ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/328890845

Modeling the potential geographic distribution of the poorly known
Neotropical lizard Anotosaura vanzolinia Dixon, 1974 (Squamata,
Gymnophthalmidae) in Northeast Brazil

Article in Turkish Journal of Zoology - November 2018

DOI: 10.3906/200-1803-26

CITATION
1

4 authors, including:

%ﬁ’ Universidade Federal do Vale do S&o Francisco (UNIVASF)

90 PUBLICATIONS 706 CITATIONS

g‘@ Leonardo B. Ribeiro

SEE PROFILE

Arnaldo Magalh&es
Universidade Federal do Vale do Sao Francisco (UNIVASF)

6 PUBLICATIONS 23 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et ECOmorfologia de Vertebrados View project

et Projeto Biodiversidade do Semiarido View project

All content following this page was uploaded by Leonardo B. Ribeiro on 12 November 2018.

The user has requested enhancement of the downloaded file.

READS
291

Samuel Campos Gomides

Universidade Federal do Oeste do Para

26 PUBLICATIONS 172 CITATIONS

SEE PROFILE


https://www.researchgate.net/publication/328890845_Modeling_the_potential_geographic_distribution_of_the_poorly_known_Neotropical_lizard_Anotosaura_vanzolinia_Dixon_1974_Squamata_Gymnophthalmidae_in_Northeast_Brazil?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/328890845_Modeling_the_potential_geographic_distribution_of_the_poorly_known_Neotropical_lizard_Anotosaura_vanzolinia_Dixon_1974_Squamata_Gymnophthalmidae_in_Northeast_Brazil?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Ecomorfologia-de-Vertebrados?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Projeto-Biodiversidade-do-Semiarido?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leonardo-Ribeiro-22?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leonardo-Ribeiro-22?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidade-Federal-do-Vale-do-Sao-Francisco-UNIVASF?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leonardo-Ribeiro-22?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Samuel-Gomides-2?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Samuel-Gomides-2?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidade-Federal-do-Oeste-do-Para?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Samuel-Gomides-2?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arnaldo-Magalhaes?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arnaldo-Magalhaes?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidade-Federal-do-Vale-do-Sao-Francisco-UNIVASF?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arnaldo-Magalhaes?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leonardo-Ribeiro-22?enrichId=rgreq-034225c5c2fb377b33a946aa387ab339-XXX&enrichSource=Y292ZXJQYWdlOzMyODg5MDg0NTtBUzo2OTIyNDQxOTM0OTI5OTJAMTU0MjA1NTI4NTEzMA%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Turkish Journal of Zoology

http://journals.tubitak.gov.tr/zoology/

TUBITAK

Short Communication

Turk J Zool

(2018) 42: 732-738

© TUBITAK
d0i:10.3906/200-1803-26

Modeling the potential geographic distribution of the poorly known Neotropical lizard
Anotosaura vanzolinia Dixon, 1974 (Squamata, Gymnophthalmidae) in Northeast Brazil

Leonardo Barros RIBEIRO™ » Samuel Campos GOMIDES’ , Jéssica Viviane Amorim FERREIRA' s
Arnaldo José Correia MAGALHAES JUNIOR®
'Center for Conservation and Management of Caatinga Fauna (CEMAFAUNA-CAATINGA),
Federal University of San Francisco Valley (UNIVASEF), Petrolina, Pernambuco, Brazil
2Herpetolog.;y Laboratory, Federal University of Western Para (UFOPA), Campus Oriximind, Oriximina, Pard, Brazil
3Collegiate of Nature Sciences, Federal University of San Francisco Valley (UNIVASF), Sao Raimundo Nonato, Piaui, Brazil

Received: 14.03.2018

Accepted/Published Online: 11.10.2018 @

Final Version: 12.11.2018

Abstract: During faunal rescue activities for the construction of a wind farm in the Northeast Region of Brazil, a single specimen of the
gymnophthalmid lizard Anotosaura vanzolinia was captured, which represents the first record of the species for the state of Piaui. We
used this record, along with records found in the literature, to model the potential distribution of the species according to environmental
suitability using the maximum entropy algorithm MaxEnt. The occurrence records of A. vanzolinia, as well as the model of its potential
geographical distribution, revealed that it is more broadly distributed than previously considered. Anotosaura vanzolinia has a disjoint
and relictual geographic distribution pattern due to its association with remnant forest environments within the Caatinga Domain. The
variables that contributed the most to the model of its ecological niche were annual precipitation (48.9%), soil type (17.5%), and mean
diurnal range (10.5%). The species remains endemic to the forest enclaves within the Caatinga Domain.

Key words: Caatinga, ecological niche modeling, Ecpleopodini, gymnophthalmid, maximum entropy algorithm, suitable environmental

areas, tropical dry forest

The gymnophthalmid genus Anotosaura currently
comprises two named species: Anotosaura collaris
Amaral, 1933 and Anotosaura vanzolinia Dixon, 1974.
Anotosaura vanzolinia (Figure 1) was described as A.
collaris vanzolinia by Dixon (1974) based on specimens
from the municipality of Agrestina, in the Agreste region
of the state of Pernambuco, Brazil. Two years later,
Vanzolini (1976a) elevated A. c. vanzolinia to specific rank.
It is an insectivorous species that feeds mainly on ants
and termites, as well as other arthropods of the edaphic
microfauna (Oliveira and Pessanha, 2013). It has a cryptic
and semifossorial habit, and it inhabits microhabitats
with warmer temperatures, abundant leaf litter, and no
incidence of direct sunlight (Delfim and Freire, 2007;
Freire et al., 2009). The species has a disjunct and relictual
distribution within the Caatinga Domain, where it is
found only in mesic areas (Rodrigues, 1986, 2003). The
geographical distribution of the species has been based
on 12 different locations reported in the literature for the
states of Bahia, Alagoas, Pernambuco, Paraiba, and Rio
Grande do Norte (Delfim and Freire, 2007; Freire et al.,
2009; Gongalves et al., 2012; Garda et al., 2013).

* Correspondence: leonardo.ribeiro@univasf.edu.br
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The use of techniques for modeling suitable areas for
the occurrence of species is especially valuable for species
with scarce data about their distribution, which are poorly
sampled and/or have cryptic habits (Pearson et al., 2007).
The lack of geographic distribution information hampers
efforts to understand the biogeography of species. Although
new data focusing on the richness and composition of
the squamate fauna of the semiarid region of Brazil are
constantly being added to the literature (e.g., Guedes et
al., 2014), there remains a lack of information about the
distribution of some rare species. Herein we expand the
known geographic distribution of A. vanzolinia to include
the state of Piaui and attempt to clarify its distribution
pattern using this new occurrence record and ecological
niche modeling of its potential distribution.

On 28 October 2016, a single specimen of A. vanzolinia
was obtained during faunal rescue for the installation of a
wind farm in the municipality of Curral Novo do Piaui in
the semiarid region of the state of Piaui, Brazil. Although
none of the authors participated of the fieldwork, the
specimen was collected (MFCH 4399, Figure 1) and is
housed in the Herpetological Collection of the Museu de

This work is licensed under a Creative Commons Attribution 4.0 International License.
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Figure 1. Specimens of Anotosaura vanzolinia. Total view (A) and close-up of the head (B) of the specimen (43 mm SVL, CHBEZ 2925)
collected in Tenente Laurentino Cruz, state of Rio Grande do Norte, Brazil. (C) Specimen (ca. 52 mm SVL, MFCH 4399) from the new
geographic record in Piaui State, Brazil. Photos A) and B) by Marcelo Kokubum; C) by Leonardo Ribeiro.

Fauna da Caatinga, located at the Centro de Conservagio
e Manejo de Fauna da Caatinga (CEMAFAUNA),
Universidade Federal do Vale do Sao Francisco - UNIVASF
(Federal University of San Francisco Valley), municipality
of Petrolina, state of Pernambuco, Brazil.

The collection site is influenced by Chapada do
Araripe and is located within APA Araripe-Apodi
(Araripe-Apodi Environmental Protection Area), which
includes the Araripe basin. The area possesses a mosaic
of phytophysiognomies including “carrasco” (closed, tall-
shrubby, xerophilous vegetation on quartz sand soils),
savannah enclaves, and typical Caatinga vegetation, with
extensive and secondary forests (Ribeiro et al, 2009).
The region ranges in altitude from 800 to 900 m a.s.l
and is located in the northwest portion of the Depressao
Sertaneja Meridional, in the southeast portion of state of
Piaui.

We estimated the potential distribution of A. vanzolinia
based on areas with suitable environments for the species

by ecological niche modeling using the maximum
entropy algorithm MaxEnt (Phillips et al., 2006; Costa et
al., 2010; Giovanelli et al., 2010). The MaxEnt algorithm
has demonstrated good predictive performance with
few occurrence records or presence-only datasets (Elith
et al, 2010). Nineteen bioclimatic variables obtained
from the WorldClim database (BIO,-BIO,,) (Worldclim.
org; Fick and Hijmans, 2017), plus six other variables
[1 - percentage of tree cover (Hansen et al., 2003); 2 -
vegetation type (Veloso et al., 1991); 3 - drainage network
density  (https://hydrosheds.cr.usgs.gov/webappcontent/
HydroSHEDS_TechDoc_v10.pdf); 4 - elevation (http://
srtm.csi.cgiar.org); 5 - slope (http://srtm.csi.cgiar.org); and
6 - soil type (EMBRAPA, 1999)] were used to design the
ecological niche model. We chose the six most explanatory
variables after removing those with high correlations (r >
0.8) to minimize multicollinearity among layers (Sales et
al.,, 2015). The analysis was performed using Past statistical
software. The variables chosen were: 1 - BIO, annual
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mean temperature; 2 - BIO, mean diurnal range [mean
of monthly (max temp-min temp)]; 3 - BIO,, annual
precipitation; 4 - BIO,  precipitation of wettest quarter; 5
- BIO,, precipitation of warmest quarter; and 6 - soil type.
All variables were used as generic grids with a resolution
of 30 arc-seconds (~1 km) and limited to Northeast Brazil.
The following settings were chosen for MaxEnt (version
3.3.3k): maximum number of background points = 10,000;
maximum number of iterations = 500; regularization
multiplier = 1; and no threshold (Phillips et al., 2006). The
calibration area was restricted to the Brazilian territory
with 25% of the points being used as random background
sampling to create replicas of the models in which, for each
replicate, the occurrence dataset was randomly divided
with 75% of the replicates used to fit the models and
25% used for evaluation (Elith et al., 2011). We evaluated
the ecological niche model with pattern discrimination
statistics [area under the curve (AUC) of receiver operating
characteristic (ROC) curve and omission error (OE)]. 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). The closer
the AUC is to 1.0, and more distant from 0.5, the more
accurate the model (Elith et al., 2010). We applied the
jackknife test to evaluate the importance and heuristic
estimate of the relative contributions of the variables of
each predictor in the generated model (Phillips et al.,
2006). Finally, a 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
(Norris, 2014).

We used the software QGIS (version 2.4) for handling
the dataset of environmental variables and raster matrices
and the preparation of potential distribution maps. Maps
were built by performing an extensive search for species
records in the literature using online bibliographic
databases (Web of Science, JSTOR, Scielo, Scopus, and
Google Scholar). Priority areas for conservation in the
Caatinga were determined according to the administrative
ruling of the Ministry of the Environment (No. 223, of 21
June 2016).

Thirteen different occurrence records were established
for Anotosaura vanzolinia (Table). Of these, our new record
(Figure 2) extends the known geographical distribution of
the species about 430 km westward from the nearest record
in the state of Paraiba — in the municipality of Sdo José dos
Cordeiros, 305 km northwest of Estacdo Ecoldgica Raso
da Catarina in the state of Bahia — and 534 km westward
from the type-locality in Agrestina, Pernambuco. The new
record also represents the highest recorded elevation for
the species (Table). Anotosaura vanzolinia is recorded
from only two strict protection areas: Reserva Particular
do PatrimoOnio Natural Fazenda Almas (Paraiba State,
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3505 ha) and Estacdo Ecoldgica Raso da Catarina (Bahia
State, 99,772 ha).

The potential distribution revealed areas with suitable
environmental conditions for the occurrence of A.
vanzolinia in the states of Bahia, Sergipe, Pernambuco,
Ceard, and Piaui, although specimens have yet to be
collected in Sergipe and Ceara. The ecological niche model
showed to be reliable in its predictions (AUC = 0.981 +
0.018) with alow rate of omission errors (5%). The potential
distribution (i.e. areas with suitable environments for
occurrence) of A. vanzolinia (Figure 2) was estimated to be
22,500 km?. The variables that contributed the most to the
ecological niche model were annual precipitation (48.9%),
soil type (17.5%), and mean diurnal range (10.5%). The
ecological niche model corroborates the previously
recognized disjoint and relictual geographic distribution
pattern for A. vanzolinia.

Vanzolini and Ramos (1977) proposed that microteiid
lizards that are associated with sites with more mesic
conditions, such as A. vanzolinia and Acratosaura
mentalis (Amaral, 1933), have their distributions
limited by the arid environmental matrix, where they
encounter heterogeneous marginal situations without
opportunities favorable for range expansion. This was
previously observed for A. mentalis, which is associated
with a phytoecological unit of the Caatinga that occurs
on sedimentary formations in the state of Ceara (Roberto
and Loebmann, 2016). According to Vanzolini (1981) and
Rodrigues (2003), the current distributions of A. vanzolinia
and Acratosaura mentalis have likely been influenced by
expansions and retractions of rainforest and Caatinga
(tropical dry forest). The presence of A. vanzolinia in
relictual forest enclaves with milder temperatures may be
indicative of past relationships between the Caatinga and
the Atlantic Forest/ Amazon Forest. With the expansion of
forests in wetter times, forest species were able to occupy
broader areas that were subsequently reduced and are
currently surrounded by arid areas (Vanzolini and Ramos,
1977; Borges-Nojosa and Caramaschi, 2003; Carnaval and
Bates, 2007; Mesquita et al., 2017). These forest enclaves
are very important areas for the existence of the relictual
fauna present therein and embedded within the xeric
matrix.

The entire tribe Ecpleopodini, including Dryadosaura
and Colobosauroides (the two genera in close association
with Anotosaura based on molecular data), is composed
predominantly of forest lizards (Pellegrino et al., 2001;
Rodrigues et al., 2005; Rodrigues et al., 2007; Goicoechea
et al., 2016), which suggests that the disjoint pattern of
distribution observed for A. vanzolinia is the result of past
forest retraction and the current presence of the Caatinga
Domain (Rodrigues, 2003). Ecological niche modeling of
another related species of Ecpleopodini, Colobosauroides
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Table. Summary of the reviewed literature records of Anotosaura vanzolinia distribution. Asterisks indicate that the altitude (in meters)

was estimated through Google Earth.

Locality State Longitude | Latitude | Altitude| Reference
1. Ruy Barbosa Bahia -40.3731 |-12.2708 | 550 Freitas and Moisés, 2009
2. Estagdo Ecolégica Raso da Catarina Bahia -38.49222|-9.80806 | 701 Garda et al., 2013
3. Traipu (Serra da Mao) Alagoas -36.94639|-9.75278 | 503 Gongalves et al., 2012
4. Agrestina (type-locality) Pernambuco -35.93556| -8.46417 | 441* | Dixon, 1974
5. Bezerros (district of Serra Negra) Pernambuco -35.79333|-8.27333 | 544* | Rodrigues, 1986
6. Sumé Paraiba 3688 |-7.67167 |520+ | Delfim and Freire, 2007;
Freire et al., 2009
Delfi Freire, 2007;
7. Sao José dos Cordeiros Paraiba ~36.80778| ~7.39083 | 529+ | Delfim and Freire, 2007;
Freire et al., 2009
8. Cabaceiras Paraiba -36.28722| -7.48889 | 384* Rodrigues, 1986
9. Reserva Particular do Patriménio Natural
Parai -36.87028| -7.4 12* Delfi Freire, 2
Fazenda Almas (Sao José dos Cordeiros/Sumé) araiba 3687028 -7.46667 | 6 elfim and Freire, 2007
10. Campina Grande i Delfim and Freire, 2007;
(district of Sdo José da Mata) Paraiba 35975 |-7.183331 700 Oliveira et al., 2017
.. Queiroz et al., 2010;
11. lexo Al F Park
( Ca;"r;z ‘Z‘fan d‘;m Campos Forest Par Paraiba -35.88528|-7.27611|500 | Oliveira and Pessanha, 2013;
P Oliveira et al., 2017
12. Tenente Laurentino Cruz (Serra Nova) Rio Grande do Norte| -36.719 | -6.109 | 704 Gogliath et al., 2010
13. Curral Novo do Piaui Piaui -40.61889|-8.03944 | 826* | This study

carvalhoi Soares & Caramaschi, 1998, obtained very
similar results to those of the present study (Magalhées et
al,, 2017). Using evidence from travertine deposition and
megafauna and paleobotanical elements, Auler et al. (2004)
indicated the presence of semideciduous forest in the past
(peak in 900 kyr BP) within what is now dry Caatinga.
In this sense, forest expansion into what is now semiarid
Caatinga allowed the establishment of a link between mesic
forests, consequently allowing the migration of species to
and from the Amazonian and Atlantic rainforests.

The elevation of the Brazilian shield, and the
consequent formation of the Caatinga in the interplanaltic
and intermontane depressions of the Brazilian Northeast,
may have been an important factor in determining the
restricted distributions of some species (Rodrigues, 2003).
The mesic habitats of enclaves of highland forest within
the Caatinga (“brejos de altitude”) are known to contain
species that are closely related to species in the moister
neighboring forests (Rodrigues, 2003; Loebmann and
Haddad, 2010; Ribeiro et al.,, 2012). These “brejos” are
relicts of a once more widespread forest cover that retreated
at the onset of drier conditions and provide moisture and
milder temperatures to the areas where they occur. This
has already been observed for A. vanzolinia in Traipu,
state of Alagoas, and Tenente Laurentino Cruz, state of
Rio Grande do Norte, where individuals were collected in
forest enclaves within the Caatinga Domain at elevations
of 503 m and 704 m, respectively (Gogliath et al., 2010;

Gongalves et al., 2012). Specimens were found distributed
in areas with the accumulation of leaves in the soil and
the formation of litter, which are necessary to form the
habitat typically used by these lizards (Vanzolini, 1976b;
Rodrigues, 1986; Gogliath et al., 2010).
Theenvironmentalvariablesusedtopredictthe potential
distribution of A. vanzolinia (annual precipitation, soil
type, and mean diurnal range) corroborate the association
of this species with mesic environments. In this sense,
two important areas stand out with high potential for the
occurrence of A. vanzolinia (see A and B in Figure 2). The
first area (Area A) is located near a government-defined
priority area for the conservation of Pedra Branca, state of
Ceard, in the Depressao Sertaneja Setentrional ecoregion,
under the influence of the Complexo Ibiapaba-Araripe
ecoregion with seasonal deciduous forest. The second area
(Area B) is a significant portion of the government-defined
priority area for the conservation of Pildo Arcado, state of
Bahia, in the Depressao Sertaneja Meridional ecoregion,
which is influenced by the Complexo Ibiapaba-Araripe
and Dunas do Sdo Francisco ecoregions. The Caatinga area
of Pildo Arcado represents a region of transit of species
between remnants of the APA Dunas do Séo Francisco and
remnantareas of Serrada Capivaraand Serra das Confusoes
National Parks in the state of Piaui. The regions of these
national parks are characterized by arboreal vegetation
formations (arboreal Caatinga formations and enclaves
of semideciduous forests). It is important to highlight
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Figure 2. Known and potential distributions of Anotosaura vanzolinia in the Caatinga of Northeast Brazil: Bahia (BA),
Alagoas (AL), Pernambuco (PE), Paraiba (PB), Rio Grande do Norte (RN), and Piaui (PI). See Table for explanation of the
numbers. The area delimited in gray immediately above point 13 represents the Chapada do Araripe. Color scale indicates
the environmental suitability predicted by the model, which ranges from 0 (blue) to 1 (red). The probability of occurrence
of Anotosaura vanzolinia in two significant priority areas for the conservation are represented: A) Pedra Branca, Cear4 State
(high priority) and B) Pildo Arcado, Bahia and Piaui States (very high priority).

that despite the high squamate diversity of the Caatinga,
which includes 112 species of snakes and more than 50
species of other squamates, and many cases of endemism
(Rodrigues, 2003; Guedes et al., 2014; Ribeiro et al., 2018),
only about 7.5% of its species are located inside a protected
area, and only about 1% in areas under some form of
integral protection, still lacking adequate monitoring and
management (http://www.mma.gov.br/biomas/caatinga).
The two potential areas of occurrence of A. vanzolinia
mentioned above (Pedra Branca and Pildo Arcado, with
high and very high priorities for conservation) suffer
from deforestation, burning and hunting, and agricultural
and mining activities (http://www.mma.gov.br/biomas/
caatinga). Therefore, further research to determine
whether A. vanzolinia occurs at these locations is
essential. If confirmed, additional investigations focusing
on population data will be necessary in order to better
evaluate the status of the species and the development of
management and conservation strategies.
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In summary, the finding reported herein reinforces
the dependence of A. vanzolinia on the remaining forest
enclaves. The area of this new record is considered a
very high priority for the conservation of herpetofauna
(Rodrigues, 2003). In addition, it is the first record of A.
vanzolinia for the state of Piaui and represents an important
advance in understanding the relictual distribution of
squamate reptiles. Future phylogeographic and population
studies can help to provide insight into the evolution and
dispersion of squamates among Caatinga forest enclaves.

Acknowledgments

We thank Eliza MX Freire for verifying the identification
of the specimen. Bernadete M de Sousa and the Federal
University of Juiz de Fora kindly allowed the use of
space and equipment for examining the specimen of this
study. Three anonymous reviewers critically revised the
manuscript.



RIBEIRO et al. / Turk ] Zool

References

Auler AS, Wang X, Edwards RL, Cheng H, Cristalli PS, Smart PL,
Richards DA (2004). Quaternary ecological and geomorphic
changes associated with rainfall events in presently semi-arid
northeastern Brazil. ] Quaternary Sci 19: 693-701.

Borges-Nojosa DM, Caramaschi U (2005). Composi¢ao e analise
comparativa da diversidade e das afinidades biogeogréficas dos
lagartos e anfisbénios (Squamata) dos brejos nordestinos. In:
Leal IR, Tabarelli M, Silva JMC, editors. Ecologia e Conservagao
da Caatinga. Recife, Brazil: Editora Universitaria da UFPE, pp.
463-512 (in Portuguese).

Carnaval ACOQ, Bates JM (2007). Amphibian DNA shows marked
genetic structure and tracks Pleistocene climate change in
northeastern Brazil. Evolution 61: 2942-2957.

Costa GC, Nogueira C, Machado RB, Colli GR (2010). Sampling
bias and the use of ecological niche modeling in conservation
planning: a field evaluation in a biodiversity hotspot. Biodivers
Conserv 19: 883-899.

Delfim FR, Freire EMX (2007). Os lagartos gimnoftalmideos
(Squamata: Gymnophthalmidae) do Cariri Paraibano e
do Seridd do Rio Grande do Norte, Nordeste do Brasil:
Consideragoes acerca da distribuigdo geografica e ecologia.
Oecol Bras 11: 365-382 (in Portuguese).

Dixon JR (1974). Systematic review of the lizard genus Anotosaura
(Teiidae). Herpetologica 30: 13-18.

Elith J, Kearney M, Phillips SJ (2010). The art of modeling range
shifting species. Methods Ecol Evol 1: 330-342.

Elith J, Phillips SJ, Hastie T, Dudik M, Chee YE, Yates CJ (2011). A
statistical explanation of MaxEnt for ecologists. Divers Distrib
17:43-57.

EMBRAPA (1999). Sistema brasileiro de classificagdo de solos. Rio
de Janeiro, Brazil: Centro Nacional de Pesquisa de Solos.

Fick SE, Hijmans R] (2017). Worldclim 2: New 1-km spatial
resolution climate surfaces for global land areas. Int J Climatol
37:4302-4315.

Freire EMX, Sugliano GOS, Kolodiuk ME, Ribeiro LB, Maggi BS,
Rodrigues LS, Vieira WLS, Falcio ACGP (2009). Répteis
Squamata das Caatingas do seridé do Rio Grande do Norte e do
cariri da Paraiba: sintese do conhecimento atual e perspectivas.
In: Freire EMX, editor. Recursos Naturais das Caatingas: uma
visao multidisciplinary. Natal, Brazil: Editora da UFRN, pp. 51-
84 (in Portuguese).

Freitas MA, Moisés LE (2009). Anotosaura vanzolinia. Geographic
distribution. Herpetol Rev 40: 237-237.

Garda AA, Costa TB, Santos-Silva CR, Mesquita DO, Faria RG,
Concei¢do BM, Silva IRS, Ferreira AS, Rocha SM, Palmeira
CNS et al. (2013). Herpetofauna of protected areas in the
Caatinga I: Raso da Catarina Ecological Station (Bahia, Brazil).
Check List 9: 405-414.

Giovanelli JGR, Siqueira MFC, Haddad FB, Alexandrino J (2010).
Modeling a spatially restricted distribution in the Neotropics:
how the size of calibration area affects the performance of five
presence-only methods. Ecol Model 221: 215-224.

Gogliath M, Ribeiro LB, Freire EMX (2010). Anotosaura vanzolinia.
Geographic distribution. Herpetol Rev 41: 243-243.

Goicoechea N, Frost DR, De la Riva I, Pellegrino KCM, Sites JW
Jr, Rodrigues MT, Padial JM (2016). Molecular systematics
of teioid lizards (Teioidea/Gymnophthalmoidea: Squamata)
based on the analysis of 48 loci under tree-alignment and
similarity-alignment. Cladistics 32: 624-671.

Gongalves U, Brito PS, Galdino JY, Torquato S (2012). Squamata,
Gymnophthalmidae, Anotosaura vanzolinia Dixon, 1974: new
records and geographic distribution map. Check List 8: 632-
633.

Guedes TB, Nogueira C, Marques OAV (2014). Diversity, natural
history, and geographic distribution of snakes in the Caatinga,
Northeastern Brazil. Zootaxa 3863: 1-93.

Hansen MC, DeFries RS, Townshend JRG, Carroll M, Dimiceli C,
Sohlberg RA (2003). Global percent tree cover at a spatial
resolution of 500 meters: first results of the MODIS vegetation
continuous fields algorithm. Earth Interact 7: 1-15.

Loebmann D, Haddad CFB (2010). Amphibians and reptiles from a
highly diverse area of the Caatinga domain: composition and
conservation implications. Biota Neotrop 10: 227-255.

Magalhdes AJC Jr, Moura GJB, Ribeiro LB, Azevedo-Junior SM
(2017). Potential distribution and conservation of the
Colobosauroides carvalhoi Soares and Caramaschi, 1998: a rare
and endemic lizard of Northeast Brazil. Braz ] Biol 77: 1-10.

Mesquita DO, Costa GC, Garda AA, Delfim FR (2017). Species
composition, biogeography, and conservation of the Caatinga
lizards. In: Silva JMC, Leal IR, Tabarelli M, editors. Caatinga:
The Largest Tropical Dry Forest Region in South America.
Cham, Switzerland: Springer International Publishing, pp.
151-180.

Norris D (2014). Model thresholds are more important than presence
location type: understanding the distribution of lowland tapir
(Tapirus terrestris) in a continuous Atlantic forest of southeast
Brazil. Trop Conserv Sci 7: 529-547.

Oliveira BHS, Pessanha ALM (2013). Microhabitat use and diet of
Anotosaura vanzolinia (Squamata: Gymnophthalmidae) in a
Caatinga area, Brazil. Biota Neotrop 13: 193-198.

Oliveira BHS, Teixeira AAN, Queiroz RNM, Aratjo-Filho JA, Teles
DA, Brito SV, Mesquita DO (2017). Nematodes infecting
Anotosaura vanzolinia (Squamata: Gymnophthalmidae) from
Caatinga, northeastern Brazil. Acta Herpetol 12: 103-108.

Pearson RG, Raxworthy CJ, Nakamura M, Peterson AT (2007).
Predicting species distributions from small numbers of

occurrence records: a test case using cryptic geckos in
Madagascar. ] Biogeogr 34: 102-117.

Phillips SJ, Anderson RP, Schapire RE (2006). Maximum entropy
modeling of species geographic distributions. Ecol Model 190:
231-259.

Queiroz RNM, Alves LS, Oliveira BHS, Albuquerque HN (2010).
Anélise da Herpetofauna do complexo Aluizo Nunes. Rev Bras
de Inf Cient 1: 22-28 (in Portuguese).

737



RIBEIRO et al. / Turk ] Zool

Ribeiro LB, Gomides SC, Costa HC (2018). A new species
of Amphisbaena from Northeastern Brazil (Squamata:
Amphisbaenidae). ] Herpetol 52: 234-241.

Ribeiro SC, Roberto IJ, Sales DL, Almeida WO (2009). Distribution
extension of Stenocercus squarrosus Nogueira and Rodrigues,
2006 (Reptilia, Squamata, Tropiduridae) in Northeastern
Brazil. Biotemas 22: 165-167.

Ribeiro SC, Roberto IJ, Sales DL, Avila RW, Almeida WO (2012).
Amphibians and reptiles from Araripe Bioregion, northeastern
Brazil. Salamandra 48: 133-146.

Roberto IJ, Loebmann D (2016). Composition, distribution patterns,
and conservation priority areas for the herpetofauna of the
state of Ceard, northeastern Brazil. Salamandra 52: 134-152.

Rodrigues MT (1986). Uma nova espécie do género Phyllopezus de
Cabaceiras: Paraiba: Brasil; com comentdarios sobre a fauna de
lagartos da area (Sauria Gekkonidae). Pap Avulsos de Zool
(Sao Paulo) 36: 237-250 (in Portuguese).

Rodrigues MT (2003). Herpetofauna da Caatinga. In: Leal IR,
Tabarelli M, Silva JMC, editors. Ecologia e Conservagido da
Caatinga. Recife, Brazil: Editora Universitaria da UFPE, pp.
181-236 (in Portuguese).

Rodrigues MT, Freire EMX, Pellegrino KCM, Sites JW Jr (2005).
Phylogenetic relationships of a new genus and species of
microteiid lizard from the Atlantic forest of north-eastern
Brazil (Squamata, Gymnophthalmidae). Zool J Linn Soc-Lond
144: 543-557.

738

Rodrigues MT, Pellegrino KCM, Dixo M, Verdade VK, Pavan D,
Argolo AJS, Sites JW Jr (2007). A new genus of microteiid
lizard from the Atlantic forests of State of Bahia, Brazil, with a
new generic name for Colobosaura mentalis, and a discussion
of relationships among the Heterodactylini (Squamata,
Gymnophthalmidae). Am Mus Novit 3565: 1-27.

Sales RFD, Andrade MJM, Jorge JS, Kolodiuk ME Ribeiro MM,
Freire EMX (2015). Geographic distribution model for
Mabuya agmosticha (Squamata: Scincidae) in northeastern
Brazil. Zoologia 32: 71-76.

Vanzolini PE (1976a). Two notes on Anotosaura (Sauria, Teiidae).
Pap Avulsos de Zool (Sdo Paulo) 30: 119-122.

Vanzolini PE (1976b). On the lizards of a Cerrado-Caatinga contact:
evolutionary and zoogeographical implications (Sauria). Pap
Avulsos de Zool (Sdo Paulo) 29: 111-119.

Vanzolini PE (1981). A quasi-historical approach to the natural
history of the differentiation of reptiles in tropical geographic
isolates. Pap Avulsos de Zool (Sao Paulo) 34: 189-204.

Vanzolini PE, Ramos AMM (1977). A new species of Colobodactylus,
with notes on the distribution of a group of stranded microteiid
lizards (Sauria, Teiidae). Pap Avulsos de Zool (Séo Paulo) 31:
19-47.

Veloso HP, Rangel Filho ALR, Lima JCA (1991). Classifcag¢do da
vegetagdo brasileira, adaptada a um sistema Universal. Rio de
Janeiro, Brasil: IBGE (in Portuguese).


https://www.researchgate.net/publication/328890845

