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Abstract: The Yellowstone grizzly bear (Ursus arctos horribilis) has been expanding its range during the past 2 decades and now occupies historic
habitats that had been vacant. A current understanding of the distribution of grizzly bears within the ecosystem is useful in the recovery process and
to help guide the state and federal land management agencies and state wildlife agencies of Idaho, Wyoming, and Montana as they prepare manage-
ment plans. We used kernel estimators to develop distribution maps of occupied habitats based on initial sightings of unduplicated females (n = 300)
with cubs-of-the-year, information from radiomarked bears (n = 105), and locations of conflicts, confrontations, and mortalities (n = 1,235). Al-
though each data set was constrained by potential sampling bias, together they provided insight into areas within the Greater Yellowstone Ecosystem
(GYE) currently occupied by grizzly bears. The current distribution (1990-2000) extends beyond the recovery zone identified in the U.S. Fish and
Wildlife Service (USFWS) Recovery Plan. Range expansion is particularly evident in the southern portion of the ecosystem in Wyoming. A
comparison of our results from the 1990s to previously published distribution maps show an approximate increase in occupied habitat of 48% and

34% from the 1970s and 1980s, respectively. We discuss data biases and problems implicit to the analysis.
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Prior to European settlement, the grizzly bear had an
extensive distribution on the North American continent
(Rausch 1963). With the advance of settlement, the griz-
zly bear was relegated to <2% of this historic range within
the continental United States (USFWS 1993, Mattson et
al. 1995). Today, the grizzly bear exists as 5 remnant popu-
lations south of Canada; only the Northern Continental
Divide and GYE populations contain >350 individuals
(Servheen 1999).

The Yellowstone grizzly bear was listed as a threatened
species in 1975 (USFWS 1993). Since that listing, ef-
forts to move toward recovery of the species have included
preparation and multiagency implementation of 2 versions
of a Recovery Plan (USFWS 1982, 1993). One of the
tasks in the 1993 Recovery Plan was the preparation of
the Conservation Strategy for the grizzly bear in the
Greater Yellowstone Ecosystem; a draft was released in
2000 (USFWS 2000a). In addition, the States of Idaho,
Wyoming, and Montana are currently developing state
management plans that would apply if grizzly bears were
delisted.

The Recovery Plan defined a recovery zone as “the area
in each grizzly bear ecosystem within which the popula-
tion and habitat criteria for achievement of recovery will
be measured” (USFWS 1993:17). The recovery zone was
not intended to include all areas of grizzly bear occupancy,
and “bears can and are expected to exist outside the re-
covery zone lines in many areas” (USFWS 1993:18).
When the recovery zone for the Yellowstone grizzly was
established in 1982, it contained the known distribution
of bears at that time. This area, renamed the Primary Con-

servation Area (PCA) in the Draft Conservation Strategy
(USFWS 2000a), encompassed 23,833 km?. The PCA
was defined as the area that contained the seasonal habi-
tat components needed to support a recovered population
within the GYE (USFWS 2000a:22). However, grizzly
bear range currently extends beyond the PCA. Range
expansion is particularly evident in the southern portion
of the ecosystem in Wyoming.

Counts of unduplicated females with cubs-of-the-year
(Knight et al. 1995) serve as an estimate of minimum popu-
lation size in the Recovery Plan (USFWS 1993). Count-
ing females with cubs-of-the-year in a 16-km (10-mile)
perimeter area surrounding the recovery zone is part of
this recovery criterion (UFSWS 1993), and these counts
have been ongoing since 1993. Counting known human-
caused mortalities in the 16-km zone has also been in place
since 1993 as per directions of the USFWS (C. Servheen,
USFWS, Missoula, Montana, USA, personal communi-
cation, 2001). The 16-km area was established to accom-
modate females living in the recovery zone that had home
ranges extending beyond this zone. These criteria were
included in the Draft Conservation Strategy but were met
with confusion and resistance, particularly among a com-
mittee of citizens appointed by the governors of Idaho,
Montana, and Wyoming to review the document (USFW'S
2000b). This committee recommended removal of these
criteria.

Understanding the current distribution of bears within
the ecosystem is useful in the recovery process and can
provide guidance to federal land managers and managers
from Idaho, Montana, and Wyoming as they prepare their
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management plans. Here, we present range distribution
maps for the grizzly bear in the GYE during the 1990s.
We compare our results with previously published distri-
bution maps from the 1970s and 1980s and discuss data
biases and problems implicit to the analysis.

STUDY AREA

The study area encompasses the GYE, which includes
Yellowstone and Grand Teton National Parks and adja-
cent federal, state, and private lands in portions of Mon-
tana, Wyoming, and Idaho. The GYE is geographically
defined as the Yellowstone Plateau and surrounding moun-
tain ranges either above 2,130 m (Marston and Anderson
1991) or 1,500 m (Anderson 1991, Patten 1991). We
prefer the 1,500 m elevation because all 10,022 radio-
relocations of grizzly bears in the GYE (1975-2000) range
between 1,584 and 3,656 m in elevation.

The GYE contains the headwaters of 3 major continen-
tal-scale river systems: the Missouri-Mississippi, Snake—
Columbia, and Green-Colorado. Aspects of the
underlying geology, hydrology, climate, and elevation are
described by Marston and Anderson (1991). Long, cold
winters and short summers characterize the climate of the
Yellowstone Plateau. Precipitation generally increases
with elevation and is typically greatest on the windward
sides of mountain ranges. Precipitation occurs through-
out the year (Baker 1986), with a peak in late spring at
lower elevations and drier conditions during summer and
fall (Weaver 1980). The highest elevations have a dis-
tinct winter peak in precipitation, particularly in western
portions of the ecosystem (Despain 1987).

Patterns of precipitation and temperature produce pre-
dictable vegetation patterns (Marston and Anderson 1991).
At low elevations, foothill grasslands or shrub steppes
occur. With increasing moisture, open stands of Rocky
Mountain juniper (Juniperus scopulorum), limber pine
(Pinus flexilis), and Douglas-fir (Pseudotsuga menziesii)
occur. Douglas-fir forms the lowest-elevation forest com-
munity at around 1,900-2,200 m (Patten 1963,
Waddington and Wright 1974, Romme and Turner 1991).
Lodgepole pine (Pinus contorta) dominates the extensive
Yellowstone Plateau at mid-elevations, where poor soils
formed from rhyolite predominate (Despain 1990). With
increasing elevation, spruce—fir or subalpine forests domi-
nate. Engelmann spruce (Picea engelmannii) and
whitebark pine (Pinus albicaulis) form the upper tree line
(2,600-2,900 m) around 2,900 m (Patten 1963,
Waddington and Wright 1974, Despain 1990). Alpine
tundra occurs at the highest reaches of all major mountain
ranges.

METHODS

Data Sources

We used locations of grizzly bears from 1990-2000 to
generate current distribution maps. Data sources included:
(1) initial observations of unduplicated females with cubs-
of-the-year, (2) relocations of radiocollared bears, and (3)
locations of conflict and confrontations between grizzly
bears and humans and locations of documented grizzly
bear mortalities (hereafter referred to as conflicts).

Unduplicated Females.—In 1973, the Interagency Griz-
zly Bear Study Team (IGBST) began documenting ob-
servations of females with cubs-of-the-year to record
quasi-quantitative data on the population (Knight et al.
1995). Family groups are more readily observed because
they spend more time in open habitats during daylight
hours than other bears (Blanchard and Knight 1991).
Family groups also have more distinguishing characteris-
tics than single bears, such as number of young, size dif-
ferentials, and color markings. Although the process is
subjective, standard criteria to distinguish unique groups
have been established (Knight et al. 1995). Tallies of fe-
males with cubs-of-the-year may include repeated obser-
vations of the same family. Here, we only used the initial
sighting of unique females with cubs-of-the-year (hereaf-
ter referred to as unduplicated females), thus giving equal
weight to all individuals.

Radiotelemetry Locations.—Each year, members of the
IGBST radiomarked a sample of bears for research and
monitoring purposes. Additionally, some bears associ-
ated with bear-human conflicts were trapped (manage-
ment bears) and transported or released on site. All of
these bears, with the exception of dependent young, were
also collared. Each year, from 1990-2000, there were 35
to 84 (x = 59) bears wearing radiotransmitters. We used
radio-relocations from grizzly bears captured for research
and management purposes to generate a distribution.
Rather than construct a single distribution using all relo-
cations from all bears, we constructed home ranges for
each bear with cumulatively 230 relocations, giving equal
weight to bears rather than relocations. We did this be-
cause some individuals were radiotracked over several
years, whereas others were tracked for shorter durations.
Individual home ranges constructed for each bear were
then overlaid and the outermost boundary produced by
the resulting composite polygon was used to delineate the
distribution.

Home ranges of individual bears included all locations
collected during the time that an individual wore a trans-
mitter. Our sample only included individuals who were
alive during the decade of the 1990s (n = 105), although
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we included relocations prior to 1990 for bears alive dur-
ing the 1990s. For bears captured in research sampling,
we used all locations with the exception of den sites, where
only 1 location was used per site. For bears that were
transported for management purposes, we used locations
taken after the bear had established a new home range
(>1 year after relocation) or had returned to an established
home range known to us. For individuals with data col-
lected before and after transport, with obviously distinct
ranges, we divided their locations into 2 groups and con-
structed kernel ranges for each group with 230 reloca-
tions. We did this because the single kernel range
constructed from all locations had a bimodal shape and
included area between the 2 clusters of points likely un-
used by the bear.

Conflict Reports.—Prior to 1992, records of grizzly
bear-human conflicts, confrontations, and mortalities in
the GYE were dispersed among many agencies and indi-
viduals (Gunther et al. 1993). The Yellowstone Ecosys-
tem Subcommittee and the Interagency Grizzly Bear
Committee recognized the need to consolidate and stan-
dardize the collection of conflict data and assigned the
duty to Yellowstone National Park. Since 1992, conflict
information has been collected and recorded in a standard
format (Gunther et al. 1993). We used conflict records
(1992-2000) reported by Gunther et al. (1993, 1994, 1995,
1996, 1997, 1998, 1999, 2000, 2001). Each record in the
database represents a bear—human conflict, confrontation,
or mortality on a single day. Consequently, the conflict
report does not differentiate individual bears at conflict
sites with the exception of mortalities. We used only 1
observation where multiple conflicts occurred in the same
area (identical coordinates), thus giving equal weight to
each location.

Historic Distribution.—Both Basile (1982) and
Blanchard et al. (1992) used observations of females ac-
companied by young of all ages to map distribution for
the 1970s and 1980s, respectively. We initially attempted
to construct a map for the 1990s using similar data. How-
ever, our dataset was less complete because observers did
not report females with young larger than cubs-of-the-
year as they did when bears were more rare. Reporting
interest to a large degree has waned over time. Conse-
quently, we used initial observations of unduplicated fe-
males for comparisons. Of all the data sets, observations
of unduplicated females were collected most consistently
through time. We constructed range distributions by de-
cade to evaluate changes in distribution and for compari-
son to previously published results. We used data from
observations of unduplicated females collected from 1973
to 2000 to illustrate comparative changes in distribution
through time. We divided this data set into 3 periods,
1973-79, 198089, and 1990-2000. We used the 1973—

79 and 198089 periods because 2 previously published
papers (Basile 1981, Blanchard et al. 1992) used them.
We also investigated more equal intervals (1973-82, 1983—
91, and 1992-2000), but this did not change the interpre-
tation.

Spatial Analyses

Field studies commonly record data on the locations of
organisms, and such observations can be used to describe
the home ranges of individuals or the distribution of taxa
(Seaman and Powell 1996, Powell 2000). Previous re-
search has demonstrated that kernel methods can provide
more accurate estimates of home range than the harmonic
mean or the minimum convex polygon models (Naef-
Daenzer 1993, Worton 1995, Seaman and Powell 1996,
Swihart and Slade 1997). Kernel methods estimate the
utilization distribution, which is the distribution of an
animal's position on a plane (Worton 1989).

Kernel estimators are nonparametric, thus avoiding as-
sumptions about normality. However, no method exists
to approximate sample sizes because they lack associated
variance estimators (White and Garrott 1990). Recent
studies by Seaman et al. (1999) evaluated issues of sample
size relative to accuracy of range size prediction. They
concluded that the fixed kernel with smoothing selected
by least-squares cross-validation (LSCV) provides the
least biased and lowest surface fit error estimates of the
95% home range area. Bias of the inner contours is greater
than bias of the 95% contour. The general trend for adap-
tive kernel estimates is opposite. The adaptive kernel with
LSCV smoothing is satisfactory up to the 80% contour
but overestimates areas at the 95% contour. Hence fixed
kernels more accurately define the surface area of use,
whereas adaptive kernels more accurately define areas of
high use. Additionally, the fixed kernel with LSCV has
the lowest frequency and magnitude of poor estimates.
Large relative mean squared errors occur most frequently
with very small sample sizes (10-20) and are rare (<0.3%
of replicates) for fixed kernel with LSCV when sample
sizes are 230. Seaman et al. (1999) recommend a mini-
mum sample size of 30 observations when using LSCV.

Based on these findings, we calculated the 95% utiliza-
tion distribution using the fixed kernel estimator with
LSCV as the smoothing parameter, with a sample size
230. We used the software package Animal Movements
(Hooge and Eichenlaub 1997), which is available as an
ArcView® GIS program extension at http://
www.absc.usgs.gov.gistools/animal_mvmt.htm. The
LSCYV follows Silverman (1986).

Autocorrelation, resulting from a short sampling inter-
val (Swihart and Slade 1985), was not a problem with the
data used for this analysis. Observations of unduplicated
females and mortalities represented different individuals
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and were hence uncorrelated. Radio-relocation data were
collected every 7-10 days on average, thus reducing prob-
lems with autocorrelation. It was more difficult to deter-
mine autocorrelation for conflict reports. Bear—human
conflict records could represent repeated conflicts of the
same bear on subsequent days. Consequently, we used
only 1 conflict from any specific area (no matching Uni-
versal Transverse Mercator coordinates), thus eliminat-
ing multiple events in the same location. This restriction
should make conflicts nearly independent of each other
with the exception of an individual bear creating conflicts
on subsequent days in slightly different areas.
Autocorrelation in a small number of these conflicts would
underestimate the distribution (Swihart and Slade 1985).

Because we constructed range maps using 3 databases,
and each was expected to be slightly different, we also
constructed a range map showing overlap among them.
We did this by converting each of the 3 range estimates
into grids with 30- x 30-m pixels. These grids were then
combined to depict overlap.

RESULTS

Current Distribution
The fixed kernel range constructed from observations

20 0 20

40 Kilometers

/\/ Recovery Zone
[___1Public Land Boundary
95% Distribution

/\ Unique Observations

Fig. 1. Fixed kernel distribution constructed with unique
observations (n = 300) of female grizzly bears with cubs-of-
the-year in the Greater Yellowstone Ecosystem, 1990-2000.

(n = 300) of unduplicated females (Fig. 1) during 1990—
2000 encompassed 22,904 km?, with 83% and 98.7%
within the recovery zone and the16-km perimeter area,
respectively. Only 1.3% (299 km?) was outside the 16-
km perimeter area (Table 1).

The fixed kernel range constructed from radiotelem-
etry relocations (n = 107 home ranges, 105 individuals;
Fig. 2) approximated the distribution defined by
unduplicated females but encompassed more area (26,573
km?) and showed that grizzly bears in the GYE extend
beyond the recovery zone, particularly in the southeast-
ern and southern portions of the ecosystem. The recov-
ery zone and the 16-km perimeter area encompass 77.4%
and 95.3% of the defined area, respectively.

The distribution map (Fig. 3) constructed from conflict
locations (n = 1,235) encompassed 30,652 km?, with
65.8% and 87.2% contained within the recovery zone and
the 16-km perimeter, respectively. Some conflicts, both
on public and private land, occurred beyond the distribu-
tion boundaries, especially on the Beaverhead, Targhee,
and Gallatin National Forests (Fig. 3). The distribution
based on conflict locations was greater than both
unduplicated female and radiotelemetry ranges.

20 0 20

40 Kilometers

/\/ Recovery Zone
[] Public Land Boundary

Composite polygon
Telemetry observation

Fig. 2. Distribution of grizzly bears in the Greater
Yellowstone Ecosystem, 1990-2000, constructed from 105
unique radiocollared bears with 230 relocations/individual.
Fixed kernel ranges for each bear were overlaid and the
outermost boundary produced by the composite polygon
are presented here.
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Table 1. Area (km?) of grizzly bear distribution based on fixed kernel range estimators in the Greater Yellowstone Ecosystem,
1990-2000. The merged range was developed from the union of the outer boundary of the overlaid distributions. See text and

Fig. 5 for details.

No. of Total area Area within Area within Recovery Zo
Data source locations (km?) Recovery Zone (%) 16-km perimeter (%
Unduplicated females 300 22,904 83.0 98.7
Telemetry 6,445 26,573 774 95.3
Conflicts 1,235 30,652 65.8 87.2
Merged distributions (outer union) 34,416 65.5 87.7
expansion occurred south into the Teton Range and the
0 0 20 40 Kiometers Gros Ventre and Green River drainages. During this same

N

(] Pubtic Land Boundary
o Public Lands
* Private Lands

= 95% Distribution

Fig. 3. Fixed kernel distribution constructed with locations
of grizzly bear-human conflicts, confrontations, and
mortalities in the Greater Yellowstone Ecosystem, 1992-
2000.

Comparisons with Historic Distributions
Distribution maps constructed with observations of
unduplicated females during the 1990s (n = 300) encom-
passed 22,904 km?, whereas those constructed for the
1980s (n = 148, 1980-89) and 1970s (n = 84, 1973-79)
encompassed 17,086 km? and 15,424 km?, respectively.
This reflects an 11% and 34% increase in occupied range
from the decade of the 1970s to the 1980s and 1980s to
the 1990s, respectively; occupied range increased 48%
from the 1970s through the 1990s (Fig. 4). Comparisons
among periods showed an expansion of bears into the
southeastern portion of the GYE into the Washakie Wil-
derness area on the Shoshone National Forest. Additional

period, observations of unduplicated females have not
declined within Yellowstone National Park (i.e., core of
the recovery zone; IGBST, unpublished data).

DISCUSSION

The distribution maps presented here vary in size and
shape depending upon which data were used to construct
the distribution. The unduplicated female data set repre-
sents the smallest distribution. By definition it excluded
males, which tend to have larger home ranges and more
exploratory movements than females, resulting in a con-
servative estimate of distribution. The unduplicated fe-
male data were collected in a consistent manner during
the past decade. Their main application was to estimate
the minimum number of adult females within the popula-
tion (Knight et al. 1995). The criteria for distinguishing
unique females have evolved since 1975, but were stan-
dardized around 1986. The number of observations in
any given year may be influenced by food abundance
(Picton et al. 1986), survey effort (Mattson 1997), and the
proportion of females with cubs. Observation flights were
conducted annually by the IGBST to document
unduplicated females. Observation effort increased
through time (Mattson 1997), and survey areas beyond
the recovery zone were added in 1998 (Schwartz 1999).
However, most effort has focused on the recovery zone.
As a consequence, one would expect more sightings within
this area of the ecosystem and fewer on the perimeter.
During the 1970s and likely through the first half of the
1980s, grizzly bear distribution was contained within the
recovery zone. As bears began to expand into unoccu-
pied habitats beyond the recovery zone during the 1990s,
our knowledge of their distribution likely lagged behind
actual occupancy. Such a lag in information and sighting
effort beyond the recovery zone, particularly for
unduplicated females, would result in an underestimation
of range expansion and current distribution during the
1990s.

Basile (1982) and Blanchard et al. (1992) used these
data in combination with observations of females with
older young to depict bear distribution, providing impor-
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Fig. 4. Distribution maps for grizzly bears in the Greater
Yellowstone Ecosystem for (A) 1973-79, (B) 1980-89, and (C)
1990-2000. Shaded squares (100-km? cells) are from Basile
(1982) for the 1970s and Blanchard et al. (1992) for the 1980s.
Gray cells indicate occupancy in <50% of years studied,
whereas black cells represent occupancy in >50% of years
studied. We constructed the distributions (polygons) shown
on all 3 maps based on fixed kernel ranges of unique
observations of females with cubs-of-the-year.

tant baseline data for comparison. Because we only used
the initial observation of unique females with cubs-of-the
-year, we did not expect our depictions of historic distri-
bution to match what they identified. Although our dis-
tribution maps constructed from observations of
unduplicated females during the 1970s and 1980s are not
identical to the maps constructed by Basile (1982) and
Blanchard et al. (1992), they approximate each other vi-
sually (Fig. 4). Additionally, our coverages for the 1970s
and 1980s included 84 of 102 (83%) 100-km? cells iden-
tified by Basile (1982) and 91 of 110 (87%) cells identi-
fied by Blanchard et al. (1992), respectively. We feel
confident that our kernel estimates of ranges by decade
depict approximate range expansion from the 1970s
through the 1990s.

The range map constructed from radiotelemetry loca-
tions included a sample of bears marked for research and
management monitoring. The IGBST trapped through-
out the ecosystem, but efforts were confined primarily to
the recovery zone. Effort during the 1990s extended be-
yond the recovery zone, especially in Wyoming on the
southern boundary. Some areas in the GYE were either
not trapped or trapping efforts were unsuccessful. These
areas included the northern portion of the Absaroka
Beartooth Wilderness, the Pitchstone Plateau, and the
Centennial, Gravelly, and Tobacco Root mountains. Ef-
forts were made during 1992-94 to trap and mark bears
on the Madison and Pitchstone Plateaus with very limited
success (1 bear collared). The Centennial Mountains were
trapped during 1991, with no grizzly bears captured.
Consequently, the distribution based on telemetry loca-
tions may not represent some areas occupied by bears
where none were radiocollared.

Research trapping was supplemented by management
efforts because some problem bears were captured and
radiocollared. Some of these bears were released on site
(primarily non-target individuals), but others were trans-
located to more secure habitats within ecosystem. Many
translocated bears returned to their capture origin
(Blanchard and Knight 1995). Most management trap-
ping occurred outside the national parks and wilderness
areas, either on lands managed by the Forest Service or in
private ownership. Consequently, several areas on the
perimeter of the ecosystem were sampled, which would
tend to make the telemetry coverage more inclusive.
However, there were likely areas occupied by grizzlies
that we did not identify.

The distribution constructed from conflict locations was
the largest. We anticipated this because many conflicts
occurred on the periphery of the ecosystem or outside some
habitats considered suitable for grizzly bears. The con-
flict data did not represent a random sample from an un-
known bear distribution. Rather, the distribution from
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which they were drawn was actually a mixture of the dis-
tribution of human activity and the bear distribution. Ar-
eas within this distribution represented places ranging from
high human use (towns and subdivisions) with low bear
use to areas having high bear use with low human use
(backcountry). Some conflicts reflected dispersing sub-
adults and bears lured into unsuitable habitats. Addition-
ally, conflict distributions were influenced by past
management actions implemented within the recovery
zone in the mid-to-late 1980s in an effort to minimize bear-
human conflict and mortality (Mattson 1990, Gunther
1994). These included garbage management, implemen-
tation of backcountry food storage requirements, and re-
moval of domestic sheep grazing allotments. Conflicts
have since been reduced within the recovery zone (Gunther
1994, Gunther et al. 2003). Similar management actions
have not been implemented outside the recovery zone
where many conflicts currently occur. Consequently, lo-
cations of conflicts and mortalities are often our first indi-
cation of grizzly bears occupying new habitats; they also
identify areas where managers should implement or de-
velop new programs.

There is considerable interest in knowing the current
distribution of grizzly bears in the GYE, and many man-
agers would prefer a single map. However, it is difficult
to clearly define what constitutes a "distribution". For
example, should exploratory forays by subadult males be
given equal weight to areas habitually used by adult fe-
males? The analytical methods we used here provide pre-
cise estimates such as the 95% distribution from a given
data set. However, these methods are statistical estima-
tors and make no judgments about habitat quality, secu-
rity, or other needs of bears. As such, they can and do
include areas unused by bears and exclude areas used by
bears. For example, the peripheral areas often have the
fewest data, and our ability to provide accurate estimates
in these regions is limited (Seaman et al. 1999). Conse-
quently, no single distribution represents the best depic-
tion of occupied grizzly bear habitat in the GYE. Each s
a different shape and size depending upon sample size
and sample distribution; they measure different aspects
of distribution. Overlaying the 3 distributions identified
areas of intersection and an outermost perimeter (Fig. 5).
This outer perimeter encompassed 34,416 km?, with 65.5%
and 87.7% contained within the recovery zone and 16-
km perimeter area, respectively (Table 1, Fig. 6). Inter-
pretations of occupancy near the edge of this polygon must
be made with caution in light of data and analytical bi-
ases. Occupancy near this boundary must be interpreted
as an approximation. Additional supportive evidence
should be considered when making judgments about oc-
cupied habitat near this edge.

Additional research is needed to determine if some habi-

A - -

/ \/ Recovery Zon
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[7] Telemetry

] Conflicts

Fig. 5. Grizzly bear distribution in the Greater Yellowstone
Ecosystem, 1990-2000. Map depicts overlap of distributions
constructed using fixed kernel from: (1) observations of
unique unduplicated females with cubs-of-the-year, (2)
relocations of radiocollared bears, (3) locations of grizzly
bear-human conflicts, confrontations, and mortalities.

tats outside of this polygon are occupied. These areas
include: (1) the Gravelly Mountain Range, (2) northern
portions of the Gallatin National Forest, particularly on
the Boulder Plateau, (3) that portion of Custer National
Forest contained within the GYE, and (4) portions of the
Targhee National Forest on the Pitchstone Plateau and the
Centennial Mountains.

Bader (2000) constructed distribution maps for the
major grizzly bear populations in the U.S. portion of the
Northern Rockies. His methods and data were different
from ours, precluding direct comparisons; his estimated
distribution of the grizzly bear in the Greater Yellowstone
Ecosystem is larger than ours and identified areas of oc-
cupancy that are not identified here (i.e., Tobacco Root
Mountains in the northwest GYE).

Although our depiction of grizzly bear distribution in
the GYE during the 1990s is not exact, we did use a rigor-
ous process and the best available data. It is evident from
our analysis that grizzly bears have expanded into previ-
ously vacant range. This is confirmed from our ranges
constructed with unduplicated female observations (11%
and 34% increase from 1970s to 1980s and 1980s to 1990s,
respectively) and by comparisons with previously pub-
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Fig. 6. Grizzly bear distribution in the Greater Yellowstone
Ecosystem, 1990-2000. Map represents the outer edge of a
composite polygon constructed by overlaying fixed kernel
ranges constructed from (1) observations of unique
unduplicated females with cubs-of-the-year, (2) relocations
of radiocollared bears, (3) locations of grizzly bear-human
conflicts, confrontations, and mortalities. Visible points
represent data not contained within this coverage.

lished data. It is not our intention to focus on reasons for
such an expansion, but we can speculate that it is likely a
product of improved management practices (Mattson
1990, Gunther 1994), a series of good food years (Mattson
1998), and a population increase (Eberhardt and Knight
1996, Boyce et al. 2001).

Our range maps also show that occupied habitats in the
GYE extend beyond the current recovery zone. Such in-
formation could be viewed in 2 ways. One could argue
that it emphasizes the need to increase the size of the ex-
isting recovery zone. However, when the original recov-
ery zone was identified, it included all known areas
occupied by bears (USFWS 1982). Constructing a new
zone to encompass current bear range could result in a
similar exercise in the future should bears continue to
expand. Additionally, the recovery zone was not intended
to include all areas of grizzly bear occupancy (USFWS
1993:18). Alternatively, one could view occupancy out-
side the recovery zone as vital information to state and
federal land management agencies and state wildlife agen-
cies for their planning efforts. For these plans to be effec-
tive, criteria ensuring long-term survival of bears beyond

the PCA need to be considered. This is particularly rel-
evant because 17% to 34% (depending upon which cov-
erage is used) of currently occupied habitat is not covered
by any specific habitat standards or guidelines associated
with the Fish and Wildlife Service Conservation Strategy
(USFWS 2000a).

Current recovery standards and the Conservation Strat-
egy include population monitoring and mortality limits
on lands contained within the recovery zone and the 16-
km perimeter area. If recommendations of the Gover-
nors’ Round Table (USFWS 2000b) are followed, the
16-km perimeter area will be discarded. If recovery of
the Yellowstone grizzly bear population is premised on
the health of the existing population, the states will need
to establish demographic standards and mortality limits
for that portion of the population living outside the recov-
ery zone. These could differ from those in the recovery
zone, but must ensure the long-term health of the entire
population. Grizzly bears in the GYE are effectively a
single population and sound conservation practices must
focus on all occupied habitats.
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