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ROADS LESS TRAVELED? THE EFFECTS OF ROADS ON WOLVES AND BROWN BEARS WORLDWIDE JULIE STEIN Yale School of Forestry and Environmental Studies, New Haven, Connecticut 065611, E-mail: [email protected] Abstract. Interest in the effects of roads on natural systems is on the rise. Forest Service Chief Dombeck is in the process of evaluating the agency’s current roads policy, and the journal Conservation Biology devotes much of its February 2000 issue to taking a comprehensive look at the subject. Roads and road density can be used as an index for human disturbance since they are often associated with increased human access to previously inaccessible areas and with human settlement or resource extraction. Research indicates that two of our native large carnivores the gray wolf, and the grizzly bear are sensitive to human disturbance. The wolf is currently listed as endangered across the lower 48 states, and the grizzly bear is listed as threatened in its few remaining isolated populations outside of Alaska. Agency resource managers and conservation organizations are both interested in the restoration and recovery of these two species. I undertake a worldwide review of the extant literature to test the hypothesis that roads and other linear features like trails, fire breaks, and seismic lines, have a significant effect on the movement of these two species across the landscape, influence their behavior, and ultimately, may affect their survival. This review was also undertaken in an effort to characterize the differences, if any, of the effects of roads on wolves and bears. It is hoped that a consolidation of these materials will serve as a useful resource for scientists and policy makers that are interested in the long-term persistence of our top carnivores. Key words: brown bear ; corridors; gray wolf; grizzly bear; fragmentation; habituation; human facilities; human disturbance; human matrix; large carnivores; resource extraction; roads; road density; roadless areas; trails.



“There are few more irreparable marks we can leave on the land than to build a road.” Chief of the Forest Service, Mike Dombeck Introduction This 1998 statement by Forest Service Chief Dombeck is evidence of a growing concern among policy makers, conservation biologists, landscape ecologists, and conservation professionals with the effects of roads on our ecosystems. Much of the existing network of 383,000 miles of Forest Service access was built over the last 50 years for timber harvest, however since 1990 timber harvest on the National Forests has declined and presently accounts for only one-half of one percent of all forest use. The cost for Page 1 of 17 Please cite as: Stein, J.T. 2000. The Effects of Roads on Wolves and Bears Worldwide, Chapter 4 in Stein, J.T., From Extermination to Reintroduction: A Snapshot of North American Large Carnivore Conservation at the Millennium. Unpublished Master’s Thesis, Yale School of Forestry and Environmental Studies, New Haven.



maintenance and improvement of existing Forest Service roads is $8.4 billion. There are ecological costs to roads as well. These include erosion, degradation of riparian habitats through increased sedimentation, changes in stream flow and temperature, as well as the creation of barriers for dispersal for many species, increasing access for illegal poaching of wildlife, road kills, and invasion by exotic species or epizootics. Fortunately, the Forest Service recognizes that the time has come for a new roads policy in our National Forests, and for protecting the remaining unroaded areas, which constitute17.2% of Forest Service land, from fragmentation.1 In February of 1999, Agriculture Secretary Dan Glickman joined Forest Service Chief Mike Dombeck to announce an 18-month road construction suspension while it looks at new policies to guide road policy. Against this backdrop of changing Forest Service road policy, I undertake a standard review of the literature, worldwide, on the effects of roads on two wide ranging and controversial top carnivores, brown or grizzly bears, and wolves. General Effects of Roads Trombulak and Frissell (2000) recently undertook a review of the literature on the ecological effects of roads and found support for the conclusion that roads are associated with negative effects on biotic integrity. They outlined seven general ways that roads effect terrestrial and aquatic ecosystems: (1) increased mortality from road construction, (2) increased mortality from collision with vehicles, (3) modification of animal behavior, (4) disruption of the physical environment, (5) alteration of the chemical environment, (6) spread of exotics, and (7) changes in human use of land and water. Using data available from the National Research Council and other sources, Richard Forman (2000) estimated the total area directly affected ecologically by roads in the United States at 19% and reported that roads in rural areas have a greater total ecological effect (16.7%) than in urban areas (2.5%). Spatial effects have been demonstrated as well. Reed et al. (1996) using Geographic Information System (GIS) technology, forest cover and vegetation maps, compared forest patch fragmentation between 1950-1993 and found that roads added to forest fragmentation more than clear-cuts in the Medicine Bow-Routt National Forest in 1
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Wyoming, by dissecting clear-cuts into smaller pieces and by converting forest interior into edge.



Connectivity for Carnivores In 1996 Noss et al. looked at the possible umbrella and keystone effects of some large carnivores due to their requirements for large areas of undisturbed habitat and their exceptional vagility, and at the application of the metapopulation approach to large carnivore reserve design. They noted that movement corridors are dynamic, not fixed, for large carnivores, and that roads affect connectivity of these populations by acting as dispersal barriers through direct mortality (road kills), through increased access for legal and illegal hunting, and by reducing the possibilities for demographic rescue effects. Noss et al. outline a model reserve for large carnivores in which roadless areas are embedded in and linked by zones with low road density, and in which outer zones accommodate a number of human uses. Effects of Roads on Wolves Direct Mortality While wolves are subject to various sources of mortality (parasites, disease, fluctuations in prey populations, malnutrition, injuries and intraspecific strife) none of these factors are known to have exterminated wolves on either a local or regional basis (Thiel 1985). Humans, on the other hand, have had a profound effect. Mech (1989) and others (Holstun Lopez 1978, Boitani 1982, Carbyn 1982, Thiel 1985, Boyd and Pletscher 1999,) attribute interaction with humans as one of the primary causes of wolf mortality. There is strong evidence to indicate that the rate of interaction with humans is a function of road density and human access. An early reference to the impacts of roads on wolves is made by De Vos in a 1949 issue of the Journal of Mammalogy. De Vos observed that during the winter of 1947-1948 at least 14 wolves were killed by cars and turned in for bounty claims on Ontario highways. De Vos speculated after conversations with “old timers” that what appeared to be an Page 3 of 17 Please cite as: Stein, J.T. 2000. The Effects of Roads on Wolves and Bears Worldwide, Chapter 4 in Stein, J.T., From Extermination to Reintroduction: A Snapshot of North American Large Carnivore Conservation at the Millennium. Unpublished Master’s Thesis, Yale School of Forestry and Environmental Studies, New Haven.



increase in road- killed wolves was due to greater use of farm areas by wolves in Northern Ontario than in the past, possibly due to increased population pressure. Boitani (1982) reported that wolf mortality in Italy was almost exclusively due to poaching, poisoning, and road accidents. Using radio-collared wolves near Glacier National Park, Boyd and Pletscher (1999) looked at dispersal in a colonizing wolf population and found that 80% of wolf mortalities were human caused and that wolves killed by humans died closer to roads (X= 0.13 km) than wolves that died from other causes (X= 0.85 km). Availability of Prey and Possible Ease of Travel In 1952 Thompson researched food habits of wolves in Wisconsin. He found that state owned fire lanes closed to human vehicular traffic were preferred travel routes by wolves in all seasons. Theses fire lanes also were frequented by white tailed deer that utilized the forage available in these areas. The author notes that federally owned fire lanes in the same area tended to be gravel covered and remained open to traffic, reducing the value of the habitat for wolves, and increasing access by trappers, and veteran wolf hunters with their hunting hounds. James and Stuart-Smith (2000) examined the distribution of wolves and caribou in relation to linear corridors such as roads trails, seismic lines and pipeline corridors in Alberta, Canada. They did not address the level of human use in this area but found that wolf-caused caribou mortalities were closer to linear corridors than live caribou locations indicating that linear corridors may increase wolf predation efficiency by increasing their search rate and may provide greater access into caribou range. In Poland, Musiani et al. (1998) reported that in winter, wolves traveling on forest trails, roads and frozen rivers traveled significantly faster than those traveling through the forest. The authors do not speculate on possible reasons for the difference in speeds of travel but feel that snow depth did not affect the activity of the wolves and that similar results would be applicable to other seasons. Avoidance of Roads Thurber et al. (1992) examined coyote and wolf coexistence to determine the mechanism of competition between the two canids on the Kenai Peninsula of Alaska. They found that the ratio of coyotes to wolves captured on public roads was 10:1, while the ratio on roads closed to vehicle access was 0.71:1. The researchers proposed that Page 4 of 17 Please cite as: Stein, J.T. 2000. The Effects of Roads on Wolves and Bears Worldwide, Chapter 4 in Stein, J.T., From Extermination to Reintroduction: A Snapshot of North American Large Carnivore Conservation at the Millennium. Unpublished Master’s Thesis, Yale School of Forestry and Environmental Studies, New Haven.



interference competition was responsible for the observed difference in coyote: wolf ratios between roads open and closed to vehicles. If wolves are avoiding roads open to human use, they may be providing a stable refuge for coyotes, enhancing their survival by reducing the possibility of wolf-caused coyote mortality. Thurber et al. (1994) looked at wolf response to road types (highways, secondary roads, and gated roads) and to human presence at the boundaries of Kenai National Wildlife Refuge in Alaska to better characterize the influence of human settlement on wolf distribution. Their results found that wolves avoided oilfield access roads open to human use, but were attracted to a gated pipeline access road and secondary gravel roads with limited human use. They also found that wolf response to a major highway was equivocal, perhaps explained because the wolves used a den 1 km from the road. They concluded that whether through attraction or avoidance, roads seem to be a landscape feature that may influence spatial organization of packs. Tolerance of Humans and Habituation to Human Disturbance Other researchers have found that wolves, particularly in areas where there is not legal hunting of the species, can become surprisingly tolerant of people and habituate to human disturbance. The Wildcat pack in west-central Wisconsin, for example, denned at a contract operated sphagnum-moss drying bed site in the Black River State Forest for three consecutive years. The den was also within 0.8 km of an intensively used ATV trail, and within 2 km of Interstate Highway 94 (Thiel et al. 1998). Road Density Road density is often used as an index for human access and by extension, human disturbance. Thiel (1985) evaluated the relationship between rural road systems and wolf vulnerability in Wisconsin from 1926-1960 and found that wolves did not survive when road densities exceeded 0.93 miles/square mile or 0.51- 0.59 km/square km. At this road density wolf populations moved from breeding to non-breeding populations. As a result road densities are an important predictor of the capability of an area to sustain a breeding population of wolves. Mech et al. (1988) evaluated Thiel’s 1985 findings of an approximate 0.58 km/square km threshold for the occurrence of wolves in a study examining about 46% of the state of Minnesota. Distributions of breeding pairs were Page 5 of 17 Please cite as: Stein, J.T. 2000. The Effects of Roads on Wolves and Bears Worldwide, Chapter 4 in Stein, J.T., From Extermination to Reintroduction: A Snapshot of North American Large Carnivore Conservation at the Millennium. Unpublished Master’s Thesis, Yale School of Forestry and Environmental Studies, New Haven.



mapped and mean road density was calculated for each area of wolf range. The mean density of roads for areas occupied by wolves after adjustments for the presence of nearby reservoirs (low road density) were found generally to support Thiel’s threshold figure. The researchers also point out that except for direct mortality, roads themselves do not prevent wolves from inhabiting an area. It is rather, the accessibility roads provide to people, and the association of roads with resource extraction and other types of land use that may affect wolf security. Jensen et al. (1986) found in their study of wolves on the Ontario-Michigan border during 1980-1981 that road densities where wolves resided (X= 0.38 km/square km) were lower than areas where they did not reside (X= 0.93 km/square km). They concluded that areas with high human density, as indicated by a road density > 0.6 km/square km, apparently served as a barrier to wolf dispersal from Ontario across the border into Michigan. Mech (1989) reported that a wolf population with primarily human caused wolf mortality in an area of high road density (>0.58 km/square km) was maintained through ingress from an adjacent wolf population in a wilderness area of Minnesota. Seventy-one wolves were radio-tagged and tracked from 1969-1986. Although the roaded part of the study area had 26% more roads than similar areas where wolves did not survive (Thiel, 1985; Jensen et al., 1986; Mech et al., 1988) the wolves here survived despite unusually high human caused mortality. The answer appears to lie in the source population living in the adjacent unroaded Boundary Waters Canoe Area. Prediction of Suitable Habitat for Wolves Using Regional Road Abundance and Density As a result of natural wolf recolonization and reintroduction programs, David Mladenoff and colleagues did a series of studies using logistic regression models to estimate the amount and spatial distribution of favorable wolf habitat at the regional landscape scale. Mladenoff et al. (1995) began by assessing five landscape-scale habitat variables (human population density, prey density, road density, land cover, and land ownership) and their importance to wolves recolonizing the Northern Great Lakes region. They Page 6 of 17 Please cite as: Stein, J.T. 2000. The Effects of Roads on Wolves and Bears Worldwide, Chapter 4 in Stein, J.T., From Extermination to Reintroduction: A Snapshot of North American Large Carnivore Conservation at the Millennium. Unpublished Master’s Thesis, Yale School of Forestry and Environmental Studies, New Haven.



found that road density and fractal dimension were the most important predictor variables in the logistic regression models and that patterns of human density were very similar to patterns of road density. Fractal dimension was significantly lower in pack areas which may also be an indicator of lower human presence and less habitat fragmentation. The authors concluded that road density would remain an important index of wolf success. Wolves in Wisconsin at the time of this study were limited to areas with a mean road density of 0.45 km/square km, and pack core areas (more sensitive den and rendezvous sites) of 0.23 km/square km, and no wolf pack territory was bisected by a major highway (Mladenoff et al. 1997). The authors suggest that such core areas may be important to the success of a population attempting to colonize marginal habitat where an abundant source of dispersers is not present. The same group of researchers went on to further interpret these findings in a 1997 paper explaining that the results involved a complex set of selection and avoidance behaviors on the part of the wolves, and did not indicate that roads were being avoided per se, but rather human contact. They believed that road density was, however, the best predictor of wolf habitat. They developed a habitat probability model based on a logistic regression analysis of landscape characteristics to estimate potential wolf numbers in Wisconsin and Michigan. The habitat in upper Michigan was more favorable than that of Wisconsin where habitat consisted of small isolated areas set in a matrix of higher road density and human development. As a result there was more uncertainty in predicting population growth in Wisconsin. Based on their spatial model of wolf population dynamics, population growth and viability are highly dependent on dispersal success and on adult and pup mortality because wolves are increasingly vulnerable as they disperse across human dominated landscapes. Mladenoff and Sickley (1998) conducted a similar predictive study using GIS and a logistic regression model based on regional road abundance and reported that the Northeastern states from upstate New York to Maine contain >77,000 square kilometers of suitable habitat for wolves. This potential habitat is important considering a recent revision in wolf taxonomy that found the eastern timber wolf to be a distinct subspecies, Canis lupus lycaon, from wolf populations in the upper Midwest. This subspecies is Page 7 of 17 Please cite as: Stein, J.T. 2000. The Effects of Roads on Wolves and Bears Worldwide, Chapter 4 in Stein, J.T., From Extermination to Reintroduction: A Snapshot of North American Large Carnivore Conservation at the Millennium. Unpublished Master’s Thesis, Yale School of Forestry and Environmental Studies, New Haven.



extinct in the eastern United States, but extant in southeastern Canada. Using GIS data for Northeastern roads, ungulate densities, and the logistic model and procedures from Mladenoff et al.’s 1995 work, the authors generated a spatially explicit map of potential habitat. The areas identified as suitable wolf habitat included 16,020 square kilometers in New York’s Adirondack Mountains. In Maine they identified 47,332 square kilometers, with additional smaller parcels in Vermont and New Hampshire. The authors noted that deer densities were generally high due to altered forest ecosystems and that significant future reductions in deer numbers might be spatially limiting to wolves in a fragmented landscape. Prey reductions would trigger a corresponding increase in the mean territory of pack sizes and some habitat patches might no longer be large enough to sustain a wolf pack in a patchy landscape. As a consequence deer reductions could cause higher wolf mortality if wolves were forced into lower quality habitat with higher road densities and attendant human caused mortality. Finally, Mladenoff et al. (1999) used their predictive logistic regression model to provide a better validation test of the model predictions based on data from new packs colonizing Wisconsin from 1993-1997. The model correctly classified 18 of 23 newly established packs into favorable areas. As a result they concluded that the model remained robust at predicting areas most likely to be occupied by colonizing wolves based on available road network data. Road densities 
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