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ABSTRACT The distribution of the Greater Yellowstone Ecosystem grizzly bear (Ursus arctos) population
has expanded into areas unoccupied since the early 20th century. Up-to-date information on the area and
extent of this distribution is crucial for federal, state, and tribal wildlife and land managers to make informed
decisions regarding grizzly bear management. The most recent estimate of grizzly bear distribution (2004)
utilized fixed-kernel density estimators to describe distribution. This method was complex and
computationally time consuming and excluded observations of unmarked bears. Our objective was to
develop a technique to estimate grizzly bear distribution that would allow for the use of all verified grizzly
bear location data, as well as provide the simplicity to be updated more frequently. We placed all verified
grizzly bear locations from all sources from 1990 to 2004 and 1990 to 2010 onto a 3-km� 3-km grid and used
zonal analysis and ordinary kriging to develop a predicted surface of grizzly bear distribution. We compared
the area and extent of the 2004 kriging surface with the previous 2004 effort and evaluated changes in grizzly
bear distribution from 2004 to 2010. The 2004 kriging surface was 2.4% smaller than the previous fixed-
kernel estimate, but more closely represented the data. Grizzly bear distribution increased 38.3% from 2004
to 2010, with most expansion in the northern and southern regions of the range. This technique can be
used to provide a current estimate of grizzly bear distribution for management and conservation applications.
� 2013 The Wildlife Society.
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The importance of accurately measuring the distribution
and range extent of species is a frequent topic in ecological
studies and fundamental to wildlife conservation and
management (Buckland and Elston 1993, Guisan and
Zimmerman 2000, Rushton et al. 2004, Sargeant et al. 2005,
Gaston and Fuller 2009). However, the effectiveness of
methods to estimate distribution and range extent can vary
depending on data type, data quantity, and sampling regime
(Seaman et al. 1999, Segurado and Araujo 2004, Borger
et al. 2006, Hernandez et al. 2006). Accurately delineating
distribution can be especially important for species listed as

threatened or endangered by the U.S. Fish and Wildlife
Service under the Endangered Species Act (ESA). Under-
estimating distribution may leave some populations vulner-
able; whereas, overestimating may lead to unnecessary
restrictions in areas where the species does not occur or
assumptions regarding population size that may result in
inappropriate management decisions. These estimations of
distribution and range extent may also have implications for
the delisting process, because demonstrating population
increases and associated range expansions are essential in
documenting recovery.
Grizzly bears (Ursus arctos) had an extensive distribution

throughout North America prior to European settlement,
spanning multiple ecoregions and latitudinal gradients
(Rausch 1963, Craighead et al. 1995, Schwartz
et al. 2003). Through direct and indirect perturbations of
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grizzly bear populations and habitats, the distribution was
reduced to<2% of its historical extent within the continental
United States south of Canada by the mid-20th century
(Mattson and Merrill 2002, Schwartz et al. 2003). Grizzly
bears in the conterminous 48 states have been reduced to 5
remnant populations, with only the Northern Continental
Divide Ecosystem and Greater Yellowstone Ecosystem
populations containing >100 individuals (Proctor et al.
2012). In 2007, the Greater Yellowstone Ecosystem grizzly
bear population was removed from the list of threatened
species under the ESA. However, in 2009 the Greater
Yellowstone Ecosystem grizzly bear population was returned
to the ESA list of threatened species because of concerns
regarding its persistence in response to increased mortality of
whitebark pine trees (Pinus albicaulis), which produce nuts
that provide an important autumn food source for grizzly
bears (USFWS 2013). The grizzly bear population in the
Greater Yellowstone Ecosystem remains listed in 2013,
further stressing the importance of ample and rigorous
grizzly bear population and distribution data collection and
analysis.
Since population lows in the late 1960s and early 1970s

(Craighead et al. 1995), the distribution of the Greater
Yellowstone Ecosystem grizzly bear population has
continued to expand into areas and habitats unoccupied
since the early 20th century (Schwartz et al. 2002, 2006).
Up-to-date information on the area and extent of
this distribution is crucial for federal, state, and tribal
wildlife and land managers to make informed decisions
regarding grizzly bear management. Developing a standard
protocol for estimating distribution that utilizes all
available grizzly bear location data and can be regularly
updated is needed to provide accurate and current
distributional boundaries.
Grizzly bear location data in the Greater Yellowstone

Ecosystem has been collected from multiple sources
over several decades and has resulted in numerous
approaches to delineating distributional boundaries. Basile
(1982) and Blanchard et al. (1992) used radiotelemetry
locations and locations of verified observations of female
grizzly bears with young to map grizzly bear distribution
in the 1970s and 1980s, respectively. Schwartz et al.
(2002, 2006) used a fixed-kernel density estimator to
develop utilization distributions of radiomarked individual
bears as well as composite kernels of locations of conflicts,
mortalities, and female grizzly bears with cubs-of-the-
year. However, the latter method has a number of
drawbacks. It excludes observations or verified evidence
of unmarked bears other than females with cubs-of-the-
year (Schwartz et al. 2002). It also requires aggregation and
fixed-kernel density estimator analyses of each of the
multiple data types (individual bears, conflicts, mortalities,
females with cubs-of-the-year), which are then overlaid
and dissolved to create the final estimated distribution.
Therefore, this method is complex and computationally
time-consuming, making analysis difficult to conduct
annually. In addition, the abundance of locations collected
by Global Positioning System (GPS) radiocollars makes

fixed-kernel density estimator analysis problematic for the
creation of distribution maps due to issues of spatial
autocorrelation and high variability in densities of
locations among data sources (Girard et al. 2002, Hemson
et al. 2005).
Our objective was to develop a technique to generate an

ecosystem-wide grizzly bear distribution map that would
allow for the use of all grizzly bear telemetry locations and
verified observations of grizzly bears or grizzly bear sign, and
could be frequently updated as grizzly bear distribution
changes. We compared results of this new technique with
previous efforts of Schwartz et al. (2006) to evaluate the
efficacy and accuracy of the model. Finally, we used this new
technique to evaluate changes in grizzly bear distribution
since 2004.

STUDY AREA

The study area encompassed the Greater Yellowstone
Ecosystem, an approximately 75,000 km2 area including
Yellowstone and Grand Teton National Parks, and adjacent
federal, state, private, and tribal lands in Montana,
Wyoming, and Idaho, USA. Mattson et al. (1991) and
Schwartz et al. (2002) provide detailed descriptions of the
study area.

METHODS

Data Sources
To directly compare area and extent of grizzly bear
distribution calculated by our new method to those of
Schwartz et al. (2002, 2006), we used the identical raw
location data from 1990 to 2004 used by Schwartz et al.
(2006) in our initial analysis. We then used all verified
location data obtained during 1990–2010 to create an
updated distribution map for grizzly bears in the Greater
Yellowstone Ecosystem. Verified data included the follow-
ing: all GPS and very high frequency telemetry locations,
locations of observations or tracks reported or verified by
experienced agency personnel, locations associated with
grizzly bear–human conflicts, mortalities, and scats or hair
samples attributed to grizzly bears via DNA analysis.

Spatial Analyses
We used a geographic information system (ArcGIS v. 10.0)
to place a 3-km� 3-km grid over an area containing all
verified grizzly bear locations in the Greater Yellowstone
Ecosystem. Grid-cell size was based on the mean daily
activity radius of 1.5 km for male grizzly bears (Schwartz
et al. 2010). We overlaid the 1990–2004 and 1990–2010
locations on the grid and assigned grid cells containing �1
location a value of 1 and unoccupied cells a value of 0. To
account for unoccupied cells resulting from missing data
within known grizzly bear distribution, we performed zonal
analysis for each grid cell. We summed the value of the target
cell and all 8 adjacent cells; thus, each cell had a potential
zonal sum ranging from 0 to 9.
Following the zonal analysis, we generated a centroid point

for each cell and attributed it with the zonal sum of that cell
for both data sets. We used ordinary kriging in the
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Geostatistical Analyst extension in ArcGIS to develop a
predicted surface of zonal analysis values (Johnston
et al. 2001). We modified the resulting surface to display
only areas with predicted values of �1.0. We visually
compared the area and extent of the kriging surface produced
from the 1990–2004 data set with the original data and to the
distribution estimate produced by Schwartz et al. (2006).We
then compared the kriging surface created from both data
sets to evaluate changes in grizzly bear distribution from
2004 to 2010.
Lastly, to investigate the impact of annually adding new

locations to the existing data set without censoring data from
the beginning of the period, we removed 1990–1995
locations to create a 1996–2010 data set. This 15-year
span is comparable to that evaluated by Schwartz et al.
(2006). We conducted the same analysis using this censored
data set and compared it with the 1990–2010 estimated
distribution.

RESULTS

Using the 1990–2004 locations (n¼ 45,629) from Schwartz
et al. (2006) and ordinary kriging, we created an estimated
distribution of 36,364 km2, 2.4% smaller than the estimate
from Schwartz et al. (2006; Table 1). The extent of the 2004
kriging distribution extended marginally beyond Schwartz
et al. (2006) on the northern and western sides, and receded
slightly on the southern and eastern edges of the distribution
(Fig. 1).
The estimate of distribution produced from verified grizzly

bear locations from 1990 to 2010 (n¼ 293,660) and ordinary
kriging generated a 2010 distribution area of 50,280 km2

(Table 1), an increase of 13,916 km2 (38.3%) from the 2004
kriging estimate. Much of this expansion is associated with
suitable habitat connecting previously occupied areas (Fig. 2;
Merrill and Mattson 2003).
There was very little impact on 2010 distribution by

removing 1990–1995 location data, because the majority of
cells containing 1990–1995 locations also contained loca-
tions from 1996 to 2010, thus remaining in the analysis as
occupied. The estimated area of distribution decreased by
232 km2, from 50,280 km2 to 50,048 km2 (0.46%).

DISCUSSION

Geostatistical analysis has introduced new methods for the
estimation of species distribution (Walker et al. 2008).
Kriging is a geostatistical technique that interpolates a

prediction surface based on known values of surrounding
points (Johnston et al. 2001). Kriging utilizes the spatial
autocorrelation of location data to infer predicted values of an
interpolated surface (Johnston et al. 2001) and produce an
objective prediction surface without the variability due to
sampling effort (Girard et al. 2002) or necessary fitting of
fixed-kernel density estimator smoothing factors (White and
Garrott 1990, Borger et al. 2006). Although normally
distributed data are necessary to obtain probability maps
using ordinary kriging (Walker et al. 2008), normality is not
required to predict an interpolated surface (Johnston
et al. 2001). The combination of a generalized grid,
summarized using zonal analysis, and a surface interpolated
from the resulting grid values provides the most parsimoni-
ous balance of inclusion and exclusion of low-density
peripheral locations and allows for annual updates of grizzly
bear distribution and analysis of range expansion.
The slight difference in overall distribution between the

2004 fixed-kernel density estimator and kriging maps reflects
the idiosyncrasies of each technique. Fixed-kernel density
estimator methods were developed to estimate the intensity
of utilization and are thus more focused on core areas of use,
rather than peripheral boundaries (Hemson et al. 2005).
Fixed-kernel home-range estimators tend to overestimate
home-range size (Girard et al. 2002), which likely explains
the slightly larger distribution estimated by Schwartz et al.
(2006). Because this distribution used a variety of data sets to
create and merge multiple overlapping fixed-kernel home
ranges, there was considerable variability in kernel estima-
tion. High-density locations of GPS-collared bears created
tight, compact home ranges; while composite kernels of
lower density locations, such as those derived from mortal-
ities, conflicts, and females with cubs-of-the-year, extrapo-
lated to a greater extent (Schwartz et al. 2002). In many cases,
these composite kernels defined the outer edge of the grizzly
bear distribution (Schwartz et al. 2002). Kriging was able to
address a number of these issues by evaluating all data
locations equally. The zonal analysis of 3-km grid cells
limited the distance kriging could extrapolate the distribu-
tion past any verified grizzly bear location. Consequently,
this analysis resulted in a slightly smaller estimated
distribution that more closely tracks the data.
Although some attempts to define the distribution of rare

or cryptic species are predictions based on areas of suitable
habitat (Guisan and Zimmerman 2000), we had the ability to
use abundant species-location data to estimate distribution.

Table 1. Comparison of area and percent of total area of grizzly bear (Ursus arctos) distribution by method and jurisdiction in the Greater Yellowstone
Ecosystem, USA, 1990–2004 and 1990–2010. Locations from 1990 to 2004 are from Schwartz et al. (2006) for both methods.

Jurisdiction

1990–2004 1990–2010

Schwartz et al. Kriging Kriging

Area (km2) Percent of total Area (km2) Percent of total Area (km2) Percent of total

ID 2,697 7.2 2,033 5.6 4,508 9.0
MT 6,528 17.5 7,673 21.1 11,970 23.8
WY 17,599 47.2 16,533 45.5 21,843 43.4
National Park System 9,683 26.0 9,566 26.3 10,237 20.4
Wind River Reservation 751 2.0 559 1.5 1,722 3.4
Total 37,258 36,364 50,280
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The uniform evaluation of all data locations allowed us to use
a larger sample of grizzly bear locations from a variety of
sources. Although agency grizzly bear research and
monitoring efforts throughout the Greater Yellowstone
Ecosystem supply abundant radiotelemetry locations, many
verified grizzly bear locations are obtained by numerous
other means in areas where radiocollared bears do not reside.
In the past, these locations were not used to calculate grizzly
bear distribution. However, the technique presented here
aggregated >293,000 verified grizzly bear locations from a
variety of sources, including all radiotelemetry locations,
conflicts, mortalities, DNA samples, and locations of
observations or tracks verified by experienced personnel.
The grid system and zonal analysis attenuated the influence
of duplicate points and high-density GPS locations by
distilling those points to one grid-cell value ranging from 0 to
9, regardless of the number of locations within that cell. The
range of these zonal analysis values also provided weight to
core areas within the distribution with a higher likelihood of
occupancy.
Most of the range expansion observed from 2004 to 2010

occurred in areas with the highest potential for range
expansion (Merrill and Mattson 2003). Further range
expansion in the eastern edge of the ecosystem is likely
limited by open, sagebrush vegetation cover with more
human activity. On the western side, expansion appears to be
limited along the Continental Divide in the Centennial
Mountains by a combination of open landscape and
Interstate 15, which likely serves as a barrier to dispersal
because there has been no increase in that area since 2004
(Fig. 2). Along the northern region, expansion has occurred
across the Gravelly Range to the eastern slopes of the
Snowcrest Range and has occurred in most cover types from
the northern extent of the Madison Range to the northern
areas of Absaroka Range. Although we have verified
documentation of grizzly bears in the Beartooth Mountains
in the northeastern corner of the Greater Yellowstone
Ecosystem, this area still remains the only largely unoccupied
area of the northern portion of the ecosystem. Despite this
northern expansion in recent years, it appears that, besides
expansion into areas such as the Beartooth Mountains and
the northern Gallatin Range south of Bozeman, Montana,
further expansion to the north may be limited by open
landscape and the increasingly human-dominated corridor
along Interstate 90 (Fig. 2).
The potential for increased grizzly bear expansion to the

south, however, is much higher. Grizzly bear locations are
becoming increasingly common in the northern portion of
the Wyoming Range and, in 2011, 2012, and 2013, verified
grizzly bear photos were taken by remote cameras at black
bear (U. americanus) bait sites at the southern extent of the
Wind River Mountains. Although still uncommon in the
southern reaches of these ranges, confirmed evidence of
grizzly bear presence is likely to increase as grizzly bears
continue to expand their southern distribution into these
mountain ranges.
Ordinary kriging requires adequate spatial and temporal

sampling to provide necessary data, especially at the edge of

Figure 1. Comparison of 1990–2004 grizzly bear (Ursus arctos) distribution
in the Greater Yellowstone Ecosystem, USA. The dark line represents the
grizzly bear distribution calculated by Schwartz et al. (2006). The blue
shaded area represents the grizzly bear distribution calculated using ordinary
kriging and the location data from Schwartz et al. (2006).

Figure 2. Grizzly bear (Ursus arctos) distribution in the Greater Yellowstone
Ecosystem, USA, 1990–2004 and 1990–2010, calculated using ordinary
kriging. The blue shaded area represents the 1990–2004 distribution. The
dark line represents the 1990–2010 distribution.
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the distribution. Radiocollaring and aerial observations of
grizzly bears at their range periphery as part of routine
monitoring, documentation of verified observations from
around the Greater Yellowstone Ecosystem, and the use of
remote cameras can contribute significant data for distribu-
tion mapping. However, future Greater Yellowstone
Ecosystem grizzly bear distribution analyses should also
consider the appropriate time span for analysis. The
imperceptible change in 2010 distribution as a result of
removing 1990–1995 locations further demonstrates the
robustness of the technique. As new locations are added to
the data set, points in the center of the distribution will have
little effect on the margin, while points at the perimeter will
contribute to an updated estimate of range extent. Because
grizzly bears are a relatively long-lived species and radio-
collaring efforts cannot annually encompass the entire
Greater Yellowstone Ecosystem, including additional years
will ensure that the resulting distribution is an accurate
representation of grizzly bear range extent with little danger
of bias from inclusion of too many years of location data. We
recommend 15–20-year data sets to maintain a sufficient
sample size while ensuring that a surplus of data does not
result in failure to detect potentially contracting distribu-
tions.

MANAGEMENT IMPLICATIONS

Our technique can be applied on a more frequent basis to
provide the most current estimation of grizzly bear
distribution for use in grizzly bear management and
conservation, as well as provide for improved public safety
with up-to-date information on areas of probable grizzly bear
occupancy. Clearly, not all grizzly bears in the Greater
Yellowstone Ecosystem are radiocollared or otherwise
detected, and this is especially true of lone bears inhabiting
the edges of the main distribution. Consequently, our
estimate should be considered a minimum known area of
occupancy, not an extent of occurrence, because we have
many outliers that are not included in the main grizzly bear
distribution map. Thus, this map should not be used as a
presence–absence boundary, because grizzly bears undoubt-
edly occur outside this line. Continued population monitor-
ing will ensure adequate location data to further improve our
understanding of the distribution and expansion of Greater
Yellowstone Ecosystem grizzly bear population.
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