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Abstract: American black bears (Ursus americanus) are typically described as habitat generalists
with a complex, multidimensional relationship with their environment. We used GIS and

compositional analysis to examine habitat selection by black bears in the Chequamegon–Nicolet

National Forest of northern Wisconsin at 2 spatial scales. To determine home ranges, we used

radiotelemetry locations and the 95% minimum convex polygon home range estimator for 19

adult female bears that were monitored from May through August 2003–04. We compared

habitat composition of home ranges to that available in the study area (second-order analysis),

and habitats selected based on radiotelemetry locations to habitat availability within home

ranges (third-order analysis). We also examined the effects of river and road density on black
bear habitat selection. Home ranges contained more wetlands, mixed deciduous–coniferous

forest, forested wetlands, and coniferous forest, and less deciduous forest than the study area at

large. Bears selected home ranges with relatively higher river and road densities than expected.

We found no discernible selection for or against cover types, roads, or rivers within home

ranges. These results may have predictive value for evaluating potential black bear habitat in

other parts of the state.
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Sound wildlife management depends on a strong

understanding of the relationships that wildlife species

have with their habitat. However, these relationships

are often complex, multidimensional, scale-dependent,

and easily influenced by human activity, and this holds

true for American black bears (Ursus americanus;

Reynolds-Hogland and Mitchell 2007, Brodeur et al.

2008, Carter et al. 2010). Analyses of these relation-

ships often require multivariate approaches (e.g. Clark

et al. 1993). We used compositional analysis (Aitchison

1986, Aebischer et al. 1993), a multivariate technique,

to analyze habitat selection by female black bears in

northern Wisconsin.

Black bears are a widespread and economically

important species in Wisconsin. Long-term changes in

land cover in Wisconsin led Kohn (1982) to suggest

that the loss of openings and the conversion of aspen

(Populus spp.) and oak (Quercus spp.) forest types to

other hardwoods and pine (Pinus spp.) could reduce

the carrying capacity for black bears in the state.

However, bear populations have increased dramati-

cally since then, and the Wisconsin Department of

Natural Resources (WDNR) estimated the 2010

population at 21,850 (Rolley et al. 2010). Further, a

new estimate of the bear population using a tetracycline-

based mark–recapture technique suggests even higher

numbers (MacFarland 2009). Not surprisingly, black

bear sightings in southern Wisconsin are becoming

more common, and bear range appears to be

expanding. Concomitant with the population increase,

the annual black bear harvest in Wisconsin has

increased from ,500 animals in 1985 to over 4,000 in

2009 (Dhuey et al. 2009). Increasing harvests, land-

cover changes, and range expansion are all factors

affecting bear management that suggest a need for a

better understanding of habitat relations in Wisconsin.

Although many studies have been published on

various aspects of black bear habitat use in different

environments across the United States, including

neighboring Michigan (e.g. Lindzey and Meslow

1977, Landers et al. 1979, Brody and Pelton 1989,

Lyons et al. 2003, Garneau et al. 2008, Carter et al.
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2010), few reports exist for Wisconsin. Food, shade,

and security are important habitat components for

bears (Rogers et al. 1988). Typical black bear habitat

has thick understory vegetation for food and cover

(Pelton et al. 1999). There must also be areas of

relatively thick overstory to provide shade, food, and

shelter (Unsworth et al. 1989). Female bears in

particular have demonstrated an affinity for areas of

higher vegetative diversity (van Manen and Pelton

1997). Bears have a diverse diet, and large quantities

of both hard and soft mast must be available as food

sources (Payne et al. 1998). Amstrup and Beecham

(1976) found a strong correlation between bear

location and food supply. Important bear food items

are found throughout a range of vegetative commu-

nities, including boreal, wet mesic communities, and

wetlands (Payne et al. 1998).

Our objective was to quantify female black bear

habitat selection at 2 spatial scales in the core of their

geographic range in northern Wisconsin. Specifically,

we studied selection of home ranges compared to large-

scale availability (second-order selection) and selection

of habitats within home ranges (third-order selection;

Johnson 1980). We used compositional analysis of

forest-cover types (Aebischer et al. 1993) based on

radiotelemetry locations of female black bears and

GIS-based habitat data to perform our analysis.

Secondly, we tested separately for effects of road and

river density on habitat selection at both spatial scales.

Study area
Our study area was located in the Great Divide

district of the Chequamegon–Nicolet National For-

est (CNNF) of north central Wisconsin, and was

approximately 2,881.3 km2 in size. It included land

in Ashland, Sawyer, Bayfield, and Price counties

(Fig. 1). The US Department of Agriculture Forest

Service (USFS) administered 81% of this area, the

remainder falling under private ownership. The

study area exhibited a flat to rolling topography.

The soils consisted mainly of sandy loam, glacial till,

silt covered glacial till, and sandy outwash soils

(USFS 1986). The average annual temperature was

4.5uC and the average annual precipitation 80 cm.

Most of the study area was heavily forested and

included a variety of forest types including deciduous,

forested wetlands, coniferous, mixed deciduous–

coniferous stands, and wetlands (Table 1). Represen-

tative species included northern hardwoods such as

paper birch (Betula papyrifera), red maple (Acer

rubrum), aspen (Populus tremuloides), and various

oaks (Quercus spp.) as well as conifers such as white

pine (Pinus strobus), red pine (P. resinosa), jack pine

(P. banksiana), balsam fir (Abies balsamifera), and

Fig. 1. The Clam Lake Study Area (shaded area), in
Bayfield, Ashland, Sawyer and Price counties, most-
ly lies within the Chequamegon–Nicolet National
Forest in north central Wisconsin.

Table 1. Cover type composition of the Clam Lake
Study Area, northern Wisconsin.

Cover class % of CLSA

Deciduous forest 0.46

Forested wetland 0.17

Coniferous forest 0.10

Wetland 0.08

Mixed deciduous–coniferous forest 0.08

Open water 0.04

Developed , 0.01

Agriculture , 0.01

Grassland , 0.01

Barrens , 0.01

Shrubland , 0.01
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black spruce (Picea mariana). Very small amounts of

grasslands, barrens, shrublands, developed areas, and

agricultural areas were present. The study area

contained ,183 km of rivers (0.06 km/km2) and

creeks, as well as abundant lakes and wetlands. The

study area was well-roaded and included 2-lane

highways, smaller paved roads, and gravel roads, as

well as small unmaintained dirt roads totaling

,2,500 km (0.9 km/km2).

Methods
Handling and observations

We conducted this work as part of a longer-term

study (.20 years) of survival and reproduction of

female black bears in northern Wisconsin. Because

of logistical problems associated with the large home

ranges of male bears, we restricted our study to

female bears. We trapped bears in culvert traps

throughout the spring and early summer of 2003 and

2004. To obtain representative coverage of the entire

study area, we placed culvert traps at 52 sites. Animal

and Plant Health Inspection Services (APHIS) of the

US Department of Agriculture (USDA) assisted with

the trapping and handling procedures, which fol-

lowed University of Wisconsin–Stevens Point Insti-

tutional Animal Care and Use Committee guidelines.

We sedated trapped animals by injection via CapChur

(Palmer Inc., Powder Springs, Georgia, USA) pistol

with a 5:1 mixture of ketamine:xylazine (6 mg/kg). We

measured and aged each bear (a premolar [P1] was

pulled for aging by cementum annuli) and marked

them with numbered ear tags for future identification.

We fitted radiocollars to all female bears.1.5 years

old so we could use triangulation to estimate the

location of each. However, in our analysis we

excluded data from younger females ,2.5 years of

age because they were unlikely to have established

permanent home ranges independent of their mother.

We attempted to obtain a minimum of 22 radioloca-

tion/bear weekly, 15 May–15 August 2003 and 2004,

for a total of 397 locations. We completed all

telemetry during daytime hours because black bears

tend to be diurnal throughout the summer months

(Kessler 1994, Amstrup and Beecham 1976). WDNR

pilots in fixed wing aircraft assisted in acquiring

additional locations and in finding ‘lost’ bears. To

avoid the effect that trapping and collaring may have

on the animals, we excluded locations from newly

collared bears until 10 days after the animals were

handled (White and Garrott 1990).

Habitat selection analysis

We obtained GIS data for forest cover types,

roads, and hydrology from WISCLAND (Wisconsin

Department of Natural Resources 2009). The WISC-

LAND data are based on the interpretation and

ground-truthing of satellite imagery at a 30-m2

resolution and classify over 30 cover types. We

simplified these cover types and reclassified them

into 10 types (Table 1). We omitted cover types

developed, agriculture, grassland, shrubland, and

barrens from analyses because they constituted

,0.05% of the study area, and because no bears

were located in them.

We performed all spatial analyses using ArcView

GIS 3.3 software. We generated 200-m buffers

around each data point to approximate the average

polygon of error associated with the radiotelemetry,

thus increasing the probability that the habitat types

of the locations were accurately represented. We

estimated the home range for each bear that had

.13 locations using the 95% minimum convex

polygon (MCP) method. We selected MCP as our

home range estimator due to its widespread use

(Harris et al. 1990).

We used SAS program MACOMP.SAS (Ott and

Hovey 1997) to perform a compositional analysis on

our forest cover type data (Aebischer et al. 1993). To

evaluate second-order selection, we compared the

habitat composition of the study area to the habitat

composition of the MCP home range of each bear.

To evaluate third-order selection, we compared the

habitat composition of each individual’s MCP

home range to the average habitat composition of

the buffered radiolocations of that individual. This

method of measuring use can conservatively estimate

selection because buffers may include both used and

unused habitat components (Rettie and McLaughlin

1999).

Compositional analysis has several advantages

over other methods of habitat selection analysis. It

allows an assessment of relative habitat use while

taking into account that each habitat type is a

proportion of an entire habitat composition and the

data therefore are not independent. Compositional

analysis considers all habitat types simultaneously

and indicates where significant differences exist

among selection rankings (Aebisher and Robertson

1992, Aebischer et al. 1993). In both levels of

analysis we analyzed only those habitat classes

available to all bears. When an individual’s use of

a habitat was 0, we replaced this value with 0.001.
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This value was less than the detectable minimum of

0.005, but not so low as to produce a skewed

distribution after transformation. Significance for

the habitat selection analysis and subsequent tests

was determined at P , 0.05.

For the second-order analyses of the effects of

river and road density on habitat use, we determined

river and road densities in each home range as well

as for the study area using ArcView (ESRI, Red-

lands, California, USA). We used 2-tailed 1-sample

t-tests to test the hypothesis that bears selected home

ranges with different river densities and road

densities than that of the CLSA. To determine the

influence of roads and waterways on habitat use at

the third-order level of analysis, we calculated the

distance between each radiolocation and the nearest

road and river using ArcView. We then generated an

equal number of random points within each bear’s

home range and measured the distance to the nearest

road and waterway for each random point. We used

a 2-tailed paired-sample t-test to test for differences

between the mean distances to roads and rivers for

the random points and the mean distances to roads

and rivers for the telemetry locations.

Results
Wemonitored 12 bears during the 2003 field season

and 17 bears during the 2004 field season; 7 bears

were common to both years. We omitted 3 bears from

the analysis: 1 bear left the study area after capture,

and we were unable to locate 2 bears during a large

proportion of the study season. The final sample

consisted of 19 individual bears and 29 bear-years of

data, with a mean of 23 relocations/bear. The mean

error polygon associated with telemetry was 0.16 km2

(SD 5 0.89), which was consistent with our selection

of 200-meter radius buffers (resulting buffer polygons

0.13 km2). Mean 95% MCP home range area was

18.3 km2 (3.2–36.5 km2, n 5 19, SD 5 8.3 km2).

At the second-order of selection, we detected a

significant departure from random use (weighted

Wilks’ lambda 5 0.1638, P , 0.0001), indicating

that cover type composition of home ranges differed

from the composition of the study area. Home

ranges contained more wetlands, forested wetlands,

and mixed coniferous–deciduous forest than expect-

ed and less deciduous forest than available (Fig. 2).

Bears selected home ranges with a 37% higher road

density than in the CLSA (one sample t 5 3.3133, 18

df, P 5 0.004). Home ranges contained on average

1.20 km/km2 (SD 5 0.44 km) of all types of roads,

whereas the CLSA contained 0.87 km/km2. Similar-

ly, bears selected home ranges with greater river

densities (0.52 km/km2, SD 5 0.27 km) than in the

CLSA (0.064 km/km2; one sample t 5 7.2498, 18 df,

P , 0.001).

At the third-order of selection, we did not detect a

significant departure from random use (weighted

Wilks’ lambda 5 0.778, P 5 0.40), indicating that

bears used cover types proportionately within their

home ranges (Fig. 3). Within home ranges, the mean

distance to roads from bear locations (322 m, SD 5

101 m) did not differ from that of roads to random

points (335 m, SD 5 122 m; paired t 5 0.759, 18 df,

P 5 0.46). Similarly, the mean distance to rivers

from bear locations (607 m, SD 5 176 m) did not

differ from that of rivers to random points (703 m,

SD 5 187 m; paired t 5 1.771, 18 df, P 5 0.093).

Discussion
We found that black bears in northern Wisconsin

select habitats with forest cover compositions

Fig. 2. Composition of cover types for black bear
home ranges compared to cover type availability in
the Clam Lake Study Area in the Chequamegon–
Nicolet National Forest in north central Wisconsin.
The y-axis is the log-ratio of use divided by
availability. Error bars represent 1 standard error.
Positive numbers represent selection for the habitat
component and negative numbers represent selec-
tion against that component. Bars with the same
letter are not significantly different (P . 0.05).
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different from that in the study area at large.

However, we found no discernible selection for

cover types within home ranges. Home ranges

contained greater road and river densities than the

study area at large, but there was no indication that

bears selected or avoided roads or rivers during their

movements within the study area.

Home range size

Despite our modest sample sizes, our home range

estimate of 18.2 km2 was similar to the 13.7 km2

estimate reported by the WDNR for female black

bears living on multiple-use lands in Wisconsin

(Kohn et al. 1996). However, home range estimates

for black bears found in the literature vary greatly,

most likely due to variation in habitat quality. For

example, in the state of Washington, Lindzey and

Meslow (1977) estimated average female home range

size as 2.35 km2, whereas Sager-Fradkin et al. (2008)

reported average home range size as 38.8 km2. A

recent study in Michigan estimated average MCP

home ranges for adult female black bears at

48.14 km2 (Hirsch et al. 1999).

Forest cover selection

Our findings underlined the importance of con-

sidering the spatial scale of selection processes. There

was significant second-order habitat selection de-

tected in the composition of home ranges, but no

significant third-order selection was observed within

the home ranges. Within the study area, wetlands,

mixed coniferous–deciduous forests, and forested

wetlands were selected for, whereas deciduous forest

was used less than expected. Coniferous forests were

used in the same proportion as availability. Similar

to our results, bears in western Maryland selected

mixed forests and wetlands over other habitat types.

The authors suggested that mixed forest was selected

over deciduous forest because of its conifer compo-

nent, which afforded bears additional escape, con-

cealment and thermal cover (Fecske et al. 2002), and

this could be true of our study area as well.

That bears apparently avoided deciduous forest

was surprising because it was a potentially valuable

source of mast. Interestingly, an occupancy model by

MacFarland (2009) for bears in northern Wisconsin

based on bait station visits suggested positive

associations of black bear occupancy with deciduous

forest. He suggested the importance of mast to

explain this result, although in his study there was

considerable uncertainty in discriminating between

alternative models. One of the problems inherent in

all use–availability studies is that some habitats must

necessarily appear to be avoided if others are

selected. Importantly, we do not conclude that

deciduous forests were not important for bears.

Indeed, our bear home ranges still consisted of 29%
deciduous forest. One weakness of our study was

that it concentrated on summer habitat selection.

Perhaps if our data collection included the fall we

might have found greater use of deciduous forest

when bears feed on hard mast. For example, Pelchat

and Ruff’s (1986) Alberta study suggested that black

bear use of cover type reflected availability when

natural foods were abundant. In a similar multi-scale

analysis, Lyons et al. (2003) demonstrated that black

bears located home ranges in areas with abundant

food resources.

Roads and rivers

Contrary to our results, a number of studies have

shown that bears use habitats in proximity to roads

less than expected relative to random use (Kasworm

and Manley 1990, Gaines et al. 2005, Reynolds-

Hogland and Mitchell 2007). In addition, several

Fig. 3. Composition of cover types of buffered
individual black bear locations compared to cover
type availability within each animal’s home range for
the Clam Lake Study Area in the Chequamegon–
Nicolet National Forest in north central Wisconsin.
The y-axis is the log-ratio of use divided by
availability. Error bars represent 1 standard error.
Positive numbers represent selection for the habitat
component and negative numbers represent selec-
tion against that component.
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studies indicated that female bears are strongly

affected by proximity to human activity (Unsworth

et al. 1989, Kasworm and Manley 1990, van Manen

and Pelton 1997), in part because females tend to be

more cautious by nature, especially when with their

cubs. Unsworth et al. (1989) suggested that females

avoided roads and other open areas, including clear

cuts, when possible. In Michigan, major highways

restricted the movements of 4 females and marked

their home-range boundaries, while the same bears

used lumber roads as travel routes (Manville 1983).

The same study suggested that bears foraged in the

early-successional vegetative stages in roadside cut-

tings. The vast majority of the roads in our study area

were gravel or dirt USFS roads, a number of which

were closed to regular vehicle traffic. The use of forest

roads as travel routes and foraging areas could

potentially explain the selection of home ranges with

relatively high road density. Also, it is possible that

our study may have been biased toward documenting

bears with high road density in their home ranges

because we placed all traps ,50 m from a forest road.

It is also possible that road placement was partially

correlated with the location of lakes and streams,

leading to a similar result. In any case, our results

simply showed that bear home ranges had greater

road densities than the study area at large. There was

no evidence that bears either were attracted to or

avoided roads within their home ranges.

Consistent with other studies (Rogers et al. 1988,

Unsworth et al. 1989, van Manen and Pelton 1997,

Fecske et al. 2002), our results indicated that bears

selected home ranges with a higher density of rivers

than the study area generally. A number of studies

show that bears are particularly likely to be found

near water (Rogers et al. 1988, Unsworth et al. 1989,

van Manen and Pelton 1997). Fecske et al. (2002)

also demonstrated that bears in western Maryland

selected habitats with high stream densities. Black

bears find many important food sources in wet areas,

such as succulent forbs. They also use water for

cooling and drinking. Use of waterways and

adjacent habitats could explain why bears selected

home ranges with a strong wetland and forested

wetland component.

Management implications
As the density and activities of human populations

continue to expand in northern Wisconsin, land and

wildlife managers need to consider the population

level of bears the changing habitat will be able to

support. The species composition throughout the

Great Lakes Region is currently changing from an

aspen and paper birch community to a maple–

hardwood and coniferous community (Kohn 1982,

Lorimer 2001). Because cover type appears to have

an effect on the age and sex class of harvested bears

(Malcolm and Van Deelen 2010), bear preferences

for certain cover types have the potential for creating

spatial variation in bear demographics. The long-

term implications of this for bear population

dynamics are not well understood; more research is

needed in this area.

Bear resource selection may be affected by human

disturbance, including timber harvest, agriculture,

hunting, developments, and roads (Weber 1994), as

well as human recreational activities, such as hiking,

fishing, skiing, and snowmobiling. Our study sug-

gests that the protection of wetlands, riparian areas,

and mixed coniferous–deciduous forests from fur-

ther development and alteration could benefit the

bear population. Our data could also be used to help

predict future occupancy in other parts of the state,

but such an attempt would be enhanced by further

research on habitat use by black bears in the

periphery of their geographic range. By monitoring

changes in habitat quality and composition, bear

population density, and bear habitat associations,

Wisconsin’s land and wildlife managers can continue

to balance the needs of black bears with those of the

human population.
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