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Abstract: In 2007, Grand Teton National Park authorized construction of several paved, non-
motorized pathways situated within existing road corridors, primarily designed for pedestrian

and bicycle use. Construction of the first 13-km section was completed during 2008. The

pathway resulted in direct loss of wildlife habitat, new human activities, and a wider zone of

human use. We examined how these changes affected American black bear (Ursus americanus)

movements, habitat use, activity, corridor crossings, and visibility to human visitors. Thirty

(12F, 18M) bears, fitted with global positioning system (GPS) radiocollars, were monitored

during 1–3 study periods: pre-pathway (2001–07), construction (2008), and pathway (2009–10).

During 2009–10, we deployed 6 trail counters to document human use of the pathway. Counts
of humans ranged from 0 to 148 detections/counter/hour. Mean counts peaked during mid-

summer (15 Jun–30 Aug) and during midday (1100–1600 hrs). Bears did not shift their home

ranges in response to human use of the pathway, nor did they reduce their frequency of corridor

crossings. Instead, bears altered the way they used the areas near the corridor. Across the study

periods, bears showed greater selection for steep slopes and for areas farther from the corridor,

and they were increasingly likely to cross the corridor in areas providing vegetative cover. Near

the corridor, bears decreased their activity by approximately 35% during midday and increased

their activity by about 10% during morning and evening. Proportion of corridor crossings
occurring at night also increased 20–40%. These behavioral changes allowed bears to continue

using areas near the corridor while reducing encounter rates with humans on the pathway.

However, the observed shift of activity toward morning, evening, and night may increase the

likelihood that human–bear encounters would occur during the low light conditions of dawn

and dusk and increase the probability of vehicle collisions.

Key words: activity, bear–human interactions, bicycling, black bear, disturbance, habitat use, hiking, home

range, movements, recreation, roads, trails, Ursus americanus
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Transportation corridors have been shown to have

various effects on wildlife. Negative impacts of roads

are well-documented and include direct mortality,

disturbance, habitat loss, habitat fragmentation, and

increased human access (Benı́tez-López et al. 2010,

Bennett et al. 2011). Information on the impacts of

trails or greenways is more limited, but some studies

have demonstrated wildlife disturbance from non-

motorized recreational activities such as hiking,

biking, rock climbing, and horseback riding (Cole

1993, Marzano and Dandy 2012). These activities

have been shown to increase the flight response of

nearby wildlife and cause animals to alter their habitat

use, potentially affecting their foraging efficiency and

reproductive output (Marzano and Dandy 2012).

Numerous studies, especially of black and grizzly

or brown (U. arctos) bears, have shown that bears

are sensitive to impacts from transportation corri-

dors. Roads and highways have been associated with
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lower survival due to direct vehicle-caused mortality

and facilitation of other human-caused mortality,

such as hunting, poaching, and nuisance kills (Brody

and Pelton 1989, Beringer et al. 1990, Hellgren and

Maehr 1993, Kasworm and Thier 1994, Schwartz et

al. 2010b, van Manen et al. 2012). Bears have been

observed to avoid roads and trails, resulting in a net

loss of effective habitat (Brody and Pelton 1989,

Kasworm and Manley 1990, Hood and Parker 2001,

Gibeau et al. 2002, Gaines et al. 2005, Reynolds-

Hogland and Mitchell 2007, Carter et al. 2010,

Obbard et al. 2010). When bears utilize areas near

roads and trails, they have been observed to alter

various aspects of their behavior, presumably to

reduce their exposure to humans (Brody and Pelton

1989, Mace and Waller 1996, Gibeau et al. 2002,

Onorato et al. 2003, Martin et al. 2010, Schwartz et

al. 2010a, Ordiz et al. 2011). Still, in national park

settings, impacts of roads on survival are often

reduced, especially when anthropogenic foods are

secured and nuisance activity is minimized. Under

these circumstances, bears have been observed to

habituate to human presence and utilize roadside

habitats with few negative consequences (Yost and

Wright 2001, Haroldson and Gunther 2013).

Wildlife disturbance can differ between motorized

and non-motorized human activities, and several

studies indicate that wildlife respond more strongly

to non-motorized activities. McLellan and Shackle-

ton (1989) documented immediate reactions of

grizzly bears to vehicles, machinery, aircraft, and

people on foot in British Columbia. At distances

.150 m, bears fled or ran to cover more often in

response to people on foot than to vehicles or

machinery. The strongest responses were observed in

remote areas, and McLellan and Shackleton (1989)

concluded that bears in more human-developed

areas habituated to human activities, especially

vehicles. In a review of ungulate flight response to

human disturbance, Stankowich (2008) found that

humans on foot elicited greater responses than did

vehicles. In a study of great bustards (Otis tarda)

in Spain, Sastre et al. (2009) reported that the

probability of disturbance was greater for walkers

than for car traffic.

In 2007, Grand Teton National Park (GTNP)

approved a long-term transportation plan that

authorized construction of several paved, non-

motorized pathways designed primarily for pedestri-

an and bicycle use. To minimize potential impact to

resident wildlife, proposed pathways were situated

close to existing roads. Development of these

pathways would result in the physical expansion

of existing transportation corridors, as well as an

increase in non-motorized recreation within the

corridor. A wide variety of mammals and birds live

within the proposed project areas; many species occur

at high densities and are often visible to park visitors.

Potential impacts of the pathways on wildlife included

direct loss of habitat, new forms of human activity on

the landscape, and a widening of the zone of human

use. There were concerns that the increased (and

perhaps less predictable) human use might result in

increased disturbance impacts to wildlife beyond

those associated with the existing road. An additional

consideration was that these changes may decrease

the potential for roadside viewing of wildlife, a

positive form of human–wildlife interaction deemed

valuable by park officials.

There are few, if any, precedents for this type of

new development in a national park with compara-

ble abundance and diversity of wildlife. In August

2006, under the draft transportation plan, GTNP

conducted a workshop to identify the highest priority

wildlife research needs associated with this develop-

ment. Workshop representatives from the park,

academia, private transportation firms, and non-

profit research organizations selected black bears as

one of the taxa for investigation of pathway impacts.

Construction of the first pathway, a 13-km section

between Moose and Jenny Lake, occurred during

summer 2008. Research was initiated in 2007 and

continued until 2010, allowing for data collection

prior to, during, and after pathway construction.

Our study was designed to document the response

of black bears to the increased human activity within

the transportation corridor associated with the

addition of the new pathway. Our objectives were

to determine the impacts of the new pathway on: (1)

seasonal movement and distribution; (2) habitat use;

(3) activity patterns; (4) location and frequency of

corridor crossings; and (5) visibility of bears from

the Teton Park Road. From the outset, we assumed

that responses might be subtle and difficult to

quantify, due to two factors. First, because the

corridor traversed mostly sagebrush (Artemisia spp.)

shrublands, a habitat generally avoided by forest-

dwelling black bears (Holm et al. 1999), we knew it

was likely that bears would avoid the corridor for a

reason other than human disturbance. Second, we

realized that resident bears likely already responded

to vehicular and bicycle traffic on the existing road
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as well as other human activities associated with

roadside features such as sightseeing, photography,

wildlife viewing, hiking from trailheads, and pic-

nicking. Thus, to demonstrate that bears responded

to the increased human use of the corridor, we would

have to detect changes in behavior before and after

pathway construction that would be consistent with

increased avoidance or disturbance.

Study area
GTNP is a 2,226-km2 park located south of

Yellowstone National Park, in northwestern Wyo-

ming, USA. This study was conducted in the southern

half of GTNP, centered on the pathway–road

corridor (corridor hereafter) between Moose and

Jenny Lake (Fig. 1). Elevations ranged from approx-

imately 2,000 m along the Snake River plain to

4,200 m on the highest peaks of the Teton Range. On

the valley floor, dominant vegetative communities

were sagebrush shrublands, cottonwood (Populus

spp.) riparian forests, and grasslands (Poa, Festuca,

and Calamagrostis spp.). At mid-elevations, forests

of lodgepole pine (Pinus contorta), spruce–fir (Abies

lasiocarpa–Picea engelmannii), and Douglas-fir (Pseu-

dotsuga menziesii) were most common. Alpine com-

munities of sedge (Carex spp.), American bistort

(Polygonum bistortoides), Sibbaldia procumbens, Se-

necio crassulus, and Trisetum spicatum were inter-

spersed among scree and talus slopes at the highest

elevations. US Highway 191 and various park roads

traversed the eastern side of the study area; a series of

hiking trails traversed the western side.

The pathway was built along the same corridor as

the Teton Park Road, within 50 m of the edge of the

roadway, except for a short section at the southern

end which follows the Dornan Road and a short

section at the northern end which veers off toward

Jenny Lake Campground. Areas adjacent to the

pathway also included various road turnouts,

parking areas, the Jenny Lake Campground, and

the GTNP Moose administrative area. The corridor

was situated on the western edge of a broad open

plain in the valley center, just east of contiguous

forested habitat on the eastern slopes of the Tetons.

This open plain was interspersed with stringers of

riparian forest and forested hills. Roughly 80% of

the corridor traversed sagebrush shrublands, and

about 8% of the corridor ran through conifer or

riparian forest habitats. Data from 2007 and 2009

indicated non-motorized human use, particularly

bicycle traffic, increased significantly within the

corridor following pathway construction (Patrick

McGowen, Western Transportation Institute, Boze-

man, Montana, USA, personal communication,

2010). Vehicular traffic counts remained consistent

during 2007–10 (Sawyer et al. 2011).

Methods
Although this study was initiated in 2007, data

from a previous study of black bears (Frattaroli

2011) was available to augment data for the period

prior to pathway construction. Our original intent

was to compare data obtained before and after

pathway construction, but the prolonged construc-

tion (9 Jun 2008–31 Oct 2008) effectively overlapped

an entire pre-pathway study year. Thus, we defined

three study periods: pre-pathway (2001–07), con-

struction (2008), and pathway (2009–10).

Field methods

The bear population in GTNP is part of a large

meta-population inhabiting Wyoming, Idaho, and

Montana, including Yellowstone National Park.

Study bears were captured in vehicle-accessed areas

in the southern part of GTNP using culvert traps.

The location of traps, about 300 m to 7.5 km from

the corridor, allowed us to capture and monitor a

sample of bears residing in the vicinity of the

corridor (Fig. 1). For this and the previous bear

study, trapping was conducted during May–October

2001–2010. During 2007–2010, we trapped as needed

to maintain a sample of 10–12 collared bears. Adult

and subadult bears (.3 years old) were fitted with

GPS store-on-board radiocollars (Telonics, Mesa,

Arizona, USA). Most transmitters were programmed

to collect a GPS location every 2.1 hours, but some

collars deployed during earlier years were pro-

grammed with 2.3-hr, 3.2-hr, or 3.4-hr fix intervals.

Duty cycles were programmed to turn off between

October–November and March–April while bears

were in winter dens. Transmitters were also fitted with

activity sensors, but the mechanism changed from a

mercury switch in the GEN III units to an acceler-

ometer in the GEN IVs. Collars were programmed for

automatic timed release, which occurred during late

September or mid-October of the year following

capture, except in 2010 when collars were timed to

release during the same year as capture. Collared

bears were monitored by fixed wing aircraft twice

monthly during the non-denning season.
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Following completion of pathway construction,

6 infrared trail counters were placed at regular

intervals along the pathway during 15 May–2
December 2009 and 8 May–3 November 2010

(Fig. 1). These collected counts of the number of

people passing by on the trail by date and hour of

day.

Data analysis
We compiled a bear location database in which

we censored repetitive locations at den sites and
locations occurring on the day of capture. We

excluded data from 3 bears that were monitored

for ,1 month. Because less than 3% of the

remaining successful locations were collected during

March, April, or November, these months were

excluded from analyses. With the exception of

annual home range estimates, all analyses were
further confined to the summer months coinciding

with peak human use of the pathway (see Results).

Selecting this season also allowed us to avoid the

potentially confounding effects of annual variation

in fall mast on habitat use, movements, and activity

(Lindzey and Meslow 1977, Garshelis and Pelton

1981, Samson and Huot 1998).

The area near the corridor represented only a
small fraction of the home range for many of the

bears; several individuals spent significant amounts

of time as far as 40 km from the corridor (Fig. 1).

For analyses of home range, we used all GPS collar

Fig. 1. Study area in Grand Teton National Park, Wyoming, USA, centered on the pathway–road corridor.
Habitats with cover were defined as those with vegetation .5 m in height and .25% horizontal density or
vegetation 1–5 m in height and .50% horizontal density. Inset: distribution of locations of study bears, May–
October, 2001–2010, relative to the corridor, the 5-km corridor buffer, and the boundary of Grand Teton
National Park.
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locations, regardless of their proximity to the

corridor. But for other analyses, we focused on

spatial subsets of locations associated with areas

closer to the corridor. We used a 2-km buffer around

the corridor to represent the zone where bears

potentially could be directly influenced by users of

the pathway, based on the median daily home range

span of bears (1,760 m). We used a 5-km buffer

around the corridor to represent the larger area

where bears were in the vicinity of the pathway but

had the option to enter or leave this zone of influence

(Fig. 1). We obtained this value by selecting those

locations within the 2-km buffer, along with other

fixes recorded on the same day, the day prior, and

the day following. Among all of these locations,

distance from the corridor ranged from 13 m to

17.2 km; 93% of locations were within 5 km of the

corridor. All geographic analyses were conducted

using ArcGIS 9.3.1 (ESRI, Redlands, California,

USA). Statistical analyses were conducted using R

2.12.2 (R Development Core Team 2011) or SPSS

19.0.0 (IBM, Armonk, New York, USA).

Seasonal movements and distribution. We

hypothesized that bears would react to increasing

human activity associated with the pathway by

avoiding the vicinity of the corridor and shifting their

home away from the corridor. We assessed these

potential impacts by examining second-order habitat

selection, that is, selection of a home range within a

landscape (Johnson 1980). We calculated 95% Brow-

nian bridge home ranges (Bullard 1999, Horne et al.

2007) using the brownian.bridge routine in the

BBMM package (Nielson et al. 2011) for R. This

method was most appropriate because it accounted

for the sporadic missing locations and serial autocor-

relation among the locations (Horne et al. 2007). We

estimated annual home ranges for all bears monitored

during the pathway period and one or both of the

preceding study periods, with a minimum of 100

locations per year. Annual ranges for 3 bears were

inflated due to very long periods of missed fixes

occurring either in early May or late October,

probably associated with denning. To obtain more

realistic ranges, we removed these lapses at the

beginning or the end of the monitoring periods.

We used two characteristics to evaluate spatial

shifts in home range locations: log-transformed

minimum distance between the home range edge

and the corridor, and log-transformed percent of the

home range that overlapped the 2-km buffer. To test

for differences among study periods, we ran a mixed-

effects linear model, with period as a categorical

fixed factor and bear as a random factor.

Habitat use. We hypothesized that bears would

respond to increasing human activity associated with

the pathway by exhibiting greater selection of

habitats that provide cover and distance from

humans. Specifically, we predicted that: (1) bears

would increase use of areas with higher vegetative

cover; (2) bears would increase use of steeper, more

rugged sites; and (3) bears would decrease use of

areas closer to the corridor. We assessed these

impacts by examining third-order habitat selection,

that is, selection of habitat components within the

home range (Johnson 1980). We used the resource

selection function (RSF) for GPS fix success

(Nielson et al. 2009), which combines a classic

logistic discrete-choice model (McDonald et al.

2006) and a GPS fix success model. Use of a fix

success model was necessary because previous

research has demonstrated that GPS fix success can

be highly influenced by the very habitat features

identified in our predictions, namely canopy cover

(Moen et al. 1996, Heard et al. 2008) and terrain

(D’Eon et al. 2002). We used a 400 x 400 m grid size

for our discrete-choice habitat units, roughly equal

to the median distance between two successive

locations during mid-summer months. We defined

the study area using the 5-km buffer, overlaid the

grid, and assigned values to each grid cell for 5

covariates: percent cover, percent slope, distance to

the corridor, distance to the nearest road, and

distance to the nearest trail. Percent cover was

calculated as the percent of the habitat unit with

suitable vegetative cover, defined as vegetation .5 m

in height with .25% horizontal density or vegetation

1–5 m in height with .50% horizontal density

(GTNP vegetation map; US Geological Survey–

National Park Service 2007). Percent slope was

calculated as the mean value for the grid cell based

on a 30-m grid digital elevation map. Distances (m)

were measured from the midpoint of the grid cell.

We used a binomial variable to distinguish habitat

units with the potential for habitat-induced signal

loss. We defined these as units with .25% north-

facing slopes (293u–68u) or dense timber (vegetation

height .15 m and horizontal density .50%;

Schwartz et al. 2009). We entered slope as a

quadratic to allow for an asymptote or decline, and

we truncated the distance values to a maximum of

2 km. To facilitate computation of likelihoods, we

standardized the values for all continuous variables.
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For each individual with .100 locations/period

within the 5-km buffer, we modeled habitat selection

for each period. We calculated a minimum convex

polygon home range for each individual based on

locations from all periods and used the correspond-

ing habitat units to model habitat selection for each

individual within its own home range. We then

averaged model coefficients among individuals for

each period and calculated relative habitat selection

for all habitat units within the study area. Averaging

coefficients across individuals allowed us to develop

population-level models (Millspaugh et al. 2006)

while properly treating the individual animal as the

primary sampling unit (Thomas and Taylor 2006).

To map model predictions, habitat units were ranked

in 5 quantiles according to their relative probability

of selection.

Activity patterns. We hypothesized that bears

would respond to increasing human activity associ-

ated with the pathway by reducing their activity in

the vicinity of the corridor, especially during hours

of peak human use. Due to the different activity

sensors in the GEN III and GEN IV transmitters,

data were not directly comparable, and no transfor-

mations were successful in equalizing the variances

between the two types. Therefore, we converted these

continuous variables into a binomial variable indi-

cating active or inactive. Histograms for both GEN

III and GEN IV activity readings were bimodal, with

a larger peak centered on zero and a smaller peak

centered over a mid-point value. We defined the

upper limits for inactive locations near the lowest

point between these two peaks, making sure the

proportion of locations falling below the limit were

similar (52%) between the two collar types. Using

these values, proportion of active locations was

nearly identical between the two transmitter types as

a function of hour of day, suggesting the values were

roughly equivalent. In addition, our value for the

GEN III transmitters was close to the predicted

breakpoint between active and resting locations

calculated for black bears by Schwartz et al.

(2010a) in GTNP.

Using this binomial variable as a response, we

constructed mixed-effects logistic regression models

with study period as a categorical fixed effect and

bear as a random effect. Models also included

covariates pertaining to hour of day (Mountain

Standard Time) treated as a circular variable

(transformed to radians) and transformed using

sine, cosine, and cosine2 to fit the curvilinear shape

of the known diel pattern of activity to a linear

model (Holm et al. 1999, Schwartz et al. 2010a). We

included all locations within the 5-km buffer, with

corresponding activity data. We ran models on

subsets of locations ,500 m, 0.5–2 km, and .2 km

from the corridor to examine how behavior differed

by distance from the corridor.

Corridor crossings. We hypothesized that bears

would respond to increasing human activity associ-

ated with the pathway by changing their behavior

when crossing the corridor to avoid humans.

Specifically, we predicted that: (1) bears would

reduce the frequency of corridor crossings; (2) bears

would change the timing of crossings to coincide

with hours of low human use of the pathway; and (3)

bears would exhibit greater selection for habitats

providing cover when crossing the corridor. Using

data within the 5-km buffer, we converted the

location–point file to a line file and selected those

line segments that intersected the corridor. Using

only individuals that were known to cross the

corridor, we calculated number of crossings/day for

each bear-year. To test for differences in crossing

frequency, we constructed a mixed-effects linear

model with study period as a categorical fixed effect

and bear as a random effect. For analyses of timing,

we selected crossings that had a fix interval of 1 (no

missed fixes between the start and end locations).

Assuming a constant rate of speed, we determined

the approximate time of crossing using the distance

of the start and end points from the corridor. We

used a x2 test to compare the proportion of crossings

that occurred during hours with different rates of

human use, based on the mean number of trail

counts by hour of the day. Finally, we divided the

corridor into 32 400-m segments and generated a

200-m buffer on each side of the segment using the

LineSquareBuffer script for use with ArcView 3.1

(ESRI). We assigned each cell a value based on the

presence of vegetative cover as defined above: 0 5

none present, 1 5 present on one side of the

corridor, and 2 5 present on both sides of the

corridor. We used a x2 test to compare frequency of

crossings among these cover classes by study period.

Visibility of bears from the road. We hypoth-

esized that the combined responses of bears to

increasing human activity associated with the

pathway would reduce their visibility to human

visitors. Specifically, we predicted that: (1) bears

would reduce use of areas within the viewshed; and

(2) bears would change the timing of use of areas
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within the viewshed to coincide with hours of lower

human use of the pathway. We constructed a

viewshed from the road by initially selecting 82 points

along the road based on changes in slope, direction,

and vegetation type to serve as representative views.

Viewsheds were then calculated from each point

using ArcGIS 3D Analyst and a 10-m resolution

digital elevation model corrected for 4 height classes

of vegetation. Individual viewsheds were calculated

out to 3 km from the road and then merged to form

a single viewshed. Finally, we masked some forested

polygons on steep slopes where the viewshed

function included continuous surfaces of tree tops,

where animals would not be visible.

Haroldson and Gunther (2013) documented char-

acteristics of ‘‘bear-jams’’ (roadside viewing oppor-

tunities that caused traffic congestion) in Yellow-

stone National Park during 1990–2004. Median

distance between sighted bear or bears and the road

was 62 m for both black and grizzly bears (n 5

3,863), and .95% of black bear-jams involved bears

,500 m from the roadway (n 5 2,496). Maximum

distance was 1,792 m for black bears. Ninety-seven

percent of jams occurred between 0700 and 2000 hrs.

Based on these findings and data on human use of

the pathway, we restricted our analyses to daylight

hours (0700–2000 hrs) and ran separate analyses for

bear locations ,500 m from the roadway and bear

locations 0.5–2 km from the corridor. We construct-

ed mixed-effects logistic regression models with

study period as a categorical fixed effect and bear

as a random effect. To determine if bears responded

to hourly variation in humans using the pathway,

we also included a factor pertaining to hours with

different rates of human use based on the mean

number of trail counts by hour of the day. This term

was also included as an interaction with period.

Results
We trapped and monitored 32 bears that provided

.1 month of location data. We used data from 30

(12F, 18M) bears in analyses; 18 bears monitored

during 1 study period, 9 bears monitored during 2

periods, and 3 bears monitored during all 3 periods.

We did not use data from 2 bears that were monitored

during only one period (excluding them from home

range analyses) and all of whose locations fell outside

of the 5-km buffer (excluding them from all other

analyses). A total of 62,215 successful fixes were

obtained during May–October, with 51% occurring

within the 5-km buffer, 17% occurring within the 2-

km buffer, and 2% occurring within the 500-m buffer

(Fig. 1).

Human use of the pathway

Counts of humans using the pathway ranged from

0 to 148 detections/counter/hour and varied across

months and hours of the day. Mean number of

detections peaked during July and August on a semi-

monthly basis; we defined the peak summer period

of human use as 15 June–30 August, when mean trail

counts were .5 detections/hr. Mean number of

detections peaked during mid-day on an hourly

basis; we defined peak hours of human use as 1100–

1600 hrs, when mean trail counts were .10

detections/hr. Mean trail counts were 1–10/hr during

morning (0700–1000 hrs) and evening (1700–

2000 hrs), and ,1/hr during nighttime (2100–

0600 hrs).

Although construction work often involved heavy

equipment and vehicles, the overall presence was

more spatially and temporally restricted than subse-

quent visitor use. Comparing 6 sections of the

pathway associated with the trail counters, visitors

used all sections of the pathway during 96% of days,

but construction work occurred on .1 section during

only 70% of days and on all sections during only 6%

of days. On active days, 1 to 7 sites were under

construction, each ranging from 50 m to 7.4 km in

length. A typical day involved a mean of 3.7 sites

under construction with a median length of only

250 m.

Impacts on black bears

Seasonal movements and distribution. We

estimated a total of 30 annual (May–Oct) home

ranges for 10 (5F, 5M) individuals: 2 bears

monitored during the pre-pathway and pathway

periods, 5 bears monitored during the construction

and pathway periods, and 3 bears monitored during

all 3 periods. Minimum distance from the outer 95%

home range contour to the corridor ranged from 0 to

7.0 km. Percent overlap with the 2-km buffer ranged

from 0 to 49%. We detected no differences among

periods in median distance of annual ranges to the

corridor or in median percent overlap of ranges with

the buffer (Table 1). Among 10 individuals, most

home ranges shifted little or shifted closer to the

corridor over time. Only one adult male shifted his

home range a distance of 5–6 km farther from the

corridor.

60 BLACK BEAR RESPONSE TO CORRIDOR N Costello et al.

Ursus 24(1):54–69 (2013)



Habitat use. Individual models of habitat selec-

tion were estimated for 10 (7F, 3M) bears during the

pre-pathway period. Nine (90%) bears had positive

coefficients for percent cover and 8 (80%) bears had

positive coefficients for slope, indicating selection for

higher cover and steeper slopes. Six (60%) bears had

positive coefficients for distance to the corridor,

indicating selection for areas farther from the

corridor. Only 4 (40%) and 1 (10%) bear had

positive coefficients for distance to roads and trails,

respectively, indicating selection for areas farther

from these human travel corridors. Six (60%) bears

had positive coefficients for the signal block covar-

iate, indicating the fix-success model was helpful for

estimating habitat selection.

Individual models were estimated for 9 (6F, 3M)

bears during the construction period. All 9 (100%)

bears had positive coefficients for percent cover and

slope. Five (56%) bears had positive coefficients for

distance to corridor and distance to roads. Only 2

(22%) bears had positive coefficients for distance to

trails. Only 2 (22%) bears had positive coefficients

for signal block.

Individual models were estimated for 8 (5F, 3M)

bears during the pathway period. Seven (88%) bears

had positive coefficients for percent cover and 8

(100%) had positive coefficients for slope. Seven

(88%) bears had positive coefficients for distance to

corridor. Four (50%) bears had positive coefficients

for distance to road. Again, only 2 (25%) had

positive coefficients for distance to trails and signal

block.

Averaged population-level models (Table 2) indi-

cated that bears tended to select for areas with higher

cover, with steeper slopes, and closer to trails during

all study periods. Selection for areas farther from the

corridor was more apparent during the construction

and pathway periods compared to the pre-pathway

period. Mapped predictions from averaged models

showed only minor differences in the spatial

distribution of habitat units ranked according to

their relative probability of selection (Fig. 2). For

most units, relative probability of selection did not

change among periods, but differences were ob-

served, especially 0.5–2 km from the corridor.

Within 500 m of the corridor, 100% of habitat units

had the lowest probability of selection during all 3

periods. Within 0.5–2 km of the corridor, 62% of

units had the lowest probability of selection during

the pre-pathway period, compared to 68% during

the construction period and 73% during the pathway

period (x2 5 17.0, 8 df, P 5 0.03). At distances

.2 km from the corridor, ,3% of units had the

lowest probability of selection during all periods and

frequencies of units with higher probabilities did not

differ among periods (x2 5 1.2, 6 df, P 5 0.98).

Among the quantile of habitat units with the

highest probability of selection, neither mean dis-

tance from the corridor nor mean percent cover

differed among periods (P . 0.76). Mean slope

within these units increased from 14.0% during the

pre-pathway period to 16.9% and 15.7% during the

construction and pathway periods, respectively (F 5

7.3; 2, 882 df; P 5 0.001).

Activity patterns. Among locations within 5 km

of the corridor, we had valid activity data for 21

(10F, 11M) bears. Based on the model, bears were

less active during the pre-pathway period compared

Table 1. Coefficients for mixed-effects linear regression models predicting distance of American black bear
home ranges from the pathway–road corridor (Distance), percent home range overlap with the 2-km corridor
buffer (Overlap), and frequency of corridor crossings (Crossings), in Grand Teton National Park, Wyoming,
USA. Pre-pathway (2002–07) was the reference period, and it was compared to construction (2008) and
pathway (2009–10) periods. Analyses were restricted to mid-summer months (15 Jun–30 Aug), coinciding with
peak human use of the pathway.

Response
No. bear-
years (n) No. bears Parameter b SE

Random
variance F P

Log (Distance) 30 10 intercept 3.8751 1.3137 8.4 0.95 0.43

periodconstruction 0.2435 1.2589

periodpathway 20.8875 1.1028

Log (Overlap) 30 10 intercept 0.07361 0.04240 0.012 1.87 0.16

periodconstruction 0.05537 0.03172

periodpathway 0.05101 0.02773

Crossings 13 6 intercept 0.14933 0.03748 0.001 1.19 0.34

periodconstruction 20.08379 0.05528

periodpathway 20.02429 0.06259
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to the pathway period at all distances and compared

to the construction period at distances .500 m

(Table 3). The interaction term period x sin(ra-

dian[hr])2 was useful for determining if bears

responded to daily variation in human use of the

pathway by estimating the inflection point and depth

of the midday decline in activity. Model predictions

indicated bears were less likely to be active during

midday hours and more likely to be active at dawn

and dusk during the pathway period compared to

Table 2. Coefficients for population-level models of habitat selection for American black bears located within
5 km of the pathway–road corridor in Grand Teton National park, Wyoming, USA, during the pre-pathway
(2002–07), construction (2008), and pathway (2009–10) periods. Analyses were restricted to mid-summer
months (15 Jun–30 Aug), coinciding with peak human use of the pathway. Population-level models represent
averaged coefficients from 10, 9, and 8 individual models for each period, respectively.

Model Parameter

Pre-pathway Construction Pathway

b SE b SE b SE

Discrete-choice distance from last (m) 23.30 0.13 23.32 0.12 23.57 0.10

cover (%) 0.55 0.10 0.44 0.10 0.34 0.07

distance to corridor (m) 20.01 0.24 0.17 0.20 0.18 0.22

distance to road (m) 0.09 0.17 0.03 0.15 20.10 0.16

distance to trail (m) 20.37 0.16 20.23 0.13 20.21 0.12

slope (%) 0.88 0.41 0.92 0.40 0.92 0.33

slope2 21.26 0.46 20.90 0.44 20.93 0.34

Fix-success intercept 1.73 0.26 1.52 0.24 1.43 0.16

signal block 20.30 0.43 0.40 0.43 0.39 0.37

Fig. 2. Predicted change in relative probability of selection for habitat units by American black bears within
5 km of the pathway–road corridor in Grand Teton National Park, Wyoming, USA, comparing the construction
period (2008) to the pre-pathway period (2002–07, left) and the pathway period (2009–10) to the pre-pathway
period (right).
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the pre-pathway period within 500 m of the corridor

(Fig. 3). No difference in the diel pattern was

detected comparing the pre-pathway and the con-

struction period. When bears were 0.5–2 km from

the corridor, no difference in the diel pattern was

detected comparing the pre-pathway period to the

construction period, but bears were more active at

midday during the pathway period. When bears were

.2 km from the corridor, no difference in the diel

pattern was detected comparing the pre-pathway

period to the other periods.

Corridor crossings. Crossings of the corridor

were extremely rare as sampled with our 2–3 hour fix

interval. Only 70 crossings were observed among

.15,000 summer locations within 5 km of the

corridor. Six (3F, 3M) individuals were observed to

cross the corridor, but 83% of crossings involved just

2 female bears. Maximum daily number of docu-

mented crossings was 2. Time between successive

crossings (round trip time) ranged from roughly

2 hrs to 92 days, with a median of 66 hrs. Only 9%

of documented round trips occurred within 2

Table 3. Coefficients for mixed-effects logistic regression models predicting probability of activity and
visibility of American black bears within 500 m, 0.5–2 km, and 2–5 km of the pathway–road corridor in Grand
Teton National Park, Wyoming, USA. Pre-pathway (2002–07) was the reference period, and it was compared to
construction (2008) and pathway (2009–10) periods. Morning/evening (0700–1000 and 1700–2000 hrs,
respectively) was the reference category for diel period, and it was compared to midday (1100–1600 hrs).
Analyses were restricted to mid-summer months (15 Jun–30 Aug), coinciding with peak human use of
the pathway.

Response
No.

locations (n) No. bears Parameter b SE z P
Random
variance

Activity 498 14 intercept 21.66 0.31 25.38 .0.001 ,0.001

(,500 m) sin(radian[hr]) 20.21 0.18 21.18 0.24

cos(radian[hr]) 21.68 0.19 28.64 ,0.001

sin(radian[hr])2 3.86 0.52 7.38 ,0.001

periodconstruction 20.02 0.60 20.03 0.98

periodpathway 21.62 0.71 22.29 0.02

sin(radian[hr])2 x periodconstruction 20.19 0.97 20.20 0.84

sin(radian[hr])2 x periodpathway 4.17 1.37 3.05 0.00

Activity 3,628 19 intercept 22.77 0.29 29.47 .0.001 0.74

(0.5–2 km) sin(radian[hr]) 20.02 0.07 20.38 0.70

cos(radian[hr]) 21.73 0.07 223.72 .0.001

sin(radian[hr])2 4.45 0.25 17.66 .0.001

periodconstruction 1.12 0.25 4.41 .0.001

periodpathway 1.24 0.25 5.00 .0.001

sin(radian[hr])2 x periodconstruction 20.41 0.36 21.13 0.26

sin(radian[hr])2 x periodpathway 20.54 0.31 21.74 0.08

Activity 10,940 21 intercept 22.08 0.15 213.72 .0.001 0.16

(2–5 km) sin(radian[hr]) 0.04 0.04 0.98 0.32

cos(radian[hr]) 21.84 0.04 243.80 .0.001

sin(radian[hr])2 3.81 0.17 21.95 .0.001

periodconstruction 0.58 0.14 4.04 .0.001

periodpathway 0.48 0.14 3.36 .0.001

sin(radian[hr])2 x periodconstruction 20.31 0.22 21.41 0.16

sin(radian[hr])2 x periodpathway 0.05 0.20 0.24 0.81

Visibility 285 14 intercept 21.97 0.68 22.90 .0.001 0.68

(,500 m) periodconstruction 20.33 1.30 20.26 0.80

periodpathway 20.42 1.18 20.36 0.72

diel periodmidday 20.07 0.34 20.22 0.83

periodconstruction x diel periodmidday 0.52 0.85 0.61 0.54

periodpathway x diel periodmidday 20.07 0.78 20.09 0.93

Visibility 2,776 26 intercept 23.28 0.47 26.99 .0.001 1.23

(0.5–2 km) periodconstruction 20.04 0.63 20.06 0.95

periodpathway 20.12 0.61 20.20 0.84

diel periodmidday 0.10 0.22 0.43 0.67

periodconstruction x diel periodmidday 20.36 0.42 20.84 0.40

periodpathway x diel periodmidday 20.28 0.34 20.82 0.41
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consecutive fixes, suggesting our fix interval was

adequate for documenting most corridor crossings.

Based on the mixed-effects linear model, crossing

frequency did not differ among study periods

(Table 1).

Eighty-seven percent of crossings had a fix interval

of 1, allowing us to pinpoint the time of the crossing

with relative accuracy. Crossings occurred through-

out the hours of the day, with a peak at approximately

1800–2000 hours. We detected changes in the pro-

portion of crossings that occurred within different diel

periods (n 5 61, x2 5 8.5, 4 df, P 5 0.08). Frequency

of morning/evening crossings was similar among

periods, ranging from 43% during the construction

period to 51–53% during the other periods. Propor-

tion of midday crossings decreased from 31% during

the pre-pathway periods to 0% during the construc-

tion period and 11% during the pathway period,

whereas proportion of night crossings increased from

17% during the pre-pathway period to 57% during the

construction period and 37% during the pathway

period.

Of the 32 sample units along the corridor, 25%

had no vegetative cover, 38% had cover on one side

of the corridor, and 38% had cover on both sides of

the corridor. Most crossings occurred within the

units with vegetation on both sides of the corridor

during all periods; however, the proportion in-

creased from 43% during the pre-pathway period

to 78% during the construction period and 76%

during the pathway period (n 5 70, x2 5 9.4, 4 df,

P 5 0.05).

Visibility of bears from the road. Location data

from 14 (8F, 6M) bears were available for viewshed

analyses within 500 m of the corridor. Fifty-eight

percent of this area was visible to humans on the

road, offering good opportunities to view wildlife

with the naked eye. Pooling all periods, only 10% of

bear locations within this range were potentially

visible to humans during daylight hours. Based on

the mixed-effects logistic regression model, proba-

bility of bear locations occurring within the viewshed

did not differ relative to study period, diel period

(morning/evening versus midday), or their interac-

tion terms (Table 3).

Location data from 27 (10F, 17M) bears were

available for viewshed analyses 0.5–2.0 km from the

corridor. Twenty-four percent of this area was

visible to humans on the road, offering opportunities

to view wildlife primarily with the aid of binoculars

or spotting scopes. Pooling all periods, only 4% of

bear locations within this range were potentially

visible to humans. Probability of bear locations

occurring within the viewshed did not differ relative

to study period, diel period, or their interaction

terms (Table 3).

Discussion
We rejected our first hypothesis because evidence

did not indicate that bears shifted their home ranges

to avoid humans using the pathway. Given that

Fig. 3. Predicted probability of activity (with 95% CI)
of American black bears by hour of day and study
period within three distances from the pathway–road
corridor in Grand Teton National Part, Wyoming,
USA: ,500 m (top), 0.5–2 km (center), and 2–5 km
(bottom). Pre-pathway (2002–07) was the reference
for period, and it was compared to construction
(2008) and pathway (2009–10) periods. Analyses
were restricted to mid-summer months (15 Jun–30
Aug), coinciding with peak human use of the
pathway.
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many home range boundaries, even before pathway

construction, coincided with the conifer edge located

100–1000 m west of the corridor, this result was not

surprising. This timbered edge likely would have

represented the edge of typical bear activity, with or

without the presence of the pathway, or possibly

even the road. Our habitat selection results also

support this idea, in that all of the habitat units

,500 m of the corridor had the lowest relative

probability of use even during the pre-pathway

period. In addition, evidence failed to support our

prediction that the frequency of corridor crossings

would decrease in response to human use of the

pathway. Adult black bears are known to exhibit

great fidelity to their home ranges, especially during

spring and summer (Costello 2010). As bears living

in this area would have already been accustomed to

vehicle traffic and other human activities, it does not

appear that the increased human presence associated

with the pathway was enough to cause them to

abandon a portion of their home range, even if it

meant crossing the corridor.

Instead, bears altered the way they used areas near

the corridor. Although general patterns of habitat

use were similar during all 3 study periods, there

were some subtle changes over time that marginally

supported our second hypothesis and two of the

three predictions. Across the three study periods, an

increasing proportion of individuals displayed a

positive coefficient for distance to corridor, indicat-

ing greater selection for areas farther from the

corridor. Previous studies have also demonstrated

that black and grizzly/brown bears showed greater

avoidance of roads, trails, and developments as

traffic volume or human activity increased (Brody

and Pelton 1989, Mace and Waller 1996, Hood and

Parker 2001, Gibeau et al. 2002, Gaines et al. 2005,

Ordiz et al. 2011).

Several studies have also shown that grizzly/brown

bears selected sites with better concealment when

near humans (Mace and Waller 1996, Gibeau et al.

2002, Ordiz et al. 2011). Martin et al. (2010) found

that brown bears selected steeper slopes in response

to spatial and temporal changes in human distur-

bance. We also found that a higher proportion of

individuals selected for steeper slopes during the

construction and pathway periods, and mean slope

of highly selected habitat units was significantly

higher during these periods than during the pre-

pathway period. An increasing trend in selection for

vegetative cover was not observed, but it should be

noted that a majority of bears selected for higher

vegetative cover during all 3 periods, perhaps leaving

little room for increase. However, as predicted, bears

were increasingly likely, over the 3 periods, to cross

the corridor in areas providing vegetative cover. In

northern Idaho, black bears were also observed to

select for forested sites away from human develop-

ments when crossing highways (Lewis et al. 2011).

Evidence in support of our third hypothesis was

strong and indicated bears altered their activity due

to human use of the pathway. The estimated effect

size was large, but the zone of influence was limited.

Within 500 m of the corridor, the already crepuscu-

lar pattern of activity was further exaggerated during

the pathway period, whereby bears decreased their

activity by approximately 35% during midday when

human use of the pathway peaked, and increased

their activity by about 10% during morning and

evening when human use was much lower. Bears

were nearly 100% active during dawn and dusk

hours. Outside of this distance band, this effect was

not apparent. In fact, at intermediate distances,

bears were about 12% more active midday during

construction and pathway periods, perhaps compen-

sating for the lack of activity near the corridor.

Previous studies have also shown that bears reduce

activity in response to human activities. Examining

impacts of a new highway on black bears, van

Manen et al. (2012) observed that in the morning

hours, when traffic was low, bears were more active

in a treatment area equipped with wildlife under-

passes than were bears in a similar control area

lacking underpasses. Schwartz et al. (2010a) found

that grizzly and black bears were more night-active

and less day-active when ,1 km from roads or

developments in GTNP. With the added attraction

of anthropogenic foods, black bears were observed

to become virtually nocturnal in urban California

(Lyons 2005) and Yosemite National Park (Mat-

thews et al. 2006).

As predicted, timing of corridor crossings also

shifted toward times when fewer people were

utilizing the pathway. Proportion of crossings that

occurred during nighttime hours increased 20–40%

during the construction and pathway periods.

Temporal variation in use of areas near roads, trails,

and human developments has been observed for

grizzly bears, with diel patterns consistent with

avoidance of humans (McLellan and Shackleton

1988, Gibeau et al. 2002, Mueller et al. 2004, Martin

et al. 2010, Ordiz et al. 2011).
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The strength of our study design was the before–

after approach. The design might have been further

improved with the inclusion of a control–impact

facet; however, the dissimilarity of other GTNP

roads in terms of habitat characteristics and

vehicular traffic volumes would have made this

approach difficult to execute. Although some results

might be explained by annual variation, the use of

data from .2 different years for both the pre-

pathway and pathway periods should have reduced

this effect. We believe a more important consider-

ation is the role of individual variation in explaining

some of the differences we observed among study

periods. Due to the hazardous and difficult winter

conditions in GTNP and the high potential for

failure to access den sites, we chose to utilize

radiocollars with timed release rather than retrieve

and replace collars in dens. As this meant continuous

monitoring of individuals was contingent on their

recapture, our resulting sample varied across study

periods. Thus, our results must be viewed with some

caution. For example, analyses of crossings were

based on just a few individuals, and only one bear

was monitored during more than one period. Thus,

it is possible that our detection of an increasing

tendency to cross the corridor at night or where there

was cover may simply be due to differences among

individuals. Nonetheless, all of our results were

consistent with previous studies documenting bear

responses to disturbance. The weight of evidence

suggests bears did respond to the increased human

activity, especially at times when they were close to

the corridor.

Management implications
National park managers are faced with the difficult

task of providing opportunities for visitors to enjoy

and learn about wildlife while safeguarding natural

processes and protecting visitors from injury (Bath

and Enck 2003). National park wildlife populations

are increasingly vulnerable to road impacts, including

vehicle collision, disturbance, and human-habituation

(Ament et al. 2008). Although habituation of bears in

national parks may provide benefits to both visitors

and bears, dealing with issues of traffic congestion,

visitor safety, and the potential for bears to obtain

anthropogenic foods is a considerable management

challenge (Gunther and Wyman 2008).

There is little doubt that the bears living in the

vicinity of the Teton Park Road were habituated, at

least to some degree, to road traffic and human

activity prior to the construction of the pathway.

Nonetheless, evidence indicates that bears did

respond to the addition of non-motorized recreation

within the corridor. The behavioral changes of bears

allowed them to continue to use areas near the

corridor for foraging or traveling while simulta-

neously reducing their encounter rates with humans.

Given that the corridor area represented a peripheral

portion of most bear home ranges, these tactics to

accommodate humans likely had little overall impact

on bear fitness. However, this may not be the case if

future proposed pathways traverse quality timbered

habitat at the core of bear home ranges. If the same

behavioral changes occurred, the compounded ef-

fects might reduce the ability of bears to utilize

habitats adjacent to the corridor and negatively

impact bear fitness.

Consistent with the bear’s continued albeit altered

use of areas near the corridor, their potential

visibility to park visitors did not change over time.

Thus, at this location, it appears GTNP was

successful at introducing new human activities

without compromising existing levels of positive

human–black bear interactions (i.e. viewing). In fact,

throughout 2007–10, the potential for visitors to

view bears from the corridor was relatively high. We

estimated that one or more of the study bears was

potentially visible on roughly 1 out of 4 days during

the peak summer period.

Conversely, the shift of bear activity toward

morning, evening, and nighttime hours, when close

to the corridor, may have consequences for negative

human–bear interactions (encounters and vehicle

collisions) and bear survival. This diel shift likely

helps minimize black bear–human encounter rates

on the pathway, but it may also increase the

likelihood that the infrequent encounters would

occur predominantly during the low light conditions

of dawn and dusk. The shift toward more corridor

crossings occurring during dark nighttime hours may

also increase the odds of vehicle collisions. The

observed low frequency of corridor crossings at this

location suggests that vehicle collisions would still be

a rare event. However, crossings of other corridors

in GTNP, traversing quality bear habitat, are likely

more frequent. The proposed addition of pathways

at some of these other locations might affect

population survival rates by increasing the frequency

of night-time crossings and the risk of vehicle

collisions.
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