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Abstract: The impacts of roads on wildlife are extensive and can be especially harmful on U.S. National Forest lands 
where ecosystems are relatively intact. Access allowed by wildland roads can increase poaching, over-hunting, and 
over-trapping.  Roads also increase negative edge effects, cause fragmentation, and facilitate or hinder wildlife move-
ment. Forest Service managers are removing some roads to mitigate these impacts on wildlife, but few studies have 
addressed the effectiveness of this strategy.  
In this study, we tested if wildlife were using decommissioned roads more than adjacent open roads. The study was 
conducted on the Clearwater National Forest in the Bitterroot Mountains of north-central Idaho where they have 
removed and revegetated more than 500 mi of roads.  From May to October 2006 we monitored wildlife use on open 
and decommissioned roads using remotely-triggered cameras and baited track plates.  Wildlife monitoring was part of 
a larger citizen monitoring program where a trained volunteer coordinator lead trips into the field each week to collect 
data on decommissioned roads. Using t-tests, we compared the number of detections and rates of detection between 
open and decommissioned roads.  
Remotely-triggered cameras detected mammals at a higher rate on decommissioned roads than open roads for all 
species. However, on track plates there were about the same number of detections on open and decommissioned 
roads. Overall, we could not statistically distinguish the rate of detection between open and closed roads for white-
tailed deer, elk, moose, and coyotes. Black bear, however, had a significantly higher rate of detection on removed roads 
than open roads (p<.01). This finding is consistent with several studies that have found that bears avoid open roads.  
While the sample size was small, this study is the first to demonstrate with statistical significance that road decommis-
sioning is restoring habitat for bears. This summer we will increase our sampling efforts to help reduce variability and 
test if the level of security influences rates of detection. More research is needed to fully understand the effects of 
road removal on wildlife and their habitat.  

Introduction

While providing many benefits to society, roads can negatively impact wildlife communities.  Roads on U.S. National 
Forest lands can be especially harmful because of their location in relatively ecologically intact systems.  Wildland 
roads allow access deep into forestlands increasing poaching, over-hunting, and over-trapping (Wisdom et al. 2000).  
Roads also increase negative edge effects, cause fragmentation, and facilitate or hinder wildlife movement (Trombulak 
and Frissell 2000).

Removal of some wildland roads is being used as a strategy to reduce the impacts of roads on wildlife; however, few 
studies have tested the effectiveness of road decommissioning (Switalski et al. 2004).  Several studies have examined 
the effects of temporarily closing roads for elk (Cervus canadensis) security (e.g., Irwin and Peek 1979, Leptich and 
Zager 1991, Gratson et al. 2000).  In a review, Rowland et al. (2005) reported that temporary road closures increase 
the amount of effective habitat, increase hunting opportunities, decrease damage to crops, improve diet quality, in-
crease hunter satisfaction, and decrease vulnerability of elk during the hunting season.  These studies just addressed 
short-term closures, with gates restricting access during the hunting season. 

Road decommissioning has been recommended to improve habitat security for grizzly bears (Ursus arctos horribilis; 
Frederick 1991, USFWS 1993, Powell et al. 1996, and Mace et al. 1999), black bears (Ursus americanus; Boone 
and Hunter 1996), and rare forest carnivores (Bull et al. 2001).  Reduced access for wood cutting resulting from road 
decommissioning has also been predicted to benefit cavity nesting birds (Bull and Wales 2001).  Anecdotal evidence 
suggested that Western toads (Bufo boreas) were breeding on decommissioned roads in western Montana where slash 
created structural diversity and microhabitats (Bradley 1997).  

While several studies have hypothesized that road decommissioning would improve wildlife habitat and decrease 
sources of mortality, there has been no formal study conducted to support or refute these ideas.  In this study, we 
tested if wildlife were using decommissioned roads more than adjacent open roads.    

Study Area

The study was conducted on the Clearwater National Forest (CNF) in the Bitterroot Mountains of north-central Idaho.  
The CNF has removed and revegetated more than 500 mi of roads on the forest.  Our sites were located within the 
Lochsa River watershed.  Most sites were remote, but accessible by a paved highway (Hwy. 12) throughout the field 
season.  Lolo and Kooskia were the closest towns and ranged from 17 mi to 57 mi from our sites.  

Elevation of the study sites  ranged from 3,360 ft to 4,850 ft and slopes generally exceeded 30 percent.  The climate 
is characterized by heavy snowfall from November to March with the nearby Powell Ranger Station (3,630 ft) receiving 
an average annual total snowfall of 169.4 in.  Rain is common in the spring and fall with slight drying in the summer.  
Powell Ranger Station receives an average annual total precipitation of 38.97 in with more precipitation at higher 
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elevations.  The average annual maximum temperature is 56.1 oF and the average annual minimum temperature is 
29.4 oF (data from Western Regional Climate Center http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?idpowe).

The tree canopy is dominated by Douglas-fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and 
Englemann spruce (Picea engelmannii). In riparian, corridors old growth western red cedar (Thuja plicata) and grand fir 
(Abies grandis) are the dominant tree species. Important understory shrubs include Sitka alder (Alnus sinuata), Rocky 
Mountain maple (Acer glabrum), mountain ash (Sorbus scopulina), western thimbleberry (Rubus parviflorus), and blue 
huckleberry (Vaccinium globulare). 

Decommissioned roads were seeded with non-persistent non-native see mixes, and some level of native plant and 
shrub community has returned.  On many of the sites, trees have also begun to recolonize the decommissioned 
roads. Additionally, some non-native invasive plants are present on decommissioned roads including spotted knap-
weed (Cntaurea maculosa), St. Johnswort (hypericum perforatum), sulfur cinquefoil (Ptentilla recta), and oxeye daisy 
(Crysanthemum leucanthemum).  

A complete suite of native wildlife species still thrive in the area, except grizzly bears. Most roads receive little human 
use, except during the hunting season. Archery season for white-tailed deer (Odocoileus virginianus) and elk began on 
August 10 and lasted the remainder of the study. Moose (Alces alces) were hunted with rifles from August 30 until the 
end of the study.  Black bear hunting with dogs took place for most of the study and was allowed April 1 until June 30 
and then again from August 30 until the end of the study. Coyotes (Canis latrans) were managed as predatory wildlife 
and could be shot on sight. Trapping was generally not allowed during our study.  

Methods

From May to October 2006 we monitored wildlife use on open and decommissioned roads using remotely-triggered 
cameras and baited track plates.  Wildlife monitoring was part of a larger citizen monitoring program where a trained 
volunteer coordinator lead trips into the field each week to collect data on decommissioned roads.   

Using GIS, we calculated the “local road density” of each site for an average female black bear home range (12 km2; 
Reynolds and Beecham 1980) around each study site (table 1).  We also recorded the amount of human use on open 
and decommissioned roads, aspect, and the amount of cover on decommissioned roads (table 2).  

Table 1: Study site characteristics

* Calculated using an average female black bear home range (12km2; Reynolds and Beecham 1980) buffer; ground truth-
ing will be necessary because not all decommissioned roads have been removed from the Forest Service inventory

Table 2: Study site characteristics for open and decommissioned roads

Sampling Design

Our study design consisted of three paired monitoring sites on open and decommissioned roads. One set of a remotely-
triggered camera and a track plate were placed on an open road near the beginning of the decommissioned road. A 
second camera and track plate was set 0.3 mi back on the decommissioned road. A third camera was placed 1 mi 
back on the decommissioned road to test if increased security (i.e., increased distance from an open road) influenced 
wildlife use. In order to minimize the amount of variability, sites were located at similar elevation and between 6 and 7 
mi from a paved road (table 1).

Sampling Methods

StealthCam© remotely-triggered film and digital cameras were used to record large mammal use.  Remotely-triggered 
cameras have been used successfully for many years to detect wildlife and have been commercially available since 
the early 1990s (e.g., Kucera and Barret 1993). They contain a passive infrared sensor which triggers the camera 
using heat and motion. Cameras were mounted on trees adjacent to open and decommissioned roads. On decommis-
sioned roads, cameras were next to existing wildlife trails on the former location of the road prism. Camera stations 
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automatically photograph animals that interrupt the infrared “trip” beam.  At night, a visible flash allowed animals to 
be identified.  Cameras were programmed to take three consecutive photos with a 60-second delay between triggers. 
The camera tagged each photo with the date on each photo. Cameras were checked once a week to ensure they were 
functioning properly. 

Track plates were used to record small and medium size mammals.  We employed similar tracking methods as de-
veloped by Fowler and Golightly (1994).  Track plates consisted of a 24 in x 36 in piece of sheet metal covered by an 
aluminum roof.   In the center of the track plate, a 12 in x 18 in piece of white contact paper was placed sticky side up 
and affixed with double-sided tape. The remainder of the track plate was covered with a tracking medium consisting of 
Sight Black©.  The track plate was baited with a small can of cat food.  Each week, the contact paper with tracks was 
removed and kept as a permanent record.

Statistical Analysis

For analysis, the total number of detections on open and decommissioned roads from remotely-triggered cameras and 
track plates were summarized.  For remotely-triggered cameras, each trigger was counted as an individual unless it 
was apparent that the same animal was repeatedly triggering the camera.  We had different levels of sampling effort 
because of camera malfunctions, stolen cameras, and to account for an additional camera on decommissioned roads.  
In order to accommodate for this disparity of effort, we calculated the rate of detection for each species on open and 
decommissioned roads dividing the number of individuals of a species by the number of days of sampling (fig. 1).  We 
conducted t-tests to identify if there was a significant difference in the means of the rates of detection between open 
and decommissioned roads (Zar 1999).  

For track plates, there was generally the same amount of sampling effort on each site, so we used raw data for analy-
sis.  Multiple tracks of the same species during one sampling period were counted just once.  For track plate data, we 
conducted t-tests to identify if there was a significant difference in the means of the amount of detections between 
open and decommissioned roads (Zar 1999).  
 
Results

We recorded 11 mammalian species, 1 avian species, and people on open and decommissioned roads. We had a total 
of 505 camera days which recorded 154 wildlife detections and people (vehicles on open roads; hunters and Agency 
personnel on decommissioned roads; fig.1).  Track plates were checked a total of 38 times resulting in 135 individual 
detections (fig. 2).

The amount of use on open roads appeared to correspond with distance from the closest town.  The closest site to 
a town (Pete King) had the most use.  The amount of use on decommissioned roads appeared to be related to the 
degree of cover and/or year decommissioned.  Shotgun Creek which did not have any human use had been decommis-
sioned for almost 20 years and had dense spruce and alder covering much of the old roadbed.  

Overall, remotely-triggered cameras detected mammals at a higher rate on decommissioned roads than open roads 
for all species (fig. 1).  Deer were the most frequently detected species on open and decommissioned roads (10% and 
22%, respectively).  Coyotes were only detected on decommissioned roads.  The one avian species detected, turkey, 
was only found on open roads.  
 

Figure 1. Average rate of detection (number of species/number of camera days)  by remotely-triggered cameras 
on three open and decommissioned roads in the Powell Ranger District of the Clearwater National Forest (May 

2006 through October 2006). Error bars are ± one standard error.
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On track plates, there were about the same number of detections on open and decommissioned roads (66 and 
69, respectively; fig. 2).  However, bear tracks were found more on decommissioned roads than open roads.  Mice 
(Peromyscus spp.) and voles (Microtus spp.) were detected the most and were found on almost every track plate.  We 
could not distinguish these species by their tracks, so they were grouped together.  Other species detected on track 
plates included jumping mouse (Zapus princips) , chipmunk (Tamias spp.), red squirrel (Tamiasciurus hudsonicus), 
short-tailed weasel (Mustela erminea), and American marten (Martes americana).  
 
Statistical analysis of camera data found that black bear were detected at a significantly higher rate on decommis-
sioned roads than on open roads (p<.01; fig. 1).  There were high levels of variability between sites for most other 
species and thus there wasn’t a statistical difference in detection between open and decommissioned roads.  

Figure 2. Number of species detected by track plates on three open and decommissioned roads in the Powell 
Ranger District of the Clearwater National Forest (May 2006 through October 2006). Error bars are ± one 

standard error.

Discussion

Overall, we could not statistically distinguish the rate of detection between open and closed roads for white-tailed deer, 
elk, moose, and coyotes.  Black bear, however, had a significantly higher rate of detection on removed roads than open 
roads (p<.01).  This is consistent with the scientific literature that suggests that bears avoid roads.  Numerous studies 
have found avoidance of open roads by grizzly bears (e.g., McLellan and Shakleton 1988, Mace et al. 1996, 1999) 
and black bears (e.g., Brody and Pelton 1989, Kasworm and Manley 1990, Powell et al. 1996).  On open roads, these 
animals are susceptible to poaching and increased hunting pressure.  The result of bears avoidance of roads leads to 
decreased habitat in areas with high road density.  

Bear hunters with dogs were documented on open roads during the study and it is likely that bears would avoid these 
areas to reduce mortality risk, especially during the hunting season.  Only on two of our open road sites did we once 
detect bears.  And we never detected bears on roads during the spring or fall hunting season.  While Powell et al. 
(1996) suggested road decommissioning as a critical management scheme to protect hunted populations of black 
bears; this is the first study to show that this may be the case. 

There were high levels of variability due to our small sample size.  The Doe Creek site only recorded elk on an open road 
and had more deer on an open road.  Doe Creek was decommissioned in 2000 and has not had much time for vegeta-
tion to become established.  The low number of detections of ungulates on Doe Creek decommissioned road site could 
be due to their preference for hiding cover.  This site had a low degree of cover and several long lines of sight.  Distance 
to cover was found to be a significant factor determining use of crossing structures by wildlife in Banff National Park, 
Canada (Clevenger and Waltho 2005).

The management implications of these findings could be very important both in the Clearwater National Forest and 
beyond.  For example, six of eight species of bears around the world are experiencing significant declines in their 
populations (Servheen 1989).  While black bear populations are generally stable, isolated populations in the southern 
U.S. have been in decline.  Additionally, black bears could be a surrogate for the more endangered grizzly bear that are 
expected to naturally reoccupy the Selway-Bitterroot ecosystem.  Considering that black bears tend to be less wary of 
humans than grizzly bears, they likely would respond similarly to road decommissioning efforts.  The Flathead National 
Forest (MT) has decommissioned more than 300 miles of roads for grizzly bear security, yet little is know if this pro-
gram is effective.  Our study may provide supporting evidence that decommissioned roads provide more security for 
bears and use them more than open roads.  
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Our track plates did not find any statistical difference between open and decommissioned roads.  This could be due 
to the lack of structural complexity on recently decommissioned roads.  Recently decommissioned roads resemble 
clearcuts or open roads, and it may take many years for small mammal habitat to return.  Many small mammals will 
avoid and in some occasions not cross open roads (Wisdom et al. 2000).  Recently, Semlisch et al. (2007) examined 
road effects on a woodland salamander (Plethodon metcalfi) in the southern Appalachian Mountains.  In addition to 
finding lower salamander abundance adjacent to forest roads, they also found lower abundance on old (80 years), 
abandoned overgrown logging roads.   Thus, the effects of road building may persist for generations.  

Conclusion and Next Steps

While the sample size was small, this study is the first to demonstrate with statistical significance that road decommis-
sioning is restoring habitat for bears. While more research is needed to fully understand the effects of road removal on 
bears, this is a first step. This summer, we will be increasing our sample size to include two more study sites.  We also 
hope to increase our sampling effort by monitoring sites more than once a week. Checking on our cameras and track 
plates twice a week would increase the amount of data collected and reduce the amount of data lost due to camera 
malfunctions. By increasing our sample size, we hope to reduce variability and gain greater insight into the impacts of 
increased levels of security on wildlife use of decommissioned roads.  
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