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Road density was measured based on moving window analyses. 
This technique involves randomly moving a window of 1 mi2 across a 
map and summing the lengths of segments of roads and trails within 
the window (EPPL 7, MinnesotaLand Management InformationCenter, 
658 Cedar Street, St. Paul, MN 55155). This technique precludes direct 
conversion of the above standards to metric equivalents. 

These guidelines acknowledge the importance of large core areas 
with no roads and only low road density in the remaining grizzly bear 
habitat. However, these guidelines have been difficult to implement 
because of opposition to the extensive road closures required to meet 
them. Biologists also recognized that there was a seasonal component to 
grizzly bear use of the habitats influenced by roads. Acceptable levels 
of habitat security for bears require seasonal closures of roads and 
trails during periods when they are most commonly in these areas. 
Consequently, the guidelines listed above are under review in an effort 
to close roads in areas that will result in maximum benefit to bear habitat 
security. Although there is clear evidence of the detrimental impact of 
roads in grizzly bear habitat, the threshold of road density may vary 
among areas. J. J. Craighead et al. (1995) suggested that road density 
> 1 km/6.4 km (0.25 mi/mi") has detrimental impacts on bear use of 
landscapes. 

In addition to habitat loss by disturbance displacement, roads fa­
cilitatekilling of bears by humans via hunting and control actions. 
These are the greatest sources of mortality to adult bears in the GYE 
(Weaver et al. 1986; Mattson et al. 1987). Risk of mortality was es­
timated as five times higher near roads (Doak 1995). On Chichagof 
Island in southeastern Alaska, where brown bears are legally hunted, 
there was a direct positive correlation between bear kill by hunters and 
cumulative kilometers ofconstructed roads (Titus and Beier 1991). 

Habitat evaluation for grizzly bears requires knowledge about the 
abundance and distribution offood and shelter patches as well as knowl­
edge about human influences that may make bears avoid some areas or 
expose them to higher risk of mortality. Excellent early work on evalu­
ation ofbear habitat concentratedon vegetation analyses was presented 
by Craighead (1977) and Craighead et al. (1982). More recent efforts 
to evaluate habitat incorporate similar vegetative analyses with those 
of mortality risks to brown bears and likelihood ofdisturbance avoid­
ance of preferred habitats. Risks to bears come from many sources, 
and managers use cumulative effects models (CEM) to assess habitat 
values (Weaver et al. 1986; Schoen et al. 1994; Suring et al. 1998; Matt­
son et al. 1999b). CEM models assign qualitative importance scores to 
different components of the habitat and then sum these scores for all 
factors to obtain a measure of habitat value and overall risk. The first 
CEM for grizzly bears included measures of human-induced risk of 
mortality, habitat alteration, and displacement from habitat (Weaver 
et al. 1986). Each of these parameters incorporated numerous coeffi­
cients (Mattson et al. 1999b). The value for mortality was derived from 
indices ofhabitat quality and type and intensity ofhuman activities. The 
value for habitatdisplacement included components ofdistance to cover 
and nature and intensity of bear activity in that habitat (Weaver et al. 
1986). 

A more recent approach integrates empirical information from 
telemetry studies into models to derive resource selection functions 
(RSF) (Schoen et al. 1994; Mace et al. 1996, 1999; Boyce and 
McDonald 1999; Merrill et al. 1999; see Carroll et al. 1999 for a re­
view). RSFs are proportional to the probability of an area being used by 
an animal. The key to this approach is to correctly identify the impor­
tant parameters; some include satellite imagery (greenness), elevation, 
human activity points, roads, and trails (Mace et al. 1999) or human 
numbers, human distribution, and abundance and quality ofbear foods 
(Merrill et al. 1999). 

South of Canada, grizzly bears once occupied the landscape con­
tinuously from mountain tops to valley bottoms and plains. With ever­
increasing human presence in the valley bottoms and plains, bears have 
become isolated in islands ofremaining mountainous and forested habi­
tat surrounded by a threatening sea of subdivisions, agricultural fields, 
and pastures. Bears that venture beyond the borders of these remain­
ing islands venture into areas described as "mortality sinks," which 

can drain the island population and threaten its viability (Knight et at. 
1988). Identification of zones of connectivity or linkages between the 
islands is an essential element of habitat analyses, and numerous ap­
proaches have been described. Linkage zone models predict relative 
probability of grizzly bear movements through an area as a function 
of factors such as visual cover, riparian corridors, andanthropogenic 
features (Gibeau 1993; Servheen et al. 2001; Gibeau et al. 1996; Apps 
1997). A simulation model was used to predict dispersal routes for griz­
zly bears based on permeability of different habitat types (Boone and 
Hunter 1996). Based on a literature review, whitebark pine/lodgepole 
pine (Pinus contortai habitats were assigned high permeability values, 
whereas clear-cut and early-sera! stage forests had low permeability. 
Walker and Craighead (1997) combined the permeability data and dis­
persal mortality risk to map potential dispersal routes for grizzly bears 
in the northern Rocky Mountains. These models can be used to plot 
the "least-cost path" for bears moving between ecosystems. These ap­
proaches recognize that the correct paradigm for a linkage zone is not 
a corridor that bears use to move between ecosystems, but rather an 
area ofhabitat between ecosystems that bears can safely occupy at low 
densities with acceptable levels of mortality risk. 

Bears are archetypal flagship species-species so charismatic that 
they symbolize an entire conservation program (Simberloff 1999). 
The grizzly bear and other large carnivores are a flagship for the 
Yellowstone-to-Yukon Biodiversity Strategy (Y2Y), a broad program to 
maintain and restore naturaldiversity and ecological health ofthe Rocky 
Mountains. The Y2Y miss ion is to establish an interconnected system of 
core protected areas and wildlife movement corridors that extend from 
the GYE to the Yukon's Mackenzie Mountains (Tabor 1996; Tabor and 
Soule 1999). The concept is premised on protecting existing core areas 
within existing national parks and preserves, state and provincial parks, 
and wilderness areas. Core areas will be interconnected with corridors, 
allowing migration of wildlife among them. Conservation benefits of 
Y2Y encompass more than the grizzly bear in the United States, and 
include large carnivores and other wildlife species. Such broad thinking 
is heretofore unheard of in North America and generally beyond tradi­
tional agency thinking or mandates. The vision has inspired over 200 
conservation groups to work together beyond international boundaries. 
The research, planning, and implementation that has gone into the Y2Y 
effort will benefit the management ofgrizzly bears and other wildlife in 
North America that require large interconnected landscapes to support 
healthy populations. 

RESEARCH NEEDS 

One of the earliest studies of grizzly bears in North America was in 
Denali National Park (formerly Mount McKinley National Park) by 
the great naturalist Adolph Murie (Murie 1944, 1981). Using observa­
tional techniques, Murie discovered much about grizzly bear ecology 
before the development of effective means of immobilizing bears and 
tracking them with radiotelemetry. However, through observation he 
was unable to quantify some important parameters such as population 
density, reproductive and mortality rates, distances moved by individ­
ual animals, and characteristics of denning locations. Information on 
these awaited the pioneering studies ofgrizzly bears in Yellowstone Na­
tional Park by the Craighead brothers using radiotelemetry techniques 
they developed (Craighead et al. 1963). Later, they pioneered the use 
of satellite monitoring of bears (Craighead et al. 1971). 

Although the importance of telemetry techniques is well recog­
nized, Craighead and Mitchell (1982) expressed concern that some 
biologists are overusing telemetry. They note that capture and handling 
imposes unnecessary stress on the animals, particularly from popu­
lations inhabiting similar environments. We agree with this concern 
and suggest that radiotelemetry is only one tool available to biologists. 
Application of such a tool must be employed when the technique is 
applicable to address a specific objective and answer certain questions. 
Telemetry studies must be well designed, adequately reviewed,and com­
petently conducted. Scientific ethics requires that agencies proposing 
to conduct telemetry studies on grizzly bears or other rare animals must 
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