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Abstract Ecological niche modeling is a useful tool that can support phylogeographic
analyses, offering insight into the evolutionary processes that have generated present-day
patterns of biodiversity. Findings of ecological divergence across evolutionary lineages can
be utilized to bolster inferences of parapatric or sympatric modes of speciation, and pro-
vide support for species-level classifications. Conversely, conserved ecological niches
across evolutionary timescales are thought to have facilitated allopatric speciation. Here,
we examined the climatic niche of three genetic lineages of the Nile monitor (Varanus
niloticus) to better understand the processes involved in generating patterns of genetic
variation, and to potentially clarify their taxonomic status. We built ecological niche
models using genetically confirmed occurrence points from the three evolutionary lineages
of V. niloticus, occupying the western, northern, and southern regions of Africa. Pairwise
comparisons of climatic niche overlap provided evidence in support of niche conservatism
across all V. niloticus lineages. These findings are consistent with an allopatric mode of
differentiation. Furthermore, climatic niche conservatism could have played a role in
isolating V. niloticus populations during historic climate oscillations, generating the
observed genetic patterns across Africa.
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Introduction

The field of phylogeography aims to identify the spatial distribution of genealogical lin-
eages, within and among species, and to clarify the underlying processes that created these
patterns (Avise 2000). With genetic methods becoming increasingly available, identifying
patterns of biodiversity is common; however, new questions emerge concerning the evo-
lutionary processes responsible for such patterns (Alvarado-Serrano and Knowles 2014).
Many phylogeographic studies propose that present-day patterns of variation reflect his-
toric climatic oscillations and the subsequent shifts in habitat availability (Flagstad et al.
2001; Hekkala et al. 2011; Lorenzen et al. 2012; Moodley and Bruford 2007). As suit-
able habitat was reduced to isolated patches of refugia, populations likely diverged in
allopatry (Haffer 1969; Lorenzen et al. 2012). Conversely, in heterogeneous environments,
ecological differences have been shown to influence genetic structure and divergence
(Evans et al. 2009; Keyghobadi et al. 1999; Peterson and Holt 2003; Schliewen et al.
2001), even in marine systems (Mendez et al. 2010). Incorporating ecological niche models
(ENM) into phylogeographic studies can provide insight into the potential evolutionary
processes that have generated present-day patterns of genetic variation.

Examinations of ecological niche conservatism and divergence have shed light on
evolutionary mechanisms, as both are thought to play crucial roles in the speciation process
(Wiens and Graham 2005). Niche conservatism, the tendency of species to retain aspects of
the fundamental niche over evolutionary time, could be an important aspect of allopatric
speciation by limiting adaptation to conditions at a geographic barrier (Wiens 2004b;
Wiens and Graham 2005). For example, isolated populations may arise when environ-
mental change in a portion of a species’ range occurs more rapidly than adaptation to the
new conditions, resulting in a fragmented distribution (Wiens 2004a). Evidence from sister
species comparisons has revealed largely equivalent ecological niches across disjunct
distributions, suggesting that niche conservatism has facilitated divergence (Kozak and
Wiens 2006; Wiens 2004a). Alternatively, adaptation to different environmental condi-
tions, niche divergence, is thought to be an important factor in sympatric and parapatric
speciation (Coyne and Orr 2004). Populations occupying non-overlapping niche space
would be unlikely to exchange migrants and reproduce (Graham et al. 2004; Wiens and
Graham 2005). However, geographically separated populations that have diverged via
allopatry can potentially occupy distinct ecological niches by chance due to differing
habitat conditions in their separate distributions (Warren et al. 2010). Therefore, when
making inferences of niche conservatism or divergence among disjunct populations, it is
important to consider the underlying environmental conditions within their geographical
ranges (Warren et al. 2010).

Inferences of niche conservatism or divergence can additionally aid in prioritizing
conservation strategies. Identifying patterns of biodiversity, and understanding the pro-
cesses involved in generating such patterns, are essential aspects of effective conservation
practices (Dubois 2003). However, our ability to successfully recognize and preserve
evolutionary units is often hindered by poorly resolved taxonomic classifications (Dubois
2003; May 1990). Therefore, biodiversity studies are increasingly taking a multidisci-
plinary approach to delimit species boundaries, utilizing ecological information in addition
to molecular and morphological characters (Dayrat 2005; Leaché et al. 2009; Rissler and
Apodaca 2007; Welton et al. 2014). Inferences of niche divergence, as assessed with
modeling tools, have frequently been invoked in species delimitation, offering support for
species-level status (Leaché et al. 2009; Raxworthy et al. 2007; Rissler and Apodaca 2007).
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Furthermore, understanding how the climatic niche of a species has changed over evolu-
tionary time can be useful when predicting how species will respond to global climate
change (Wiens et al. 2010). For species with highly constrained climatic tolerances, those
with strong climatic niche conservatism will be at high risk of extinction as climatic
conditions shift (Wiens et al. 2010). Conversely, sister species or species groups exhibiting
niche divergence may be more evolutionarily labile, and therefore, have a greater chance
of adapting to the changing environmental conditions (Holt 1990; Wiens et al. 2010).

The Nile monitor (Varanus niloticus) represents an ideal case to test for niche con-
servatism or divergence. This lizard species has a widespread distribution throughout sub-
Saharan Africa and the Nile River drainage basin (Lenz 2004). Exhibiting semi-aquatic
behavior, V. niloticus is predominantly restricted to permanent bodies of water throughout
its range (Lenz 2004); however, it can be found in a wide variety of climatic and vegetation
zones, from tropical forests to semi-arid savannahs (Bayless 1997). This species reaches
large sizes (2 m in length) and is highly mobile, occupying home ranges up to 50 km2

(Lenz 2004). As a large, colorfully pigmented reptile species, V. niloticus is under intense
exploitation pressure for the leather industry, in addition to threats posed by bushmeat and
the pet trade (de Buffrenil 1995; de Buffrénil and Castanet 2000; De Lisle 1996; Jenkins
and Broad 1994; Pernetta 2009). This species is managed under Appendix II of the
Convention on International Trade in Endangered Species (CITES; http://www.cites.org);
however, additional information on population structure is necessary for effective
management.

A recent phylogeographic analysis by Dowell et al. (2016) identified three distinct
genetic lineages within V. niloticus, occupying the western, northern, and southern portions
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Fig. 1 (Left) Molecular-based phylogenetic tree based on the data and results of Dowell et al. (2016)
showing the relationships among the evolutionary lineages of Varanus niloticus. The maximum likelihood
tree was constructed using the concatenated mitochondrial (12s, ND1, ND2, and ND4) and nuclear (RAG-1,
KIAA1217, KIAA1549) DNA sequence data, and values at major notes indicate bootstrap support (%). The
scale bar denotes 0.03 substitutions/site. (Right) Map showing the occurrence points of individuals
belonging to each of the three major V. niloticus lineages
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of its range across Africa (Fig. 1). The western lineage was found to exhibit levels of
sequence divergence above those typically observed between sister varanid species, with
no evidence of substantive admixture (Dowell et al. 2015, 2016). Additionally, the
northern and southern groups displayed a moderate level of genetic divergence, though a
large degree of admixture was detected between them (Dowell et al. 2016). Historic
species descriptions have noted morphological differences between V. niloticus popula-
tions, proposing separate species or sub-species classifications (Daudin 1802; Schlegel
1844). However, V. niloticus is currently recognized as a single species throughout its
range.

In this study, we test for climatic niche conservatism versus divergence among the three
V. niloticus evolutionary lineages to (1) gain a deeper understanding of the processes
responsible for their present-day phylogeographic patterns, and (2) attempt to clarify their
taxonomic status. By projecting the niche models onto historic and future climate sce-
narios, we also examine how the distribution of V. niloticus has changed over time and
assess how their populations may be affected by climate change.

Materials and methods

Occurrence records

We utilized the dataset of Dowell et al. (2016) to obtain occurrence records for specimens
genetically assigned to the three major lineages. Specific locality information was available
for 72 of these genetically confirmed V. niloticus individuals, partitioned into the western
(N = 16), northern (N = 16), and southern (N = 40) lineages (Fig. 1). These data were
compiled from museum specimens as well as contemporary samples, and collection dates
ranged from 1878 to 2014 (Supplementary Table S1).

Ecological niche models

To examine the present-day climatic niche of each V. niloticus lineage, we used the
temperature and precipitation variables developed by Hijmans et al. (2005) as well as
elevation data (available from http://www.worldclim.org) at 2.5 arc-minute resolution.
These variables represent the current climate averaged across the years 1950–2000 and
analyses were carried out using the WGS 1984 projection. The environmental data were
reduced to six variables, based on physiological constraints of the organism, contribution
to the model performance based on jackknife replicates, and visual inspection of envi-
ronmental data quality. The variables included temperature seasonality (BIO4) and tem-
perature annual range (BIO7), as well as precipitation (BIO12, BIO13, and BIO16) and
elevation. Because of their dependence on permanent sources of water (Lenz 2004), we
expected precipitation to be an important factor in determining the distribution of V.
niloticus populations.

Ecological niche models (ENMs) were generated using the machine-learning maximum
entropy software, Maxent v3.3.3 (Phillips et al. 2006). This method outperforms other
modeling methods when predicting the current distribution of a given species (Elith et al.
2006). We generated ENMs for each genetic lineage independently, using environmental
layers clipped to the African continent and masking regions occupied by the other lineages.
Because Maxent treats background points as pseudo-absences (Phillips et al. 2006), regions
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not occupied by any of the lineages (i.e. the Sahara desert) were not masked to allow the
model to incorporate less suitable environmental conditions. The distribution of each
lineage was defined by a minimum convex polygon surrounding all occurrence points with
a 100 km buffer to account for dispersal distance. The regularization multiplier, which
adjusts the specificity of the model to the training points, was varied from 1 to 5 at 0.5
increments and the resulting models were evaluated based on the area under the receiver-
operating characteristic curve (AUC) score. Higher AUC scores (closer to 1.0) indicate a
greater predictive ability, while scores near 0.5 have poor predictive ability (no better than
random). From this assessment, a regularization multiplier of 1.0 was selected for subse-
quent models.

Models were evaluated using a fourfold cross-validation method, where occurrence
points were randomly divided into four groups. Models were then trained on three groups
and tested on the remaining group. For each fold, we calculated AUC scores as well as the
omission rate of the test data based on binary predictions using the minimum training
presence (Pearson et al. 2007). Binomial probabilities were calculated to assess whether
the omission rate was lower than expected compared to a random prediction (Anderson
et al. 2002). Due to the small number of occurrence records for two of the lineages, we
additionally evaluated the models with 100 bootstrap replicates in which 50 % of the
presence localities were randomly selected with replacement for training/testing the model.
Across all replicates, we calculated the average AUC scores, average omission rate, and
average binomial probabilities. ENMs for each lineage were projected onto the African
continent without clamping to avoid predicting regions with environmental conditions not
evaluated by the model. We then created suitability maps based on the 10 percentile
training presence to account for potential outliers.

Niche conservatism versus divergence

To assess the degree of niche overlap among lineages, we performed pairwise analyses,
examining the niche space between western/northern, western/southern, and north-
ern/southern lineage pairs. Overlap among niche models was assessed using Schoener’s
D (1968) and Hellinger’s I, calculated in ENMTools (Warren et al. 2010). These metrics
range from 0 to 1, indicating no niche overlap and complete niche overlap, respectively
(Warren et al. 2008). Both indices are based on the difference in occurrence probabilities
between the species/lineages summed across all cells of the study area (Warren et al.
2008). While Schoener’s D may suggest a biological interpretation, reflecting relative use
of microhabitats and/or prey items, Hellinger’s I is strictly based on probability distribu-
tions over geographic space (Warren et al. 2008).

To determine whether the calculated niche similarity metrics were significant, we
performed the identity test in ENMTools. In this method, the occurrence points from
lineage pairs were pooled, the lineage identities randomized, and then partitioned into two
new populations. For each generated data set, new ENMs from the simulated populations
were produced and niche similarity indices calculated. The actual observed calculations of
Schoener’s D and Hellinger’s I were then compared to the null distribution, based on 100
simulations, to test whether they significantly differ. A hypothesis of identical niche space
can be rejected if the observed niche similarity calculations are significantly lower than the
values generated from the random data sets (Warren et al. 2010). We plotted the results of
this test using the ggplot2 package (Wickham 2009) in R v3.1.3 (R Core Team 2014) and
assessed the significance with a one-sided Wilcoxon test.
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Because the three V. niloticus lineages occupy distinct geographic distributions, it is
also important to test whether the ENMs are more divergent than would be expected given
the inherent environmental discrepancies between the various geographic regions.
Therefore, we implemented the background test in ENMTools (Warren et al. 2010), which
compares the actual ENM of one population to an ENM generated from random back-
ground points within the other population’s distribution, and vice versa (Warren et al.
2010). The actual niche similarity measures can then be compared to the null distribution
based on overlap values from 100 replicates in each direction. If the observed values are
significantly higher/lower than the null distribution, then niches are more similar/divergent
than expected based on habitat availability of the region (Warren et al. 2010).

Within each lineage distribution, the number of random points generated was equal to
the number of original occurrence points multiplied by 100 (Warren et al. 2010). The
resulting null distributions for each pairwise comparison were plotted using ggplot2
(Wickham 2009) and significance was assessed using a two-sided Wilcoxon test and an
alpha level of 0.05.

Historical and future distributions

ENMs were projected onto climate models of the Mid-Holocene time period, approxi-
mately 6000 years bp (years before the present) as well as the Last Glacial Maximum,
around 22,000 years bp using the Community Climate System Model, CCSM4 (Gent et al.
2011). Past suitability was mapped based on the 10 percentile training presence. Areas that
were suitable across all three time periods, including present-day, were considered stable.

To examine how the distribution of V. niloticus would be affected by climate change,
we projected ENMs onto future climate scenarios for the year 2070 using the Community
Climate System Model, CCSM4 (Gent et al. 2011). We selected the most severe climate
projection, incorporating the highest concentration of greenhouse gases (Representative
Concentration Pathway 8.5) to assess the worst-case scenario for V. niloticus populations.

Table 1 Model performance for Maxent models of the three Varanus niloticus lineages, evaluated with
fourfold cross-validation and 100 bootstrap replicates

Western lineage Northern lineage Southern lineage

N 16 16 40

Cross-validation

AUC (range) 0.878–0.917 0.750–0.876 0.797–0.857

Fold 1 omission rate 0 (P = 0.0015) 0.5 (P = 0.22) 0.1 (P\ 0.001)

Fold 2 omission rate 0 (P = 0.0016) 0.25 (P = 0.35) 0.2 (P = 0.0026)

Fold 3 omission rate 0.25 (P = 0.028) 0 (P = 0.14) 0 (P\ 0.001)

Fold 4 omission rate 0.33 (P = 0.098) 0 (P = 0.051) 0.2 (P = 0.0064)

Bootstrap (100 replicates)

AUC (average) 0.900 0.828 0.860

Omission rate (average) 0.12 (P = 0.0029) 0.14 (P = 0.023) 0.11 (P\ 0.001)

The number of occurrence records (N) are provided as well as the test AUC, omission error rate, and
P values for each fold (cross-validation method) or averaged across replicates (bootstrap method) based on
the minimum training presence threshold
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Suitability was mapped based on the 10 percentile training presence, and overlaid onto
present-day suitability to visualize the distributional changes.

Results

The ENMs for all three lineages displayed moderate to strong predictive ability, with
average AUC values [ 0.81. For the cross-validation evaluation method, the models
produced for the western and southern lineages exhibited high predictive ability with
significant binomial tests across all but one fold of the western lineage (Table 1). The
northern lineage ENM displayed lower levels of discrimination and predictive ability, with
binomial tests for only one fold approaching significance (P = 0.051). The few occurrence
records in the northernmost extent of this lineage’s range compounded with the consid-
erable variation in climate throughout northern Africa could account for the reduced model
performance. In contrast, evaluating the models with the bootstrap method produced sig-
nificant binomial probabilities across all lineages (Table 1).

All pairwise ENM comparisons produced high values for Hellinger’s I and Schoener’s
D and showed high degrees of geographic overlap (Table 2; Figs. 2, 3, 4). The observed
values of I and D overlapped with the null distributions from the identity test in all pairwise
comparisons (Supplementary Fig. S1). For the western/northern comparison, the Wilcoxon
test resulted in a nonsignificant P value; therefore, we could not reject the hypothesis of
identical niche space. Comparisons of the western/southern and northern/southern lineages
produced significant P values for the identity test, leading to rejections of the identical
niche space hypothesis.

For the background test, all observed values of I and D were significantly higher than
the null distributions, and the null hypothesis could be rejected in all cases (Table 2;
Figs. 2, 3, 4). These results provide evidence that the climatic niches of all lineages are
more conserved than expected, based on habitat availability in the regions.

Because all lineage comparisons showed evidence of niche conservatism, the combined
occurrence data from all lineages across Africa (N = 72) were used to create a V. niloticus
ENM that we subsequently projected to past time periods. While the projected historic
distributions showed increased fragmentation compared to the present-day distribution of
V. niloticus, no regions were completely isolated in the time periods examined (Fig. 5).

Table 2 Results of niche overlap analyses for pairwise comparisons of Varanus niloticus lineages

Pairwise
comparison

D I Identity test
P values

Background test
P values

Inference

D I D I

Western/northern 0.735 0.932 0.99 1.0 \ 0.001,
\ 0.001

\ 0.001,
\ 0.001

Conservative

Western/southern 0.747 0.947 \ 0.001 \ 0.001 \ 0.001,
\ 0.001

\ 0.001,
\ 0.001

Conservative

Northern/southern 0.752 0.930 \ 0.001 \ 0.001 \ 0.001,
\ 0.001

\ 0.001,
\ 0.001

Conservative

Identity and background tests were based on 100 replicates. D = Schoener’s D; I = Hellinger’s I. See
Figs. 2, 3, and 4 and Supplementary Fig. 1 for histograms
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The future climate projections for the year 2070 under the most severe climate change
scenario produced similar distributions for all lineages as well as the full species distri-
bution (Fig. 6). All lineages showed slight range contractions in the westernmost regions of
the continent and sporadically throughout central Africa. However, overall the distributions
remained similar across current and future climates.

Discussion

Species delimitation is often bolstered by findings of divergent ecological niche space
(Blair et al. 2013; Raxworthy et al. 2007); however, our results strongly support niche
conservatism across all V. niloticus lineages as assessed with climate and elevation data.
The heavy reliance on museum occurrence records in this study (with collection dates as
early as the late 1800s) prevented the use of vegetation data, with habitat degradation,
agriculture, and general ecological changes making the vegetation composition unlikely to
have remained constant across the past century. However, future studies should be aimed at
recognizing the fine-scale habitat use differences, if any, among the genetically distinct
lineages of V. niloticus. Although the collection dates for some of the museum specimens
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Fig. 2 (Left) Occurrence points and ecological niche models (ENMs) for the western and northern lineages
of Varanus niloticus. Suitability was based on the 10 percentile training presence. (Right) Histograms
showing results of the background test performed with 100 replicates. The dashed lines denote the observed
values of Hellinger’s I (0.932) and Schoener’s D (0.735) with significant P values for both niche overlap
measures (P\ 0.001)
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fell outside of the time range for the current climate data (averaged across the years
1950–2000), the climatic conditions likely remained relatively constant. Therefore, we do
not expect that the differing collection dates significantly affected the accuracy of the
climate models. While our findings do not help to resolve the taxonomic designations of
these genetically and geographically disparate groups, this study provided insight into the
evolutionary mechanisms that have influenced the observed genetic structure of V.
niloticus.

All three V. niloticus lineages were found to occupy a more restricted geographic range
than the area predicted to be climatically suitable. This overprediction of ENMs trained on
individual lineages demonstrates that, in general, factors other than the climate variables
examined are limiting the dispersal and gene flow of the genetically distinct V. niloticus
populations. However, inspection of the spatial overlap between ENMs revealed that the
western lineage is climatically more restricted than the northern lineage (Fig. 2) and could
potentially explain the low level of gene flow reported between geographically adjacent
populations in West Africa (Dowell et al. 2015). Future studies assessing the fine-scale
ecological characteristics in relation to genetic patterns could clarify the role of environ-
mental factors in limiting gene flow among V. niloticus populations.
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Fig. 3 (Left) Occurrence points and ecological niche models (ENMs) for the western and southern lineages
of Varanus niloticus. Suitability was based on the 10 percentile training presence. (Right) Histograms
showing results of the background test performed with 100 replicates. The dashed lines denote the observed
values of Hellinger’s I (0.947) and Schoener’s D (0.747) with significant P values for both niche overlap
measures (P\ 0.001)
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Assuming the climatic niches have remained stable across evolutionary time, our
findings of niche conservatism among all three V. niloticus lineages support an allopatric
mode of divergence (Wiens and Graham 2005). These results are consistent with the idea
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Fig. 4 (Left) Occurrence points and ecological niche models (ENMs) for the northern and southern lineages
of Varanus niloticus. Suitability was based on the 10 percentile training presence. (Right) Histograms
showing results of the background test performed with 100 replicates. The dashed lines denote the observed
values of Hellinger’s I (0.930) and Schoener’s D (0.752) with significant P values for both niche overlap
measures (P\ 0.001)
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Fig. 5 Ecological niche models (ENMs) created with occurrence data from all lineages of Varanus
niloticus and projected onto past climate models. Suitability was based on the 10 percentile training
presence. Areas that were suitable in all three time periods were considered stable
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that populations became isolated in refugia during historic climatic shifts (Haffer 1969).
The distributions of the three lineages, and the contact zones among them, are therefore,
likely a result of secondary contact. Projecting the ENM onto past climate predictions of
the Mid-Holocene and Last Glacial Maximum revealed a more fragmented distribution.
However, because no region was found to be completely isolated by unsuitable climatic
conditions, these results could not completely explain the current phylogeographic
patterns.
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Fig. 6 Ecological niche models (ENMs) created with occurrence data from each Varanus niloticus lineage,
individually and combined, and projected onto a future climate scenario based on the Community Climate
System Model (CCSM4) for the year 2070 (Representative Concentration Pathway 8.5). Suitability under
the current climate was also overlaid on each map. For both time periods, suitability was based on the
10 percentile training presence
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Molecular-based dating analyses have suggested that the V. niloticus lineages diverged
prior to the time periods presented here. The western lineage diverged from the other
lineages during the Late Miocene (Dowell et al. 2016). This time period marked the onset
of drastic climatic events, transitioning from a warm, humid climate to a cooler, more arid
environment (Axelrod and Raven 1978; Coetzee 1993; Plana 2004). Additionally, the
northern and southern lineages are thought to have diverged during the Early Pliocene
(Dowell et al. 2016). In contrast to the events of the Miocene, this time period was
characterized by increased humidity with the accompanying expansion and reconnection of
the rainforest (Coetzee 1993; Plana 2004). Congruent north–south genetic breaks have
been observed in numerous savannah-dwelling species and are largely attributed to the
dense rainforest belt that extended across the continent, dividing suitable habitat to the
north and south (Lorenzen et al. 2012). Climatic niche conservatism could have facilitated
the isolation of V. niloticus populations during these severe climatic oscillations.

Our findings have important conservation implications for V. niloticus populations as
global climate change becomes an increasing threat to biodiversity (Dawson et al. 2011;
Thomas et al. 2004). While evolutionarily labile species can potentially adapt to the
changing climatic conditions, species exhibiting strong climatic niche conservatism must
either disperse to new areas or risk extinction (Holt 1990; Wiens et al. 2010). Although our
results suggest that V. niloticus will be relatively unaffected by climate change, based on
the Community Climate System Model, other climate scenarios have predicted the
expansion of the Sahara desert southward into the Sahel region of West Africa (De Wit and
Stankiewicz 2006). This scenario would severely reduce or fragment the currently
restricted geographic range of the western V. niloticus lineage unless substantial migration
to other suitable areas occurs. Populations of V. niloticus in this area are under additional
pressure from the leather trade, with intensive harvesting concentrated in Sahelian Africa
(de Buffrénil and Castanet 2000; De Lisle 1996; Jenkins and Broad 1994). Some suggest
that V. niloticus populations in this region are currently in danger of extirpation (De Lisle
1996). With the combined threats of exploitation and the potential habitat loss due to
climate change, the western V. niloticus lineage should be of high conservation priority.

Our study provides increased support for the role of niche conservatism in shaping the
evolutionary patterns within and among species. Stability in niche space across evolu-
tionary timescales has been reported in a number species and is thought to facilitate
allopatric speciation, generating present-day patterns of biodiversity (Knouft et al. 2006;
Kozak and Wiens 2006; Peterson et al. 1999; Wiens 2004a). ENMs can further the field of
phylogeography by exploring species distributions during past climate conditions (Al-
varado-Serrano and Knowles 2014; Carnaval and Moritz 2008; Hugall et al. 2002). While
our results of niche conservatism could not provide further support for the taxonomic
classifications of V. niloticus lineages, ENMs have been useful in species delimitation as
well as identifying cryptic species (Blair et al. 2013; Florio et al. 2012; Raxworthy et al.
2007; Rissler and Apodaca 2007; Sites and Marshall 2003). Lastly, identifying species
groups that exhibit niche conservatism and estimating species distributions under future
climate scenarios can focus conservation efforts to mitigate the effects of global climate
change (Gomez-Mendoza and Arriaga 2007; Midgley et al. 2003; Pearson and Dawson
2003; Peterson et al. 2002; Thuiller et al. 2005).
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