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INCIDENCE OF ROAD CROSSING BY BLACK BEARS ON PISGAH NATIONAL 
FOREST, NORTH CAROLINA 

JEFFREY J. BERINGER,1 Department of Forestry, Wildlife, and Fisheries, University of Tennessee, Knoxville, TN 37901 

STEVEN G. SEIBERT,2 Department of Forestry, Wildlife, and Fisheries, University of Tennessee, Knoxville, TN 37901 

MICHAEL R. PELTON, Department of Forestry, Wildlife, and Fisheries, University of Tennessee, Knoxville, TN 37901 

Abstract: We examined the reactions of 24 radio-tagged black bears (Ursus americanus) to roads on the Harmon Den area of Pisgah National Forest, North Carolina, 
during 1984 to 1987. The number of times roads were crossed by bears was related to the road density within their home range, and to the traffic volume associated with 
these roads. Roads were classified according to the mean number of vehicles using that road per day. Class I roads had 10,000+ vehicles per day, Class II had 50-100 
vehicles per day, and Class III roads had 5-20 vehicles per day. Bears crossed Class I roads significantly less (P < 0.0001) than Class II and Class III roads. Class II and 
III roads were crossed with almost equal frequency. A mean difference of 60 vehicles per day between the 2 classes did not affect the crossing frequency by bears. Bears 

strongly avoided (P < 0.0001) Class I roads as the density of these roads in their home range increased. Bear crossings of Class III roads increased as road density increased. 
Bears were found to cross roads with greater frequency during daylight hours than at night. The potential adverse effects of human activities such as timber management 
and hunting are discussed in relation to different types and uses of roads. 

Int. Conf. Bear Res. and Manage. 8:85-92 

Numerous studies have documented avoidance of 
roads by many wildlife species including: turkey (Melea- 
gris gallopavo) (Wright and Speake 1975), white-tailed 
deer (Odocoileus virginianus) (Dorrance et al. 1975), 
mule deer (Odocoileus hemionus) and elk (Cervus 
elaphus) (Rost and Bailey 1979), mountain lions (Felis 
concolor) (Van Dyke et al. 1986), and grizzly bears 
(Ursus arctos) (Archibald et al. 1987). Studies also have 
documented relationships between black bears and roads, 
often with conflicting results. Bears were reported to 
avoid roads in eastern (Hamilton 1978) and western 
North Carolina (Brody 1984), Great Smoky Mountains 
National Park (GSMNP) (Quigley 1982), Cherokee 
National Forest (Villarrubia 1982), and West Virginia 
(Miller 1975, Brown 1980). However, Carr (1983) 
reported bears did not avoid roads on his study area in 
GSMNP. Bears were reported to avoid some roads but 
not others in Maine (Hugie 1982), Michigan (Manville 
1983), Great Dismal Swamp National Wildlife Refuge 
(Hellgren 1988), and western North Carolina (Beringer 
1986, Seibert 1989). Brody and Pelton (1989) suggested 
bears establish home ranges so as to keep road density or 
traffic volume below threshold levels. Many variables 
are associated with bears and their reactions to roads. 
Juxtaposition of habitat components, road density, traffic 
volume, learned behavior of individual bears, whether or 
not the population is hunted (Geist 1971, Dorrance et al. 
1975), and even method of analysis (Brody 1984) affect 
interpretation of bear interactions with roads. 

Road densities and bears' reactions to roads are sig- 
nificant in the southern Appalachians where hunting 
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bears with the aid of dogs is traditional and very popular. 
The bear season in western North Carolina opened in 
mid-October and remained open through December each 
year of the study. It was closed for 3 weeks during 
November and December; hunters could legally hunt 52 
days. When bears cross roads they become vulnerable to 
hunting. Ninety percent of the bears killed in western 
North Carolina are killed with the aid of hounds (Collins 
1983). Hunters drive roads with "strike" dogs on the 
hoods of vehicles; some dogs apparently can smell bear 
crossings that are several hours old. Dogs are released at 
locations where a bear has recently crossed a road. 
Hunters monitor the chase by listening to the dogs' 
voices, with CB radios, and with radio collars on their 
dogs. The road network enables them to follow most 
chases with vehicles and many bears are shot and killed 
as they recross roads in front of hunters. Seventy-three 
percent of the kills occur within 1.6 km (1 mi) of a road; 
23% within 70 m of a road (Collins 1983). Greater access 
also increases the potential for illegal hunting. Thus, 
extensive road systems may be a critical factor for hunter 
success and bear survivability. With this in mind we tried 
to determine if bears avoided roads or the disturbances 
associated with roads. 

This study was an extension of previous work by 
Brody and Pelton (1989). They provided the conceptual 
framework and initial testing of a proposed model to 
determine the effects of roads on black bear movements 
in western North Carolina. 

This research was funded by the United States Forest 
Service (USFS) and the University of Tennessee Agricul- 
tural Experimental Station, Department of Forestry, 
Wildlife, and Fisheries. We thank the North Carolina 
Wildlife Resources Commission (NCWRC) for assis- 
tance in trapping. Special thanks are due to J. Collins 
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(NCWRC) and L. Hillman (USFS). We thank A. Brody 
for reviewing this manuscript and greatly improving 
early versions. 

STUDY AREA 
The study was conducted on the Harmon Den bear 

sanctuary, a 5,740-ha section of Pisgah National Forest 
(PNF), North Carolina. The mountains are sharply dis- 
sected and the terrain is steep. Elevations range from 
439-1,411 m, slopes average over 30% (Finlayson 1957). 
Climate is described as a warm-temperate rain forest 
(Thornwaite 1948). Vegetation is diverse and changes 
dramatically with aspect, elevation, soil, and drainage 
(Finlayson 1959). Roads on the study area included 
23 km of interstate highway, 10 km of 2-lane gravel 
roads, and 21 km of 1-lane gravel roads. The 2-lane gra- 
vel roads were maintained by the county and were through 
roads. The single lane roads were usually gated, dead- 
end logging roads. Most travel on these roads was related 
to logging activities. Many of these roads followed 
mountain contours and travel was necessarily slow. 

METHODS 
Bears were captured with Aldrich foot snares using 

methods described by Johnson and Pelton (1980). Se- 
lected individuals were fitted with radio collars operating 
in the 150-152 MHz range (Telonics, Mesa, AZ). 

Bears were located once every 20 hours during 1984- 
1986. During 1987, bears were located twice daily at 6- 
hour intervals on alternating days. The tracking period 
started 4 hours earlier each tracking day to simulate the 

tracking periods of the previous years. Ground triangu- 
lation was done from ridge tops, gaps, and other sites 
identifiable on topographic maps. Bears also were lo- 
cated from a Cessna 172 aircraft with H antennas mounted 
on each wing strut. 

Bear locations obtained from telemetry were used to 
construct seasonal home ranges using the convex poly- 
gon method (Hayne 1949). Seasons were defined as 
summer (den emergence to 15 September), and fall (16 
Septemberto den entrance) (Beringer 1986, Seibert 1989). 

We used pneumatic counters to measure traffic vol- 
umes on each of the gravel roads. Traffic volume for 
Interstate 40 (1-40) was obtained from the North Carolina 

Department of Transportation. Counters for each gravel 
road were read prior to radio tracking each day. Vehicles 

per day (VPD) for each road were tallied and a mean and 
range were calculated for each. We used these numbers 
to classify the various roads because their means were 
significantly different and the breakdown correlated well 

with the surface and access classifications of Brody and 
Pelton (1989). Roads that averaged 10,000+ VPD were 
classed as Class I roads, those with 50-100 VPD Class II 
roads, and those with 5-20 VPD Class III roads. 

The density of each road class in each seasonal home 
range was determined by overlaying the convex polygon 
on a topographic map and measuring the length of roads 
inside the home range. 

We also formulated a road crossing index (RCI) for 
each road class in each seasonal home range. The RCI 
was calculated by dividing the number of times a bear 
crossed each road class by the number of locations used 
to construct the home range: 

l..=X../N.. (1) 
Ijr Xjr IJ 

where Ijr is the road crossing index for bear i in season j 
of road class r, Xij is the minimum number of times bear 
i crossed road class r in seasonj, and Nij is the number of 
telemetry locations of bear i in season j. In addition, a 
road avoidance index (RAI) was calculated. The RAI 
was the number of times a bear moved parallel to or away 
from a road, yet moved far enough to potentially cross the 
road, divided by the number of locations used to construct 
the seasonal home range: 

Ai =Xijr /j (2) 
where A.j is the road avoidance index for bear i in season 
j of road class r, Xijr is the minimum number of times bear 
i avoided road class r in seasonj, and Nij is the number of 
telemetry locations of bear i in season j. 

Analysis was based on the assumption that if roads do 
not affect bear movements and bears travel randomly 
through their home ranges, they cross roads in direct 
proportion to road density within their home ranges 
(Brody and Pelton 1989). Plots of RCI and RAI versus 
density (km of road divided by area in home range) of 
each road type were constructed to determine if bears 
were in fact indifferent to roads. Only bears that were 
located regularly during tracking sessions were used in 
the analysis. This excluded many adult males because of 

poor tracking success and long time intervals between 
consecutive locations. 

Initial analysis consisted of plotting the dependent 
variable (RCI or RAI) against each of the predictor 
variables: road density, bear, year, and season (Table 1). 
Nonparametric analysis of variance and Pearson correla- 
tion coefficients were used to determine significance of 
the predictor variables. 

An additional variable, time of crossing or avoidance, 
was analyzed for the 1987 data. Daytime crosses oc- 
curred between 0600-2000 hours; nighttime crosses 
occurred between 2000-0600 hours. Contrast statements 
(SAS 1985) were used to detect differences of RCI and 



IMPACT OF ROADS ON BLACK BEARS * Beringer et al. 87 

Table 1. Variables used in analysis of the effects of roads on bear movements 
on Harmon Den, Pisgah National Forest, North Carolina, 1984-1987. 

Variable Explanation definition 

Road class I, II, III Broken into 3 classes as 
determined by traffic volume. 
Road Class I = X traffic volume 
>10,000 vehicles per day. 
Road Class II = X traffic volume 
= 75 vehicles per day. 
Road Class III = X traffic volume 
= 15 vehicles per day. 

Road crossing index Determined by dividing total 
(RCI) road crosses (by Road Class) by total 

locations for a seasonal range. 

Modified road crossing Same as road crossing index 
index but divided by km of each Road Class. 

Road avoidance index Determined by counting the 
(RAI) number of potential road crosses (bear 

moved parallel to or away from 
road without crossing it yet 
moved far enough to potentially 
cross it) and dividing by total 
locations. 

Modified road avoidance Same as road avoidance index 
index but divided by km of each Road Class. 

Road density Km of each Road Class divided 
by km2 of area in a bear's 
seasonal home range. 

Bear Individual bears 

Season Summer or Fall 

Year 1984 to 1987 

Time of day Day (0600-2000 hours) 
Night (2000-0600 hours) 

RAI for the 2 time periods. 
The RCI for each bear was divided by the road length 

(km) in its home range for that particular class. The 
resulting modified crossing index was compared among 

road classes. To test if road crossing frequency varied 
among the 3 road classes, an analysis of variance was 
performed. Contrast statements were used to make 
comparisons among the 3 road classes (SAS 1985). 

RESULTS AND DISCUSSION 
Forty bears were captured during the study, 35 were 

fitted with radio collars, and 24 of these (16 females, 
8 males) were tracked frequently enough to yield 51 sea- 
sonal home ranges (Table 2). Nine of the 24 were killed 
by hunters during the study: 7 legally and 2 illegally. 
Both illegally killed bears were killed inside the sanctu- 
ary, 1 before the hunting season and the other in a den. 
Three additional collared bears that were not tracked 
frequently enough to be included in the analysis and 3 
tagged bears that were not collared also were legally 
killed. 

Road density was correlated with RCI (R2 = 0.50, 
P < 0.0001) over all road classes. Subsequent analysis 
was performed separately on each of the 3 road classes. 
The variables season and year were only significant for 
the period from 1986-1987. There was no difference in 
RCI or RAI among individual bears. 

The validity of RAI may be of concern. Telemetry 
inaccuracies and our sampling schedule may have, at 
times, allowed a bear to cross then recross a road before 
we obtained another triangulation. Also, a bear could 
approach a road, travel on it for some distance then move 
away. Both times, these movements would have been 
tallied as an avoidance. We acknowledge these draw- 
backs. However, we believe that since our data were 
collected in a random fashion and because we obtained a 
large number of locations, these possible errors have not 
biased our findings. In addition, the road avoidance 
results seem to support the road crossing data, particu- 
larly the data from Class I roads. 

Table 2. Number of telemetry locations (N), road densities, road crossing indices, and road avoidance indices for 24 bears on Harmon Den, Pisgah National Forest, 
North Carolina, 1984-1987. Means with standard errors in parentheses. 

Class I roads Class II roads Class III roads 

N RDa RCIb RAIc RD RCI RAI RD RCI RAI 

Summer: 
(28 ranges) 1,705 0.18 (0.15) 0.03 (0.03) 0.23 (0.18) 0.33 (0.15) 0.22 (0.14) 0.25 (0.15) 0.75 (0.31) 0.41 (0.23) 0.29 (0.17) 

Fall: 
(23 ranges) 1,069 0.19 (0.16) 0.03 (0.04) 0.20 (0.16) 0.41 (0.14) 0.19 (0.12) 0.21 (0.17) 0.76 (0.42) 0.33 (0.17) 0.25 (0.18) 

a RD = Road density (km/km2) 
b RCI = Road crossing index 
c RAI = Road avoidance index (see text). 
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Class I Roads 
Traffic appears to inhibit bear movements when vol- 

umes are high. Bears crossed 1-40 (the only Class I road 
in the study area) significantly less than Class II and Class 
III roads (P < 0.0001) (Fig. 1). We detected only 14 
crossings by 9 bears in 4 years. One bear was killed by a 
vehicle while crossing 1-40. Plots of RCI versus road 
density for Class I roads resulted in a small cluster of 
points (Fig. 2a). The plot of RAI for Class I roads further 
illustrates that bear movements are restricted by high 
traffic volumes (Fig. 3a). There was a linear relationship 
between road length in a bear's home range and the RAI. 
Bears with a greater density of 1-40 in their home range 
had proportionately higher RAI's than those with lower 
densities. 

Class I road density in a bear's home range may be an 
artifact of the convex polygon method because the inter- 
sections with 1-40 occurred near the edges of the home 
range (Brody and Pelton 1989). Interstate 40 seems to act 
as a partial barrier to bear movements. On several 
occasions bears were located near 1-40, but they seldom 
crossed it, often approaching the interstate and then 
moving parallel to or away from the road. If bears did 
cross, it was usually above a tunnel that allowed crossing 
of 1-40 without having to contend with traffic (Brody 
1984, Beringer 1986, Brody and Pelton 1989). 

Class II Roads 
Data concerning bear reactions to Class II roads were 

not conclusive. The only significant variable was year. 
Bears had a greater (P < 0.0169) RCI during 1984-1986 
than 1987. The plots of RCI and RAI versus road density 
of Class II roads (Figs. 2b and 3b, respectively) did not 
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Fig. 1. Road crossing frequency by levels of traffic volume for bears on Harmon 
Den, Pisgah National Forest, North Carolina, 1984-1987. 

Fig. 2. Road crossing frequency by bears and road density in their home range 
on Harmon Den, Pisgah National Forest, North Carolina, 1984-1987. A) Class I, 
B) Class II, C) Class III. 

show any relationship. Bears crossed Class II and III 
roads with almost equal intensity; mean modified RCI's 
(RCI/km of road in home range) were 0.0563 and 0.0617, 
respectively (Fig. 1). 

When tallying road crosses, we noticed certain bears 
crossed and recrossed Class II roads numerous times 
whereas others seldom crossed. The movements of only 
2 female bears explained the difference in RCI between 
1986-1987. Bear 529 repeatedly crossed Class II roads in 
1986. However, she dropped her collar in December 
1986 and was not captured in 1987. Also, bear 951 
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Fig. 3. Road avoidance by bears and road density in their home ranges on 
Harmon Den, Pisgah National Forest, North Carolina, 1984-1987. A) Class I, B) 
Class II, C) Class III. 

crossed Class II roads in 1986 but did not cross these 
roads in 1987, even though her home range, road density, 
and traffic volume within it were similar in both years. 
Learning, and/or the juxtaposition of roads and specific 
habitats in a bear's home range may affect road crossing 
behavior. 

(Fig. 2c). Bears crossed roads more frequently as road 
density increased. Intuitively, if RCI and road density are 
directly related, RAI and road density should not be. 
Indeed, there was no relationship between RAI and road 
density (Fig. 3c). 

Class II and III roads do not seem to inhibit bear 
movements. A difference of approximately 60 vehicles 
per day did not inhibit bears from crossing Class II roads 
compared to Class III roads. The fact that bears crossed 
these 2 road classes with equal frequency indicates their 
movements were not inhibited by traffic volumes 
<100 VPD. 

Analysis of variance indicated that the Class III RCI 
for summer was greater (P = 0.0541) than the RCI for fall 
(Fig. 4) during 1986-1987. Time of day of road crossing 
was examined only in 1987 (n = 8 bears, 887 locations). 
Only 2 bears had Class II roads in their home ranges, the 
roads occurred along the perimeter of the ranges and no 
crossings of these roads occurred, therefore only Class III 
roads were used in this analysis. Bears had greater RCI's 
during the day than at night (P = 0.0029) (Fig. 5). 
However, RAI was not significantly different for the 
2 time periods. 

RCI for summer may be greater for numerous reasons. 
First, breeding occurs during the summer, and males may 
travel great distances in search of mates (Alt et al. 1980, 
Eiler 1981, Rogers 1987). Maximum daily movements 
of breeding females also may occur during the breeding 
season (Alt et al. 1980). Also, the abundance of soft mast 
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Fig. 5. Road crossing frequency by time of day for bears on Harmon Den, Pisgah 
National Forest, North Carolina, 1987. 

along road openings may draw bears to roads during 
summer (Carr and Pelton 1984, Hellgren 1988, Brody 
and Pelton 1989). We observed numerous bears crossing 
or feeding along Class III roads during summer. Poke- 

berry (Phytolacca americana) and blackberry (Rubus 
spp.) were abundant along roadways on the study area. 

During 1 week in late summer 1987, we counted 9 fresh 
scats containing pokeberry along a 2.7-km section of a 
Class III road. Because Harmon Den is dominated by oak 
cover types, bears can feed extensively on acorns during 
fall without making long distance movements. 

Size of home ranges did not vary between seasons. 
This is in contrast to other areas in the southern Appala- 
chians (Beeman 1975, Garshelis and Pelton 1981, Quigley 
1982, Carr 1983), and may result in a low RCI for fall. 

Additionally, increased traffic volumes in the sanctuary 
during deer and small game hunting seasons may help to 

lower the RCI during fall. Bears also may use roads with 

low traffic volumes as travel lanes (Hellgren 1988, Seib- 
ert 1989), because travel along these routes provide relief 
from the steep terrain and may maximize foraging and 
movement efficiency. Also, bears on Harmon Den may 
not have to learn avoidance of these roads because most 
are gated and occur within the sanctuary. 

Studies of bear activity patterns indicate bears are 
often diurnal during summer. Garshelis and Pelton 

(1981), Hugie (1982), Quigley (1982), Villarrubia(1982), 
and Garris (1983) reported more activity during diurnal 
hours than nocturnal hours during summer. In fall, bears 

are just as likely to be active at night as during the day 
(Quigley 1982, Villarrubia 1982, Garris 1983). 

Roads and Hunting 
Although Harmon Den is a bear sanctuary, 15 tagged 

bears were killed during the study. Hunters often release 
dogs on bears in the sanctuary and kill them when they are 
treed outside the sanctuary. Perimeter roads on Harmon 
Den are heavily hunted. Many bears that spend most of 
their lives inside the sanctuary are killed on the perimeter 
orjust outside the borders. Illegal bait piles are often used 
to entice bears to leave the area or are used as a place to 
start tracking bears. Clearly roads enhance exploitation 
of certain bear populations. 

The efficiency of hunters using CB radios, 4-wheel 
drive vehicles, and radio collars on hounds may not allow 
bears to associate roads with negative experiences. In 
GSMNP, Quigley (1982) suggested that older bears may 
have a learned avoidance of roads from negative experi- 
ences caused by increased traffic volumes at certain times 
of the year. However, bears in highly accessible and 

heavily hunted areas may not learn road avoidance and 

may suffer near 100% mortality each hunting season 

(Brody 1984, Beringer 1986). Thus it may be difficult for 
bears to associate people, dogs, and the hunting experi- 
ence with roads. Many chases begin when the bear is 
some distance from the road it previously crossed, ending 
when the bear is shot as it crosses a road. Consequently, 
bears will continue to cross lightly travelled roads in 

proportion to their availability and be killed by hunters 
that use these same roads. Bears' survival may be directly 
related to road density. 

MANAGEMENT IMPLICATIONS 

High traffic volumes (10,000+ VPD) impede bear 
movements but do not totally restrict them. The accessi- 

bility that roads provide to hunters can be detrimental to 
local bear populations as hunting mortality is the most 

important factor limiting bear populations on parts of 
PNF (Brody and Stone 1987). 

Impact on the local bear population (particularly breed- 

ing females) should be considered before constructing 
new roads into bear habitat. All new roads constructed 

during our study were for timber harvest. We suggest 
conservative road management for these and other log- 
ging roads. Unused roads should be closed permanently 
to reduce hunter access and illegal hunting. All new 

roads, and those being used, should be gated and locked. 

Also, locks should be changed periodically. In our study 
area, loggers were allowed to put their own locks on gates 
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and thus controlled access. Many times gates were left 
unlocked or their keys were "passed around". Clearly a 
better defined and enforced gate policy would prevent 
much unauthorized travel. Roads, by themselves, do not 

adversely affect bears but increased access does. 
It is difficult to monitor the effects of roads on bear 

movements accurately. Traffic volumes often vary with 
the time of year. Although not quantified, traffic volumes 
are much greater during hunting seasons than any other 
time on Harmon Den. Also, our study was unable to 
measure impacts of roads with traffic volumes between 
100 and 10,000+ VPD. Bear movements on Harmon Den 
are not affected by traffic volumes of 100 VPD but, are 
inhibited by roads with traffic volumes of 10,000+ VPD. 

Many roads in the southern Appalachian area receive 
traffic volumes in the 100 to 10,000 VPD range. We 

speculate that, with increased volumes above 100 VPD, 
the RCI will decrease and the RAI will increase as 
volumes approach 10,000 VPD. We suggest further 
research in occupied bear range where traffic volumes 
exceed 100 VPD. 
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