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Abstract

Ecological niche modeling has contributed to the investigation of the geographical distribution and conservation of rare
or little recorded species. Therefore, we studied the known and potential distributions of Colobosauroides carvalhoi
Soares and Caramaschi 1998 and discuss the implications for its conservation. Data were obtained by manual collections
made in quarterly samplings in three different regions, considering the regions with occurrence records and surrounding
areas. The known distribution was determined by occurrence records and literature data, and potential distribution was
estimated with an ecological niche model by the MaxEnt algorithm. Twenty-five specimens were collected exclusively
in forest formations of Caatinga and Caatinga-Cerrado. Our data corroborated the relative rarity of C. carvalhoi and
reflected the biogeographical history of the group, where it is restricted to forest formations with milder environmental
conditions. The occurrence records indicated new records of C. carvalhoi, but the known distribution value is compatible
with a restricted distribution. The ecological niche model estimated few areas with environmental suitability for the
species and corroborated the restricted and relict distribution patterns. Finally, the known and potential distribution
values were compatible with criteria for threatened species. These results suggest a worrisome scenario for C. carvalhoi
conservation. However, the limited data about the species population do not allow the proper definition of its conservation
status. Therefore, we suggest using potential distribution values with alternative criteria for redefining the conservation
status of C. carvalhoi and the development of new studies that support a better assessment of its conservation aspects.

Keywords: Caatinga, MaxEnt, ecological niche model.

Distribuicao potencial e conservacao de Colobosauroides carvalhoi Soares
and Caramaschi, 1998: um lagarto raro e endémico do nordeste do Brasil

Resumo

A modelagem ecologica de nicho vem contribuindo para investigar a distribuicdo geografica e conservagao de espécies
raras ou com poucos registros de ocorréncia. Neste sentido, investigou-se a distribuicdo conhecida e potencial da
espécie Colobosauroides carvalhoi Soares & Caramaschi, 1998, discutindo as implicagdes para a conservagao da
espécie. Os dados foram coletados por meio de coletas manuais realizadas em amostragens trimestrais realizadas em
trés regides distintas, considerando as regides com registros de ocorréncia conhecidos e areas adjacentes. A distribuicao
conhecida foi determinada a partir dos novos registros de ocorréncia ¢ dados da literatura ¢ a distribuigdo potencial
estimada por meio de um modelo ecoldgico de nicho com uso do algoritmo MaxEnt. Vinte e cinco exemplares da
espécie C. carvalhoi foram coletados exclusivamente em formagdes arboreas da Caatinga e areas de interface entre
a Caatinga e o Cerrado. Estes resultados corroboram a relativa raridade da espécie e refletem a historia biogeografica
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do grupo, relacionada a ambientes florestados e que apresentam condigdes ambientais mais amenas. Os registros de
ocorréncia de C. carvalhoi indicam novos registros, entretanto, o valor de distribui¢cdo conhecida foi compativel com
valores de distribuigdo restrita. O modelo ecoldgico de nicho estimou poucas areas adequadas a ocorréncia da espécie,
corroborando um padrdo de distribuicdo restrita e relictual. Por fim, os valores de distribui¢ao conhecida e potencial
estimados s@o compativeis com valores definidos para espécies ameacadas. Estes resultados sugerem um cenario
preocupante para a conservagido de C. carvalhoi. Entretanto, a atual limitagdo de dados populacionais dificulta uma
adequada avaliac¢do de seu status de conservagdo. Portanto, sugerimos o uso dos valores de distribui¢@o potencial
como critério alternativo para avaliar seu status de conservagdo até que novos estudos possam subsidiar uma melhor

avaliac@o da conservacao da espécie.

Palavras-chave: Caatinga, MaxEnt, modelo ecoldgico de nicho.

1. Introduction

Knowledge about geographical distribution is essential
to assess the conservation of species (Araujo and Williams,
2000; Guisan and Thuiller, 2005; Papes and Gaubert,
2007). Thus, geographical distribution is an important
criterion for assessing the risk of extinction and species
conservation status (IUCN, 2012). However, the limited
data from species occurrence records make it difficult to
investigate geographical distribution and conservation
aspects (Araujo and Williams, 2000; Guisan and Thuiller,
2005; Winck et al., 2014; Sales et al., 2015).

Currently, the use of ecological niche models have
been applied for diverse purposes (Araujo and Williams,
2000; Guisan and Thuiller, 2005; Giannini et al., 2012).
Although the use of ecological niche models for species
with few occurrence records or present-only datasets is
a challenge (Giannini et al., 2012; Winck et al., 2014),
in many cases, the ecological niche model is the best
alternative for investigating the geographical distribution
of such species (Attorre et al., 2012; Winck et al., 2014).

Different techniques in ecological niche modeling
estimate the suitable areas for species occurrence on the
basis of datasets of occurrence records and environmental
variables (Guisan and Zimmermann, 2000; Guisan and
Thuiller, 2005; Phillips et al., 2006; Giovanelle et al., 2010).
Often, the maximum entropy algorithm (MaxEnt), compared
to other algorithm models, shows a good performance for
prediction of distribution with few occurrence records or
presence-only occurrence datasets (Guisan and Zimmermann,
2000; Phillips et al., 2006; Costa et al., 2010).

Recent data has shown the occurrence of diverse and
endemic lizards in the Caatinga domain (Rodrigues 2003;
Cavalcanti et al., 2014; Delfim, 2012; Ribeiro et al., 2012;
Gardaetal., 2013). However, the geographical distribution,
natural history and population information for these species
are unsatisfactory, making conservation Caatinga lizards
difficult (Rodrigues, 2003; Cavalcanti et al., 2014; Delfim,
2012; Sales et al., 2015).

The genus Colobosauroides belongs to the family
Gymnophthalmidae and the tribe Ecpleopodinae
(Pellegrino et al., 2001). The biogeographical history of this
group is related to the presence of forest habitats with milder
environmental conditions (Rodrigues, 2003; Rodrigues et al.,
2013). Therefore, the existence of Ecpleopodinae species
record restricted to the Caatinga domain corroborates
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the vanishing refuge theory (Vanzolini and Williams,
1981; Delfim, 2012). However, the diversification and
radiation of these lizards in this region is currently not
well understood (Pellegrino et al., 2001; Peloso et al.,
2011; Rodrigues et al., 2013).

The genus Colobosauroides consists of two species,
C. cearensis and C. carvalhoi (Cunha et al., 1991; Soares
and Caramaschi, 1998). These species inhabit exclusively
the northeastern part of Brazil and are recorded to be
associated with relict forest formations in the Caatinga
domain (Soares and Caramaschi, 1998; Rodrigues, 2003).
Currently, studies suggest the hypothesis of a restricted and
relict geographical distribution pattern for these lizard species
(Rodrigues, 2003; Delfim, 2012; Rodrigues et al., 2013).

C. carvalhoi is characterized by an elongated body, short
limbs and semifossorial habits (Soares and Caramaschi,
1998). However, after twenty years since its discovery, this
species is still reported with rarity and has few occurrence
records (Soares and Caramaschi, 1998; Rodrigues, 2003;
Delfim, 2012). There are currently only two records of
C. carvalhoi, in the municipally of Barreiras (locality
type), northern Bahia and Serra da Capivara National
Park, southeastern Piaui (Rodrigues, 2003).

The conservation status of C. carvalhoi is still not
evaluated in the IUCN list of endangered species (IUCN,
2015) and categorized as Near Threatened (NT) in the
Brazilian list of endangered species (ICMBio, 2014).
However, the limited data about occurrence records, natural
history and population data make proper evaluation of the
conservation status of C. carvalhoi difficult.

Accordingly, we studied the geographical distribution
of C. carvalhoi on the basis of their known and potential
distributions. Our data present new occurrence records and
known and potential distribution values, and we discuss
the implications of the conservation status of C. carvalhoi.

2. Material and Methods
2.1. Study area

The Caatinga domain is located in Northeast Brazil
and reported to include the largest seasonally dry tropical
forests (SDTFs) (Prado, 2000; Werneck, 2011). SDTFs
are discontinuously distributed through the Neotropical
region, but it is supposed that in colder and drier periods
of the Pleistocene, these formations showed a continuous
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distribution (Prado, 2000; Pennington et al., 2000;
Werneck, 2011). Caatinga vegetation is characterized by a
mosaic of dry forest vegetation as adaptations of the xeric
environmental conditions of the semiarid climate (Prado,
2003; Albuquerque et al., 2012).

The study areas were Caatinga and Cerrado-Caatinga
transition formations located in southeastern Piaui and
northern Bahia. This region has five distinct vegetation
formations: arboreal Caatinga (Lemos, 2004), scrub
Caatinga (Lemos, 2004), enclaves of semi-deciduous forests
(Emperaire, 1984), Cerrado-Caatinga transition formations
(Prado, 2003) and Caatinga sand dunes (Rodrigues, 2003).

2.2. Collection and occurrence data

The data were collected between May 2012 and
April 2014 through samplings at three distinct regions
(Figure 1), all reported in the literature to be regions of
occurrence of the species (Soares and Caramaschi, 1998;
Rodrigues, 2003).

During field expeditions, the Serra da Capivara National
Park, Serra das Confusdes National Park, Ecological corridor
Capivara-Confusdes, surrounding areas of Piaui State and
the discovery region of C. carvalhoi in the municipally of
Barreiras, Bahia State, were investigated.

The areas were investigated for five consecutive days.
To minimize possible sampling effects, samples were

taken considering similar periods (dry and rainy) each
year. The lizards were captured by manual collection
during walks on 1-km random transects between
08:00 and 18:00. The observed specimens were captured
during the investigation of litter or dead vegetation using
garden rakes, and all captures and collection procedures
were authorized by the Chico Mendes Institute of Nature
Conservation (Nos. 21907-2 and 21907-3) and the Ethics
Committee of Federal University of Vale do Sao Francisco.
Six specimens of C. carvalhoi (CHSC010-CHSCO016)
were deposited in the Herpetological Collection of Serra
da Capivara National Park of University of Vale do Sao
Francisco, Sdo Raimundo Nonato — Piaui.

2.3. Data analysis

The known distribution of C. carvalhoi was defined
by range of occurrence with the minimum convex polygon
(TUCN, 2012). This method is frequently used for determining
a species’ geographic distribution range for conservation
purposes (IUCN, 2012). The potential distribution was
defined by the ecological niche model with a maximum
entropy algorithm - MaxEnt (Phillips et al., 2006; Phillips
and Dudik, 2008). Ecological niche modeling estimates
areas with suitable environmental for species occurrence
(Araujo and Williams, 2000; Guisan and Thuiller, 2005;
Elith et al., 2010). The MaxEnt algorithm shows a good
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Figure 1. Map of studied regions (black squares) in which the occurrence of Colobosauroides carvalhoi was recorded in
Northeast Brazil. Legend: MA: Maranhao; PI: Piaui; CE: Ceara; RN: Rio Grande do Norte; PB: Paraiba; PE: Pernambuco;
BA: Bahia; AL: Alagoas and SE: Sergipe. 1: Serra das Confusdes National Park and 2: Serra da Capivara National Park.
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performance for predictions from few or presence-only
datasets (Elith etal., 2010; Costa et al., 2010). The ecological
niche model was performed using the MaxEnt software
version 3.3.3k (Phillips et al., 2006; Elith et al., 2010).

To design the C. carvalhoi ecological niche model, we
used a dataset of 25 environmental variables (Table 1) with
aresolution of 1 km? (datum WGS 84) and limited to the
Northeastern territory. The 23 continuous environmental
variables were subjected to principal component analysis
(PCA) and additionally, two categorical variables were
added to estimate the ecological niche model predictions.
The PCA analyze was recent used to select the most
explanatory variables to created ecological niche models
(Robertson et al., 2001; Pearson et al., 2007; Silva et al.,
2014). These studies demonstrate that PCA is a good
alternative for explanatory environmental variables and
reduces collinearity issues common to environmental
use of ecological niche models (Robertson et al., 2001;
Jiménez-Valverde et al., 2011; Silva et al., 2014).

The bioclimatic variables (Biol-Biol9) are from
Worldclim.org, which uses climate interpolated data
derived from temperature and rainfall obtained between the
years 1950 and 2000 (Hijmans et al., 2005). Topographic
variables (altitude and slope) were obtained from NASA’s
SRTM (Shuttle Radar Topography Mission) (Jarvis et al.,
2008). Vegetation variables (percentage of tree cover and
vegetation type) were obtained from the MODIS sensor

(MODerate-resolution Imaging Spectroradiometer) aboard
NASA’s Terra satellite (Hansen et al., 2003) and from the
Brazilian vegetation map (Veloso et al., 1991), respectively.
The soil variable was obtained based on the Brazilian
soil map (EMBRAPA, 1999). Finally, the hydrological
variable (density of drainage network) was obtained from
the SRTM (Lehner et al., 2006).

PCA was performed using the Past® statistical software
(Hammer et al., 2001) and indicated the eight most
explanatory variables related to C. carvalhoi (1-Bio4:
temperature seasonality, 2-Bio8: mean temperature of the
wettest quarter, 3-Bio12: Annual precipitation, 4-Bio18:
Precipitation in the warmest quarter, 5-Bio19: precipitation
in the coldest quarter, 6-Alt: altitude, 7-Den: density of
drainage network, 8-Dec: slope). In addition, two variables
(1-Soil: soil type and 2-Veg: vegetation type) were added.

For the preparation of the ecological niche model,
eighteen occurrence records were selected to keep only
one record per km?, reducing possible collinearity effects
(Hernandez et al., 2006). The software QGIS, version
2.4 was used for handling the dataset of environmental
variables and raster matrices and potential preparation of
distribution maps.

Model performance was determined by different statistical
metrics (Elith et al., 2010). To evaluate the probability of
the models being better than random ones, we conducted
a simple binomial statistical test (z/t). This test is called

Table 1. Dataset of environmental variables used to design the ecological niche model of Colobosauroides carvalhoi.

Environmental variable

Variable size

Reference

1- Mean annual temperature

2-Mean diurnal range

3-Isothermality

4-Temperature seasonality

5-Max temperature of warmest month
6-Min temperature of coldest month
7- Annual temperature range

8-Mean temperature of wettest quarter
9-Mean temperature of driest quarter
10-Mean temperature of warmest quarter
11-Mean temperature of coldest quarter
12-Annual precipitation
13-Precipitation in wettest month
14-Precipitation in driest month
15-Precipitation seasonality
16-Precipitation in wettest quarter
17-Precipitation in driest quarter
18-Precipitation in warmest quarter
19-Precipitation in coldest quarter
20-Altitude

21-Slope

22-Soil type

23-Percentage of tree cover
24-Vegetation type

25-Density of the drainage network

Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)

Bioclimatic Hijmans et al. (2005)

Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)
Bioclimatic Hijmans et al. (2005)

Bioclimatic Hijmans et al. (2005)

Bioclimatic Hijmans et al. (2005)
Topography Jarvis et al., (2008)
Topography Jarvis et al. (2008)
Soil EMBRAPA (1999)
Vegetation Hansen et al. (2003)
Vegetation Veloso et al. (1991)
Hydrology Lehner et al. (2006)
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the p-value test and is a tool of MaxEnt, independent of
the cutting test (Pearson et al., 2007). To evaluate the
importance and the heuristic estimate of the relative
contributions of variables of each predictor in the model
generated, the jackknife test was applied (Fielding and Bell,
1997). The area under the curve (AUC), receiver operating
characteristic (ROC) curve and omission error (OE) were
available (Jiménez-Valverde and Lobo, 2007). The AUC
provides a single measurement of the performance of the
model, regardless of the choice of any prior decision limit
(Phillips et al., 2006; Pearson et al., 2007). Despite being
more used, recent studies are indicated that these metrics
depend on the number of records, the algorithm used, and
the type of data used (Jiménez-Valverde and Lobo, 2007).
Therefore, in addition we calculate the True Skill Statistics
(TSS). This metric is less affect by prevalence and is less
prone to issues that affect the results of the commonly uses
AUC (Aguirre-Gutiérrez et al., 2012). Finally, the potential
distribution map was created by “5% of omission errors”
to create the logistic model. This is appropriate for high
precision of occurrence records data (Jiménez-Valverde
and Lobo, 2007; Norris, 2014).

Figure 2. A Colobosauroides carvalhoi specimen collected
in semi-deciduous forested enclave of the National Park
Serra das Confusoes, Piaui State, Northeast Brazil.

3. Results

3.1. Collection and occurrence records

Twenty-six specimens of C. carvalhoi (Figure 2) were
collected in the Serra da Capivara National Park (n=15),
Serra das Confusdes National Park (n=5), ecological
corridor Capivara-Confusdes protected areas (n=3) and
other surrounding areas (n=3), always associated with an
abundant presence of dead vegetation or litter.

The occurrence records of C. carvalhoi were associated
with arboreal vegetation formations (Caatinga arboreal
formations and enclaves of semi-deciduous forests).
Caatinga arboreal formations are located along the
banks of the Parnaiba and Piaui rivers in surrounding
areas of the Serra da Capivara and Serra das Confusdes
National Parks. The enclaves of semi-deciduous forests
are located exclusively in canyon valleys (Figure 3) in the
protected areas Serra da Capivara National Park, Serra
das Confusdes National Park and ecological corridor
Capivara-Confusdes and other regions in Piaui State.
These formations are locally called “Boqueirdes” and
are characterized by semi-deciduous forest vegetation
associated with Cerrado and rainforest plant species.

C. carvalhoi was included in the 18 different occurrence
records (Table 2). Of these, 16 were from sample data and
two were compiled from bibliographic data. Our results
indicated seven new occurrences of the species (Sao Braz
do Piaui, Jodo Costa, Brejo do Piaui, Caracol, Guaribas,
Canto do Buriti and Sao Jodo do Piaui), all located in
southeastern Piaui.

3.2. Known and potential distributions

The known distribution range was calculated to be
4,500 km? in areas for occurrence records of C. carvalhoi
in Bahia and Piaui states. However, the potential
distribution (Figure 4) was found to be higher than the

Figure 3. (A) Enclave of semi-deciduous arboreal vegetation of the National Park Serra da Capivara, Piaui State, Northeast

Brazil; (B) Typical habitat of Colobosauroides carvalhoi.
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Table 2. Localities where Colobosauroides carvalhoi was recorded with their respective geographical coordinates.

Longitude Latitude

Locality Municipality/State (Decimal degrees) Reference
1. Mata da Bica (localiy Type) Barreiras/Bahia -45.555563° -12.039066° Soares and
Caramaschi (1998)

2. Serra da Capivara National Park Sdo Raimundo Nonato/ -42.485664° -8.774374° Rodrigues (2003)
Piaui

3. Serra da Capivara National Park Sdo Jodo do Piaui/Piaui -42.315682° -8.385175° This study

(surround area)

4. Serra da Capivara National Park Sao Jodo do Piaui/Piaui -42.213596° -8.519830° This study

(surround area)

5. Serra da Capivara National Park Jodo Costa/Piaui -42.355378° -8.556757° This study

6. Serra da Capivara National Park Joao Costa/Piaui -42.345335°  -8.600168° This study

7. Serra da Capivara National Park Jodo Costa/Piaui -42.508277° -8.563028° This study

8. Serra da Capivara National Park Coronel José Dias/Piaui -42.350120° -8.650566° This study

9. Serra da Capivara National Park Coronel Jos¢ Dias/Piaui -42.355895° -8.674292° This study

10. Serra da Capivara National Park Coronel Jos¢ Dias/Piaui -42.495554° -8.781845° This study

11. Serra da Capivara National Park Sado Raimundo Nonato/ -42.686379° -8.864656° This study
Piaui

12. Ecological-Corridor Sao Raimundo Nonato/  -42.615404° -8.855642° This study
Piaui

13. Ecological-Corridor Sdo Raimundo Nonato/ -42.528608° -9.051566° This study
Piaui

14. Ecological-Corridor Sao Braz/Piaui -43.021561° -8.994292° This study

15. Serra das Confusdes National Park  Brejo do Piaui/Piaui -42.854231°  -8.545470° This study

(surround area)

16. Serra das Confusdes National Park  Caracol/Piaui -43.569717° -9.227508° This study

17. Serra das Confusdes National Park  Guaribas/Piaui -43.739158° -9.138405° This study

18. Serra das Confusdes National Park  Canto do Burity/Piaui ~ -43.238305° -8.410520° This study

(surround area)

known distribution, that is 7,300 km? in suitable areas
of species occurrence.

The potential distribution showed new areas with
suitable environmental conditions for C. carvalhoi
occurrence in Bahia and Piaui states and isolated areas
in the states of Ceara, Rio Grande do Norte, Paraiba and
Alagoas. However, no specimen was collected in the
study areas in Bahia.

The ecological distribution model was statistically
significant (p=0.002) and showed low omission errors
(5%). The AUC_, =0.990+0.020and TSS  =0.965+0.03
suggesting that the model has a good performance in
predicting suitable habitats for C. carvalhoi.

The environmental variables contributing to the ecological
niche model of C. carvalhoi were (precipitation in the coldest
quarter - 44.9%, slope - 20,9%, temperature seasonality
- 16.1%, soil type - 7.8%, annual precipitation - 6.2%,
altitude - 3.7%, density of drainage network - 0.3%, mean
Temperature of the wettest quarter - 0.1% and vegetation
type - 0.1%).

Finally, the known and potential distributions suggest
that C. carvalhoi occurs in the Caatinga, Caatinga-Cerrado
transitions, rainforest enclaves, Cerrado formations and
semi-deciduous dry forests.

Braz. J. Biol. 2017, vol. 77, no. 4, pp. 686-695

4. Discussion

4.1. Collection and occurrence records

The increase in studies of lizards has been expanding
the natural history and geographical distribution of many
species of the Caatinga region (Delfim, 2012; Rodrigues etal.,
2013; Cavalcanti et al., 2014; Sales et al., 2015). However,
despite new specimens collected and new occurrence
records, the relative rarity and restricted occurrence sites of
C. carvalhoi was corroborated (Rodrigues, 2003; Delfim,
2012). Similarly, the other Colobosauroides lizard species,
C. cearensis, has been recorded in a small number of
locations, but with relatively abundant occurrence records
(Borges-Nojosa and Caramaschi, 2003; Rodrigues, 2003;
Delfim, 2012).

C. carvalhoi is exclusively reported in forest formations
of semi-deciduous dry forests, Arboreal Caatinga
and Caatinga-Cerrado transition areas, reflecting the
biogeographical history of this species (Borges-Nojosa
and Caramaschi, 2003; Rodrigues, 2003; Delfim, 2012).
The other ecpleopodi lizards of the Caatinga domain
(C. cearensis, Anotosaura collaris, A. vanzolinia) have
a similar pattern (Borges-Nojosa and Caramaschi, 2003;
Rodrigues et al., 2013). However, C. cearensis has been
recorded exclusively in Atlantic Forest enclaves (Borges-Nojosa
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Figure 4. Known and potential distributions of Colobosauroides carvalhoi in Northeast Brazil. Legend: MA: Maranhao;
PI: Piaui; CE: Ceara; RN: Rio Grande do Norte; PB: Paraiba; PE: Pernambuco; BA: Bahia; AL: Alagoas and SE: Sergipe.
A = Locality type; B = Sdo Francisco River. 1: Serra das Confusdes National Park and 2: Serra da Capivara National Park.

and Caramaschi, 2003; Rodrigues et al., 2013), 4. collaris
is recorded exclusively in Caatinga arboreal formations
(Rodrigues et al., 2013), and A. vanzolinia is recorded
in Caatinga arboreal and Atlantic Forest enclaves in the
Caatinga domain (Delfim, 2012).

4.2. Known and potential distributions

The known and potential distribution values of
C. carvalhoi were compatible with restricted distribution
(IUCN, 2012). The potential distribution suggests a
disjoint distribution pattern of these lizards (Rodrigues,
2003). The restricted and disjoint patterns of C. Carvalhoi
and other Eplepodinae lizards of the Caatinga domain
were associated with these forest formations with
mesic environmental conditions (Rodrigues, 2003;
Rodrigues et al., 2013). The distribution of these lizards
corroborates the “vanishing refuge hypothesis” (Vanzolini
and Williams, 1981; Delfim, 2012; Rodrigues et al., 2013).
Currently, the mesic formations are disjointly distributed
in the Caatinga domain (Rodrigues, 2003; Prado, 2003;
Werneck, 2011). However, sharing the biota in interface
areas of the Caatinga-Cerrado associated with expansion
and retraction events of dry forests may be related to the
current distribution pattern of C. carvalhoi (Werneck and
Colli, 2006). Therefore, molecular studies are necessary
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to understand the diversification and distribution aspects
of C. carvalhoi.

The environmental variables related to potential
distribution of C. carvalhoi (precipitation in the coldest
quarter, slope, temperature seasonality and annual
precipitation) corroborate its association with mesic
environmental areas. However, although reported as
important, the environmental variables (vegetation type,
altitude and density of drainage network) related to forest
vegetation formations were not good contributions to the
niche model and need further investigation.

5. Implications for conservation

The known and potential distribution ranges of
C. carvalhoi were compatible with threatened distribution
values (IUCN, 2012). The first (<5,000 km?) is reported
for endangered species and the second (<10,000 km?) for
vulnerable species (IUCN, 2014). Despite, the importance
to geographical distribution to evaluate the conservation
status (IUCN, 2012), population data are important for
proper assessment of the risk of extinction (IUCN, 2014).
However, the currently limited data on C. carvalhoi
(Rodrigues, 2003; Delfim, 2012) possibly helped to define
its conservation status.
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Currently, new information and techniques, such as
ecological niche model, contribute to conservation purpose
(Jiménez-Valverde et al., 2011). Thus, the relative rarity,
restricted and disjoint distribution patterns and limited
population data of C. carvalhoi indicate a worrisome
scenario for species conservation.

Finally, we suggest that the known and potential
distribution values and relative rarity of C. carvalhoi enable
the reevaluation of the conservation status of C. carvalhoi
to “Near Threatened - NT” from “Endangered - ED”;
however, further studies focusing on the population data
are necessary for better evaluation of'its conservation and
development of management and conservation strategies.
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