2005). The ~2 million - ha Flint Hills ecoregion of Kansas and Okla-
homa represents ~80% of the remaining tallgrass prairie in North
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America (Samson and Knopf, 1994; With et al., 2008; Rahmig et al.,
2009). The shallow, rocky soils of the Flint Hills make the ecoregion un-
suitable for rowcrop cultivation, but >90% of the grasslands in the Flint
Hills are used to support an economically valuable cattle industry (With
et al., 2008). In the 1970s, many rangeland managers in the Flint Hills
shifted from year-round grazing at moderate stocking rates with peri-
odic prescribed burning to a rangeland management practice based on
intensive early stocking combined with annual burning (hereafter, “in-
tensive early stocking”; Smith and Owensby, 1978). Ranchers
implementing intensive early stocking use prescribed fire annually in
the spring to promote growth of high-quality forage plants that support
intensive stocking of pastures with steers for ~100 days, during April to
July. Intensive early stocking aims to maximize livestock production by
generating uniform forage conditions that promote even grazing across
the landscape (Hart, 1978; Fuhlendorf and Engle, 2001; Holecheck et al.,
2004; Allred et al,, 2014).

Historically, grazing and fire were natural processes, and the ecolog-
ical interaction of these factors has shaped the development of grass-
land ecosystems (Milchunas et al., 1988; Knapp et al., 1999; Askins,
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2000; Fuhlendorf and Engle, 2001; Fuhlendorf et al., 2006). Fire influ-
ences ungulate grazing patterns because grazers prefer recently burned
areas with high-quality forage (Coppedge and Shaw, 1998; Allred et al.,
2011).In turn, reduced grazing in unburned areas leads to accumulation
of standing plant litter, which affects the timing, extent, and intensity of
subsequent fires (Fuhlendorf and Engle, 2001). The historic interaction be-
tween fire and grazing created a shifting mosaic of vegetation that fulfilled
habitat requirements for the dynamic life cycles of species in the grassland
ecosystem (Fuhlendorf and Engle, 2001; Brennan and Kuvlesky, 2005;
Fuhlendorf et al., 2006; Sandercock et al., 2015). Rangeland management
in the Flint Hills currently generates a homogenous pattern of disturbance
and reduces structural and spatial heterogeneity of grassland habitats. The
ecological effects of a departure from natural pattern and process are a
concern, and implementation of intensive early stocking coincided with
population declines in grassland wildlife species (Zimmerman, 1997;
Knapp et al,, 1998; Brennan and Kuvlesky, 2005; Reinking, 2005; With
et al,, 2008). Overall, grassland birds have declined continent wide at a
greater rate than any other guild of terrestrial birds in North America
over the past 70 years (Knopf, 1994; Fuhlendorf et al., 2006).

Patch-burn grazing is an alternative rangeland management strate-
gy that promotes biodiversity and agricultural productivity and could
meet the management goals of conservation biologists and rangeland
managers (Christensen, 1997; Ostfeld et al., 1997; Wiens, 1997;
Fuhlendorf and Engle, 2001; Fuhlendorf et al., 2006). In the Flint Hills
ecoregion, ranchers implementing patch-burn grazing divide pastures
into ~3-5 patches using fire breaks, without cross-fencing. Typically,
one patch in each pasture is burned on a rotational basis each year,
and cattle are allowed to move freely among patches within a pasture,
but due to selective grazing, the most recently burned patch receives
the heaviest grazing pressure. Patch-burn grazing treatments can be
modified on the basis of ecosystem-specific rainfall patterns and vegeta-
tion recovery rates. For example, a rancher in a shortgrass prairie eco-
system might subdivide a pasture into 8-10 patches and burn 1-2
patches each year, with a longer recovery time between disturbance.
Patch-burn grazing creates a temporally and spatially shifting mosaic
that includes patches in different stages of successional recovery
(Coppedge and Shaw, 1998; Fuhlendorf and Engle, 2001). Patch-burn
grazing mimics historical fire-grazing interactions, which could benefit
declining species of grassland animals by promoting structural, compo-
sitional, and spatial heterogeneity of vegetation, while still providing vi-
able revenue from cattle production (Fuhlendorf and Engle, 2001, 2004;
Churchwell et al., 2008; Coppedge et al., 2008; Powell, 2008; Rensink,
2009; Limb et al., 2011).

Greater Prairie-Chickens (Tympanuchus cupido, hereafter “prairie
chickens”) are endemic to native grasslands of North America. Popula-
tion numbers have decreased by ~50% over the past 30 years in the
Flint Hills ecoregion, following habitat loss and changes in rangeland
management that affect habitat quality (Johnson et al., 2011; Pitman
et al., 2012). Prairie chickens have large seasonal home ranges
(~10-25 km?) and require a mosaic of habitats for successful reproduc-
tion and survival, including open sites for leks, tall vegetative cover for
concealment during nesting, and areas of intermediate vegetative struc-
ture that are rich in forbs for brood-rearing (Gregory et al., 2011;
Johnson et al., 2011; Hagen et al.,, 2013; Matthews et al.,, 2013; Winder
etal, 2014b, 20154, b). Prairie chickens have a promiscuous mating sys-
tem, and males display for females at communal lek sites (Nooker and
Sandercock, 2008; Johnson et al., 2011). Females attempt at least one
nest each year, lay large clutches of 8-14 eggs, regularly renest after clutch
loss, and provide sole parental care to offspring (McNew et al., 2011).

Quantitative information on the spatial ecology of prairie chickens is
limited, especially with respect to potential responses to rangeland
management and seasonal differences in habitat use (Niemuth, 2011).
For some lekking grouse, individuals attend leks during the fall non-
breeding period when the photoperiod is similar to the spring lekking
period. Lek attendance during the fall can play a critical role in settle-
ment decisions and reproductive success for the following spring

(Rintamadki et al., 1999). Decisions about habitat selection by female
prairie chickens can influence population viability because differential
habitat selection is often linked to variation in demographic rates
(Boyce and McDonald, 1999; Garshelis, 2000; Aldridge and Boyce,
2007; Dzialak et al., 2011; McNew et al., 2013). Habitat selection by fe-
males influences nest success (McNew et al., 2015), and reproductive
success and female survival in turn drive population dynamics (Hagen
etal.,, 2009; McNew et al., 2012a). To investigate the effects of rangeland
management on habitat use, we collected year-round movement data
on radio-marked females captured on properties managed with inten-
sive early stocking or patch-burn grazing in East Central Kansas. We
used kernel density estimation of seasonal home ranges and resource
utilization functions (RUFs) to investigate the seasonal responses of fe-
male prairie chickens to landscape metrics describing fire, grazing,
patchiness, anthropogenic structures, and lek sites (Marzluff et al.,
2004; Kertson et al,, 2011). The interaction between fire and grazing in-
fluences the long-term site occupancy by prairie chickens (McNew
et al,, 2012b), and patch-burn grazing creates a mosaic of heteroge-
neous habitats, providing prairie chickens with a greater diversity of
habitat types from which to choose (Fuhlendorf et al., 2006). If patch-
burn grazing creates the diverse habitat types required by prairie
chickens, we predicted that prairie chickens would have smaller season-
al home ranges at properties managed with patch-burn grazing than
properties managed with intensive early stocking. Additionally, we pre-
dicted that female prairie chickens would avoid recently burned and
heavily grazed areas, as well as areas with infrequent fire return inter-
vals within their seasonal home ranges.

More than 95% of the Flint Hills ecoregion is privately owned, and
the vast majority of the ecoregion is managed for cattle production
(With et al., 2008). Given the economic and cultural importance of the
cattle industry in the Flint Hills, information on the effects of patch-burn
grazing on grassland vertebrates will be integral to building effective con-
servation strategies for tallgrass prairie in the ecoregion. The results of our
field study provide new insights into the quantitative spatial ecology of
prairie chickens in response to rangeland management and can be used
to improve management and conservation efforts for prairie grouse.

Methods
Study Site

Our field study was conducted during 2011-2013 in an ~3000-km? re-
gion in portions of Butler, Chase, Greenwood, Lyon, and Morris Counties,
five of the most intensively burned counties in the Flint Hills ecoregion
(Fig. 1; Mohler and Goodin, 2012). Native grassland was the dominant
land cover type in the region (~90%). Road density was relatively low at
~0.58 km of road per km? within the region, compared with other areas in
the Flint and Smoky Hills (Winder et al,, 2015a). Mean precipitation from
1980 to 2010 in the region was 92.4 cm per yr. (National Oceanic and Atmo-
spheric Administration, National Centers for Environmental Information).

Within the region, we had permission to access ~1100 km? of pri-
vate lands (see Fig. 1, hereafter “study site”). A majority of the study
site was privately owned land (1050 km?, 95%), and the remaining
sites were managed by the National Park Service at the Tallgrass Prairie
National Preserve (50 km?, 5%). The National Preserve and two privately
owned properties (Browning Ranch ~30 km? and Koger Ranch
~15 km?; cumulatively ~10%) were managed with patch-burn grazing
while the remaining private lands at our study site were primarily man-
aged with intensive early stocking (~1000 km?; ~90%; see Fig. 1).

Management strategies on intensive early stocking properties were
dependent upon annual weather conditions. In years with typical rain-
fall, intensive early stocking properties were managed with an annual
spring prescribed burn and stocking rates of 1 head per 0.8 ha for
~90 days during April-July (~3 animal unit months, or AUM-ha™!).
However, drought conditions during our field study resulted in many
intensive early stocking property managers reducing or postponing
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Figure 1. Map of field study site for analyses of space use by female Greater Prairie-Chickens in the central Flint Hills of Kansas, 2011-2013. Dark black lines are state highways; gray lines
are ranch, county, or city roads. Pastures in light gray were managed with intensive early stocking and annual burning. Pastures in dark gray were managed with patch-burn grazing.
Greater Prairie-Chicken leks are represented by white triangles. Inset: light gray polygon = Flint Hills ecoregion.

prescribed burns in 2012 and 2013, or stocking cattle at lower rates. Av-
erage stocking rate during the study at intensive early stocking proper-
ties was 2.33 & 1.03 SD AUM per ha™!. More than 90% of rangelands
managed with intensive early stocking were burned in the spring of
2011, ~10% was burned in 2012, but only ~1% of the study area man-
aged with intensive early stocking was burned in the spring of 2013 be-
cause of drought conditions. Even after stocking adjustments, drought
created habitat conditions similar to intensive grazing without adequate
residual fuel needed to carry a spring fire. Management strategies for
patch-burn grazing properties were consistent over the 3-yr. field effort,
and our project spanned one complete fire and grazing rotation. Pas-
tures managed with patch-burn grazing were divided into thirds, and
each third was burned once every 3 yr. Cattle were free to move
among patches within a pasture but tended to concentrate grazing on
the most recently burned patches (Fuhlendorf and Engle, 2004).
Patch-burn grazing properties were stocked with cattle at 1.5-2
AUM-ha!, or with bison at 0.45 AUM-ha™.

Capture and Monitoring of Prairie Chickens
We mapped lek sites using handheld Global Positioning System

(GPS) units with an accuracy of ~5 m. We made every effort to search
our entire study site for lekking activity when prairie chickens were

conspicuous, and all known leks were included in our analyses. We
captured prairie chickens with walk-in traps or drop-nets at 34 leks dur-
ing March-May, including 25 leks at intensive early stocking properties
and 9 leks at patch-burn grazing properties. Captured birds were
uniquely marked with a numbered metal leg band and colored leg
bands and were sexed and aged by plumage (Henderson et al., 1967).
Females were marked with 11-g VHF radio transmitters attached with
a wire necklace harness (Model A3950, Advanced Telemetry Systems
[ATS], Isanti, MN). VHF radios had an expected battery life of ~18 mo
and were equipped with mortality switches that changed pulse
rate when the transmitter was stationary for >6 h. Radio-marked
females were located by triangulation or homing with portable radio
receivers and handheld Yagi antennas (Model R2000, ATS). We relocated
birds >3 times per wk. during the 6-mo breeding season (1 March-31
August), and >2 times per wk. during the 6-mo nonbreeding season
(1 September-28 or 29 February). Observers rotated their check
schedules among monitored females within each week to relocate
birds at different times of the day. We double-checked the area of triangu-
lated locations in the field to ensure that all sides of the triangle were
<200 m in length (~1 ha), minimizing error in our location estimates.
We estimated coordinates for all locations in Program Locate III with
UTMs projected in NAD 1983, Zone 14 N (v. 3.34, Tatamagouche, Nova
Scotia, Canada).
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Statistical Analyses

We analyzed location and space use data separately for the 6-mo
breeding and nonbreeding seasons. A subset of female prairie chickens
was monitored in multiple years (19 of 93 individuals, ~20%), but we
accepted a limited amount of pseudoreplication to use our complete
dataset. For the purposes of our study, we considered the seasonal
home range to be the amount of space an individual female required
to forage, reproduce (breeding season only), and survive during the 6-
mo breeding or nonbreeding seasons. We restricted our analysis to fe-
males with 30 or more locations, and with at least 20 locations not asso-
ciated with a nest or a brood (Seaman et al., 1999). We included
multiple locations associated with nest or brood attendance because re-
productive activities correspond to the periods of greatest mortality risk
for female prairie chickens (Wolfe et al., 2007; Winder et al., 2014a). The
data requirements for spatial modeling introduced a potential bias be-
cause home ranges can only be estimated for females that survive
long enough to accumulate an adequate number of locations. We ac-
cepted the tradeoff between number of locations and survival to inves-
tigate space use and associated habitat choices of successful female
prairie chickens, since the performance of successful birds is of greatest
importance for conservation.

Seasonal Range Estimation

We estimated 50%, 95%, and 99% volume contours for the seasonal
home ranges of female prairie chickens using the Fixed Kernel Density
Estimator and Percent Volume Contour options in Hawth's Tools for
ArcMap 9.3 (spatialecology.com/htools; ESRI, Redlands, CA; Seaman
et al.,, 1999; Powell, 2000; Beyer, 2004; Laver and Kelly, 2008). Spatial
distributions of bird locations differed among individuals, and we used
least squares cross-validation to calculate a unique bandwidth value
(or smoothing parameter; h) for each seasonal home range (Worton,
1989; Powell, 2000). We used separate main effects linear models to
test for the effects of season; year; nest outcome; individual 3 coeffi-
cients from RUF models; distance from home range centroid to nearest
lek, road, or landcover patch edge; and fire and grazing conditions at the
home range centroid on seasonal home range size. We monitored nests
for radio-collared females daily during egg-laying and incubation
(McNew et al., 2015). We classified nest outcome as successful (> 1
chick hatched) or failed on the basis of evidence at the nest bowl
(McNew et al., 2013, 2015).

We combined our data on female proximity to leks and female sea-
sonal home range size to calculate a threshold distance that would cap-
ture most of the space use by females around leks (after Winder et al.,
2015a). First, we identified the 1% volume contour of each home range
with Hawth's Tools (Beyer, 2004). Second, we determined the geo-
graphic center of the 1% contour and used this location as the centroid,
representing the smallest core of the most heavily used area within the
utilization distribution. We measured distances (km) from the centroid
of each seasonal home range to the nearest lek, road, and land cover
patch edge. Third, we examined the distribution of distances between
the centroid of a seasonal home range and the nearest lek. We used
the 95th percentile as the maximum distance that the centroid of a
female's seasonal home range might be from the nearest lek. Fourth,
we examined the size distribution of female seasonal home ranges on
the basis of 95% contours. We calculated the median area of the seasonal
home ranges and used the radius for a circle of the same area as the me-
dian seasonal home range because most home ranges are roughly circu-
lar in shape. Lastly, we calculated the boundary distance as the sum of
the maximum distance from the seasonal home range centroid to the
nearest lek plus the radius of the median seasonal home range. Our es-
timates of threshold distance should capture ~95% of the space use of a
population of females at a given site, and the threshold could be used to
set goals for habitat management.

Resource Utilization Functions

We used resource utilization functions (RUFs) to analyze selection of
habitat components within the seasonal home range, sometimes called
third-order habitat selection (Johnson, 1980; Aebischer et al., 1993;
Marzluff et al,, 2004). The outline of a seasonal home range provides in-
formation on where an animal is estimated to have been located, and
linking differential space use to landscape features provides information
on why an animal selected areas of frequent use (Marzluff et al., 1997;
Powell, 2000). We used utilization distributions to quantify the proba-
bility of space use within the seasonal home range and then related
space use to landscape metrics with multiple regression models in an
RUF framework (Marzluff et al., 2004; Hepinstall et al., 2005;
Millspaugh et al., 2006; Kertson et al., 2011). We used beta coefficients
from RUFs to draw individual and population level inferences about the
direction and magnitude of relationships between intensity of space use
and values of selected resources (Marzluff et al., 2004; Kertson et al.,
2011). We followed methods of Kertson and Marzluff (2009) to model
space use, build utilization distributions, extract landscape metric
values, and develop RUF models using the ruf package in Program R
(Marzluff et al., 2004; ver. 2.13.11, R Foundation for Statistical Comput-
ing, Vienna, Austria).

The first step in the RUF process was to generate 99% volume con-
tour polygons for the seasonal home ranges of each female prairie chick-
en. The second step was to create a raster of the utilization distribution
within the 99% volume contour for each seasonal home range. We
assigned a use value bounded from 1 to 99 for each 30 x 30 m cell with-
in the seasonal home range on the basis of the relative volume or height
of the utilization distribution in each cell (Marzluff et al., 2004; Kertson
and Marzluff, 2010).

The third step was to determine landscape conditions at each grid
cell within the seasonal home range for key resources hypothesized to
predict space use. We identified seven landscape metrics that we hy-
pothesized a priori to be predictors of space use by female prairie
chickens. Three variables were related to rangeland management: cu-
mulative fire frequency as an indicator of potential legacy effects of pre-
scribed fire (number of years burned from 2000 to 2011 based on
satellite imagery and a Geographic Information Systems (GIS) layer pre-
pared by Mohler and Goodin, 2012), years since last prescribed fire, and
stocking rate of cattle or bison (AUM-ha™"). Each year of our study, we
surveyed landowners to obtain stocking and burning data specific to
each of the ~500 pastures in our study site. We used the spatial data
to create rasters with 30-m resolution for stocking rates and fire histo-
ries to assess the effects of rangeland management practices on space
use by female prairie chickens. When a female's seasonal home range
included areas for which we could not obtain stocking and prescribed
fire data (typically <5% of home range area), we used mean stocking
rates and prescribed fire values for that year. Our approach allowed us
to retain all individuals in our analyses of space use and analyze other
landscape-level drivers of space use at their full spatial scale within
the seasonal home range.

Prairie chickens are open-country birds and may avoid grassland
habitats fragmented by small forest patches or row-crop agriculture
(Patten et al,, 2011). We used distance to land cover patch edge as an
index of the patchiness of land cover. Prairie grouse may be sensitive
to anthropogenic disturbance, and we used distance to nearest road as
an index of proximity to traffic and vehicle noise (Pitman et al., 2005;
Pruett et al., 2009; Hagen et al., 2011; Winder et al., 2014b, 2015a, b).
Gregory et al. (2011) showed that lek sites are often located at high
points on the landscape. We modeled absolute elevation and distance
to nearest monitored lek as two landscape features that might affect fe-
male space use.

We used landscape data from publicly available GIS layers from the
Kansas Data Access & Support Center to model land cover classes,
roads, and elevation at a 30-m resolution with a 30 x 30 m pixel size
(2005; www.kansasgis.org). We estimated distance to patch edge
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using land cover class grids, the Extract Raster Edge function in Hawth's
Tools, and the Spatial Analyst Euclidian distance tool in ArcMap 9.3. We
derived raster grids with 30-m resolution for distance to nearest road,
lek, and land cover patch edge using the Spatial Analyst Euclidian Dis-
tance tool. We then used the Spatial Analyst Extraction tool to create
spatially explicit data files as input for ruf.fit models (Kertson and
Marzluff, 2010).

The last step in our RUF analyses was to relate the height of each uti-
lization distribution to resource values on a cell-by-cell basis to obtain
coefficients of relative resource use. We used data on relative space
use from the utilization distribution and scored values from 1 for a
low probability of use to 99 for a high probability of use. We log.-
transformed relative space use scores to meet the assumption of linear-
ity for multiple regression models. We used the ruf package for Program
R to estimate RUFs with both standardized and unstandardized 3 coef-
ficients (Marzluff et al.,, 2004; Kertson and Marzluff, 2010). To develop
population level inferences, we calculated mean standardized 3 coeffi-
cients () for each landscape metric, with variance calculations that con-
trolled for interindividual variation (Marzluff et al., 2004). For
inferences at individual and population levels, standardized coefficients
with 95% confidence intervals that did not overlap zero were considered
significant predictors of space use (Marzluff et al., 2004). For distance
metrics, negative coefficients indicated selection for proximity to a land-
scape feature, whereas for elevation, positive coefficients indicated se-
lection for hilltops. We ranked the relative importance of significant
landscape metrics using the magnitude of the absolute value of the
mean standardized  coefficients. To assess heterogeneity among indi-
viduals, we used individual standardized 3 coefficients and associated
95% confidence intervals to quantify the number of female prairie
chickens with significant positive or negative relationships between
space use and each of our landscape metrics.

Our first RUF analysis of female prairie chicken space use included
additive effects of all seven of our predictor landscape metrics, our com-
plete dataset for all radio-marked females with enough locations for
kernel density estimation, and data from both 6-month breeding and
nonbreeding seasons. Only ~10% of our study area was managed with
patch-burn grazing, and some leks were located up to 12 km from pas-
tures managed with patch-burn grazing (see Fig. 1). Female prairie
chickens typically nest <5 km from the lek where they were captured
(Winder et al., 2015a). Individuals captured at leks far from properties
managed with patch-burn grazing had little chance to select landscape
characteristics created by patch-burn grazing if they were not likely to
encounter a patch-burn grazing pasture in their movements. Therefore,
we used a second set of RUF models to examine space use of females
captured at properties managed with patch-burn grazing. Our second
set of models included additive effects of the three predictor variables
directly related to rangeland management activities: stocking rate, cu-
mulative fire frequency (2000-2011), and years since prescribed fire.
It was limited to breeding season movement data because our sample
size of individuals during the nonbreeding season was small (n = 23).

Results
Seasonal Home Range Size Estimation

We analyzed movement data for 93 females over 157 bird-seasons
(6-mo breeding or nonbreeding seasons), including 112 breeding
bird-seasons and 45 nonbreeding bird-seasons. Females had an average
of 58 + 2 SE locations per bird during the breeding season and 46 + 1
locations during the nonbreeding season (Table 1). Typically, concerns
about bias in estimates of home range size center on a positive relation-
ship between seasonal home range size and sampling effort (Seaman
et al., 1999). We observed a nonsignificant negative trend between sea-
sonal home range size and number of individual locations (linear model,
t= —1.926,df = 155, adjusted r* = 0.02, P = 0.06) and moved forward
under the assumption that our threshold of 30 individual locations was

Table 1

Seasonal home ranges (central tendency + SE [range]) of female Greater Prairie-Chickens monitored with radiotelemetry in Kansas, 2011-2013.

Mean landscape metric values at home range centroid

Fire frequency”

(2000-2011)
83 + 0.2
[0, 12]

Yr since
burn

Stocking rate’
(AUM-ha™' ha)

Distance to edge

(km)

Distance to road

(km)

Distance to lek

(km)

Median 99% area

(km?)
329

Median 95% area

(km?)

209

Median 50% area

(km?)
5.0

Mean bandwidth?

(km)

Mean no. of
locations
58 £ 2

Season'

1+01
[0,5]

0.9 + 0.03
[0.2,2.3]

1.7 £ 0.1 0.5 4+ 0.03

13+ 0.1
[0.1,9.3]

25+ 0.3
[0.5,7.6]

1.30 + 0.09
[0.26, 4.50]

Breeding

[0.04, 1.7]

[0.03, 5.0]

[3.5,508.4]

56.9

[2.2,352.6]

34.1

[0.3, 89.0]

7.7

(30, 109]
46 + 1

n=112
Nonbreeding

8.7 + 0.3
[0,12]

0.6 + 0.1
[0, 4]

0.9 + 0.04
[0.1,1.5]

04 + 0.05

1.7 £ 0.2
[0.2,4.9]

141 + 0.12
[0.41,3.78]

[0.0,1.58]

[5.0, 241.4] [7.4,350.5]

[1.0,56.3]

[30, 70]

n =45

! Breeding season (6 mo) = 1 March through 31 August; nonbreeding season (6 mo) = 1 September through 28 or 29 February.

2 Bandwidth = smoothing parameter (h) used in kernel density estimation, individually determined for each bird using least squares cross validation.

3 AUM = animal unit months; a measure of stocking intensity.

4 Number of years burned in the 12-yr. period from 2000 to 2011 based on satellite imagery; Mohler and Goodin, 2012.
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adequate to estimate seasonal home range size without bias. Home
range size (99% contour) did not differ among years (F;, 155 = 2.88,
P = 0.09) or between seasons (F;, 155 = 1.22, P = 0.27), but median
home range size tended to be ~40% smaller during the breeding season
than the nonbreeding season (see Table 1).

Breeding Season

Size of breeding home ranges (95% contour) ranged from 2 to
353 km?, with a median area of 21 km? (see Table 1). Breeding home
ranges were larger when the centroid of the home range was farther
from the nearest lek (F;, 110 = 9.80, P = 0.002; Appendix A). Nest failure
also resulted in larger home range sizes (logistic regression, z = —2.15,
df = 88, P = 0.03). Female prairie chickens with a successful first nest
had a median 95% breeding home range size of 15 km? (n = 34), where-
as females whose first nest attempt failed had a median home range of
35 km? (n = 56).

Centroids of breeding home ranges tended to be ~1 km from a lek,
1.7 km from the nearest road, 0.5 km from a patch edge, in areas of mod-
erate stocking intensity, 1 yr. postfire, and in areas that had been burned
~2 out of 3 yr. (see Table 1). More than 97% of monitored females had
home range centroids <5 km from the nearest lek (Appendix B). We cal-
culated a radius to serve as a focal distance for management of habitat
around leks. The value for the 95th percentile of distance from home
range centroid to nearest lek was 3.01 km. The median 95% breeding
home range size was 20.9 km?, and a circle of equal area has a radius of
2.6 km. Adding the 95th percentile of distance from home range centroid
to nearest lek and the radius of a circle of the same size as the median
home range resulted in a focal buffer distance around leks of 5.6 km.

Nonbreeding Season

Size of nonbreeding home ranges (95% contour) ranged ~50-fold
among individual females, from 5 to 241 km?, with a median area of
34 km? (see Table 1). Centroids of nonbreeding home ranges tended
to be ~2.5 km from a lek, 1.7 km from a road, 0.4 km from a patch
edge, in areas of moderate stocking intensity, < 1 yr. postfire, and in
areas that had been burned approximately 3 out of 4 yr (see Table 1).

Predictors of Space Use

All Females

Our first RUF analysis of space use included all females regardless of
rangeland management at lek of capture, incorporated movement data
during both 6-mo breeding and nonbreeding seasons, and considered
seven landscape predictors related to rangeland management strategies,
anthropogenic influence, and lek sites. During the 6-mo breeding season,
distance to lek was consistently the strongest predictor of space use (3 =
—0.59 to —0.35; Fig. 2A — C). Negative coefficients indicated that females
selected areas close to leks within their breeding ranges, and 83% of indi-
vidual females (93 of 112) followed this pattern. In 2011, a year of normal
rainfall, females avoided heavily stocked areas (3 = — 0.10; 65% of indi-
viduals, 24 of 37) and selected areas with a high cumulative fire frequency
within their breeding home ranges (3 = + 0.09, 57% of individuals, 21 of
37, see Fig. 2A). In 2012, a drought year, females selected heavily stocked
areas (p = +0.08, 53% of individuals, 18 of 34) and areas on ridges and
hilltops (B = +0.13, 59% of individuals, 20 of 34; Fig. 2B).

RUF models for 6-mo nonbreeding home ranges indicated that dis-
tance to lek remained an important driver of space use during 2 of the
3 yr. of our study (p = —0.32 in 2011 and —0.53 in 2012;
Fig. 2D —F). Across all years, 64% of individuals (29 of 45) selected
space close to leks within their nonbreeding home ranges. Females
also selected for frequently burned areas within nonbreeding home
ranges (3 = +0.19 in 2012 and + 0.08 in 2013; see Fig. 2E—F).

Females from Patch-Burn Grazing Leks
Our second resource utilization analysis of space use included move-
ment data during the 6-mo breeding season for the subset of female
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Figure 2. Mean standardized resource utilization function (RUF) coefficients (3) and 95%
confidence intervals for seven landscape metrics. We used resource utilization functions to
analyze space use within 99% home ranges during breeding (A-C) and nonbreeding
seasons (D-F) for radio-marked female Greater Prairie-Chickens in Kansas, 2011-2013.

prairie chickens captured at leks on patch-burn grazing properties.
Here, we considered three landscape metrics related to rangeland man-
agement strategies. Females selected areas with low stocking rates (b =
—0.11, 55% of individuals, 29 of 53) and high fire frequencies (B =
+0.09, 55% of individuals, 29 of 53; Fig. 3). We also observed a weak
tendency for females to select unburned areas (B = +0.05, 53% of
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Figure 3. Mean standardized resource utilization function coefficients () and 95%
confidence intervals for three landscape metrics related to rangeland management. We
used resource utilization functions to analyze space use within the breeding 99% home
ranges of radio-marked female Greater Prairie-Chickens captured at leks on properties
managed with patch-burn grazing in Kansas, 2011-2013.
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individuals, 28 of 53), but the magnitude of the coefficient for this rela-
tionship suggests it was not as important to space use decisions as
stocking rate and long-term fire frequency.

Drivers of Space Use as Predictors of Home Range Size

Breeding Season

Size of breeding home range was not related to individual 3 coeffi-
cients from RUF models (F;, 119 < 0.001-2.70, P = 0.10-0.99), fire and
grazing metrics at the home range centroid (F;, 110 = 0.44-1.09, P =
0.30-0.51), distance from home range centroid to nearest road (F,
110 = 0.21, P = 0.65) or nearest patch edge (F; 110 = 1.19, P = 0.27),
or rangeland management treatment at the lek of capture (patch-burn
grazing vs. intensive early stocking; F;, 110 = 0.72, P = 0.40).

Nonbreeding Season

Area of 95% nonbreeding home ranges was related to individual
coefficients for distance to lek (F;, 43 = 7.80, P = 0.008, adjusted r* =
0.13), distance to road (F; 43 = 9.67 P = 0.003, adjusted r* = 0.16),
and cumulative fire frequency (F;, 43 = 19.05, P < 0.0001, adjusted
r?> = 0.29), with larger home ranges when females selected for areas
near leks, avoided roads, and when cumulative fire frequency was low
(Appendix C). Females also had larger nonbreeding home ranges
when the centroid of their home range was close to leks (F;, 43 =
5.56, P = 0.02, adjusted r? = 0.10), farther from roads (F; 43 = 13.10,
P = 0.001, adjusted r?> = 0.22), and in unburned pasture (F; 4, =
7.04, P = 0.01, adjusted > = 0.12; see Appendix C). An additive
model including these six significant predictors explained ~50% of the
variation in home range size within our dataset (Fs, 37 = 8.12,
P <0.0001, adjusted r? = 0.50). Size of 95% nonbreeding home ranges
was not related to individual (3 coefficients for elevation (F;, 43 = 0.84,
P = 0.36), stocking intensity at the home range centroid (F;, 42 =
0.10, P = 0.76), cumulative fire frequency at the home range centroid
(F1, 43 = 3.61, P = 0.06), distance from home range centroid to nearest
patch edge (F;, 43 = 0.02, P = 0.89), or rangeland management treat-
ment at the lek of capture (patch-burn grazing versus intensive early
stocking; Fy, 43 = 0.17, P = 0.68).

Discussion

Our 3-yr. field study provides evidence that rangeland management
practices influence space use by female Greater Prairie-Chickens during
the breeding and nonbreeding seasons in the Flint Hills ecoregion of
eastern Kansas. Patch-burn grazing created preferred habitats for fe-
male Greater Prairie-Chickens, with a relatively frequent fire return in-
terval, a mosaic of burned and unburned patches, and an effectively
reduced stocking rate in unburned areas (Coppedge and Shaw, 1998;
Fuhlendorf et al., 2006; Allred et al., 2011). Females captured at leks
on properties managed with patch-burn grazing selected areas with
low stocking rates, patches that were frequently burned, and areas
that were not recently burned. Simultaneous selection for areas man-
aged with relatively frequent fire and areas that were not recently
burned provides support that patch-burn grazing generates the types
of habitat and resources required by female prairie chickens. A typical
patch-burn grazing management strategy uses a 3-yr. fire rotation
across three patches. Every year, two-thirds of every pasture is relatively
undisturbed, at least 1 yr. post fire, and therefore receives less grazing
pressure. Rotational burning provided the diversity of habitats selected
for by birds at our study sites. Thus, our field study provides new data
that patch-burn grazing has the potential to improve grassland habitat
for an umbrella species in the tallgrass prairie ecosystem (Wiens,
1974; Poiani et al.,, 2001; Fuhlendorf et al., 2006; Rahmig et al., 2009).

Resource selection by female prairie chickens in our study varied
among years. In 2011, when >90% of the landscape in our study area
was burned, females avoided heavily stocked areas. In 2012, when
only ~10% of the study area was burned and ranchers reduced stocking

rates because of drought conditions, female prairie chickens selected for
heavily stocked areas. Annual variation in selection coefficients suggests
that prairie chickens may respond quickly to changes in rangeland man-
agement. Our results provide evidence that managing rangelands with
patch-burn grazing generates annually shifting fire and grazing patterns
at a scale that is ecologically relevant to prairie chickens and should also
benefit other grassland vertebrates, such as herpetofauna, songbirds,
and mammals, by providing a heterogeneous mosaic of grassland habi-
tats (Fuhlendorf et al., 2006; Rahmig et al., 2009; Fuhlendorf et al., 2012;
Holcomb et al.,, 2014; McNew et al., 2015; Sandercock et al., 2015).

Proximity to lek was the primary driver of female prairie chicken
space use during both breeding and nonbreeding seasons, consistent
with our previous work (Winder et al., 2015a). Links between female
space use and lek placement are consistent with the hotspot hypothesis,
which predicts that males should establish lek sites where home ranges
of breeding females are relatively dense or at the intersection of dis-
persed female home ranges (Bradbury et al., 1986). Selection for areas
near leks during the nonbreeding season was unexpected because fe-
males were not mating or seeking out nesting habitat during the non-
breeding period. However, male prairie chickens undergo a fall
lekking season, and both sexes may remain close to display areas, possi-
bly prospecting for lek territories or mates for the following spring
(Rintamadki et al., 1999; Salter and Robel, 2000). Distance from 95%
home range centroid to the nearest lek was ~1 km during the breeding
season and ~2.5 km during the nonbreeding season. Standardized lek
surveys are often used by wildlife managers to monitor trends in grouse
populations (Winder et al., 2015b). Lek surveys have been criticized be-
cause bird counts are often treated as population indices, but detection
probabilities are imperfect and fail to account for day of season, sex, age,
and weather conditions (Walsh et al., 2004; Clifton and Krementz,
2006; Blomberg et al., 2013). Nonetheless, consistent preference for
areas near leks suggests that lek surveys of prairie chickens may be sam-
pling habitat features important to females year-round.

Home range size can affect individual survival and productivity
through interactions with predators and energy costs. Larger home
ranges might incur higher costs, including energy requirements to fuel
long movements and increased mortality risk due to an animal's relative
unfamiliarity with its environment (Burger, 1988; Patten et al.,, 2011).
We identified two drivers of breeding home range size at our study
site. Breeding season home range size increased ~twofold if the home
range centroid was 3 km versus 1 km from the nearest lek, and for fe-
males with a failed first nest compared with birds with a successful
first nest. Elsewhere, we reported that patch-burn grazing increased
vegetative cover at nest sites, which improved nest survival rates for
prairie chickens (McNew et al., 2015). Here, we found no evidence
that patch-burn grazing reduced seasonal home range size of female
prairie chickens. Overall nest survival rates were low during the drought
conditions of our study (~15%), but patch-burn grazing buffered the
negative effects of drought on nest survival of prairie chickens
(McNew et al., 2015). Long-term monitoring in normal or above-
average rainfall conditions would be helpful to understand the interac-
tions among rangeland management, habitat conditions, nest success,
and space use.

Nonbreeding home ranges were ~60% larger than home ranges dur-
ing the breeding season. Previous studies have had limited success at
identifying landscape-level predictors of home range size (Winder
et al, 2015a), but we constructed a model with six predictor variables
that explained ~50% of the variation in nonbreeding home range size.
The most influential predictor of nonbreeding home range size was in-
dividual response to fire frequency. Nonbreeding home ranges were
larger if females selected for frequently burned areas within their
home ranges, and selection for frequently burned areas was a significant
driver of space use at a population level during 2 of the 3 yr. of our study.
Frequent fire prevents encroachment by woody plants in tallgrass prai-
rie, which reduces availability of perch sites for raptors and the edge
habitats used by mesocarnivores (Briggs et al., 2002). Our results
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indicate that female prairie chickens may have accepted the potential
costs associated with increasing their nonbreeding home ranges in
favor of the benefits of escaping high predation pressure in infrequently
burned areas.

Conservation Implications

More than 90% of the extant distribution of Greater Prairie-Chickens
occurs on private lands managed for cattle production. Therefore, the
fate of this sensitive grassland species will be linked to decisions about
rangeland management practices in the hands of private landowners
and managers (Johnson et al,, 2011). The Flint Hills is one of the remaining
strongholds for Greater Prairie-Chicken populations and is vital to the
long-term persistence of many obligate grassland birds (Reinking, 2005;
With et al,, 2008). The diverse habitat types and large amounts of space
required by female prairie chickens indicate that large tracts of heteroge-
neous grasslands are necessary for populations to persist (Fuhlendorf and
Engle, 2001; Winder et al., 2014b, 20153, b). We found that Greater
Prairie-Chickens selected for habitats created by patch-burn grazing man-
agement practices. Our study joins mounting evidence that populations
and communities of grassland birds are affected by the interaction be-
tween fire and grazing (Fuhlendorf and Engle, 2001; Fuhlendorf et al,
2006; Coppedge et al., 2008; Hovick et al., 2014; McNew et al., 2015;
Sandercock et al., 2015). Widespread implementation of patch-burn graz-
ing could result in significant improvements in the quality of habitats for
grassland wildlife in tallgrass prairie ecosystems (Fuhlendorf et al., 2006;
Swinton et al.,, 2007; Churchwell et al., 2008; Coppedge et al., 2008; Black
et al,, 2011; Fuhlendorf et al., 2012). Patch-burn grazing also has benefits
for cattle producers, including livestock weight gains equal to or exceed-
ing intensive early stocking, ability to manipulate grazing to limit erosion
and control water access, and control of noxious plant species, horn flies,
and ticks (Steuter, 1986; Coppedge et al., 1998; Vermeire et al., 2004;
Cummings et al., 2007; Limb et al,, 2011; Fuhlendorf et al., 2012; Scasta
et al,, 2012; Polito et al,, 2013).

Ranching is steeped in tradition, and shifts in rangeland manage-
ment practices do not come quickly or easily. One major logistical con-
straint for many private landowners is the investment of time and
equipment to create the fire breaks necessary to implement patch-
burn grazing. Conservation strategies should focus on education, logisti-
cal assistance, and cost-share programs to support patch-burn grazing
and other comparable management strategies that treat fire and grazing
not as tools, but as ecosystem processes for generating heterogeneous
grassland habitats (Fuhlendorf and Engle, 2004; Fuhlendorfet al., 2012).

Appendix A. Relationship between distance from 95% breeding home range centroid to nearest
lek and 95% breeding home range size for radio-monitored female Greater Prairie-Chickens in
Kansas, 2011-2013. Circles represent breeding home range characteristics for individual females;
black line was the best fit from a linear regression model. Untransformed values are shown, but
analyses were conducted on natural log transformed data (F;, 110 = 9.80, P = 0.002).
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Appendix B. Ranks for distance from 95% breeding home range centroid to nearest lek for
female Greater Prairie-Chickens monitored by radio-telemetry in Kansas, 2011-2013. Tri-
angles represent ranked distances for individual female prairie chickens (n = 112 bird-
seasons); dashed lines indicate the 95th percentile at 3.0 km.
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Appendix C. Predictors of 95% nonbreeding home range size for radio-monitored
female Greater Prairie-Chickens in Kansas, 2011-2013. Circles represent nonbreeding
home range characteristics for individual females; black line is the best fit from a linear re-
gression model. Untransformed values are shown, but analyses were conducted on
natural log transformed data. Values for r? are from single-factor linear models. Full
multifactor model: 95% home range size ~ distance to lek + distance to road + cumulative
fire frequency + distance from centroid to nearest lek + distance from centroid to
nearest road + years since prescribed fire at centroid; Fs 37 = 8.12, P < 0.0001, adjusted
? = 0.50.
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