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suitability models were evaluated using data from 7 years of breeding site surveys. Overall
our models provide quantitative measures of reliability for where species are likely to
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occur; however, results varied among species. Suitable habitat for B. punctatus and G. oliva-
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cea extended over greater proportions of the study area and encompassed a wider variety of
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habitats compared to suitable habitat for S. couchii and B. debilis. Our models performed bet-

Model

ter at predicting where S. couchii and B. debilis were likely to occur compared to B. punctatus
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and G. olivacea. The variation in the predicted suitable habitat among these species, as well

Conservation

as the agreement between model output and breeding site use, elucidates the fact that
developing single species habitat suitability models may be a more appropriate approach
than trying to develop multi-species models. Our study provides the first habitat suitability
models for desert amphibians and provides important information for conservation biologists and land managers concerned with preserving amphibian diversity in xeric
landscapes.
Ó 2006 Elsevier Ltd. All rights reserved.

1.

Introduction

The distribution of organisms is linked to habitat, hence identifying spatial relationships between organisms and environmental features is important for understanding autecology of
species (Cowles, 1899; Grinnell, 1917). Moreover, understanding the environmental features that predict species occurrence is important for planning successful conservation
efforts (Pereira and Itami, 1991; Akcakaya and Atwood, 1997;
Gibson et al., 2004). Habitat suitability models have used species–environmental correlations to predict the distribution of
species across complex landscapes (Verner et al., 1986; Guisan

and Zimmermann, 2000; Manly et al., 2002). Extrapolating
from species–habitat relationships at the local scale, to
develop predictive models of habitat suitability at the
landscape scale, helps elucidate factors that influence species
persistence across multiple spatial scales (Pereira and Itami,
1991; Burnside et al., 2002; Root et al., 2003).
Landscape-level habitat suitability models have proven
especially useful for predicting quality habitat for organisms
that are endangered, rare, or have a patchy distribution over
space or time (Wu and Smeins, 2000; Gibson et al., 2004). Many
amphibian species, for example, are patchily distributed due
to their tight association with wetlands, particularly in arid
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regions where suitable habitat is relatively sparse or fragmented (Dayton et al., 2004; Gray et al., 2004b). Although the
presence of water and the suitability of the aquatic environment are often critical components of amphibian habitat,
many amphibians are also dependent on specific terrestrial
habitat components that provide refugia or foraging habitat
for adults. Thus, when identifying habitat suitability for many
amphibians it is essential to consider both terrestrial and
aquatic habitat requirements (Pope et al., 2000; Hazell, 2003;
Porej et al., 2004). Adult frogs that burrow into the soil, for
example, are less likely to persist in rocky areas regardless of
whether aquatic habitats are present. Alternatively, if suitable
aquatic environments are absent, the presence of suitable terrestrial habitat for adults is unlikely to influence presence of
the species in that area. As a result of this co-dependence of
aquatic and terrestrial habitat features, many amphibians often occur in metapopulations because they rely upon multiple
habitat types that do not always co-occur synoptically (Ray
et al., 2002; Greenberg and Tanner, 2005). This pattern is especially prevalent in landscapes where terrestrial habitat between breeding sites is unsuitable (Marsh and Trenham, 2001).
Disruption or alteration of suitable habitat is well known
to lead to increased isolation (spatially and genetically)
among populations (Ficetola and Bernardi, 2004; Banks
et al., 2005), and is believed to be one of the causes implicated
in recent declines in amphibian populations throughout the
world (Blaustein and Kiesecker, 2002; Brook et al., 2003).
Although significant research and monitoring efforts over
the past three decades have focused on factors influencing
species assemblages and conservation issues of many
amphibians (Heyer et al., 1994; Lips et al., 2004; Hermann
et al., 2005), factors that influence distributions, abundance,
and persistence of amphibians in desert environments are
relatively understudied (Woodward and Mitchell, 1991).
In the present study our objectives were two-fold. Our first
objective was to create predictive habitat suitability models
for four amphibian species found in the Chihuahuan Desert:
Scaphiopus couchii Baird, 1854 (Couch’s Spadefoot Toad), Bufo
debilis Girard, 1854 (Western Green Toad), Bufo punctatus Baird
and Girard, 1854 (Red-spotted Toad), and Gastrophryne olivacea
Hallowell, 1857 (Plains Narrow-mouthed Toad). Models were
created using environmental data in a geographical information system (GIS). Our second objective was to evaluate the
accuracy of the models to predict suitable habitat for these
species. Model output was evaluated using data from 7 years
of field surveys.

2.

Methods

2.1.

Study area

Our study area was Big Bend National Park (BBNP), which consists of approximately 315,000 ha, located in southwestern
Texas along the Rio Grande River in the Chihuahuan Desert
ecoregion. Annual precipitation averages approximately
38 cm with nearly 75% of the rainfall recorded at the main visitor center (1150 m elevation) occurring from May to September. Elevation ranges from 600 m along the Rio Grande River
to nearly 2400 m in the Chisos Mountains, with most of the
land between 762 and 1370 m. Mean summer and winter day-
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time temperatures are approximately 33 °C and 18 °C respectively, with extremes of 46 °C and 4 °C. Creosote bush (Larrea
tridentata) and lechuguilla (Agave lechuguilla) dominate the
vegetation community over approximately 72% of the park
(Plumb, 1987). Major soil units are Lajitas-rock outcrop, Lozier-rock, Chamberino, and Chilicotol, together comprising
approximately 69% of soils found in BBNP (Cochran and Rives,
1985).

2.2.

Spatial data layers

Variables included in our habitat suitability models were elevation, soil texture, soil water holding capacity, slope, and
proximity to drainage channels. These landscape variables
have been shown to be important in influencing amphibian
species distributions. Spatial data layers used were digital elevation models (DEM), digitized soil survey maps, and drainage
channel maps. Digital elevation models (30 m resolution) were
acquired from the Texas Natural Resources Information System (TNRIS), soil characteristics maps were obtained from digitized USDA soil maps of Big Bend National Park (Cochran and
Rives, 1985), and drainage/hydrology maps were created from
digitized USGS 1:100,000 topographic maps. Spatial attributes
(slope and distance to drainage channels) were created using
Arc View Spatial Analyst (ESRI, 1998). Data were converted to
raster format and projected in NAD 83 with 30 m resolution.
Georeferenced data of breeding sites detected during field surveys were used to create GIS ‘‘species’’ distribution layers.

2.3.
Rationale for selection of environmental features
included in habitat suitability models
2.3.1.

Soil characteristics

Soil properties influence the distribution of many amphibians
species (Diller and Wallace, 1999; Bradford et al., 2003; Dayton
et al., 2004). Coarse-rocky soils have relatively low water holding capacity and drain quickly (Cochran and Rives, 1985).
These characteristics limit the duration water is available
for breeding and reduce a species’ ability to dig into the soil
(Hardy, 1945). The capacity of soil to hold available water
(available water capacity) is expressed as inches of water
per inch of soil depth (in./in.). In BBNP available water holding
capacities of soils range from 0.02 in./in. (0.51 mm) in rocky
areas to 5 mm/mm (0.2 in./in.) in clay loams (Cochran and
Rives, 1985). Soils with relatively high available water capacity
are likely to be important for burrowing amphibians, as they
provide moist refuge sites that prevent amphibians from desiccating (McClanahan, 1967; Shoemaker, 1988) and are easier
to burrow in compared to rocky hard soils that typically have
low water holding capacities. In rocky terrain water will pool
in areas with slight depressions and may hold water for several months at a time. Although rock bound pools provide
suitable habitat for amphibian larvae, habitat for adults is
limited, especially for burrowing species. Thus, soils with
high water holding capacities are likely to be important for
burrowing amphibians such as S. couchii (Dayton et al.,
2004); however, for non-burrowing species rocky soils may
provide important habitat for adult amphibians. For burrowing species, and species associated with fine soils, we ranked
soils based on their water holding capacity.
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Slope

Steepness of a region significantly influences runoff. Some
amphibian species are associated with habitats that have
steep slopes (Diller and Wallace, 1996; Diller and Wallace,
1999); these species tend to inhabit permanent or long-lasting
streams in mountainous regions. In desert environments
where accumulation of water is primarily a result of shortlived thunderstorms, steep sloped regions provide relatively
little area where water can accumulate to create potential
breeding pools. Flat regions provide more opportunities for
water to pool opposed to areas with steeper slopes.

2.3.3.

Elevation

Elevation is an important factor limiting the persistence of
many amphibian species (Fauth et al., 1989; Bradford et al.,
2003; Pineda and Halffter, 2004). In BBNP there are no records
of S. couchii, B. debilis, B. punctatus, or G. olivacea above 1400 m
(Dayton, unpublished data). The majority of amphibians in
BBNP inhabit areas with elevations ranging between 550 and
1000 m with the exception of B. punctatus which has been
found at higher elevations in the Chisos Mountains (Dayton,
2001).

2.3.4.

Proximity to drainage channels

Drainage channels, and areas in close proximity to them, receive runoff from seasonal floods. Runoff often pools in drainage channels providing potential breeding habitat for some
amphibian species. Another source of water in desert environments are man-made cattle tanks. We excluded cattle
tanks from our analyses because although amphibians certainly use these habitats, they represent unnatural habitat
and are not being maintained by the National Park Service
and will soon be reverted back to natural conditions.

2.4.

Model framework

We assigned different suitability values to selected habitat
variables (i.e. specific soil type, slope category, etc.) based on
published accounts and field observations of habitat associations for S. couchii, B. debilis, B. punctatus, and G. olivacea (see
Sections 2.5–2.7 for habitat suitability values for each species).
Pixel values for each habitat suitability variable were reclassified from 0 to 3 in ArcView. Higher numbers corresponded to
more suitable habitat. GIS layers for each reclassified habitat
variable were multiplied using the Map Calculator in ArcView
to create a single landscape map. This is a multiplicative approach in which all layers are combined to create a single layer
of all the habitat variables. The final step in creating the habitat suitability model was to reclassify the combined map into
categories based on the value of each cell. Thus, potential habitat suitability was determined by a combination of the landscape variables based on species specific habitat affinities.
Some habitat features were ranked as 0 because the species
is not known to occur with that particular feature. For example, in BBNP S. couchii do not occur in the higher elevations of
the Chisos Mountains, thus all elevation above 1200 m was
ranked as 0. Because we used a multiplicative approach, all
areas within BBNP that fell above 1200 were scored as 0 for potential habitat suitability for S. couchii regardless of the other
landscape level factors associated with that specific spot. For
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each species we provide a detailed description on natural history affinities as well as a detailed compilation of how each
predicted habitat category was created.

2.5.

Scaphiopus couchii and Bufo debilis habitat affinities

Scaphiopus couchii and B. debilis are associated with similar
habitats in BBNP (Dayton et al., 2004). For this reason we
developed a single habitat suitability model that predicted
suitable habitat for both species (Fig. 1). Both species are associated with clay loam soils with relatively high water holding
capacities and breed primarily in temporary pools in alluvial
floodplains (Strecker, 1926; Newman, 1987; Dayton et al.,
2004) and metamorphose in relatively few days. S. couchii
metamorphosis in as little as 8 days (Mayhew, 1965; Newman,
1989) and B. debilis in as few as 20 days (Strecker, 1926). In
BBNP, S. couchii is distributed throughout the park with the
greatest number of individuals occurring in the northern regions and near the Rio Grande River at the lower elevations

Landscape-Scale Model for Scaphiopus couchii and Bufo debilis
SOIL RATING
3
High Likelihood
- Available water capacity > 2.5 mm/mm
2
Medium Likelihood
- Available water holding capacity 2.0 to 2.5 mm/mm
1
Low Likelihood
- Available water holding capacity < 2.0 mm/mm
SLOPE RATING
2
High Likelihood
- Flat areas (slope < 3o)
1
Medium Likelihood
- Moderate slopes (slope 3-6o)
0
Very Low Likelihood
- Steep slopes (> 6o)
ELEVATION
2
High Likelihood
- Low elevation (500-1000 m)
1
Medium Likelihood
- Medium elevation (1000-1200 m)
0
Very Low Likelihood
- High elevation (> 1200 m)
POSSIBLE ENVIRONMENTAL FACTOR COMBINATIONS
Elevation
Rating
0
—
1
1
2
1
1
2
2
1
2
2
2

Slope
Rating
—
0
1
2
1
1
2
1
2
2
1
2
2

Soil Rating
—
—
1 or 2
1
1
3
2
2
1
3
3
2
3

Predicted Habitat
Suitability
Very Low
Very Low
Low
Low
Low
Medium
Medium
Medium
Medium
High
High
High
Very High

— = any category rating

Fig. 1 – Variables selected and criteria used in habitat
suitability models for Scaphiopus couchii and Bufo debilis.
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up to approximately 1200 m (Dayton, 2001; Dayton et al.,
2004). Bufo debilis occur primarily in the northern region of
the park at elevations ranging from 700 to 900 m; however, a
few individuals have been observed along the Rio Grande
River and near the western park boundary at lower elevations
(Dayton, unpublished data). Relatively little natural history
information exists for B. debilis; though, it is also thought to
burrow into the soil and seek refuge beneath vegetation and
rocks and in animal burrows (Creusere and Whitford, 1976;
Dayton, unpublished data).

2.6.

Bufo punctatus habitat affinities

Bufo punctatus is associated with temporary and permanent
water bodies throughout their range and breed in a wide
variety of habitats including temporary bedrock pools, rocky
canyons, low gradient flood plains, steeply sloped tributaries,
and permanent springs (Fig. 2) (Mayhew, 1965; Tevis, 1966;
Sullivan and Fernandez, 1999; Bradford et al., 2003). Adults
are often associated with rocky stream beds and drainage
channels in well drained rocky soils (Sullivan, 2005). In the
desert southwest breeding primarily occurs following a rain
event and continues for several weeks (Sullivan, 1989). During the summer months breeding occurs primarily in small
temporary pools in rocky upland habitat (Tevis, 1966; Creusere and Whitford, 1976; Sullivan, 2005). Although adults
are believed to burrow and dig into the ground during dry
periods (Tevis, 1966), they often take refuge beneath stones,
vegetation, and other cover (Strecker, 1926; Turner, 1959;
McClanahan et al., 1994). In BBNP, B. punctatus is distributed
widely throughout the park but has not been found in the
high elevations Chisos Mountains (Dayton, unpublished
data).

2.7.

Gastrophryne olivacea habitat affinities

Gastrophryne olivacea is associated with a wide variety of habitats including stock tanks, tinajas, temporary pools, and frequently inundated alluvial floodplains (Smith, 1934; Sullivan
et al., 1996; Anderson et al., 1999) (Fig. 3). Adults seek refuge
beneath fallen vegetation and rocks as well as within tarantula burrows (Fitch, 1956; Dundee, 1999; Dayton, 2000). Breeding takes place after seasonal rain storms and adults continue
to call for several days following a rain event (Dayton, unpublished data). Gastrophryne olivacea has been reported to be rare
throughout BBNP; however, recent surveys indicate they are
relatively common (Dayton, unpublished data). In BBNP, G.
olivacea is distributed widely throughout the park and occurs
primarily in low and mid elevation ranges across a broad
range of habitat types ranging from sloped well-drained rocky
areas to clay-loam flats with relatively high water holding
capacity (Dayton, 2001; Dayton, 2005). Although we used published data to develop criteria for G. olivacea a significant portion of the information was based on our observations over 7
years of survey work.

2.8.

Survey of amphibian breeding sites

During the summer months of May–August from 1998 to
2004 we conducted area-constrained surveys (where each
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Landscape-Scale Model for Bufo punctatus
SOIL RATING
3
High Likelihood
- Cobble
2
Medium Likelihood
- Gravel
1
Low Likelihood
- Sandy or fine
SLOPE RATING
2
High Likelihood
- Flat to moderate slopes (slope 0-6 o)
1
Medium Likelihood
- Moderate to steep (slope 6-9o)
0
Very Low Likelihood
- Steep (> 9o)
DRAINAGE CHANNEL RATING
2
High Likelihood
- < 50 m from drainage channel
1
Medium Likelihood
- > 50 m from drainage channel
ELEVATION RATING
2
High Likelihood
- < 1450
1
Very Low Likelihood
- > 1450
POSSIBLE ENVIRONMENTAL FACTOR COMBINATIONS
Elevation
Rating
—
1
1
1
1
2
1
1
2
1
2
2
1
2
2
2
2

Drainage
Rating
—
1
1
1
2
1
1
2
1
2
1
2
2
1
2
2
2

Slope
Rating
0
1
1
2
1
1
2
1
1
2
2
1
2
2
1
2
2

Soil Rating
—
1
2 or 3
1
1
1
2 or 3
2 or 3
2 or 3
1
1
1
2 or 3
2 or 3
2 or 3
1
2 or 3

Predicted Habitat
Suitability
Very Low
Very Low
Low
Low
Low
Low
Medium
Medium
Medium
Medium
Medium
Medium
High
High
High
High
Very High

— = any category rating

Fig. 2 – Variables selected and criteria used in habitat
suitability models for Bufo punctatus.

pool represented the sample area) at more than 500 permanent and temporary water bodies throughout all of BBNP
for the presence of amphibians. Sites ranged from ephemeral
pools to permanent springs. Because the goal of our study
was to cover as much area as possible the majority (approximately 75%) of the sites were surveyed only once; however,
some sites were surveyed multiple times during the 7 years.
This survey method allowed us to survey more sites; however, we may have missed the presence of a given species
at a particular site (e.g. the species was absent when we surveyed but bred their later). Location of each site was recorded
using a handheld Global Positioning System (GPS) unit. Sites
were sampled opportunistically and assumed to be a random
representative sample due to the stochastic nature of rain
distribution patterns in BBNP. Site selection was determined
based upon recent rain events. Surveys were conducted over
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Landscape-Scale Model for Gastrophyrne olivacea
SOIL RATING
3
High Likelihood
- Cobble or available water capacity > 2.5 mm/mm
2
Medium Likelihood
- No cobble and available water holding capacity 2.0 to 2.5 mm/mm
1
Low Likelihood
- No cobble and available water holding capacity < 2.0 mm/mm
SLOPE RATING
2
High Likelihood
- Flat to moderate slopes (slope 0-6 o)
1
Medium Likelihood
- Moderate to steep (slope 6-9o)
0
Very Low Likelihood
- Steep (> 9o)
ELEVATION
2
High Likelihood
- Low elevation (500-1000 m)
1
Medium Likelihood
- Medium elevation (1000-1200 m)
0
Very Low Likelihood
- High elevation (> 1200 m)
POSSIBLE ENVIRONMENTAL FACTOR COMBINATIONS
Elevation
Rating
0
—
1
1
2
1
1
2
2
1
2
2
2

Slope
Rating
—
0
1
2
1
1
2
1
2
2
1
2
2

Soil Rating
—
—
1 or 2
1
1
3
2
2
1
3
3
2
3

Predicted Habitat
Suitability
Very Low
Very Low
Low
Low
Low
Medium
Medium
Medium
Medium
High
High
High
Very High

— = any category rating

Fig. 3 – Variables selected and criteria used in habitat
suitability models for Gastrophryne olivacea.

a 7-year period, and covered the range of available habitats
throughout the entire study region. We used extensive dipnet sampling throughout each pool to capture tadpoles and
document species presence. Because we were interested in
detecting species presence/absence rather than calculating
abundance or density we sampled the banks and interior regions of each pool in a manner that ensured we covered as
much area as possible rather than sampling along fixed transects or plots. Dip-net surveys provide a good estimate of
species presence (Shaffer et al., 1994) and are effective in
detecting tadpoles even when densities are relatively low
(Jung et al., 2002). Tadpoles collected in the field were identified to species (Altig and McDiarmid, 1998). Locality data for
each species were recorded in DBF file format and converted
to point shape files and then grid themes. Wetlands within
30 m of one another were grouped together as a single site.
Our rationale for the 30 m distance is based upon water connectivity rather than dispersal abilities of adults. We were
concerned that pools that were very close to each other
may have initially been a single pool that because of evaporation appeared as two pools. Furthermore, because surveys
were conducted over multiple years we wanted to be sure
that we did not include a particular breeding site multiple
times. Thus, we decided to group sites that were within 30
meters of one another. This reduced our overall sample size
but was necessary to be certain we were not counting a single pool multiple times.
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2.9.

Model evaluation and data analysis

Evaluating the effectiveness of a habitat suitability model typically entails using independent data to test the ability of the
model to accurately predict occurrence and or abundance of
target species. Although we did not explicitly use data from
our breeding site surveys to generate habitat suitability models, our observations on habitat affinities were used as one of
the sources of information in selecting model variables and
classification criteria. Accuracy of the model was examined
by overlaying GIS species occurrence layers onto predicted
habitat suitability maps. We then used chi-square goodnessof-fit tests to examine whether the observed frequencies of
occurrence in each habitat category were different than
would be expected if the number of breeding sites simply reflected the availability of each predicted habitat category. To
determine which habitat categories were drivers of significant
differences, we compared 95% confidence intervals for the
proportions of used, versus available, predicted habitat categories (Bonferroni adjusted)
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
oi  Zð1a=2kÞ oi ð1  oi Þ=n 6 pi 6 Oi þ Zðia=2kÞ oi ð1  oi Þ=n
where i is habitat category, oi is the proportion of the sample
of used resources in category i, k is number of simultaneous
estimates being made, and pi is the proportion of available
resources units that are in category i. This method evaluates
whether the observed proportions of sites in a specific habitat category fall outside the predicted 95% confidence interval for that habitat category (Neu et al., 1974; Manly et al.,
2002).

3.

Results

3.1.

Scaphiopus couchii

Predicted suitable habitat for S. couchii is scattered throughout
BBNP, with the majority of Very High quality habitat occurring
in the northern region of the park (Fig. 4). Approximately 75%
of all S. couchii breeding sites detected during our surveys occurred in High and Very High habitat suitability categories
(Table 1). Breeding sites occurred in predicted habitat categories disproportionately than would be expected if they occurred in the categories relative to their availability (v2 = 353,
df = 4, P < 0.0001). Scaphiopus couchii occurred in the Very High
category significantly more frequently than expected, and
less frequently than expected in Low and Very Low categories.
(This can be determined for S. couchii, and other species, by
comparing the observed vs. expected values by category,
and by comparing the pi statistic with the confidence limits
(Table 1).

3.2.

Bufo debilis

Predicted suitable habitat for B. debilis is scattered throughout
BBNP, with the majority of Very High quality habitat occurring
in the northwestern region of the park (Fig. 4). Approximately
89% of all B. debilis breeding sites detected during our surveys
occurred in the Very High habitat suitability category (Table 1).
Breeding sites occurred in predicted habitat categories disproportionately than would be expected if they occupied the
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Fig. 4 – Predicted habitat suitability for S. couchii and B. debilis in Big Bend National Park, Texas.

Table 1 – Occurrence of, and habitat selection indices for, Scaphiopus couchii, Bufo debilis, Gastrophryne olivacea, and Bufo
punctatus in each of the five predicted habitat categories
Species

Predicted
Proportion of
habitat
total area of
category (i) predicted habitat
category (p)

Observed # of
sites in habitat
category (u)

Expected #
of sites in
category (pu+)

Proportion sites
Confidence
in habitat
intervals
category (o)
(Bonferroni adjusted)

Scaphiopus couchii

Very low
Low
Medium
High
Very high

0.46a
0.09a
0.16
0.21
0.07a

9
2
10
16
50

40
9
14
18
6

0.10
0.03
0.11
0.18
0.57

0.02 6 pi 6 0.19
0.02 6 pi 6 0.06
0.03 6 pi 6 0.20
0.08 6 pi 6 0.29
0.44 6 pi 6 0.70

Bufo debilis

Very low
Low
Medium
High
Very high

0.46a
0.10
0.16
0.21
0.07a

1
0
2
0
23

12
3
4
5
2

0.04
0
0.08
0
0.88

0.03 6 pi 6 0.10
N/A
0.01 6 pi 6 0.16
N/A
0.78 6 pi 6 0.99

Bufo punctatus

Very Low
Low
Medium
High
Very high

0.36a
0.01
0.15
0.45
0.04

15
0
25
45
13

35
0.5
14
44
4

0.15
0
0.26
0.46
0.13

0.02 6 pi 6 0.28
N/A
0.10 6 pi 6 0.42
0.28 6 pi 6 0.64
0.01 6 pi 6 0.26

Gastrophryne olivacea

Very Low
Low
Medium
High
Very high

0.36a
0.06
0.13
0.20
0.25a

3
1
4
11
28

17
3
6
10
12

0.06
0.02
0.09
0.23
0.60

0.03 6 pi 6 0.15
0.03 6 pi 6 0.07
0.02 6 pi 6 0.19
0.08 6 pi 6 0.39
0.42 6 pi 6 0.78

Confidence intervals were not constructed for categories in which no sites were detected.
u+ = Total number of sites for each species.
a Significant at P < 0.05 after Bonferroni corrections.

categories relative to their availability (v2 = 240, df = 4,
P < 0.0001). Bufo debilis occurred in the Very High category significantly more frequently than expected and less frequently
than expected in the Very Low category (Table 1).

3.3.

Bufo punctatus

Predicted suitable habitat for B. punctatus is widely distributed
throughout BBNP, with the majority of High quality habitat
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occurring throughout the southern regions of BBNP but with
large patches scattered throughout the entire park (Fig. 5).
Breeding sites occurred in predicted habitat categories disproportionately than would be expected if they occurred in
the categories relative to their availability (v228, df = 4,
P < 0.0001). Approximately 59% of all B. punctatus breeding
sites occurred in High and Very High habitat suitability categories (Table 1). More B. punctatus individuals occurred in Very
High and High habitat categories than expected; however the
results were not significant (Table 1). The only significant difference detected was for the Very Low category, where fewer
individuals occurred than expected (Table 1).
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3.4.

Gastrophyrne olivacea

Predicted suitable habitat for G. olivacea is scattered throughout BBNP, with the majority of Very High quality habitat
occurring in the northern and eastern regions of the park
with isolated patches throughout the southern and western
boundaries (Fig. 6). Approximately 83% of all G. olivacea breeding sites detected during our surveys occurred in High and
Very High habitat suitability categories (Table 1). Breeding
sites occurred in predicted habitat categories disproportionately than would be expected if they occurred in the categories relative to their availability (v2 = 35, df = 4, P < 0.0001).

Fig. 5 – Predicted habitat suitability for B. punctatus in Big Bend National Park, Texas.

Fig. 6 – Predicted habitat suitability for Gastrophryne olivacea in Big Bend National Park, Texas.
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Gastrophryne olivacea occurred in the Very High category significantly more frequently than expected, and less frequently
than expected in the Very Low category (Table 1).

4.

1 3 2 ( 2 0 0 6 ) 4 0 –4 9

47

populations (Marsh and Trenham, 2001; Gray et al., 2004a;
Gray et al., 2004b). Thus, regions with high quality terrestrial
and aquatic habitat are likely to provide a source of emigrants
that maintain satellite populations.

Discussion
4.1.

Our study is the first to provide habitat suitability models for
desert amphibians. By utilizing species-specific habitat associations, we were able to accurately predict habitat suitability
for three of the four amphibian species. Model evaluation
demonstrated that habitat suitability models performed well
for predicting species occurrence in Very High suitable habitat
categories and species absence in Very Low habitat suitability
categories for S. couchii, B. debilis, and G. olivacea. The inability
of our model to predict the presence or absence of individuals
of all species in many of the intermediate predicted habitat
categories indicates that our models perform best in discriminating between Very Low and Very High predicted habitat
categories. This discrepancy is likely due to the coarseness
of our model input (e.g. small pockets of potential habitat
may exist within areas we classified as low quality habitat),
inaccuracies in GIS data (e.g. modeled slope values may not
correspond perfectly to slope on the ground), or be an artifact
of small sample sizes in some regions.
Very High and High suitable habitat categories for G. olivacea and B. punctatus extended over greater areas of BBNP compared to S. couchii and B. debilis. Suitable habitat for S. couchii
and B. debilis was limited primarily to the northern regions
of the BBNP and along the Rio Grande River, with fingers of
Very High quality habitat extending into the interior of the
park. Gastrophryne olivacea and B. punctatus also occurred in
these areas, as well as in other regions of the park. Although
the model was significant for B. punctatus, the fit was not as
informative for as it was for the other species. This is likely
due to the fact that B. punctatus utilize a wide variety of habitats and may not be as restricted in their habitat use. The
data used in our models may be too coarse to pick up small
scale environmental features that may actually be suitable
habitat for B. punctatus.
For many amphibian species that inhabit desert environments suitable habitat is relatively sparse and patchily distributed. Thus, populations may be isolated by unsuitable
xeric regions. Furthermore, amphibian populations in desert
environments are likely to exhibit significant fluctuations in
size over time due to the stochasticity and unpredictability
of the presence and duration of aquatic habitats. Desert
amphibians often do not breed on an annual basis due to
unpredictable environmental conditions (Bragg, 1945), commonly lose entire clutches due to desiccation (Mayhew,
1965; Tevis, 1966; Newman, 1987), have extremely low juvenile survivorship (Creusere and Whitford, 1976), are susceptible to predation in all stages of their development (Newman,
1987; Dayton and Jung, 1999; Bonine et al., 2001; Dayton and
Wapo, 2002), and often persist in isolated populations (Turner,
1959; Mayhew, 1965). Combined, these factors presumably
lead to frequent extinction events at local breeding sites. Species persistence over the long-term relies upon recolonization
from neighboring sites (Hanski, 1987; Rustigian et al., 2003).
The ability of amphibians to move between isolated populations is largely dependent on the suitability of habitat among

Implications for conservation

An important implication of the habitat suitability models is
that high quality habitat may play an important role in facilitating movements among isolated breeding sites. Therefore,
protecting areas where high quality habitat is abundant
should positively influence the persistence of local populations that depend on the dynamics of local extinction and colonization (Vos and Stumpel, 1996; Marsh et al., 1999; Bulger
et al., 2003; Green, 2003). This is particularly important for
species such as S. couchii and B. debilis that had patchily distributed areas of high quality habitat that were often isolated
from one another by relatively large distances. In comparison,
B. punctatus and G. olivacea seem to be habitat generalists and
persist in a relatively broad range of habitats. The variation in
the predicted suitable habitat among these four functionally
similar species (i.e. xeric adapted amphibians) elucidates
the fact that developing single species habitat suitability
models is a more appropriate approach then trying to develop
multi-species models which assume species will respond to
changes in habitat in a similar manner (Lindenmayer et al.,
2002). The fact that we used field surveys to examine the measure of agreement between our model output and breeding
site localities significantly increases their usefulness and relevance for conservation and management purposes as we
have provided evidence that these models work (Fleishman
et al., 2001; Pullin and Knight, 2001; Pullin et al., 2004). We
are optimistic these results will be very useful to BBNP resource managers in identifying sites for future surveys as well
as areas of high species richness. Although it is important to
realize the scope of this study was constrained within the
boundaries of BBNP, the framework of our model provides a
valuable tool for land managers and conservation biologists
interested in determining suitable habitat for other xeric
adapted amphibians.
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