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Black Bears (Ursus americanus) were reportedly
widespread across Texas in the 1800s, but by the early
1900s their numbers had been reduced by overhunting,
predator control, and loss of habitat (Onorato and Hell-
gren 2001; Whittaker and Burns 2001). By 1960, no
Black Bears remained in Texas. In the early 1980s, a
small bear population in northern Mexico served as a
source population for natural recolonization of the
Trans-Pecos region, and in 1987 Texas declared the
Black Bear endangered (Onorato et al. 2003). There
are now repeated sightings of Black Bear in the Dead
Horse, Glass, Del Norte, Davis, and Guadalupe moun-
tains, suggesting that bears may continue to expand
their distribution into other parts of the Trans-Pecos
(Figure 1; Onorato et al. 2003). The population size in
Texas increased in the 1990s to an estimated 30–50
individuals, which resulted in a status change to threat-
ened in 1996 (Whittaker and Burns 2001).
Four factors have likely contributed to the expansion

of Black Bears in this region: (1) increased tolerance
by humans of Black Bears, (2) legal protection of
bears, (3) the existence of unoccupied woodland in
Texas, and (4) the presence of a source population in
Mexico (Onorato and Hellgren 2001; Kamler et al.
2003). Although research has been conducted on this
population in Mexico and in Big Bend National Park,
Texas (Doan-Crider 1995; Mitchell et al. 2002), there

has been no regional analysis of potential suitable habi-
tat for expansion. Knowledge of the extent, spatial
arrangement, and connectivity of suitable habitat is
required to allow the possible colonization of unoc-
cupied habitat to be predicted (Schadt et al. 2002).
This is the first step in a regional restoration effort of
a formerly extirpated Black Bear population.
Ecological restoration can occur within the context

of regional landscape-level planning and design (Har-
ris et al. 2001). One way to accomplish this is to build
a model from environmental data and known locations
of a focal species to predict the distribution of suitable
habitat for the species (Guisan and Zimmermann 2000).
Where data on population distribution and abundance
are unavailable, detailed sighting information can be
especially useful. Much of the information on Black
Bears in the Trans-Pecos is available via conversations
with locals (Onorato and Hellgren 2001) or sighting
data collected by Texas Parks and Wildlife. The data
include radiolocations, road kills, observations by biol-
ogists, and some reports made by members of the pub-
lic. Sighting data have been used successfully to model
habitat suitability for Lynx [Lynx canadensis] (Palma
et al. 1999), Grizzly Bear [Ursus arctos horribilis]
(Agee and Stitt 1989), Bobcat [Lynx rufus] (Woolf et
al. 2002), and Mountain Lion [Puma concolor] (Pike
et al. 1999).
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Although there are few cases of large carnivores nat-
urally recolonizing an area, recolonization by Wolves
[Canis lupus] in North America and Europe, by Brown
Bears [Ursus arctos arctos] in Scandinavia, and by
Black Bears in Oklahoma (Bales et al. 2005) indicates
that the right conditions can exist. To understand
whether an area can support increasing populations
of vertebrates, it is imperative to understand the suit-
ability of an area as habitat for a species (Queheillalt
and Morrison 2006). Our objective for this study was
to identify the potential expansion range of the Black
Bear in the Trans-Pecos region based on potential
habitat suitability. This will be a first step in provid-
ing wildlife managers with a comprehensive analysis
of available Black Bear habitat to use in the develop-
ment of a Black Bear management plan in western
Texas.

Methods
Study Area
Due to its proximity to Black Bear habitat in Mexico

and possibly New Mexico (Onorato et al. 2004), the
7.7 million ha Trans-Pecos region of Texas represents
a large tract of potentially suitable habitat for bear

recolonization. The region is made up of nine counties
in Texas and constitutes about 11% of the state. The
environment in the Trans-Pecos is unique compared
to other Black Bear habitat across the United States,
since the lower elevations are part of the Chihuahuan
Desert, the largest desert in North America (Powell
1998). This community is characterized by leaf succu-
lent and semi-succulent plants that typically grow on
exposed mountainsides and canyon walls (Gehlbach
1981). The area receives 30.5 to 45.7 cm of rain per
year (Casey 1972; Steele 1998), and almost all the
plants in the area have adaptations to conserve water.
The mountains of the Trans-Pecos create a series of
island woodland habitats (considered typical habitat
for Black Bears) separated by sometimes inhospitable
desert vegetation (Powell 1998). Elevations range from
2000 feet along the Rio Grande to more than 7000
feet in the high Chisos Mountains (Steele 1998).

Sighting Data
We gathered sighting data dating from 1903 to 2003

from Big Bend National Park, Guadalupe Mountain
National Park, and the Texas Parks andWildlife Depart-
ment. There were a total of 3675 sightings from all nine
counties of the Trans-Pecos region (Figure 1). All sight-

FIGURE 1. Map of the nine counties in the Trans-Pecos region of Texas with identified mountains ranges.
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ings were rated as class 1 or class 2 sightings, which
indicate that a bear is in possession, there is tangible
evidence documented, or it has been reported by an
experienced and reliable witness. To account for the
potential lack of independence in the data, we eliminat-
ed all sightings that occurred within the same month
of the same year within a 5 km radius of any other
sighting. We used sightings from only 1996 to 2003
for model development because we assumed that the
landscape had changed over the past century and we
wanted to use the most current data to model the near-
term future expansion of the population. In addition,
the data used to build the GIS environmental layers
came from information gathered from 1997 to 2002,
so our intent was to match the GIS database to the
sighting data.

Landcover Variables
We selected potential covariates based on previous

studies of Black Bears in New Mexico, Texas, and
Mexico. Steep slopes, rock, and higher elevations were
common settings for den placement by Black Bears
in Big Bend National Park, so we included these three
covariates (Mitchell et al. 2005). Disturbed areas such
as roads and urban areas (mostly because of the attrac-
tion provided by trash) were important in Texas, so we
included distance to roads, cropland, and urban habi-
tats to account for these disturbed areas (Hellgren et
al. 1991; Onorato et al. 2003). Two studies in other
jurisdictions found that bears favored areas near water,
so we included distance to water sources in our mod-
el (Garshelis and Pelton 1981; LeCount and Yarchin
1990). Woodland and sotol (Dasylirion wheeleri)
shrublands were found to be important landcovers for
resource and food selection by Black Bears in this
region (Hellgren 1993), so we included the availability
of these landcover types as candidate variables.
We initially considered 15 variables for the model:

elevation, aspect (south, west, north, and east), slope,
distance to water, distance to roads, proportion of bare
ground, proportion in agriculture, proportion of shrub-
land, proportion of grassland, proportion of wetland,
proportion of woodland, and proportion of urban. Due
to the lack of buffers containing wetland for both bear
and random locations, we withheld the proportion of
wetland variable from the model (Boccadori et al.
2008; Ciarniello et al. 2007).
We applied a 2.2 km radius around each bear record

based on the average daily linear movement of female
Black Bears from previous analyses (Feckse et al.
2003; Rice 2006). The average daily movement of
females has been used in other studies of large carni-
vores to buffer a point location (Carroll and Miquelle
2006). An equal number of random sightings was
obtained using Hawth’s tools in ArcGIS 9.0 (Beyer
2004*), and these were considered “absence” sight-
ing points (n = 2079). Pseudo-absences are meant to
provide a comparative data set to enable the conditions
under which a species occurs to be contrasted to where

it is absent (VanDerWal et al. 2009). Based on findings
that woodland is a significant predictor of bear habitat
in this region (Onorato et al. 2003; Mitchell et al. 2005)
and that 65% of our bear locations were located in the
woodland landcover, we restricted the pseudo-absence
point locations to woodland landcover (Poirazidis et
al. 2004). Therefore, the proportion of woodland vari-
able was not included in the model. The same 2.2 km
buffer was applied to the pseudo-absence points, but
we did not allow any overlap between bear sighting
buffers and the pseudo-absence buffers (Poirazidis et
al. 2004).
We derived environmental variables used in the mod-

el from relevant GIS layers. We obtained elevation
data from the National Elevation Dataset from the
U.S. Geological Survey for the elevation layer (reso-
lution = 30 m). We then derived the slope and aspect
layers using the Spatial Analyst extension in ArcGIS.
We generated the landcover/land use layer from 10
Landsat images using ERDAS software that classified
seven landcover/land use values (resolution = 30 m;
Rice 2006). This layer was ground truthed and found
to be 75% accurate (Rice et al. 2008). We used the
National Hydrography Dataset to generate hydrology
layers and determined the distance from each sight-
ing and random point to the nearest water source. We
obtained road data from the Texas Department of
Transportation and calculated the distance from each
sighting and random point to the closest road.

Statistical Analysis
We summarized all pixel values for each variable

in each bear location buffer using the average and we
repeated this process for the random sighting buffers.
These variables were then centered by subtracting
the mean for all buffers from each individual buffer
to improve the efficiency of the Markov chain Monte
Carlo algorithm by generating posterior samples with
lower autocorrelation (McCarthy 2007). We used a
generalized linear regression in the Bayesian frame-
work using WinBUGS (Version 1.4; Spiegelhalter et
al. 2003*). The Bayesian approach incorporates prior
knowledge and provides an interval within which the
parameter value lies (O’Neill et al. 1988). We assumed
no pre-existing knowledge of model coefficients. This
resulted in the use of non-informative prior distribu-
tions for all variables (O’Neill et al. 1988; MacNally
et al. 2004), meaning that our data dictate the posteri-
or probability distributions (MacNally et al. 2004).
Non-informative priors also reduce the risk of choos-
ing a subjective distribution and make all parameters
equally likely (Wintle et al. 2003). WinBUGS takes
samples from the posterior distribution by using a
Markov chain Monte Carlo sample (McCarthy 2007).
We used three chains, each with a burn-in period of
1000 iterations followed by 50 000 iterations for esti-
mation. An assumption of Bayes theorem is that pre-
dictor variables must be independent (Tucker et al.
1997). Therefore, we calculated correlations and if the
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correlation was > 0.6 we removed those variables,
which were deemed less important. This resulted in the
removal of proportion of urban, proportion of shrub-
land, north aspect, and east aspect, resulting in 9 can-
didate variables for modeling.
We tested 10 models based on variable combina-

tions found to be influential in previous studies. We
chose the best model based on the deviance informa-
tion criterion (DIC), the Bayesian equivalent of the
Akaike Information Criterion (McCarthy 2007). The
top model was the one with the lowest DIC score. We
entered the resulting equation into ArcGIS using the
raster calculator. We used the exponential function in
the raster calculator of ArcGIS to calculate the fol-
lowing logit function:

where β = parameter estimates, X = explanatory vari-
ables, and k = number of variables. This resulted in a
probability layer with values ranging from 0 to 1. The
probability of suitable bear habitat was assessed by
comparing the predicted and the observed probabili-
ties to determine an appropriate cut-off threshold.
We used a variety of validation procedures, as we did

not have an independent data set to use for comparison
purposes. For the top model, we evaluated the classifi-
cation rates using Cohen’s kappa at both the standard
(0.5) and optimal probability (determined from Fig-
ure 2) cut-off points (Slauson et al. 2007). The Cohen’s
kappa statistic measures the proportion of bear loca-
tions and random locations predicted correctly after
accounting for chance. We then evaluated the area

under the receiver operating characteristic (ROC),
which provides a single measure of overall accuracy
not dependent on a particular threshold (Graf et al.
2007). We plotted sensitivity (the probability that a
model correctly classifies bear locations) versus 1-
specificity (the probability that a model will incorrect-
ly classify random locations) over a range of proba-
bility thresholds from 0 to 1 (Lantz et al. 2007).
Finally, we assessed the predictive capability of the

top model based on a 10-fold cross-validation proce-
dure (Boyce et al. 2002). We estimated the Bayesian
model using a random draw of 90% of the data and
used this model to predict the frequency of occurrence
in the withheld 10% (Ciarniello et al. 2007). We used
a Spearman rank correlation to assess the relation-
ship between predicted occurrence for the withheld
locations and their frequency within 10 equally sized
classes of values from 0 to 1 (Johnson et al. 2005).
To account for variation in the area covered by each
category of resource selection function (RSF) bin on
the landscape, we used an area adjusted frequency by
dividing the 10 bins by the area covered by that range
of scores (Boyce et al. 2002). A model with a higher
R2 value is considered to be a good predictor (Long
et al. 2009).

Results
The elimination of multiple sightings resulted in a

total of 3177 sightings overall and 2079 sightings from
1996 to 2003 for model development. The best fitting
model (smallest DIC value) consisted of the full mod-
el with all variables included (Table 1). The second
best model did not include the southern or western
aspects, but it was not a real competitor with the top
model (Table 1).
The top model indicated that bear sightings were

negatively associated with bare landcover, agriculture,
grassland, elevation, the southern aspect, and distance

FIGURE 2. Validation procedures: (a) predicted values from the top model beta coefficients compared to the observed values
from the original Black Bear locations; and (b) area under the receiver operating characteristic (ROC) curve, plotting
sensitivity (true positives) vs. 1-specificity (false positives) for bear location predictions based on 10 threshold val-
ues from 0 to 1 in the Trans-Pecos region of Texas.
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to water (Table 2). Bear sightings were positively asso-
ciated with slope, the western aspect, and distance to
roads. So we would expect suitable habitat not to be
located near bare landcover, agriculture, or grassland
and to be at lower elevations and closer to water
sources. We would also expect suitable habitat to be
on steeper slopes and further from roads. Although
distance to roads was included in the model, the 95%
credible interval included the value of 0, which indi-
cates little influence on bear locations (McCarthy
2007). All other variables were significant, as they did
not include the value of 0 in their credible intervals.
The three landcover types included in the model
were the three highest-ranking variables in the mod-
el, with bare landcover having the greatest influence.
Based on the observed versus predicted values, a

threshold of > 0.4 probability for suitable habitat pre-
diction is reasonable (Figure 2a). Potentially suitable
habitat was mostly located in the mountainous regions
of the Trans-Pecos (Figure 3). Considering the entire
Trans-Pecos region, a probability value of > 0.4 ac-
counts for about 25% of the landscape that contains
relatively suitable habitat. Highly suitable habitat with
probability values > 0.9 accounts for about 8% of the
Trans-Pecos region, mostly restricted to the woodland
and mountainous areas.

Correct classification (probability cut-off = 0.4)
averaged 93.9% and 93.7% for the original and cross-
validation datasets, respectively (Table 3a). Cohen’s
kappa indicated good model performance at both
probability cut-offs of 0.5 and 0.4 for the original and
validation datasets, respectively (Table 3a). The area
under the curve from the model ROC plot indicated
that the model correctly distinguished between a bear
location and a random location (Figure 2b). All Spear-
man rank coefficients indicated that all cross-validated
datasets were good predictors of suitable bear habitat
(Table 3b).

Discussion
Landcover/land use seems to be the driving influ-

ence for the predicted expansion of this Black Bear
population. Bear locations were negatively associated
with grassland, agricultural areas, and bare patches of
landscape. This would reflect the life history of bears
and their ties to shrubland and woodland mast crops.
In addition, the agricultural areas in this region are
limited and are mostly associated with cattle ranches
rather than food crops (Onorato et al. 2003).
Currently, the breeding population of Black Bears

is located in the 372 377 ha of Big Bend National
Park and Black GapWildlife Management Area. There

TABLE 1. Ranking results for models of habitat suitable for Black Bears developed in the Trans-Pecos region of Texas.

Model1 Mean Deviance
deviance information criterion pD2

a · g · b · e · sl · st · w · rdd · wtd 1351.085 1360.883 9.798
a · g · b · e · sl · rdd · wtd 1378.919 1386.767 7.848
a · g · b · e · st · rdd · wtd 1680.391 1688.365 7.974
a · g · b · rdd · wtd 1684.494 1690.404 5.91
a · g · b · e · rdd · wtd 1685.521 1692.444 6.923
a · g · b · e · st · wtd 1798.997 1805.963 6.966
a · b · e · sl · st 1842.076 1847.801 5.725
a · g · b · e · st 1939.222 1945.141 5.919
a · g · b 1945.761 1949.682 3.921
a · b · e · st 3359.408 3364.387 4.979
1a = agriculture g = grassland b = bare e = elevation sl = slope st = south aspect w = west aspect rdd = distance to roads
wtd = distance to water
2pD is the effective number of variables in the model

TABLE 2. Estimated posterior distribution coefficients for the top model based on Bayesian estimation, standard deviation,
and 95% credible intervals for habitat suitable for Black Bears in the Trans-Pecos region of Texas.

Parameter Mean of Standard 95% credible
posterior distribution deviation interval

Proportion of bare −18.2986 4.15 −27.5728 to −11.2425
Proportion in agriculture −14.8459 3.757 −21.9755 to −7.5090
Proportion of grassland −6.62253 0.4172 −7.4820 to −6.6090
Southern aspect −3.56822 0.7074 −4.9444 to −2.2117
Elevation −0.00245 3.518E-4 −0.0031 to −0.0019
Distance to water −0.00109 1.591E-4 −0.0014 to −0.0008
Distance to roads 7.12E-05 8.36E-5 −8.65E-5 to 0.0002
Slope 0.133474 0.009943 0.1164 to 0.1506
Western aspect 1.307644 0.6151 0.1715 to 2.4579
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is a continuous strip of suitable habitat extending from
Big Bend National Park and the Black Gap Wildlife
Management Area to other suitable habitat patches in
the Glass and Del Norte mountains, and this strip may
serve as a corridor (Figure 1). The distances from Big
Bend National Park to the next two patches of highly
suitable habitat are 136.5 km to the Rio Grande and the
Chinati Mountains in Presidio County and 188.1 km
to the Davis Mountains in Jeff Davis County (Figure
1). These are feasible dispersal distances for this pop-
ulation, given that previous studies in the Trans-Pecos
found that two females and one male traveled 154,
214, and 178 km, respectively (Hellgren et al. 2005).
In addition, this region has a relatively low human pop-
ulation and little development threatening the region’s
habitats (Onorato et al. 2004). There is also a large
percentage of predicted habitat in Hudspeth County in
the northern Trans-Pecos region, so Black Bears may
be able to expand south from the New Mexico region
and Arapahoe National Forest.

Although sighting data have been used in many stud-
ies, there is still a stigma attached to such data. How
useful are they? Often there is a strong locational bias,
with higher sampling rates in the most accessible sites
(Davis et al. 1990). There can also be an issue when
only a few individuals exist in a population, because
this limits the number of independent sightings and
lowers the power of statistical inferences (Stoms et al.
1993).Although using sighting data to develop a model
of potential habitat has its disadvantages, our validation
procedures indicated our model is robust. In addition,
the effort and cost involved in a mark-recapture or hair-
capture study are too high for a region this large. Sight-
ing data provide a useful dataset for investigating the
general patterns of a small population across a large
region such as the Black Bear in the Trans-Pecos.
Some of the potential habitat lies along the banks of

the Rio Grande, which forms the western boundary of
the Trans-Pecos in Texas. Riparian areas interspersed
with other cover types have been found to be impor-

FIGURE 3. A. Comparison of measures for the original model dataset and the cross-validated datasets based on percentage
correctly classified, sensitivity, specificity, Cohen’s kappa at a threshold of 0.5, Cohen’s kappa at a threshold of 0.4,
and the area under the receiver operating characteristic (ROC) curve. B. Spearman rank correlations (rs) between
resource selection function (RSF) bin ranks and area-adjusted frequencies for each cross-validated model set.
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tant in other regions (Koehler and Pierce 2003) and
may be essential in the desert environment of Mexico
and Texas. Our study indicated that Black Bear loca-
tions were closer to water sources than random loca-
tions, and this could indicate that Black Bears are rely-
ing on water resources in this region. With less than
1% of the original riparian vegetation in the western
United States remaining (Queheillalt and Morrison
2006), wildlife managers should consider restoring
important water resources within the predicted Black
Bear habitat in the Trans-Pecos in cooperation with pri-
vate landowners. This would provide routes to enable
Black Bear expansion if it were to continue into the
predicted areas.
The Black Bear has been described as an umbrella

species, flagship species, and habitat quality indicator
(Dugelby et al. 2001). Maintaining habitat for Black
Bears can presumably preserve most other species in
the same habitat (Davis et al. 1990). Although restora-
tion usually entails the enhancement or alteration of
the environment, the natural recolonization by Black
Bears of the Trans-Pecos could provide a different sce-
nario. The normal factors limiting the re-establishment
of a population, such as habitat loss, habitat fragmenta-
tion, and anthropogenic constraints, are largely absent
in this region (Sanderson et al. 2008). Much of the
potentially suitable habitat may be occupied by large

cattle ranges and privately owned land (Doan-Crider
1995) rather than highly populated urban centers. Per-
haps the most effective option for the management of
this Black Bear population is to preserve habitat in
key suitable habitat areas in cooperation with private
landowners. In addition, to increase the ability of Black
Bears to reach suitable habitat, safe travel for Black
Bears that may be dispersing would be essential to any
restoration effort. Our prediction map can be used not
only to identify potential expansion areas for Black
Bears but also to provide managers with a tool for
identifying landowners that could be most affected by
bear colonization. The continued effort of habitat pro-
tection and cooperation with landowners will greatly
benefit this small Black Bear population and perhaps
enable the natural recolonization of the Trans-Pecos
region.
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