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Detecting the influence of climatic
variables on species distributions: a test
using GIS niche-based models along a
steep longitudinal environmental
gradient

Gabriel C. Costa*, Christina Wolfe, Donald B. Shepard, Janalee P. Caldwell

and Laurie J. Vitt

INTRODUCTION

Factors that influence the geographic distributions of species

include how organisms relate to their environment (i.e. niche

requirements) and interspecific interactions such as competi-

tion, predation, and parasitism (MacArthur, 1984; Chesson,

2000; Chave et al., 2002). Historical factors such as geographic

barriers and/or lack of sufficient dispersal opportunities also

influence species distributions (Brown et al., 1996; Patterson,

1999). A species’ niche is defined as the set of environmental

conditions required for the species to maintain a viable

population in order to persist through time (Hutchinson,

1957; Chase & Leibold, 2003). A species is seldom able to

occupy all of its potential geographic range, and the presence
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ABSTRACT

Aim To investigate the influence of climate variables in shaping species

distributions across a steep longitudinal environmental gradient.

Location The state of Oklahoma, south-central United States.

Methods We used Geographical Information Systems (GIS) niche-based

models to predict the geographic distributions of six pairs of closely related

amphibian and reptile species across a steep longitudinal environmental gradient.

We compared results from modelling with actual distributions to determine

whether species distributions were primarily limited by environmental factors,

and to assess the potential roles of competition and historical factors in

influencing distributions.

Results For all species pairs, GIS models predicted an overlap zone in which

both species should occur, although in reality in some cases this area was

occupied by only one of the species. We found that environmental factors clearly

influence the distributions of most species pairs. We also found evidence

suggesting that competition and evolutionary history play a role in determining

the distributions of some species pairs.

Main conclusions Niche-based GIS modelling is a useful tool for investigating

species distribution patterns and the factors affecting them. Our results showed

that environmental factors strongly influenced species distributions, and that

competition and historical factors may also be involved in some cases.

Furthermore, results suggested additional lines of research, such as ecological

comparisons among populations occurring inside and outside predicted overlap

zones, which may provide more direct insight into the roles of competitive

interactions and historical factors in shaping species distributions.
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of other species as well as historical factors often reduce

distributions to a subset of the potential range (Hutchinson,

1957; Chase & Leibold, 2003).

Teasing apart which factors exert the most influence is a

major challenge when investigating how ecological and/or

historical factors shape the distribution of a species (Endler,

1982). Much of the difficulty stems from the lack of objective

means for identifying regions of suitable habitat and from

integrating how ecological and/or historical factors shape the

species’ actual distribution. Recent advances in Geographical

Information Systems (GIS) allow modelling of a species

distribution based on attributes of the environment that

should be correlated with the niche requirements of the species

(Peterson, 2001; Guisan & Thuiller, 2005). These models

identify previously unsampled locations where the species has

a high probability of occurrence and have been applied

successfully to predict the geographic distributions of several

animal groups in a variety of ecosystems (Peterson, 2001;

Luoto et al., 2002; Raxworthy et al., 2003). However, these

techniques do not account for species interactions or historical

factors (Araújo & Guisan, 2006). By examining congruence or

discordance between predicted distributions and actual distri-

butions, researchers can evaluate the potential role of ecolog-

ical and historical factors in determining a species’ geographic

distribution (Anderson et al., 2002a,b).

GIS niche-based models that focus on closely related species

occurring in adjoining or slightly overlapping areas along a

well-sampled environmental gradient might be useful in

exploring the roles of competitive interactions and/or envi-

ronmental characteristics in limiting and shaping the distri-

butions of species. Results of such analyses can reveal three

possible patterns (Fig. 1), each of which can be interpreted to

support a specific factor in determining species distributions.

First, if a GIS niche-based model shows that two species do not

overlap at all in their predicted distributions, the most likely

explanation is that the distributions of both species are limited

by unfavourable environmental factors that prevent further

expansion along an environmental gradient (Fig. 1a). Second,

if niche-based modelling predicts an overlap zone in which

both species are known to occur, then favourable environ-

mental conditions exist that should allow both species to occur

in the overlap zone (Fig. 1b). In this case, niche segregation at

smaller spatial scales (e.g. microhabitat, activity period, diet,

etc.) would be predicted to allow the coexistence of both

species. In addition, if the species are sister taxa with different

niche characteristics, niche lability or character displacement

may be occurring to avoid competitive interactions (Losos

et al., 2003). Alternatively, if evidence for niche partitioning

(e.g. microhabitat segregation) is lacking, then resources may

not be limiting, and species can occur together without niche

or character shifts. Coexistence may also be facilitated by other

ecological interactions such as predation, whereby a top

predator can regulate population size in a way that relaxes

competition among closely related species (Hanski, 1981). In

the third possible pattern, only one species occupies the

predicted overlap zone, indicating that favourable conditions

may exist for both species, but that either one species

competitively excludes the other or some historical factor

prevented one of the species from colonizing the area (Fig. 1c).

In this case, if the species are sister taxa, theory and empirical

evidence predict that niches are probably conserved (Peterson

et al., 1999; Wiens & Graham, 2005). If natural history data

confirm that they have similar niches, then competition or

historical factors might determine their distributions in the

overlap zone. However, if the species have different niches,

then the absence of one species in the predicted overlap zone

may reflect the impact of historical factors.

Here we investigate potential factors that limit the distribu-

tions of species by building niche-based models of geographic

distributions of closely related species across a steep longitu-

dinal environmental gradient. With a sharp transition from

eastern deciduous forest in the east to open habitats in the

west, the central United States is ideal for testing models of this

type. To evaluate the generality of the models, we selected six

Species A
Species B

Environmental gradient

Predicted distributions

(a)

(c)

(b)

Figure 1 Predicted results of using niche

modelling to investigate factors that may

affect distributions of closely related species

along an environmental gradient. (a) Species

do not overlap in their predicted distribu-

tions. (b) Both species occur in the predicted

overlap zone. (c) Only one species occupies

the predicted overlap zone.
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species pairs differing in evolutionary history, bauplan, and

overall ecology (two scincid lizards, two ranid frogs, two

viperid snakes, two microhylid frogs, two scaphiopodid frogs,

and two colubrid snakes).

MATERIALS AND METHODS

Study area

A distinct environmental gradient is ideal for investigating

factors that influence the distributions of species. Overall, a

multitude of climatic–environmental variables show an east to

west transition in the United States (Fig. 2), and this transition

is steepest in the state of Oklahoma (Figs 2 & 3). Oklahoma is

located in the south-central United States, bordered by

Missouri and Arkansas to the east, Texas to the south, New

Mexico to the west, and Colorado and Kansas to the north

(Fig. 4). It can be divided into nine major physiognomic

regions (see Caire, 1989, and references therein for details).

The eastern region of the state lies within the western edge of

the Interior Highlands (Ozark and Ouachita uplifts) and

primarily consists of oak–hickory forest. In contrast, the

western region of the state lies within areas of sandstone and

gypsum hills in a flatter grassland/prairie physiognomy

(Johnson & Duchon, 1994). The climate of Oklahoma exhibits

a marked change along an east–west gradient, which in turn is

mirrored by the vegetation (Figs 3 & 4). For example, mean

annual precipitation varies from 1270 mm in the south-east

Ouachita Mountains to 600 mm in the high plains of the west

(Fig. 3b). In addition, rainfall from year to year and from

season to season (Fig. 3d) can be highly variable (Johnson &

Duchon, 1994).

In summary, we took advantage of a very interesting

combination of factors that makes our analysis particularly

meaningful. First, Oklahoma is situated within a sharp

longitudinal environmental gradient (Fig. 2). Second, the

western/eastern geographic limits of the distributions of the

species lie within the state. Finally, our conclusions require

good sampling inside the overlap zone, which we have for the

region in which the steep environmental gradient exists (i.e.

2500

2000

1500

1000

500

0

1200

1000

800

600

400

200

250

200

150

100

50

80

70

60

50

40

30

20

–120

–100

–80

–60

–40

–20

0

–120 –110 –100 –90 –80

9000

8000

7000

6000

–120 –110 –100 –90 –80

(a) (b)

(c) (d)

(e) (f)

Figure 2 Relationships of six of the 20 climatic–environmental variables used in the niche modelling along a longitudinal axis across the

continental United States (this subset of variables was chosen specifically to illustrate the longitudinal gradient). (a) altitude; (b) mean

annual precipitation; (c) precipitation of the driest quarter; (d) precipitation seasonality; (e) minimum temperature of the coldest month;

(f) temperature seasonality. Data from WorldClim (http://www.worldclim.org/). In the graphs, each degree of longitude represents the mean

value for eight latitudes (ranging from 33� N to 40� N) within the same longitude; the x-axis is longitude and y-axes are environmental

variables. Temperature variables are in degrees Celsius · 10, precipitation variables are in millimetres, and altitude is in metres above sea

level. Dashed lines represent the longitudes within which the state of Oklahoma lies.
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Journal of Biogeography 35, 637–646 639
ª 2007 The Authors. Journal compilation ª 2007 Blackwell Publishing Ltd



0 80 160 240 32040
Kilometres

Vegetation

104º W 102º W 100º W 98º W 96ºW 94º W

104º W 102º W 100º W 98º W 96ºW 94º W

Kansas

A
rk

an
sa

s
M

is
so

ur
i

C
ol

or
ad

o

N
ew

 M
ex

ic
o

Texas

38º N

36º N

34º N

32º N

38º N

36º N

34º N

32º N

Pinyon pine

Plains grassland

Prairie

Oak–hickory

Cross timbers

Shinnery oak

Figure 4 Map of the south-central United

States showing the state of Oklahoma, and

the major vegetation types of the region.

Figure 3 Relationships of six of the 20 climatic–environmental variables used in this study along a longitudinal axis within the state of

Oklahoma, illustrating the east–west gradient. (a) altitude; (b) mean annual precipitation; (c) precipitation of the driest quarter;

(d) precipitation seasonality; (e) minimum temperature of the coldest month; (f) temperature seasonality. Data from WorldClim (http://

www.worldclim.org/). In the graphs, each point represents the mean value for eight latitudes (ranging from 34� N to 37� N) within the same

longitude; the x-axis is longitude and y-axes are environmental variables. Temperature variables are in degrees Celsius · 10, precipitation

variables are in millimetres, and altitude is in metres above sea level.
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Oklahoma). Although adding the overlap zone north (e.g.

Kansas) and/or south (e.g. Texas) of Oklahoma could be

interesting in itself, the additional variables (e.g. latitude, and

its effects on species distributions and community structure,

differences in steepness of the gradient, etc.) would divert the

study from its primary focus, namely why do ‘western species’

not occur further east, and why do ‘eastern species’ not occur

further west?

Species selection

Ectotherms such as amphibians and reptiles are model

organisms with which to study the effects of climatic–

environmental characteristics on the distributions of species.

Their thermal ecology, physiology, and behaviour are generally

highly dependent upon environmental conditions, and for

temperate-zone amphibians, which generally rely on aquatic

habitats for reproduction, precipitation can be especially

critical (Zug et al., 2001). Thus, environmental characteristics

are likely to have a strong influence on limiting species

distributions in these groups.

The state of Oklahoma has a high diversity of amphibians

and reptiles, with 58 species of amphibians and 102 species of

reptiles (Sievert & Sievert, 2005). Moreover, many species

reach their eastern or western distribution limits within the

state (Sievert & Sievert, 2005). For this study, we selected pairs

of closely related amphibian and reptile species from various

higher taxonomic groups whose distributions show that one

species is associated with the western region of the state and

the other species is associated with the eastern region. We

chose sister species or closely related species based upon recent

phylogenetic hypotheses (Cole & Hardy, 1981; Brandley et al.,

2005; Hillis & Wilcox, 2005). Six pairs of species met our

criteria (three amphibian and three reptile species pairs): the

microhylid frogs Gastrophryne olivacea–G. carolinensis; the

ranid frogs Rana blairi–R. sphenocephala; the scaphiopodid

frogs Scaphiopus couchii–S. hurterii; the scincid lizards Eumeces

obsoletus–E. fasciatus; the viperid snakes Sistrurus catenatus–

S. miliarius; and the colubrid snakes Tantilla nigriceps–T. gracilis.

Niche modelling

Locality data from the state of Oklahoma for all species were

collected primarily from voucher specimens and data bases

housed in the Herpetology collection of the Sam Noble

Oklahoma Museum of Natural History (OMNH). Reptiles and

amphibians of Oklahoma are particularly well represented in

the collection, at over 28,000 specimens. In addition, to ensure

that we sampled the full range of environmental conditions in

which each species occurs, we included locality points from

throughout their entire North American distributions. For

records outside Oklahoma, we gathered museum specimen

locality data from online data bases such as HerpNet (http://

www.herpnet.org) and GBIF (http://www.herpnet.org/gbif/

gbif.html). We selected one locality per county, where

available, and either obtained geographic coordinates from

collection data bases or published studies, or georeferenced

localities using locality descriptions (data available from

G. Costa on request). For pygmy rattlesnakes (Sistrurus), both

species are wide-ranging and may consist of multiple evolu-

tionary lineages. Thus, we chose to limit our focus to the

subspecies occurring only in Oklahoma, Sistrurus catenatus

tergeminus and S. miliarius streckeri (Campbell et al., 2004),

because these taxa are most relevant to our study. Both

subspecies are easily delimited by their distributions and

morphological characteristics (Campbell et al., 2004).

We used DesktopGARP� to create niche-based models of

species distributions. This software uses the GARP algorithm

(genetic algorithm for rule-set prediction), which includes

several distinct algorithms in an iterative, artificial-intelligence

approach based on species presence data points (Stockwell &

Peters, 1999). DesktopGARP� generates predicted distribu-

tions of each species based on characteristics of environmen-

tal–climatic variables for localities in which a given species has

been previously documented. A data base of climatic variables

is created and loaded into the software program. We created a

data base using 20 variables available in the WorldClim project

(Hijmans et al., 2005). Details, descriptions, and files for

download are available free on-line at: http://www.worldc-

lim.org/.

We used the following options while running Desk-

topGARP�: Optimization parameters – 100 runs, 0.001

convergence limit, and 1000 maximum interactions; Rule

Types – Atomic range, Negated range, and Logistic regression;

Best subset active, 5% omission error, 50% commission error,

and 50% of points for training; Omission measure = extrinsic,

and Omission threshold = Hard; 10 models under hard

omission threshold.

The output of DesktopGARP� consists of Arc/Info grid

maps with ‘zeros’ where the species does not occur and ‘ones’

where the species is predicted to occur. To generate a single

distribution map for each species, we used the area covered by

at least 5 out of the 10 models in the best subset selection. This

procedure is called ‘ensemble forecasting’ and it has been

discussed recently in detail by Araújo & New (2007). Using the

area covered by 5 out of 10 models is an arbitrary decision, but

using fewer than 5 would result in more liberal predicted

distributions, and using more than 5 would result in predic-

tions that are too conservative. In addition, by using only the

models in the best subset selection, we are optimizing our

results with respect to omission/commission relationships (see

Anderson et al., 2003).

RESULTS

The models produced had very low values of commission and

omission errors (Table 1). Overall results of niche modelling

for all six species pairs are presented in Fig. 5. None of the six

species pairs exhibited the pattern described in Fig. 1a, because

niche modelling always predicted some overlap in geographic

distributions. As a general pattern, the overlap zone was always

located in the central portion of the state (Fig. 5a–f),

Climate variables affecting the distribution of species
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Table 1 Statistical parameters for the 10 models in the best subset selection.

Species n (v2) P Commission

Omission

(int)

Omission

(ext)

Eumeces fasciatus 323 795.52 < 0.001 15.39 3.90 4.47

E. obsoletus 200 799.70 < 0.001 10.70 0.32 1.61

Gastrophryne carolinensis 260 928.75 < 0.001 11.23 1.94 4.19

G. olivacea 427 1953.69 < 0.001 9.25 0.09 3.05

Rana blairi 343 1350.56 < 0.001 10.61 0.00 2.92

R. sphenocephala 415 1353.62 < 0.001 12.64 1.45 2.42

Scaphiopus couchii 108 596.20 < 0.001 7.98 0.00 1.86

S. hurterii 50 543.83 < 0.001 3.99 0.00 4.80

Tantilla gracilis 204 924.77 < 0.001 9.20 0.05 3.82

T. nigriceps 160 671.39 < 0.001 10.04 0.00 2.64

Sistrurus miliarius 109 549.25 < 0.001 8.53 0.67 2.40

S. catenatus 94 1184.20 < 0.001 3.43 0.00 2.91

n: total number of points used in the modelling exercise. v2: chi-square statistics. P: probability that a random prediction has the same number of

correct predicted points as the one generated by DesktopGARP�. Commission: percentage of the predicted area that exceeds the recorded

occurrence. Omission (int): intrinsic omission, the percentage of training points that are predicted absent but are presence records. Omission (ext):

extrinsic omission, the percentage of test points that are predicted absent but are presence records. Values represent the average of the 10 models in

the best subset selection.

(a) (b)

(c) (d)

(e) (f)

Figure 5 Niche-modelling maps for the six species pairs. For each species pair, open circles on each map represent known localities for

the species generally restricted to the western part of the state, whereas closed circles represent localities for the eastern species. Yellow

represents the predicted distribution of the western species, blue represents the predicted distribution of the eastern species, and red is the

predicted overlap zone based on the models. Photographs next to each map correspond to the western species (above) and the eastern

species (below). (a) Eumeces obsoletus–E. fasciatus. (b) Gastrophryne olivacea–G. carolinensis. (c) Rana blairi–R.sphenocephala. (d) Scaphiopus

couchii–S. hurterii. (e) Sistrurus catenatus–S. miliarius. (f) Tantilla nigriceps–T. gracilis.
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coincident with the centre of the environmental variable curves

(Fig. 3). In some cases, the overlap zone was relatively narrow

(e.g. Scaphiopus couchii–S. hurterii and Sistrurus catenatus–S.

miliarius; Fig. 5d,e, respectively), whereas in other cases, the

overlap zone was wide (all other species pairs, Fig. 5a–c,f).

Four species pairs showed a pattern similar to that in

Fig. 1b, where both species occur in the predicted overlap zone

(Fig. 5a,c,e,f). In the Eumeces obsoletus–E. fasciatus comparison

(Fig. 5a), E. obsoletus reaches areas at the eastern limit of the

predicted overlap zone, and E. fasciatus occurs in one area at

the western limit of the overlap zone (Fig. 5a). For Rana blairi–

R. sphenocephala (Fig. 5c), both species occur throughout the

large predicted overlap zone, and there are several areas where

the species are known to occur syntopically. Sistrurus caten-

atus–S. miliarius exhibited the narrowest overlap zone among

all species pairs. The eastern species, S. miliarius, and the

western species, S. catenatus, are both present in the central

part of the overlap zone (Fig. 5e). Neither species, however,

has as yet been collected in most of the overlap zone. Finally,

Tantilla nigriceps–T. gracilis (Fig. 5f) also exhibited the pattern

in Fig. 1b. Both species occur together in the western portion

of the overlap zone; however, the eastern species extends

farther westwards than the western species extends eastwards

(Fig. 5f).

Two species pairs exhibited patterns similar to that shown

in Fig. 1c. In the Gastrophryne olivacea–G. carolinensis com-

parison, most of the predicted overlap zone is dominated by

the western species, G. olivacea. The eastern species, G.

carolinensis, is restricted to the extreme eastern portion of the

overlap zone, whereas the western species, G. olivacea,

advances much farther east along the Arkansas River flood-

plain (Fig. 5b). In the Scaphiopus couchii–S. hurterii compar-

ison, the predicted overlap zone is dominated by the eastern

species, S. hurterii, whereas the western species, S. couchii, is

restricted to the extreme eastern portion of the overlap zone

(Fig. 5d).

DISCUSSION

The observed patterns are clearly a reflection of the steep east-

to-west gradient of climatic conditions that characterizes the

state of Oklahoma. However, a predicted distribution overlap

zone was present in all species pairs, suggesting that regions

exist that have favourable macroenvironmental conditions for

both species to occur. To understand factors that limit the

distributions of these species, it is necessary to examine each

case in detail.

The two species of skinks (Eumeces) selected for this study

are closely related, appearing as sister taxa in the most recent

phylogeny (Brandley et al., 2005), and E. obsoletus appears as

the sister taxon to the clade containing E. septentrionalis +

E. fasciatus in another study (Schmitz et al., 2004). Although

these two species are closely related, they clearly segregate in

habitat use on a finer scale. Eumeces obsoletus is found in more

xeric microhabitats in grasslands, prairies, and deserts (Fitch,

1955), whereas E. fasciatus is widely distributed throughout the

deciduous hardwood forests of eastern North America (Co-

nant, 1975). Therefore, microhabitat availability within the

area of suitable macroenvironmental–climatic conditions may

be the ultimate factor determining species presence in the

overlap zone.

Five species of Gastrophryne are currently recognized (Frost,

2006); however, no phylogeny containing all species in the

group is available. Previous work suggests that G. olivacea and

G. carolinensis are sister species (Nelson, 1972), and hybrid-

ization between these species is known to occur (Blair, 1955).

Gastrophryne olivacea occurs throughout the western three-

quarters of the state, whereas the distribution of G. carolinensis

is limited to the eastern one-third. The predicted overlap zone

is wide, but inhabited mainly by the western species. Areas of

sympatry are known from the coastal plain of east Texas

through north-east Oklahoma (Blair, 1955). In areas of

sympatry, the two species have significant differences in their

mating calls compared with conspecific populations in allop-

atry (Blair, 1955; Loftus-Hills & Littlejohn, 1992), which

suggests a possible mechanism to avoid hybridization (i.e.

reproductive character displacement). Because of these char-

acteristics, this species pair provides an ideal scenario for

looking for competitive interactions. Differences in diet,

microhabitat use, breeding period, or other niche aspects

between sites where these species are sympatric versus

allopatric would be indicative of strong competitive interac-

tions within the area of sympatry. In order to coexist, one

species (or both) should diverge along one or more niche axes

(i.e. niche segregation). In Oklahoma, the fact that the overlap

zone is largely dominated by the western species even though

suitable habitat for the eastern species exists suggests that

competition may play a role in determining the distributional

limits of these species.

Although not sister taxa, Rana blairi and R. sphenocephala

are closely related; R. sphenocephala is the sister taxon to the

clade containing R. blairi (Hillis & Wilcox, 2005). The niche

models predicted a wide overlap zone where both species

should be found, which is corroborated by the large number

of known locality points for both species in the overlap zone.

In addition, areas of sympatry are widespread and hybrid-

ization is common throughout the ranges of these species

(Parris, 2001). This pattern suggests that the distributions of

these species are not greatly influenced by competition.

Studies that investigate populations of both species at a

smaller spatial scale in the overlap zone may provide insight

into whether character displacement or niche segregation

occurs to allow coexistence and avoid competitive interac-

tions. If resources are not limiting, the determining factors

for the eastern species to invade habitats farther west and vice

versa may simply be the climatic–environmental conditions

required by each species.

Spadefoot toads (Scaphiopus) exhibit an interesting pattern

because the eastern species, S. hurterii, predominates in the

predicted overlap zone. The presence of just one of the species

in the overlap zone predicted by the GIS models (Fig. 1c)

indicates that competitive exclusion or historical factors

Climate variables affecting the distribution of species
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influence the distributions of these species, especially if

available microhabitats for S. couchii are present. Because the

species are closely related (Garcı́a-Parı́s et al., 2003), they are

predicted to have similar niche requirements (Peterson et al.,

1999). However, natural history data show that the species do,

in fact, occupy quite different microhabitats, and thus

competitive exclusion is not expected. Scaphiopus couchii

occurs in deserts and xeric regions, for which it has morpho-

logical, behavioural, and physiological adaptations (Mayhew,

1965), whereas S. hurterii occurs predominantly in areas of

sandy, gravelly, or soft, light soils in open woodland, savanna,

and mesquite scrub (Mayhew, 1965; Bartlett & Bartlett, 1999).

Therefore, following our predictions, the best explanation for

the observed pattern is that historical factors limit the

distribution of S. couchii (see comments on Fig. 1c). The

main portions of the distributions of these species lie more to

the south and south-east for S. hurterii, and to the south-west

for S. couchii. Although environmental conditions suitable for

both species occur in the overlap zone, especially in the northern

portion of the state, it appears that the species have not colonized

these areas. It is possible that the species have not had sufficient

dispersal opportunities. Pleistocene glaciations and their

associated effects have been hypothesized to influence the

current distribution patterns of many North American

amphibians and reptiles (Hewitt, 1996; Howes et al., 2006).

Considering pygmy rattlesnakes (Sistrurus), the eastern

species, S. miliarius, is found in areas at the western limit of

the overlap zone, whereas the western species, S. catenatus,

does not extend far eastwards in the overlap zone. These two

species are sister taxa (Knight et al., 1993), but differ

considerably in microhabitat. Sistrurus catenatus, as currently

recognized, is a wide-ranging species, and, although it is

usually found in moist habitats such as swamps, marshes, bogs,

wet meadows, or seasonally moist grasslands in the north-

eastern United States, the species occurs in river bottoms, dry

grasslands, mesquite plains, and other dry areas in the west

(Ernst, 1992). Throughout most of its range, the eastern

species, S. miliarius, occurs mainly near water in mixed pine–

hardwood forest, scrub pinewood, sandhills, and wiregrass

flatwoods. In Texas and Oklahoma, the species is restricted to

mesic grasslands (Ernst, 1992). In addition to habitat differ-

ences, dietary studies show that these species generally

consume different prey (Werler & Dixon, 2000; Holycross &

Mackessy, 2002). In this case, the distributions of these two

species are best explained by the presence of the right kind of

microhabitat and prey within the area of suitable macroenvi-

ronmental–climatic conditions. Support for our interpretation

of results for Sistrurus suffers from lack of sampling points in

most of the overlap zone. Additional sampling, especially in

areas of predicted overlap, is needed to confirm our conclu-

sions.

In the black-headed snakes (Tantilla) used in this study,

the predicted overlap zone is inhabited by both species. No

comprehensive phylogeny for this genus is available, but a

study with a limited number of taxa found that these species

are not sister taxa, but are closely related (Cole & Hardy,

1981). Natural history data show that these two species

occupy similar habitats of rocky stretches, hillsides, rotten

wood, and a surface of damp soil (Werler & Dixon, 2000).

Following our predictions, segregation may occur in other

aspects of their niches such as diet and/or daily activity. Not

enough data are available on these ecological aspects;

however, T. nigriceps can be up to 1.5 times larger than

T. gracilis (Werler & Dixon, 2000), and body-size differences

are associated with dietary differences in snakes (Mushinsky

et al., 1982; Filippi et al., 2005). The co-occurrence pattern

is not evenly distributed; the eastern species, T. gracilis,

occurs far westwards into the overlap zone, whereas the

western species, T. nigriceps, does not extend far eastwards

into the overlap zone. Further work should focus on

investigating why the western species does not occupy areas

farther east.

Environmental conditions clearly affected the distributions

of species along the environmental gradient we studied,

demonstrating the utility of using niche models to investigate

distribution patterns and the factors affecting them. Never-

theless, we cannot assign an active role to competition and

historical effects based on these data alone. By using niche

models as representations of the potential geographic distri-

butions of species, we are able to provide directional hypoth-

eses that can be tested in future studies. Investigations at

smaller spatial scales on the ecology of the species studied here,

especially comparisons among populations occurring inside

and outside the predicted overlap zone, will give more

conclusive results on the roles of competitive interactions

and historical factors in shaping the distributions of species.
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