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Abstract Road-based distance sampling is a common
technique used to estimate the density of many wildlife
species but potential biases exist unless the target popula-
tion is randomly distributed around roads. Our objective
was to determine if and when Rio Grande wild turkeys
(Meleagris gallopavo intermedia; RGWT) were randomly
distributed around roads to identify time periods in which
road-based surveys would be most appropriate. We used
triangulated locations obtained from radiotelemetry of
RGWTs in the Edwards Plateau (2001–2003), Rolling Plains
(2000–2006), and South Texas (2003–2006) ecoregions.
Using a geographic information system, we conducted a
use and availability analysis by sex, season, and time of
day for each ecoregion to determine RGWT use of areas

near roads (<200 m). We found the most appropriate
time to conduct road-based distance sampling was from
1 December to 15 March during morning or afternoon.
Our results suggested road-based surveys conducted
during these periods should yield generally unbiased
results in the Rolling Plains and Edwards Plateau
ecoregions. We recommend researchers and managers
investigate animal distributions around roads before
implementing road-based monitoring programs for other
wildlife species.
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Introduction

Distance sampling from roads is a common technique for
surveys of avian species such as mountain quail (Oreortyx
pictus), red-legged partridge (Alectoris rufa), wild turkeys
(Meleagris gallopavo), and red-tailed hawks (Buteo jamai-
censis; Brennan and Block 1986, DeYoung and Priebe
1987, Millsap and LeFranc 1988, Borralho et al. 1996,
Butler et al. 2007). Unlike many traditional index-based
techniques, road-based distance sampling is an effective
and efficient technique for monitoring populations across
large ecoregion scales (Butler et al. 2007). However, to
achieve reliable estimates of population density from line
transect-based distance sampling, several assumptions must
be met. These assumptions include (1) all animals on the
transect are observed, (2) animals are not frightened away
from or attracted to the transect before being detected, (3)
distance and angle measurements are accurate, (4) the
distribution of animals is not influenced by the transect, and
(5) sighting events are independent (Burnham et al. 1980,
Verner 1985, Thompson et al.1998, Bibby et al. 2000,
Buckland et al. 2001).

One critical assumption, the distribution of animals is
not influenced by the transect may be violated if the
transect is a road (Buckland et al. 2001, Marques 2007).
The attraction of animals to transects biases density
estimates high and avoidance of transects biases estimates
low (Verner 1985, Thompson et al. 1998, Buckland et al.
2001). Further, road-based surveys are convenience
samples, likely unrepresentative of the target population
(Anderson 2001). To obtain reliable, representative densi-
ty estimates, the target population must be randomly
distributed across the landscape in relation to roads
(Burnham et al. 1980, Buckland et al. 2001, Butler et al.
2007, Marques 2007).

DeYoung and Priebe (1987) compared inventory methods
for Rio Grande wild turkeys (Meleagris gallopavo interme-
dia; RGWTs) in South Texas and suggested males used
roads as display sites during the breeding season. Thus,
conducting road-based distance sampling during the
breeding season would likely bias density estimates high.
Based on the reproductive phenology of RGWTs in the
Texas Rolling Plains (Gould 1962) and southwestern
Kansas, nest initiation occurred from 1 April to 3 July
with a peak during 13 April–26 April (Hall 2005). In the
Edwards Plateau, nest initiation occurred from 2 April to 2
July (Melton 2007). Conducting road-based distance
sampling during nesting would likely bias density esti-
mates low because a portion of the population would be
unavailable for detection.

Butler et al. (2007) examined the relationship of RGWT
distributions to roads in the Southern Great Plains during
2000–2003. They found areas <100 m from roads were

used in proportion to availability by RGWTs during
autumn midday and winter morning. Their results
suggested that surveys conducted in the Southern Great
Plains during these two periods would generally be
unbiased. In north-central Arizona, Rogers et al. (1999)
studied male Merriam’s wild turkey (Meleagris gallopavo
merriami) distribution around roads and found turkeys
avoided habitat <200 m from roads. However, research on
eastern wild turkeys (Meleagris gallopavo silvestris) in
Virginia suggested turkeys used areas <150 m from roads
in proportion to availability and areas >450 m from roads
more than expected (McDougal et al. 1990).

Our objective was to identify appropriate seasons and
time periods to conduct road-based surveys for RGWTs
across three ecoregions of Texas. We quantified the
association of RGWTs to roads according to ecoregion,
sex, season, and time of day (morning or afternoon). We
examined the potential biases involved with sampling from
roads and determined when road-based surveys would
produce generally unbiased results based on wild turkey
distributions. This information was needed to develop a
survey protocol for an evaluation of road-based distance
sampling of RGWTs in Texas (Erxleben 2008, Erxleben et
al. 2010).

Materials and methods

Study area

We obtained RGWT radiotelemetry data used in recent
research at Texas A&M University (Mar 2001–Aug 2003),
Texas A&M University–Kingsville (Nov 2003–Jun 2006),
and Texas Tech University (Jan 2000–Feb 2006). We
studied RGWT distributions in three different ecoregions
with several study sites in each region (Gould 1962; Fig. 1).

We obtained radiotelemetry data from two study sites in
the Edwards Plateau ecoregion: Bandera and Kerr-Real.
The Edwards Plateau ecoregion is a limestone plateau
located in central Texas (Fig. 1). Its primary vegetation
types were juniper oak (Juniperus-Quercus spp.) savannah
and mesquite oak (Prosopis-Quercus spp.) savannah
(Griffith et al. 2004, Collier et al. 2007a). This ecoregion
received approximately 38–84 cm of rainfall per year and
contained many perennial streams (Griffith et al. 2004).
Elevation ranged from approximately 305–915 m above
sea level (ASL; Randel III, 2003, Texas Economic
Development and Tourism 2003). Common grasses of
the ecoregion included switchgrass (Panicum virgatum),
indiangrass (Sorghastrum nutans), buffalograss (Buchloe
dactyloides), bluestems (Schizachyrium spp.), gramas
(Bouteloua spp.), and Texas wintergrass (Nassella leuco-
tricha). Common woody species included live oak
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(Quercus fusiformis), ashe juniper (Juniperus ashei), and
honey mesquite (Prosopis glandulosa; Randel III, 2003).

We obtained radiotelemetry data from three study sites in
the Rolling Plains ecoregion: Gene Howe, Matador, and
Salt Fork. The Rolling Plains ecoregion is the southern
extent of the North American Great Plains (Fig. 1). Primary
land uses were cattle ranching, center pivot agriculture, and
dry land agriculture interspersed with oil and gas develop-
ment (Griffith et al. 2004, Butler et al. 2005b, Holdstock et
al. 2006). The ecoregion had many small stream valleys
that flowed east to southeast (Spears et al. 2002). Average
rainfall was 55–76 cm/year and elevation ranged from
approximately 240 to 910 m ASL (Spears 2002). Vegeta-
tion was mostly honey mesquite-dominated grasslands with
presence of sand sagebrush (Artemisia filifolia), shinnery
oak (Quercus havardii), and Chickasaw plum (Prunus
angustifolia; Spears et al. 2007). Bluestems, gramas, sand
dropseed (Sporobolus cryptandrus), and buffalo grass (B.
dactyloides) were common grass species (Spears 2002,
Huffman et al. 2006).

We obtained radiotelemetry data from three study sites
in the South Texas ecoregion: Brooks, Kenedy, and
Kleberg. The South Texas ecoregion was once a rolling
grassland (Fig. 1) but due to extensive cattle grazing,
vegetation became primarily honey mesquite-scrub oak
(Quercus spp.) shrubland (Griffith et al. 2004). Elevation
ranged from 0 to 305 m ASL and average precipitation was
65 cm/year (Texas Economic Development and Tourism
2003, Hernandez et al. 2005). Common woody species
included honey mesquite, huisache (Acacia farnesiana),

granjeno (Celtis pallida), and live oak (Hernandez et al.
2005). Some common grasses and forbs included annual
sunflower (Helianthus annuus), doveweed (Croton spp.),
little bluestem (Schizachyrium scoparium), bufflegrass
(Pennisetum ciliare), King Ranch bluestem (Bothriochola
ischaemum), and three awns (Aristida spp.; Hernandez et al.
2005, Collier et al. 2007b). Cattle grazing, wildlife ranching,
and oil production were widespread across the ecoregion
(Griffith et al. 2004, Butler et al. 2005a).

Methods

We captured RGWTs using rocket nets, drop nets, and
walk-in traps (Glazener et al. 1964, Bailey et al. 1980,
Davis 1994, Peterson et al. 2003). We outfitted 285 wild
turkeys in the Edwards Plateau; 1,207 wild turkeys in the
Rolling Plains; and 171 wild turkeys in South Texas with
95 g, mortality sensitive, backpack-style radio-transmitters
(Advanced Telemetry Systems, Isanti, MN, USA). We
triangulated locations one to five times per week using
null-peak receiver systems with a truck-mounted four-
element Yagi antenna or a handheld three-element Yagi
antenna (Holdstock et al. 2006, Collier et al. 2007a, Hall et
al. 2007). We removed any locations with error polygons
>0.16 km² to be certain that locations we analyzed were
either near (<200 m) or far (≥200 m) from roads. It would
have been prohibitive to analyze RGWT distributions at
smaller scales because we must limit the analysis to
radiotelemetry locations with error polygons <0.16 km2.
We categorized telemetry locations by ecoregion (Edwards

Fig. 1 Map of Texas denoting
minimum convex polygons
obtained from radiotelemetry
data collected during 2000–2006
used to determine available
habitat for Rio Grande wild
turkeys in the Edwards Plateau,
Rolling Plains, and South
Texas ecoregions
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Plateau, Rolling Plains, South Texas; Gould 1962), sex,
season (winter=1 Dec–15 Mar, nesting=16 Mar–15 Aug,
and autumn=16 Aug–30 Nov) and time period (morning=
first half of daylight hours, afternoon=last half of daylight
hours).

We displayed radiotelemetry locations along with county
roads and farm to market (FM) highways, obtained from
Texas Department of Transportation in a geographic
information system using ArcMap™ Version 9.2. The
South Texas study sites did not contain county roads or
FM highways, so we used paved and caliche ranch roads
instead. These roads were either surveyed or digitized from
orthoimagery (2004 National Agriculture Imagery Program,
US Department of Agriculture) by private ranch staff or
Texas Tech University personnel. State and federal high-
ways were excluded from analysis due to their lack of
feasibility for distance sampling because of traffic volume.
Using Hawth’s Analysis tools (Beyer 2004), we created a
minimum convex polygon (MCP) around all locations from
each study population to determine the available habitat
(i.e., the landscape that is available for use to the population)
at each study site. In the Rolling Plains ecoregion, we
created three MCPs (Gene Howe, Matador, and Salt
Fork), in the Edwards Plateau we created two MCPs
(Bandera and Kerr-Real), and in South Texas we created
three MCPs (Brooks, Kenedy, and Kleberg; Fig. 1).
Within each MCP, we created a 200-m buffer on each side
of roads to represent available habitat near roads. A 200-m
buffer was used because previous research indicated that
84.3–86.4% of wild turkey flock detections were ≤200 m
from roads (Butler et al. 2007). Using the MCP and road
buffers at each study site, we were able to determine the
total available habitat and the percent of available habitat
near roads. We determined the percent of locations within
200 m of roads (e.g., percent use near roads). We then
obtained 95% exact binomial confidence intervals (Conover
1999) to determine if RGWTs used road buffer areas more,
less, or in proportion to availability.

We conducted a priori power analyses using PROC
POWER in SAS 9.1 (SAS Institute, Cary, NC, USA).
Using a two-sided exact binomial test, we determined the
number of RGWT locations needed to detect a 10%
difference in observed and expected habitat use with
≥0.80 power at each study site. The number of locations
needed was different at each study site because the amount
of available habitat within 200 m of roads (i.e., the null
proportion) differed by study site.

Results

We obtained 4,980 (female=3,571, male=1,409) RGWT
locations from the Edwards Plateau, 12,587 (female=7,953,

male=4,634) locations from the Rolling Plains, and 1,827
female locations from South Texas (data were too few to
analyze male wild turkey locations for the South Texas
study sites). The amount of available habitat at each study
site ranged from 143.1 to 1,354.1 km² (Table 1). The
density of county roads and FM highways at each study site
ranged from 159.0 to 632.7 m/km². The percent of available
habitat within 200 m of roads at each study site ranged
from 5.8 to 22.5% (Table 1). To detect a 10% difference in
observed and expected habitat use with ≥0.80 power, 62
RGWT locations were needed at Kerr-Real, 48 at Bandera,
45 at Gene Howe, 33 at Salt Fork and Matador, 116 at
Brooks, 81 at Kleberg, and 56 at Kenedy.

In the Edwards Plateau, RGWTs used areas near roads
(<200 m) in proportion to availability during most seasons
and time periods. However, at Kerr-Real, female RGWTs
used areas near roads less than expected during winter
mornings (Table 2). At Bandera, female RGWTs used areas
near roads more than expected during nesting morning and
afternoon periods, but our sample sizes were too small to
adequately determine habitat use near roads during autumn
and winter (Table 2).

In the Rolling Plains, wild turkey habitat use around
roads varied among study sites. At Gene Howe, RGWTs
used areas near roads more than expected in most seasons
and time periods. However, females used areas near roads
in proportion to availability during winter mornings and
males used areas near roads in proportion to availability
during the winter morning and afternoon periods (Table 3).
At Matador, RGWTs used areas near roads more than
expected during all seasons and time periods (Table 3). At
Salt Fork, RGWTs used areas near roads less than expected
except during autumn mornings and afternoons and winter
afternoons. During those periods, females used areas near
roads in proportion to availability (Table 3).

In South Texas, RGWTs used areas near roads more than
expected at the study sites in which our sample sizes were
large enough to determine habitat use. At Kleberg, females
used areas near roads more than expected during both
periods in nesting and winter seasons (Table 4). Our sample
sizes were too small to determine habitat use around roads
during autumn. At Kenedy, females used areas near roads
more than expected during nesting morning and afternoon
periods (Table 4). Those were the only periods at Kenedy in
which our sample sizes were large enough to adequately
determine habitat use near roads. Sample sizes were also
inadequate to analyze females at Brooks.

Discussion

Our analyses identified seasons and time periods during
which RGWTs used areas near roads in proportion to
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Table 1 Summary of available habitat and road density in the Edwards Plateau, Rolling Plains, and South Texas ecoregions of Texas, 2000–2006

Habitat

Ecoregion Study site Available (km²)a Near roads (%)b Road density (m/km²)c

Rolling Plains Gene Howe 1,228.8 8.0 230.7

Salt Fork 984.5 10.7 315.1

Matador 583.4 10.7 311.0

Edwards Plateau Kerr-Real 1,354.1 5.8 159.0

Bandera 143.1 11.2 315.4

South Texas Kleberg 623.3 15.6 429.8

Brooks 169.6 22.5 632.7

Kenedy 464.0 12.5 340.0

a Available habitat inside each minimum convex polygon (MCP)
b Percent of available habitat within 200 m of roads inside each MCP
c Density of farm to market highways and county roads inside each MCP

Table 2 Rio Grande wild turkey use of habitat within 200 m of roads by site, sex, season, and time period in the Edwards Plateau ecoregion of
Texas, 2001–2003

Estimated 95% CIa

Site Sex Season Period nb Lower p Upper Usec

Kerr-Real Female Autumn Afternoon 315 5.7 8.6 12.2 o

Morning 511 3.5 5.3 7.6 o

Nesting Afternoon 544 3.6 5.3 7.6 o

Morning 1,472 4.2 5.3 6.6 o

Winter Afternoon 112 3.1 7.1 13.6 o

Morning 344 1.0 2.3 4.5 −
Male Autumn Afternoon 117 4.8 9.4 16.2 o

Morning 156 2.7 5.8 10.7 o

Nesting Afternoon 191 3.7 6.8 11.4 o

Morning 495 4.3 6.3 8.8 o

Winter Afternoon 101 1.6 5.0 11.2 o

Morning 115 1.4 4.4 9.9 o

Bandera Female Autumn Afternoon 23 1.1 8.7 28.0 *

Morning 25 1.0 8.0 26.0 *

Nesting Afternoon 120 13.3 20.0 28.3 +

Morning 76 12.5 21.1 31.9 +

Winter Afternoon 19 9.2 26.3 51.2 *

Morning 9 0.3 11.1 48.3 *

Male Autumn Afternoon 18 1.4 11.1 34.7 *

Morning 28 13.2 28.6 48.7 *

Nesting Afternoon 94 5.2 10.6 18.7 o

Morning 49 3.4 10.2 22.2 o

Winter Afternoon 30 5.6 16.7 34.7 *

Morning 15 7.8 26.7 55.1 *

a 95% exact binomial confidence intervals of the percent of locations (p) within areas <200 m from roads
b Number of Rio Grande wild turkey locations
c Symbols indicate areas <200 m from roads were used more (+), less (−), or in proportion to availability (o). The asterisk (*) indicates the sample size was
too small to determine habitat use near roads. At Kerr-Real, 5.8% of available habitat was near roads. At Bandera, 11.2% of available habitat was near roads
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availability in the three ecoregions where most RGWTs in
Texas occur. During some seasons and time periods, our
results indicated that distance sampling from roads can be
used to extrapolate RGWT densities to the study site (i.e.,
wider survey region; Marques 2007). However, our results

varied among ecoregions and study sites within each
ecoregion.

We had insufficient data to definitely determine why
habitat use around roads differed among study sites. It is
likely, however, that human disturbance and land use

Table 3 Rio Grande wild turkey use of habitat within 200 m of roads by site, sex, season, and time period in the Rolling Plains ecoregion of
Texas, 2000–2006

Estimated 95% CIa

Site Sex Season Period nb Lower p Upper Usec

Gene Howe female Autumn Afternoon 207 19.8 25.6 32.1 +

Morning 270 10.2 14.1 18.8 +

Nesting Afternoon 1,374 19.2 21.3 23.6 +

Morning 1,250 20.0 22.2 24.7 +

Winter Afternoon 194 10.7 15.5 21.3 +

Morning 133 7.6 12.8 19.7 o

Male Autumn Afternoon 162 18.8 25.3 32.7 +

Morning 217 11.1 15.7 21.2 +

Nesting Afternoon 900 24.3 27.2 30.3 +

Morning 745 32.0 35.4 39.0 +

Winter Afternoon 136 6.9 11.8 18.4 o

Morning 87 6.5 12.6 21.5 o

Matador Female Autumn Afternoon 157 36.7 44.6 52.7 +

Morning 114 43.1 52.6 62.1 +

Nesting Afternoon 625 48.6 52.6 56.6 +

Morning 701 41.4 45.1 48.9 +

Winter Afternoon 194 45.8 53.1 60.3 +

Morning 169 53.8 61.5 68.9 +

Male Autumn Afternoon 38 26.3 42.1 59.2 +

Morning 55 25.4 38.2 52.3 +

Nesting Afternoon 533 30.3 34.3 38.5 +

Morning 440 31.4 35.9 40.6 +

Winter Afternoon 60 21.7 33.3 46.7 +

Morning 57 18.4 29.8 43.4 +

Salt Fork Female Autumn Afternoon 227 4.1 7.1 11.2 o

Morning 132 5.9 10.6 17.2 o

Nesting Afternoon 949 5.1 6.5 8.3 −
Morning 1,066 6.4 8.0 9.8 −

Winter Afternoon 85 1.9 5.9 13.2 o

Morning 94 0.7 3.2 9.0 −
Male Autumn Afternoon 122 1.3 4.1 9.3 −

Morning 76 0.3 2.6 9.2 −
Nesting Afternoon 398 3.3 5.3 8.0 −

Morning 499 2.6 4.2 6.4 −
Winter Afternoon 59 0.0 0.0 5.0 −

Morning 50 0.1 2.0 10.7 −

a 95% exact binomial confidence intervals of the percent of locations (p) within areas <200 m from roads
b Number of Rio Grande wild turkey locations
c Symbols indicate areas <200 m from roads were used more (+), less (−), or in proportion to availability (o). At Gene Howe, 8% of available habitat was
near roads. At Matador and Salt Fork, 10.7% of available habitat was near roads
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patterns affected RGWT distributions around roads (e.g.,
Wright and Speake 1975, McDougal et al. 1990). In the
Rolling Plains, RGWTs used areas near roads more than
expected at Gene Howe and Matador, but less than
expected at Salt Fork (Table 3). The Gene Howe and
Matador study sites were on limited-access Wildlife
Management Areas operated by Texas Parks and Wildlife
Department, while Salt Fork was located on privately
owned ranches. Though Salt Fork had a similar road
density to Matador and Gene Howe (Table 1), it is likely
Salt Fork had more human disturbance than those study
sites on the limited-access, state managed lands. It is
difficult to make comparisons across ecoregions because
we were limited to smaller sample sizes in the Edwards
Plateau and South Texas; and those study sites were located
on private land (Collier et al. 2007a). However in South
Texas, many of the roads at Brooks, Kenedy, and Kleberg
are limited access. At those study sites, RGWTs did not
appear to avoid roads during most periods (Table 4).

Our results are consistent with data obtained for eastern
wild turkeys. In Kentucky, Wright and Speake (1975) found
that wild turkeys avoided areas with higher human activity.

Additionally, McDougal et al. (1990) found that radio-
marked wild turkeys in Virginia avoided areas near roads
where traffic rates were >70 vehicles/h. Unfortunately, we
did not have traffic volume data from our study sites to
conduct a similar analysis.

Another factor that might influence RGWT distributions
is road baiting. Baiting roads with milo (Sorghum spp.) and
corn (Zea mays) has become common in Texas during
certain periods of the year to facilitate game harvest. In
South Texas, baiting roads for northern bobwhite (Colinus
virginianus) has become popular not only to facilitate
harvest, but also to provide nutrition during winter stress
periods (Haines et al. 2004). In South Texas, RGWTs used
areas near roads more than expected at those study sites in
which we could determine habitat use. Additional research
on the effects of road baiting, human disturbance, and
vehicle traffic volume on RGWT distributions around roads
is needed to further our understanding of when it is
appropriate to use road-based surveys to estimate RGWT
density in Texas.

Our analyses suggested that Rio Grande wild turkeys use
areas near roads in proportion to availability in the Edwards

Table 4 Rio Grande wild turkey use of habitat within 200 m of roads by site, sex, season, and time period in the South Texas ecoregion of Texas,
2003–2006

Estimated 95% CIa

Site Sex Season Period nb Lower p Upper Usec

Brooks Female Autumn Afternoon 105 8.2 14.3 22.5 *

Morning 30 7.7 20.0 38.6 *

Nesting Afternoon 102 12.4 19.6 28.7 *

Morning 80 15.0 23.8 34.6 *

Winter Afternoon 12 2.1 16.7 48.4 *

Morning 28 2.3 10.7 28.2 *

Kleberg Female Autumn Afternoon 22 17.2 36.4 59.3 *

Morning 44 30.4 45.5 61.2 *

Nesting Afternoon 224 31.1 37.5 44.2 +

Morning 438 37.1 41.8 46.6 +

Winter Afternoon 116 44.0 53.5 62.8 +

Morning 154 36.2 44.2 52.4 +

Kenedy Female Autumn Afternoon 5 0.0 0.0 45.1 *

Morning 14 12.8 35.7 64.9 *

Nesting Afternoon 220 13.7 18.6 24.4 +

Morning 217 23.5 29.5 36.0 +

Winter Afternoon 7 3.7 28.6 71.0 *

Morning 4 0.0 0.0 52.7 *

a 95% exact binomial confidence intervals of the percent of locations (p) within areas <200 m from roads
b Number of Rio Grande wild turkey locations
c Symbols indicate areas <200 m from roads were used more (+), less (-), or in proportion to availability (o). The asterisk (*) indicates the sample size was
too small to determine habitat use near roads. At Brooks, 22.5% of available habitat was near roads. At Kleberg, 15.6% of available habitat was near roads.
At Kenedy, 12.5% of available habitat was near roads
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Plateau and Rolling Plains during certain time periods
(Tables 2–3). In those ecoregions, the most appropriate time
to conduct road-based surveys is from 1 December to 15
March during morning or afternoon. Surveys conducted
during other times may produce biased estimates. For
example, conducting surveys in the Rolling Plains from 16
August to 30 November would produce inflated population
estimates because both sexes used areas near roads more
than expected during those periods (Table 3).

The results from our analyses should act as a guide for
determining when to conduct road-based surveys for wild
turkeys. However, other factors such as flocking behavior
and vegetative cover should also be considered. For
example, vegetative cover may affect flock detectability,
so knowledge of annual leaf fall dates would be helpful in
designing survey protocols. Further, we recommend
researchers and managers investigate animal distributions
around roads before implementing road-based monitoring
programs for other wildlife species.

An important question concerning RGWT distributions
around roads remains. Within the 200 m area around
roads, RGWTs could exhibit small scale avoidance-
attraction behaviors (see Marques 2007). However, the
inherent error in radiotelemetry data precludes us from
examining this prospect. To reduce the inherent error
associated with wildlife location data, future research
examining animal distributions around roads may require
the use of micro-global positioning system technology
(location error <20 m; Wegge et al. 2007). Without
knowledge of animal distributions around roads, potential
bias in density estimates obtained from road-based surveys
cannot be known.
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