
Endangered Species UPDATE Vol. 18 No. 4 2001110

Introduction
Gray wolves (Canis lupus) are gen-
eralists in their use of habitat, and
historically have been found in
most regions across temperate, bo-
real, and arctic regions of North
America (Mech 1995).  Despite this
generalist nature of habitat use,
landscape features, especially those
relating to human impacts, can be
used to predict suitable wolf habi-
tat (Corsi et al. 1999; Massolo and
Meriggi 1998; Mladenoff et al.
1995).  Road density has frequently
been used as a landscape feature to
predict suitable wolf habitat (Corsi
et al. 1999; Frair 1999; Fuller et al.
1992; Jensen et al. 1986; Mech et

al. 1988; Mladenoff et al. 1995;
Thiel 1985).

Early development of concept
of road density
As a graduate student under Aldo
Leopold, Thompson (1952) studied
wolf food habits in northern Wiscon-
sin in the late 1940s, about 10 years
before wolves disappeared from the
state.  Thompson (1952) warned that
development and opening of roads
across the logged forests of northern
Wisconsin could cause wolves to be-
come extirpated from the state.  As
predicted, wolves were extirpated
from Wisconsin by 1960 (Thiel 1985;
Wydeven et al. 1995).

Thiel (1985) examined the disap-
pearance of breeding populations of
wolves in Wisconsin from 1926 to
1960.  Using State Highway Commis-
sion Reports, he determined that
breeding wolves disappeared from 10
Wisconsin counties after road densi-
ties in these counties exceeded 0.48
to 0.68 km/km2 (X=0.58 km/km2).
The value of 0.6 km/km2 has since
been used frequently as the threshold
level at which wolf populations can
be maintained.  This level was found
to correspond well with areas of oc-
cupied wolf range in Minnesota
(Fuller et al. 1992; Mech et al. 1988),
Michigan, and Ontario (Buss and
Almeida 1998; Jensen et al. 1986).
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Abstract
Although wolves (Canis lupus) and many other carnivores are habitat generalists, certain land-
scape features can be used to predict suitable habitat.  Thiel examined the concept of road density
as an important factor in the persistence of wolf populations in Wisconsin prior to the 1960s and
found a relationship with the disappearance of breeding wolf populations when average road
density exceeded 0.58 km/km2.  Mladenoff and colleagues examined road density in the early
1990s as a factor in predicting favorable habitat of wolves colonizing Wisconsin between 1980
and 1992, and found that areas with road densities  less than 0.45 km/km2 had greater than a
50% probability of being colonized by wolf packs.  Mladenoff and colleagues updated this work
in the late 1990s by examining 23 packs colonizing Wisconsin between 1993 and 1997; 78%
continued to occupy areas with road densities below 0.45 km/km2.  In a recent examination of
radio-collared wolves in Wisconsin, a total of 60% of human-induced mortality occurred at road
densities above 0.63 km/km2.  Although road density may become less of a factor as human
tolerance changes, and wolf populations increase, it continues to be an important factor in
habitat selection by wolves and probably other carnivores.
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GIS analysis of road density
Through elimination of bounties and
protection by the 1973 Endangered
Species Act, wolves were provided
protection that allowed re-coloniza-
tion of Wisconsin in the 1970s
(Wydeven et al. 1995).  Mladenoff et
al. (1995) used a geographic informa-
tion system (GIS) to assess landscape
features that contributed to re-colo-
nization of 14 Wisconsin wolf packs
from 1980 to 1992.  Known pack ter-
ritories of radio-collared wolves were
compared to 14 random non-pack ar-
eas scattered across northern Wiscon-
sin.  Areas occupied by wolf packs
(80% isopleth of harmonic mean) had
average road densities of 0.23 km/
km2  (Table 1).  Road density was
based on paved roads, and improved

dirt and gravel roads that appeared
as solid lines on U.S. Geological
Survey (USGS) 1:100,000 quad-
rangle maps (Mladenoff et al.
1995).  Other important features of
wolf pack areas included lack of
urban and agricultural areas, exten-
sive forest (X=93%), high percent-
age wetland (X=29%), mostly pub-
lic lands and industrial forest land
( X=80%), and low human popula-
tion density.  Human density com-
pared closely to road density.

Mladenoff et al. (1995) used road
density as the main factor used in a
logistical regression model that pre-
dicted areas of suitable wolf habitat
(Table 2).  Areas with < 0.45 km/km2

were considered highly suitable wolf
habitat and were estimated to have >

0.50 probability of being colonized
by wolf packs.  Minnesota had the
most extensive area of highly suitable
habitat, and packs expanded outside
perceived suitable habitat in some
areas (Berg and Benson 1998).  Fuller
et al. (1992) indicated that in 1989,
88% of wolf pack areas had road den-
sities < 0.70 km/km2.  As predicted,
most areas of highly suitable habitat
were occupied by wolves in Michi-
gan (James Hammill, personal com-
munication).

Based on the logistical regression
model, areas with > 0.60 km road/km2

have less than a 10% chance of being
occupied by wolf packs.  Thus, the
GIS analysis agrees with the thresh-
old found by Thiel (1985).

Roads as a factor in wolf
habitat in other studies
A habitat model developed in the
Great Lakes region was used as a ba-
sis for assessing potential wolf habi-
tat in the northeast U.S. (Harrison and
Chapin 1998; Mladenoff and Sickley
1998).  Mladenoff and Sickley (1998)
estimated 53,500 km2 of potential
habitat in Maine and New Hamp-
shire and 16,020 km2 in New York.
Harrison and Chapin (1998) esti-
mated 48,787 km2 of potential habi-
tat in Maine and New Hampshire,
and 14,618 km2 in New York.
Mladenoff and Sickley (1998) re-
lied mainly on road density values,
while Harrison and Chapin used a
combination of road density and
human population density.

Road density has also been found
to be important in predicting wolf
habitat in Italy (Corsi et al. 1999;
Massolo and Meriggi 1998).  The es-
timated area of highly suitable habi-
tat in Italy (14,200 km2) (Corsi et al.
1999) was similar to the area esti-
mated in Wisconsin (14,864 km2)
(Mladenoff et al. 1995).

Kohn et al. (2000) conducted a
variety of studies examining the re-
lationship of wolves to roads in north-
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ytisneD

ytisneDdaoR mk/mk32.0 2 mk/mk47.0 2 mk/mk17.0 2

ytisneDnamuH mk/mk25.1 2 mk/mk61.5 2 mk/mk34.7 2

ytisneDreeD mk/mk85.8 2 mk/mk83.8 2 mk/mk22.8 2

Table 1.  Average landscape variables for 14 wolf packs, random non-
pack areas (n=14) and overall Wisconsin study area (modified from
Mladenoff et al. 1995).



Endangered Species UPDATE Vol. 18 No. 4 2001112

west Wisconsin.  Shelley and Ander-
son (1995) found road densities in
northwest Wisconsin wolf territories
to average 0.33 km/km2 for eight pack
areas.  Although wolves selected ar-
eas of low road density, travel areas
selected by packs were generally
close to trails and forest roads
(Gehring 1995).  Unger (1999) found
that wolves selected den sites in
roadless or low road density areas;
dens were generally located more
than 1 km from improved roads.  Frair
(1999) found that wolves most fre-
quently used areas away from roads,
and average road density in wolf ter-
ritories was 0.25 km/km2; road den-
sity was found to be the best predic-
tor of suitable wolf habitat.

Recent examinations of road
densities in Wisconsin
Mladenoff et al. (1999) examined 23
additional wolf territories that colo-
nized Wisconsin from 1993 to 1997.
Five packs (22%) exceeded the 0.45
km/km2 threshold of road density and
one (4%) exceeded the 0.60 km/km2

threshold.  Thirteen packs were ra-
dio collared and provided more pre-
cise data on area of pack use; two
(15%) exceeded the 0.45 km/km2

threshold and one (7%) exceeded the
0.60 km/km2 threshold.  In general,
the road density model continued to
be a good predictor of suitable wolf

habitat.  The one territory that ex-
ceeded the 0.60 km/km2 threshold
was in a state wildlife area that had
a higher road density (0.71 km/
km2), but greater access control
may have nullified the effects of
higher road density.

The wolf population in Wiscon-
sin increased from 15 wolves in 1985
to 248 wolves in 2000, totaling 66
packs (Wydeven and Wiedenhoeft
2000).  We examined whether packs
occurred within areas of suitable
habitat as illustrated by Mladenoff et
al. (1995, 1999).  Of 66 packs in Wis-
consin, 53 (80%) were contained in
areas mapped as highly suitable wolf
habitat (P > 0.50), seven (11%) were
contained within marginal wolf habi-
tat (0.50 > P > 0.10), and six (9%)
occurred in areas mapped as poor
wolf habitat (P < 0.10).   Thus, packs
continued to occur mainly in areas of
low road density.  Even those packs
occurring in areas that seemed unsuit-
able (road density > 0.60 km/km2),
were within 10 km of areas of highly
suitable habitat.

We recently examined the rela-
tionship between wolf mortality and
road density.  Fifty radio-collared
wolves died in Wisconsin between
1979 and 1999.  The road densities
for 47 wolf mortalities were collected
(Figure 1).  The average road density
for natural mortalities was 0.65 km/

km2 and for human-induced mortali-
ties was 0.78 km/km2.

Highest natural mortality was at
the road density range of 0.63 to 0.84
km/km2, areas considered poor habi-
tat.  We initially had expected natu-
ral mortality to be highest in areas of
most suitable habitat where wolves
most frequently occurred, but higher
rates at higher road density make
sense.  Wolves dying from natural
mortality, died mainly from disease
or intraspecific strife.  Diseased ani-
mals lose their fear of humans, and
often wander off by themselves into
poor habitat.  An adult female with
severe mange crawled into a garage
in 1993.  Mortality from intraspecific
strife usually occurs near the edge of
a territory and often pack boundaries
are near roadways.  Thus even wolves
dying from natural mortality are more
likely to be killed closer to roads.

Human-induced mortality
peaked at relatively high road densi-
ties (Figure 2).  Most shootings and
vehicle collisions occurred at road
densities of 0.84 to 1.14 km/km2.  A
total of 60% of human-induced mor-
tality occurred at a road density
greater than 0.63 km/km2.

In general, wolves appear more
likely to be killed at higher road den-
sities.  Although most wolves spend
little time at these higher densities,
they are at a much greater risk of be-
ing killed in these areas.

Discussion
As human attitudes toward wolves
improve and wolf populations con-
tinue to increase, road densities may
become less of a factor in wolf habi-
tat selection (Mech 1995).  In the
Great Lakes region, road density pro-
vides a useful proxy for human dis-
turbance and risk of mortality.  In
mountainous terrain where ungulate
distribution is very patchy, road den-
sity may be a less useful index (Diane
Boyd, personal communication), but
in the generally homogeneous land-

ssalCytilibaborP
)P(

ytisneDdaoR
2mk/mk

aerAatosenniM
)2mk(

aerAnagihciM
)2mk(

aerAnisnocsiW
)2mk(

05.0> 54.0< )%27(002,05 )%07(843,92 )%52(468,41

94.0-01.0 06.0-54.0 )%51(216,01 )%71(061,7 )%12(061,7

01.0< 06.0> )%31(823,9 )%31(674,5 )%45(001,23

Table 2.  Area of wolf habitat probability classes from a logistical
regression model and corresponding road density for portions of
three Great Lakes states (from Mladenoff et al. 1995).





 


