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Chapter 6
Species Composition, Biogeography, 
and Conservation of the Caatinga Lizards

Daniel Oliveira Mesquita, Gabriel Corrêa Costa, Adrian Antonio Garda, 
and Fagner Ribeiro Delfim

Abstract The Caatinga is one of the few semiarid regions in the subtropical zone 
surrounded by humid areas. Its fauna was previously considered impoverished and 
with few endemics, but many surveys have been conducted in the last two decades 
and it is now possible to perform a more accurate and realistic analysis of Caatinga 
lizard diversity and biogeography. Our objectives in the present chapter are to (1) 
review the literature on the origin and diversification of Caatinga lizards; (2) provide 
an updated species list and categorize distribution patterns; (3) identify potential 
areas that could hold high species richness; and (4) evaluate whether the proposed 
division of the Caatinga into different ecoregions reflects patterns of lizard ende-
mism. We found 79 lizard species belonging to 13 families. Among them, 49 are typi-
cal from the Caatinga, eight occur in forested habitats, nine are typical from Cerrado 
habitats, three are endemic to humid forest enclaves (‘brejos de altitude’) and eight 
occur only in rocky outcrops from the Espinhaço Mountain Range. The areas of 
endemism recovered corroborate most of the proposed ecoregions, and the most 
diverse areas are at the marginal portions of the Caatinga, with nuclear areas showing 
lower richness potentials. We identified 38 endemic species most from paleoclimatic 
dunes from São Francisco River and ‘Raso da Catarina’. We can now confirm that 
previous suggestions about the Caatinga fauna being species poor and having low 
endemism are not correct. It is clear that the Caatinga shares part of its fauna with 
Cerrado, Atlantic Forest, and even with Chaco, but the number of endemics is rela-
tively high and still rising as new data become available. With the results generated 
here we indicate some directions for future studies and conservation priorities.
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6.1  Introduction

The Caatinga is one of the few semiarid regions in the subtropical zone that is sur-
rounded by humid areas (Ab’Saber 1970, 1974), occurring exclusively in northeast-
ern Brazil (Ab’Saber 1974, 1977; Rizzini 1997; Prado 2003; see Chaps. 1 and 2). 
Despite centuries of inadequate soil use and uncontrolled exploration of its natural 
resources (see Chaps. 13 and 14), the Caatinga has been neglected in terms of 
research efforts and conservation policies (Chaps. 17 and 18). Only recently have 
governmental and non-governmental sectors focused conservation efforts in the 
region (Velloso et al. 2002), while also promoting an understanding of the distribu-
tion of phytophysiognomies within the Caatinga (Araújo et al. 2005), dividing it 
into eight distinct ecoregions (Velloso et al. 2002). However, these ecoregions were 
delimited without information on animal species distributions. Therefore, it is not 
clear to what extent they represent fauna elements, making their use in planning 
land use and developing conservation policy risky.

The Caatinga fauna (sensu Ab’Saber 1974, 1977) was previously considered 
impoverished and mostly lacking endemic species, comprising a large proportion 
of widely distributed species shared along the diagonal of open formations (DOF) 
in South America (Vanzolini 1974, 1988; Mares et  al. 1981; Willig and Mares 
1989). However, this description resulted from poor sampling coverage and lack 
of information on adjacent regions (Rodrigues 2005b; Albuquerque et al. 2012; 
Barbosa et al. 2013). When considering all the different vegetation types within 
the Caatinga, including mesic enclaves known as brejos de altitude, 79 lizard spe-
cies are known in the region (present study). This number is similar to the adja-
cent Cerrado (76 species; Brites et al. 2009; Nogueira et al. 2011), but lower than 
the much larger Amazon Forest (132 species; Vogt and Bernhard 2003). Despite 
this high richness, the geographic distribution of most species is still poorly 
known, and new field surveys and taxonomic appraisals are likely to increase the 
known diversity.

The Caatinga and Cerrado were believed to share most of their lizard faunas as a 
result of a homogenization process promoted mainly by expansions and retractions 
of both regions during Quaternary (Vanzolini 1976, 1981; Vanzolini and Williams 
1981). Habitat fluctuations would have led to a predominance of species with broad 
ecological requirements and widely distributed in both regions. However, recent 
papers have challenged the view that Quaternary events were the main drivers of 
lizard diversification in open areas of the Neotropical Region (Colli et  al. 2002; 
Colli 2005; Werneck 2011; Werneck et  al. 2011). Indeed, older events from the 
Tertiary seem to have been more important to species diversification in these regions 
(Silva 1995; Silva and Bates 2002; Colli 2005; Werneck et al. 2011).
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Few studies on the Caatinga lizards were published during the 1970s and 1980s, 
and most were conducted in core areas, such as the ‘Depressões Sertanejas’. Species 
diversity reported for these areas were lower than in marginal areas in contact with 
other regions, such as Cerrado and Atlantic Forest (Vanzolini 1974; Vanzolini et al. 
1980; Vitt 1995). Studies from a particular region, the dunes along the São Francisco 
River, showed high richness and endemism (Rodrigues 1996). Rodrigues (2005b) 
reviewed information on distributions of Caatinga lizards and suggested that sandy 
soils were related to high speciation rates and levels of endemism. In addition, he 
provided a list of 150 sampled sites, but most had as few as three lizard species 
reported. By contrast, a typically well-sampled site in the Caatinga has more than 
15 species (Vanzolini et al. 1980; Vitt 1995; Rodrigues 2005b; Garda et al. 2013; 
Cavalcanti et al. 2014). Likewise, the humid forest enclaves were also highlighted 
as important centers of diversity and endemism. The first zoogeographical studies 
evaluated these areas separately, not considering them part of the Caatinga, which 
led to an incomplete view of the region (Rodrigues 2005b). Indeed, many species 
from semiarid regions are intrinsically related to climatic and geological character-
istics of these areas (Vanzolini 1981; Vanzolini and Williams 1981). The perception 
of the Caatinga as a region led to the inclusion of more areas in biogeographic stud-
ies and richness estimates, helping biologists to create a more precise picture of its 
local biodiversity.

Since the publication by Rodrigues (2005b), many surveys have been conducted 
in the Caatinga. These new studies significantly increased our knowledge on the com-
position and distribution of lizard species in the Caatinga (Arzabe et al. 2005; Delfim 
and Freire 2007; Freire et al. 2009; Garda et al. 2013; Pedrosa et al. 2013; Cavalcanti 
et al. 2014; Magalhães et al. 2015; Caldas et al. 2016). Furthermore, several new spe-
cies were described and/or synonymized (Rodrigues and Santos 2008; Cassimiro and 
Rodrigues 2009; Rodrigues et al. 2009a, b; Arias et al. 2011a, b; Oliveira et al. 2015), 
whereas others were first recorded within the region. This caused the number of liz-
ards species known to occur in the Caatinga to rise from 61 (Borges-Nojosa and 
Caramaschi 2005; Rodrigues 2005b) to 79 (present work) in one decade.

Because of the amount of information recently published, it is now possible to 
conduct a more accurate analysis of the distribution patterns of Caatinga lizards. 
Our objectives in this chapter are to (1) review the literature on the origin and diver-
sification of Caatinga lizards; (2) provide an update of the species list and the distri-
bution patterns of Caatinga lizards; (3) overlay species distributions within the 
Caatinga to understand how species richness varies geographically and identify 
areas that may hold high species richness; and (4) evaluate whether the proposed 
division of the Caatinga into different ecoregions (Velloso et al. 2002) reflects lizard 
patterns of endemism. With this general overview of lizard macroecology and bio-
geography in the Caatinga, we hope to contribute to a better understanding of the 
history of this region. We also expect to provide biological information that can be 
used in conservation studies and policies, which is now critical due to the high rates 
of habitat loss in the Caatinga (Leal et al. 2005; Rodrigues 2005a; Chap. 13).

6 Species Composition, Biogeography, and Conservation of the Caatinga Lizards
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6.2  The Origin and Diversification of Caatinga Lizards

Quaternary climatic fluctuations have been traditionally invoked to explain the ori-
gin and diversification of South America lizards (Vanzolini 1974; Heyer 1978; 
Duellman 1979). However, new data and new interpretations indicate that older 
events (Tertiary) may have been more important in shaping the diversity patterns we 
observe today (Colli et al. 2002; Colli 2005). During the Tertiary, South America 
remained isolated for a long period resulting in high diversification rates and an 
endemic biota (Heyer and Maxson 1982; Estes and Báez 1985; Bauer 1993). 
Initially, moisture increased, reaching a peak in the Eocene, after which the uplift of 
the Andes caused the climate to become progressively colder and drier, with an 
increased latitudinal differentiation (Webb 1978; Parrish 1993). The deepest diver-
gences in South American lizards, including the main split separating savanna and 
forest dwellers, occurred during this period. In addition, plants also experienced 
great diversification rates during Tertiary (Romero 1993). This in turn influenced 
and modified the main floristic provinces of South America. One of these, the Mixed 
Microfloral Province, was characterized by a combination of temperate and tropical 
elements, including species adapted to dry environments (Romero 1993). The main 
open areas in South America probably originated from this province, including the 
Cerrado and the Caatinga (Romero 1993; Colli 2005).

From the Oligocene to the Pleistocene, South America had larger areas covered 
by open landscapes and dry climates (Pascual and Jaureguizar 1990; Colli 2005). 
Consequently, lizards adapted to open areas had a long time to diversify. Four main 
events could have been responsible for diversification during Tertiary (Colli 2005): 
(1) the establishment of a climatic gradient associated with the formation of three 
main floristic provinces at the end of Tertiary; (2) the great marine transgression in 
the Eocene; (3) the uplift of the Central Brazilian Plateau; and (4) the arrival of 
immigrants from North America at the end of Tertiary. These could have been the 
most important events for the origin of the shared fauna between Cerrado and 
Caatinga. The oldest fossil records from lizard families that occur today in the 
Caatinga belong to the families Iguanidae and Teiidae (Albino 1996; Colli 2005). 
Iguanidae probably originated during Gondwana (Bauer 1993) and Teiidae in North 
America. Teiids then dispersed to South America during Cretaceous, where they 
experienced an adaptive radiation during Tertiary (Vanzolini and Heyer 1985; Colli 
2005). Scincidae also originated in Gondwana and fossils have been found in Africa 
(Vanzolini and Heyer 1985). Gekkonidae, Phyllodactylidae, and Sphaerodactylidae 
were first recorded in the Paleocene (Báez and Gasparini 1979; Estes and Báez 
1985). There are no fossils for Gymnophthalmidae, Hoplocercidae, and Tropiduridae, 
but because they are endemic to South America (Guyer and Savage 1986; Frost and 
Etheridge 1989), they probably originated in this continent. The diversification of 
some species of Iguana, Tupinambis, Cnemidophorus, Lygodactylus, Hemidactylus, 
Gymnodactylus, and Mabuya appears to have occurred during Tertiary (Colli et al. 
2002; Colli 2005; Werneck and Colli 2006), explaining why some Caatinga open 
areas species are shared with other environments, such as Chaco and Cerrado. In 
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addition to Tertiary events, climatic changes during Quaternary appear to have 
influenced diversification of some groups, such as Enyalius, Coleodactylus, 
Diploglossus, and several gymnophthalmids associated with forested areas. The 
vanishing refuge theory posits that during glacial periods in Quaternary forested 
environments retracted and xeric areas expanded (Haffer 1969; Vanzolini and 
Williams 1970, 1981), and populations of these species possibly thrived by retreat-
ing to sites with tolerable conditions for them.

Pleistocene climatic cycles have also been shown have influenced the Caatinga 
fauna, even though major cladogenic events are older, usually dating back to the 
Miocene. Several researchers have recently evaluated the phylogeographic structure 
and recent demographic history of Caatinga lizards (Werneck et  al. 2012, 2015; 
Recoder et al. 2014). Results have unveiled a hidden diversity of cryptic species 
under several widespread species (Werneck et al. 2012, 2015), gene flow and shal-
low diversity for morphologically different populations recently described as new 
species (Oliveira et  al. 2015), and a general pattern of population expansion for 
several taxa (Werneck et al. 2012; Recoder et al. 2014; Oliveira et al. 2015; Gehara 
et al. 2017). Furthermore, the genetic structure of sister species and/or populations 
shared between the Caatinga and Cerrado is shallower and younger in the former. 
Based on coalescent simulations and Approximate Bayesian Computation analysis, 
Oliveira et al. (2015) showed that whiptail lizards (Ameivula gr. ocellifera) in the 
Caatinga diverged from Cerrado populations in the Miocene. This divergence was 
followed by a rapid expansion in a founder-effect fashion, with continuous gene 
flow among the Caatinga and Cerrado lineages throughout the Pleistocene. Processes 
such as this one could likely be shared by other taxa and may represent a general 
mechanism related to the divergence of the DOF fauna.

6.3  Species Composition and Distribution Patterns 
of Caatinga Lizards

We collected lizard distribution data from ten scientific collections: Coleção 
Herpetológica da Universidade Federal de Sergipe (CHUFS); Museu de História 
Natural da Universidade Federal de Alagoas (MUFAL); Coleção Herpetológica da 
Universidade Federal da Paraíba (CHUFPB); Museu de Zoologia da Universidade 
de São Paulo (MZUSP); Museu Nacional do Rio de Janeiro (MNRJ); Núcleo de 
Ofiologia da Universidade Federal do Ceará (NUROF); Coleção Herpetológica da 
Universidade de Brasília (CHUNB); Coleção Herpetólogica da Universidade Federal 
da Bahia (CHUFBA); Coleção Herpetológica da Universidade Federal de Viçosa 
(CHUFV); and Coleção Herpetológica da Universidade Estadual de Feira de Santana 
(UE de Feira de Santana). We examined all specimens from CHUFS, MUFAL, 
CHUFPB, MNRJ, and NUROF. Curators from CHUNB, CHUFBA, CHUFV, and 
UE de Feira de Santana identified the specimens in their collections (G.R. Colli, 
M.  Napoli, R.N.  Feio, and F.  Juncá), while one of us (F.R.  Delfim) checked the 
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identifications of the specimens of the remaining collections. Because MZUSP has 
a very large number of specimens, we reviewed up to five individuals per species per 
locality. In addition, we conducted field surveys at 18 different sites. At each site we 
sampled lizards for at least 20 days using 100 pitfall traps (25 arrays with four buck-
ets). We sampled the following localities in Northeast Brazil: Paulo Afonso (Bahia); 
Quixadá, Santa Quitéria, São Gonçalo do Amarante, and Várzea da Conceição 
(Ceará); Areia (Paraíba); Arcoverde, Nascente, Trindade, and Serra Talhada 
(Pernambuco); Paulistana, Pavussu, Rio Grande do Piauí, and São Francisco de 
Assis do Piauí (Piauí); and Canindé do São Francisco, Poço Redondo, and Nossa 
Senhora da Glória (Sergipe).

We recorded 79 species from 13 families with at least one record within the 
Caatinga. Among them, 49 are typical from the Caatinga, eight live in forested habi-
tats (Atlantic Forest, Amazon Forest, or humid forest enclaves), nine are typical 
from Cerrado habitats, three are endemic from humid forest enclaves, and eight are 
known to occur only in rocky outcrops from the Espinhaço Mountain Range, in 
Minas Gerais, and Bahia (Table 6.1). There was also an exotic species (Hemidactylus 
mabouia) and one typical from Argentinian Chaco (Tropidurus etheridgei).

We expand the Caatinga distribution patterns proposed by Rodrigues (2005b) to 
classify lizards in seven broad categories (Table 6.1): 1—wide distribution (WD; 14 
species); 2—relictual distribution (RD; 15 species); 3—limited distribution in the 
Caatinga (L; three species); 4—paleoquaternary sandy dunes from São Francisco 
River (SF; 13 species); 5—rocky fields from the Espinhaço Mountain Range (ER; 
eight species); 6—species from adjacent open regions, such as Cerrado/Chaco/and 
coastal restingas (AA; nine species); and 7—Atlantic Forest and/or humid forest 
enclaves (FL; 11 species).

Based on our review of museum data and our field surveys, we now know that the 
Caatinga has 38 endemic species, most associated with sandy soils (Rodrigues 
1996; 2005b), but also species restricted to forested environments and/or mesic 
Caatinga areas and rocky fields related to the Cerrado (Borges-Nojosa and Cascon 
2005; Freitas and Silva 2007). Most species that inhabit these relicts are distinct 
from typical Caatinga species (Borges-Nojosa and Caramaschi 2005; Borges- 
Nojosa and Cascon 2005). The most diverse lizard families in the Caatinga are 
Tropiduridae (18 species) and Gymnophthalmidae (25 species). During Tertiary, a 
pronounced latitudinal temperature gradient promoted the separation of lizards into 
Meridional and Septentrional groups (Colli 2005). Tropidurids could have been 
affected by this compartmentalization, which matches the divergence observed 
among subfamilies: Liolaeminae (Meridional), Tropidurinae, and Leiocephalinae 
(Septentrional). In addition to Tertiary events, climatic cycles during Quaternary 
could also have influenced diversification. Isolation in open area enclaves probably 
resulted in the differentiation of the tropidurids Eurolophosaurus and Tropidurus, 
and of most of the Caatinga’s gymnophthalmids (Rodrigues 1991a, 1991b, 1991c, 
1991d, 1996). Gymnophthalmids from both sandy areas and mesic environments 
experienced most of their diversification during Quaternary (Rodrigues 2005b).

D.O. Mesquita et al.
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Table 6.1 Checklist of lizards from the Caatinga with ecological and zoogeographical information

Taxa
Ecological 
category Activity

Preferred 
habitat 
type

Distribution 
Pattern

Typical 
region

Gekkonidae
Hemidactylus agrius 
Vanzolini, 1978

T N G ? Caat

Hemidactylus brasilianus 
(Amaral, 1935)

T N G WD Caat

Hemidactylus mabouia 
(Moreau de Jonnès, 1818)

T N G/Pa WD Ex

Lygodactylus klugei (Smith, 
Martin & Swain, 1977)

A D TB WD Caat

Phyllodactylidae
Gymnodactylus geckoides 
Spix, 1825

T D G WD Caat

Gymnodactylus vanzolini 
Cassimiro & Rodrigues, 
2009a

T D G ER RF

Phyllopezus periosus 
Rodrigues, 1986a

T/A N S L Caat

Phyllopezus pollicaris (Spix, 
1825)

T/A N G/Pa WD Caat

Sphaerodactylidae
Coleodactylus meridionalis 
(Boulenger, 1888)

T D LL R Caat

Mabuydae
Asparonema aff. 
dorsivittatum

T D ? ER RF

Brasilicincus heathi (Schmidt 
& Inger, 1951)

T D LL WD Caat

Copeoglossum arajara 
(Rebouças-Spieker, 1981)

T D LL OD Cer

Copeoglossum 
nigropunctatum (Spix, 1825)

T D SA FC FE

Psychosaura agmosticha 
(Rodrigues, 2000)

T D B R Caat

Psychosaura macrorhyncha 
(Hoge, 1946)

T D B R Caat

Dactyloidae
Norops brasiliensis 
(Vanzolini & Williams, 1970)

SA D TB OD Cer

Norops fuscoauratus 
(D’Orbigny, 1837 in Duméril 
& Bibron, 1837)

A D TB FC FE

(continued)
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Table 6.1 (continued)

Taxa
Ecological 
category Activity

Preferred 
habitat 
type

Distribution 
Pattern

Typical 
region

Hoplocercidae
Hoplocercus spinosus 
Fitzinger, 1843

T D AT OD Cer

Iguanidae
Iguana iguana (Linnaeus, 
1758)

A D TB WD Caat

Leiosauridae
Enyalius bibronii Boulenger, 
1885

SA D G R Caat

Enyalius catenatus (Wied, 
1821)

SA D G FC FE

Enyalius erythroceneus 
Rodrigues, Freitas, Silva & 
Bertolloto, 2006a

SA D G ER RF

Enyalius pictus (Schinz, 
1822)

SA D G FC FE

Polychrotidae
Polychrus acutirostris Spix, 
1825

A D TB WD Caat

Polychrus marmoratus 
(Linnaeus, 1758)

A D TB FC FE

Tropiduridae
Eurolophosaurus amathites 
(Rodrigues, 1984)a

T D P SFR Caat

Eurolophosaurus divaricatus 
(Rodrigues, 1986)a

T D P SFR Caat

Eurolophosaurus aff. 
divaricatusa

T D P SFR Caat

Eurolophosaurus sp.a T D P ER RF
Stenocercus squarrosus 
Nogueira & Rodrigues, 2006

T D ? OD Cer

Strobilurus torquatus 
Wiegman, 1834

A D TB FC FE

Tropidurus cocorobensis 
Rodrigues, 1987a

T D P R Caat

Tropidurus erythrocephalus 
Rodrigues, 1987a

T D S R Caat

Tropidurus etheridgei Cei, 
1982

T D S OD Ch

Tropidurus helenae (Manzani 
& Abe, 1990)a

T D S R Caat

Tropidurus hispidus (Spix, 
1825)

T D G WD Caat

(continued)
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Table 6.1 (continued)

Taxa
Ecological 
category Activity

Preferred 
habitat 
type

Distribution 
Pattern

Typical 
region

Tropidurus jaguaribanus 
Passos, Lima & Borges- 
Nojosa, 2011a

T D S L Caat

Tropidurus montanus 
Rodrigues, 1987

T D G OD Cer

Tropidurus mucujensis 
Rodrigues, 1987a

T D S ER RF

Tropidurus pinima 
(Rodrigues, 1984)a

T D S R Caat

Tropidurus psammonastes 
Rodrigues, Kasahara & 
Yonenaga-Yassuda, 1988a

T D P DSF Caat

Tropidurus semitaeniatus 
(Rodrigues, 1825)

T D S WD Caat

Tropidurus sertanejo 
Carvalho, Sena, Peloso, 
Machado, Montesinos, Silva, 
Campbell & Rodrigues, 
2016a

T D G ? Caat

Anguidae
Diploglossus lessonae 
Peracca, 1890

SF D LL R Caat

Ophiodes striatus (Spix, 
1825)

SF D LL OD Cer

Gymnophthalmidae
Acratosaura mentalis 
(Amaral, 1933)

F D LL R Caat

Acratosaura spinosa 
Rodrigues, Cassimiro, Freitas 
& Silva, 2009a

F D LL ER CR

Anotosaura collaris Amaral, 
1933a

F D LL R Caat

Anotosaura vanzolinia 
Dixon, 1974a

F D LL R Caat

Calyptommatus 
confusionibus Rodrigues, 
Zaher & Curcio, 2001a

F N P SFR Caat

Calyptommatus leiolepis 
Rodrigues, 1991a

F N P SFR Caat

Calyptommatus nicterus 
Rodrigues, 1991a

F N P SFR Caat

Calyptommatus 
sinebrachiatus Rodrigues, 
1991a

F N P SFR Caat

(continued)
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Table 6.1 (continued)

Taxa
Ecological 
category Activity

Preferred 
habitat 
type

Distribution 
Pattern

Typical 
region

Cercosaura ocellata Wagler, 
1830

F D LL OD Cer

Colobosaura modesta 
(Reinhardt & Lütken, 1862)

F D LL OD Cer

Colobosauroides carvalhoi 
Soares & Caramaschi, 1998a

F D LL R Caat

Colobosauroides cearensis 
Cunha, Lima-Verde & Lima, 
1991a

F D LL R Caat

Dryadosaura nordestina 
Rodrigues, Freire, Pellegrino 
& Sites Jr., 2005

F D LL FC FE

Heterodactylus 
septentrionalis Rodrigues, 
Freitas & Silva, 2009a

F D LL ER RF

Leposoma baturitensis 
Rodrigues & Borges (1997)a

F D LL FC BA

Micrablepharus maximiliani 
(Reinhardt & Lütken, 1862)

F D LL WD Caat

Notobachia ablephara 
Rodrigues, 1984a

F D/N P SFR Caat

Placosoma limaverdorum 
Borges-Nojosa, Caramaschi 
& Rodrigues, 2016a

F D LL FC BA

Procellosaurinus 
erythrocercus Rodrigues, 
1991a

F D P SFR Caat

Procellosaurinus 
tetradactylus Rodrigues, 
1991a

F D P SFR Caat

Psilops paeminosus 
Rodrigues, 1991a

F D P SFR Caat

Psilops mucugensisa F D P ER RF
Scriptosaura Catimbau 
Rodrigues & Santos, 2008a

F N P R Caat

Stenolepis ridleyi Boulenger, 
1887

F D LL FC FE

Vanzosaura multiscutata 
(Amaral, 1933)a

F D LL WD Caat

Teiidae
Ameiva ameiva (Linnaeus, 
1758)

T D G WD Caat

Ameivula confusioniba 
(Arias, Carvalho, Rodrigues 
& Zaher, 2011)a

T D G L Caat

(continued)
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The Caatinga shares numerous genera with the Cerrado, probably due to Tertiary 
events. However, another important portion of the fauna probably had its origin dur-
ing climatic fluctuations in Quaternary (Vanzolini and Williams 1981; Colli 2005; 
Werneck and Colli 2006; Werneck 2011; Oliveira et al. 2015). The patterns cited 
here (Table 6.1) complement the ones detailed in Rodrigues (2005b). We expand the 
original proposal of three distributional patterns (WD, RD, and SF) by adding four 
other patterns (L, AA, FL, and ER) (Table 6.1). This preliminary categorization is a 
starting point in the attempt to reconstruct the biogeographical history of the 
Caatinga. In Table 6.1 we present an extended and updated checklist of distribution 
patterns of Caatinga lizards given in Rodrigues (2005b), with the position of each 
species according with these patterns.

Table 6.1 (continued)

Taxa
Ecological 
category Activity

Preferred 
habitat 
type

Distribution 
Pattern

Typical 
region

Ameivula nigrigula (Arias, 
Carvalho, Rodrigues & 
Zaher, 2011)a

T D G L Caat

Ameivula ocellifera (Spix, 
1825)

T D G WD Caat

Glaucomastix cyanura 
(Arias, Carvalho, Rodrigues 
& Zaher, 2011)a

T D G L Caat

Glaucomastix venetacauda 
(Arias, Carvalho, Rodrigues 
& Zaher, 2011)a

T D G L Caat

Kentropyx calcarata Spix, 
1825

T D G FC FE

Tupinambis teguixin 
(Linnaeu, 1758)

T D G WD FE

Salvator merianae (Duméril 
& Bibron, 1839)

T D G WD Caat

Based on Rodrigues (2005a, b)
Ecological category: A arboreal, F fossorial, SA semi-arboreal, SF semi-fossorial, T terrestrial
Activity: D diurnal, N nocturnal
Preferred habitat type: AT ant hills and termite mounds, B bromeliads, G general, LL litter leaf, P 
psammophilous, Pa periantropic, S saxicolous, TB trees and bushes
Distribution pattern: ER distribution limited to rocky fields from Espinhaço Range, FC related with 
remaining forest environments in altitude areas from the Caatinga, L limited distribution in the 
Caatinga, OD typical species from adjacent open regions, such as Cerrado/Chaco/tabuleiros and 
coastal restingas, R relictual distribution, SFR related with paleoquaternary sandy dunes from São 
Francisco River, WD widely distributed, ? unknown distribution.
Typical region: BA endemic from humid forest enclaves (Brejos), Caat Caatinga, Cer Cerrado, Ch 
Chaco, Ex exotic, FE forested environments, such as Atlantic and Amazon Forest, RF rocky fields 
from Espinhaço Range
a Endemic species
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6.3.1  Widely Distributed Species

We identified 16 widely distributed species, most of them very abundant, occurring 
in many Caatinga phytophysiognomies. Ameiva ameiva, Iguana iguana, and 
Salvator merianae are widely distributed in open areas as well as in forested envi-
ronments (Werneck and Colli 2006). Phyllopezus spp., Polychrus acutirostris, and 
Vanzosaura spp. occur in the DOF in South America, from Chaco to the Caatinga 
(Vanzolini et  al. 1980; Werneck and Colli 2006; Delfim and Freire 2007; Garda 
et al. 2012). Gymnodactylus geckoides and Ameivula ocellifera occur in the Caatinga 
and Cerrado, but may represent species complexes and need to have their geo-
graphic distributions re-evaluated after systematic revisions (Arias et al. 2011a, b; 
Domingos et al. 2014; Oliveira et al. 2015). Hemidactylus brasilianus, Tropidurus 
hispidus, and Brasiliscincus heathi are widely distributed in the Caatinga and also 
permeate neighboring regions such as the Cerrado and coastal restingas (Freitas and 
Silva 2007). Tropidurus semitaeniatus and Lygodactylus klugei are also widely dis-
tributed in the Caatinga but tend not to occur in transitional areas (Werneck and 
Colli 2006; Freitas and Silva 2007). For example, L. klugei was also recorded in 
seasonally dry tropical forest enclaves within the Cerrado (Werneck and Colli 
2006). Tropidurus semitaeniatus is an aggressive colonizer but is specialized on 
rocky outcrops (Rodrigues 2005b). Micrablepharus maximiliani shows a distinct 
distribution, being widely distributed in Cerrado and also occurring in some areas in 
Caatinga (Werneck and Colli 2006; Nogueira et al. 2011). Its distribution in Caatinga 
appears to be restricted to two regions: one in the west margin, in contact areas with 
Cerrado, and in the coastal restingas, which could have been connected to Caatinga 
and Cerrado habitats during Quaternary. The species is usually absent in central 
Caatinga (except in some mesic enclaves), where conditions are more xeric 
(Vanzolini et al. 1980; Delfim and Freire 2007).

6.3.2  Species with Relictual Distribution

Enyalius bibronii, Coleodactylus meridionalis, Diploglossus lessonae, Acratosaura 
mentalis, Anotosaura vanzolinia, Colobosauroides carvalhoi, and C. cearensis have 
RDs in mesic environments in the Caatinga (Arzabe et al. 2005; Rodrigues 2005b). 
They are closely related to lineages intimately associated with forested environ-
ments (Rodrigues 2005b). It is likely that the environments where these species or 
their relatives originated are humid and shaded forests (Rodrigues 2005b). The dis-
tributions of these species corroborate the vanishing refuge theory (Haffer 1969; 
Vanzolini and Williams 1970, 1981), where the retraction of forested environments 
and expansion of xeric areas during Quaternary resulted in species being isolated in 
relictual patches of forested vegetation.

Similarly, but isolated in different types of habitats, other species also have iso-
lated populations. For example, Tropidurus cocorobensis occurs exclusively in 
sandy soils (Rodrigues 2005b); T. erythrocephalus, T. helenae, and T. jaguaribanus 
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in rocky outcrops (Rodrigues 2005b; Passos et al. 2011; Werneck et al. 2015); and 
Psychosaura macrorhyncha and P. agmosticha are usually associated with bromeli-
ads (Rodrigues 2005b). In addition, Anotosaura collaris and Scriptosaura catimbau 
are known in only one or a few localities (Rodrigues 2005b; Rodrigues and Santos 
2008; Rodrigues et al. 2013b). Most RD species are locally endemic (12 species) 
and occur in the ‘Borborema plateau’ and in marginal areas of the ‘Depressões 
Sertanejas’, where most mesic areas within the Caatinga are found.

6.3.3  Species with Limited Distribution in the Caatinga

There are six species in this category of species with limited distribution in the 
Caatinga. Glaucomastix cyanura, G. venetacauda, Ameivula confusioniba, and A. 
nigrigula were recently described and are known only from a few records (Arias et al. 
2011a, b; Cavalcanti et  al. 2014). They are likely not relictual, and their apparent 
restricted distributions may instead result from poor sampling coupled with taxo-
nomic problems. In the case of A. confusioniba and A. nigrigula, a recent phylogeo-
graphic analysis showed very shallow divergences and unrestricted gene flow among 
these species and A. ocellifera (Oliveira et al. 2015). Similarly, Phyllopezus periosus 
and T. jaguaribanus were not long ago considered to be lizards with RDs due to the 
small number of records (Freire et al. 2000; Rodrigues 2005b; Passos et al. 2011; 
Carvalho 2013). Nowadays, with the increase in sampling efforts, it is clear that P. 
periosus is not relictual, but instead distributed throughout the oriental portion of 
Caatinga, from Rio Grande do Norte to Sergipe.

6.3.4  Species Related to Paleoquaternary Sandy Dunes 
from São Francisco River

The species described here are all related to paleoquaternary sandy dunes of São 
Francisco River or with sandy soil areas that were previously contacted with this 
region in the past. They are typically relictual, and because of their distinctive his-
torical past, it is better to group them in their own biogeographic unit (Rodrigues 
1996, 2005a).

Several endemic gymnophythalmids occur in SF, including Calyptommatus 
(four species), Notobachia (one species), and Procellosaurinus and Psilophthalmus 
(two species each) (Rodrigues 1996). In addition, some tropidurids have also 
diversified in the area: three Eurolophosaurus species, Tropidurus pinima, and T. 
psammonastes (Rodrigues 1996; Werneck et al. 2015). The species in the SF cat-
egory occur mostly in the ecoregion with the same name, but some also occur 
south of the ‘Ibiapaba-Araripe’ ecoregion and in small portions of ‘Raso da 
Catarina’ and ‘Depressão Sertaneja Meridional’, but always associated with the 
SF (Delfim et al. 2006, 2011).
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6.3.5  Species with Distributions Limited to Rocky Outcrops 
from Espinhaço Range

We recorded eight species from rocky fields of Espinhaço Range, in Bahia and 
Minas Gerais. Most species are closely related with Cerrado species. Only Psilops 
mucugensis and Acratosaura spinosa are typical from the Caatinga. However, 
Acratosaura is historically related to the Espinhaço Range (Freitas and Silva 2007; 
De-Carvalho et al. 2010), while one new species of Psilops was recently described 
from the Cerrado (Rodrigues et al. 2017). Enyalius erythroceneus belongs to the E. 
catenatus group, with species from the Caatinga and Atlantic Forest (Rodrigues 
et al. 2006; Freitas and Silva 2007).

Other species included in this category are Tropidurus mucujensis, Gymnodactylus 
vanzolini, and Asparonema aff. dorsivittatum (Rodrigues 1987; Freitas and Silva 
2007; Cassimiro and Rodrigues 2009), which are related to the Cerrado. 
Heterodactylus septentrionalis and Eurolophosaurus sp. appear to be related to spe-
cies from Espinhaço Range, but outside the Caatinga (Rodrigues 1981, 1986, 1996; 
Freitas and Silva 2007).

Despite the wide contact of the Espinhaço Range with the Caatinga, species from 
ER are more related to the Cerrado fauna (Nogueira et  al. 2011; Oliveira et  al. 
2015). All species in the ER category occur in areas with typical Cerrado vegetation 
(Rodrigues 1987; Cassimiro and Rodrigues 2009; Rodrigues et al. 2009b). ER spe-
cies occur in two ecoregions, the ‘Chapada Diamantina’ and a small portion of 
‘Depressão Sertaneja Meridional’, in northern Minas Gerais.

6.3.6  Species from Adjacent Open Regions, Such as Cerrado/
Chaco/Tabuleiros and Coastal Restingas

Nine species mainly distributed in Cerrado and/or Chaco and can be found in the 
Caatinga, in relictual highlands, transitional areas, and in Cerrado enclaves. One of the 
species, Tropidurus etheridgei, is typical from Chaco and also found in disjunct 
Cerrado populations (Nogueira et  al. 2011). Similarly, Stenocercus squarrosus, 
Hoplocercus spinosus, and Tropidurus montanus are also found in isolated populations 
within the Caatinga (Rodrigues 2005b). It is probable that these species are now 
restricted to the few areas that still hold their specific ecological requirements, suggest-
ing former wider distributions that retracted in response to climate change (Rodrigues 
1996). Similarly, other typical Cerrado species, such as Norops brasiliensis, 
Colobosaura modesta, Copeoglossum arajara, and Cercosaura ocellata, occur dis-
persed in relictual populations, humid forest enclaves, and/or highlands covered by 
‘cerradões’ (forested savannas), where the conditions are more favorable (Borges-
Nojosa and Caramaschi 2005; Borges-Nojosa and Cascon 2005; Nogueira et al. 2011).
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Finally, Ophiodes striatus is also closely related to Cerrado species and appears to 
have expanded its distribution in the Caatinga towards coastal restingas. The species is 
also recorded in humid forest enclaves, always along forest edges (Borges- Nojosa and 
Caramaschi 2005; Borges-Nojosa and Cascon 2005), and transitional areas between 
Caatinga and Atlantic Forest (Magalhães et  al. 2015). In both regions, the species 
inhabits open areas with grasslands but is absent from more xeric Caatinga areas. AA 
species occur mainly on highlands of ‘Depressão Sertaneja Setentrional’ and ‘Chapada 
Diamantina’, but also in transitional areas with Cerrado and Atlantic Forest.

6.3.7  Species Related to Atlantic Forest and/or Humid Forest 
Enclaves

Eleven species from forested areas were recorded within the Caatinga. Four (Norops 
fuscoauratus, Polychrus marmoratus, Kentropyx calcarata, and Copeoglossum nigro-
punctatum) also occur in Atlantic Forest, Cerrado, and Amazon, and in the Caatinga 
they occur only in humid forest enclaves (Borges-Nojosa and Caramaschi 2005; 
Borges-Nojosa and Cascon 2005; Nogueira et al. 2011). Enyalius catenatus, E. pictus, 
Strobilurus torquatus, Dryadosaura nordestina, and Stenolepis ridleyi are typical 
from Atlantic Forest, but likewise also occur in humid forest enclaves (Borges-Nojosa 
and Caramaschi 2005; Rodrigues et al. 2005, 2013a; Garda et al. 2014).

Enyalius spp. from the Caatinga are related to their Atlantic Forest congeners, 
and like Enyalius bibronii appear to tolerate more xeric environments than the typi-
cal humid forests where they usually occur (Rodrigues et al. 2006; Freitas and Silva 
2007). For example, Enyalius catenatus has been recorded in relictual forests from 
Bahia and Paraíba (Arzabe et al. 2005), and, at least in Paraíba, it occurs in areas 
dryer than the coastal forests typically found along its distribution (Arzabe et al. 
2005). Enyalius pictus also occupies rock outcrops and Cerrado areas in Minas 
Gerais and Bahia (Freitas and Silva 2007). Dryadosaura nordestina was recorded in 
the same area where E. catenatus was recorded in Paraíba (Parque Estadual Pedra 
da Boca, Arzabe et al. 2005). This site is in a transitional area between the Caatinga 
and Atlantic Forest, and its peculiar climate helps retain more moisture and shadow 
than surrounding Caatinga areas (Araújo et al. 2005; Arzabe et al. 2005).

Two species are endemic from humid forest enclaves of Ceará: Leposoma batu-
ritensis and Placosoma limaverdorum (Borges-Nojosa and Caramaschi 2005; 
Borges-Nojosa et al. 2016). Leposoma is typical from Atlantic Forest and Amazon 
(Rodrigues et  al. 2002) and does not occur in coastal forests north of the São 
Francisco River (Rodrigues and Borges 1997). Placosoma occurs mainly in Atlantic 
Forest from southeast Brazil (Cunha 1966; Borges-Nojosa and Caramaschi 2005), 
but there is a record of P. cordylinum in Mato Grosso (Uetz and Hošek 2016). The 
record in the humid forest enclaves of Ceará is the first for northeastern Brazil, north 
of the São Francisco River.
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6.4  Richness Gradient of Caatinga Lizard Species

We reconstructed the distribution of each Caatinga lizard species using the species 
distribution modeling software MaxEnt (Phillips et al. 2006). Some species did not 
have enough locality records (less than five) to build reliable models and were 
excluded from this analysis. We also excluded one species with dubious identification 
(Hemidactylus agrius) and one exotic species (H. mabouia), modeling in total of 63 
species. We used locality records obtained from museums, our field surveys, and the 
literature. For species with distributions reaching other regions, we included all known 
locality records to build the distribution models. As environmental predictors, we used 
the same variables selected in a previous study on the distributions of Cerrado lizards 
and snakes (Costa et al. 2007). We built models at 5 km2 resolution and generated a 
richness map by overlapping all species potential distributions in ArcGIS/ArcMap 
9.3©. This map consists of a total richness distributed in each cell grid (Fig. 6.1).

The map highlights the region of paleoquaternary sandy dunes across the São 
Francisco River as having high potential richness (Fig. 6.1). In addition, other high 
richness areas were identified in northeastern Caatinga, reaching Rio Grande do 
Norte and Paraíba. This area harbors part of the ‘Depressões Sertanejas’, but 
mainly the ‘Depressão Setentrional’ and the ‘Borborema Plateau’. Smaller areas 
are also evident in Bahia, in ‘Depressão Sertaneja Meridional’ between ‘Chapada 
Diamantina’ and the ‘Raso da Catarina’, as well as east of Ceará, in the Baturité 
range, and in the central portion of Pernambuco, between the ‘Depressão Sertaneja 
Meridional’ and the ‘Raso da Catarina’. In addition, there are two main contiguous 
belts east and west of the Caatinga, connected to each other in the extreme west of 
Pernambuco and Paraíba. This connection occurs near Chapada do Araripe region, 
in the ecoregion of ‘Ibiapaba-Araripe’ and ‘Depressão Sertaneja Meridional’. The 
map also shows that the central regions of the Caatinga have lower richness than 
marginal areas (Fig. 6.1).

6.5  Patterns of Species Endemism

To test if lizard assemblages match the ecoregions proposed for the Caatinga (Chap. 
1; Velloso et al. 2002), we conducted a parsimony analysis of endemicity (PAE) to 
identify and classify areas of endemism (Eldredge and Cracraft 1980; Rosen 1988, 
1992; Morrone 2014). The Caatinga ecoregions is one of the most widely used divi-
sions for research and conservation policy. Such regions were proposed based on 
morphopedological, climatic, geological, and phytophysionomical information, 
and therefore its effectiveness as a surrogate of Caatinga’s biodiversity requires 
further testing.

We selected 97 sites with the best sampling efforts from the literature (at least ten 
species recorded). To run the PAE, we used distribution information for all species 
found in the sampled sites, excluding Hemidactylus agrius and H. mabouia, for the 
reasons given in Sect. 6.4. We conducted the analysis using the software PAST 
(Hammer et al. 2001) performing Heuristic searches.
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We grouped the sites according to distance to the closest neighbor, resulting in 
61 units. From all sites used, 11 were in ‘Depressão Sertaneja Meridional’, seven in 
the ‘Ibiapaba-Araripe’, six in the ‘Depressão Sertaneja Setentrional’, ten in the 
‘Borborema Plateau’, five in the SF, four in the ‘Chapada Diamantina’, three in the 
‘Raso da Catarina’, five in the ‘São Francisco-Gurguéia’, and only one in a humid 
forest enclave (Fig. 6.2). Another four sites were included due to their position in 
transitional areas among Atlantic Forest/Caatinga or Cerrado/Caatinga. The clado-
gram showed eight main groups (Fig. 6.2). Five of seven endemism areas generated 
by the PAE match the ecoregions (Fig. 6.3).

Fig. 6.1 Map of Caatinga lizard richness based on individual distribution maps modeled for 63 
species typical from the Caatinga and related with adjacent regions and forested areas
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Fig. 6.2 Area relations among collecting sites in the Caatinga region. Tree length: 502; Ensemble 
Consistency Index: 0.212; Ensemble Retention Index: 0.575. The square represents each group 
indicated by the parsimony analysis of endemicity (PAE). Ecoregion for each location: BOR 
‘Borborema Plateau’, BRE ‘Brejos’, CDI ‘Chapada Diamantina’, DSF ‘Dunas do São Francisco’, 
DSM ‘Depressão Sertaneja Meridional’, DSS ‘Depressão Sertaneja Setentrional’, IBA ‘Ibiapaba- 
Araripe’, Out locations outside of the Caatinga, RCA ‘Raso da Catarina’, SFG ‘São 
Francisco-Gurguéia’
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The lizard fauna from the Caatinga is one of the best known for the region, 
despite only a handful of sites having been adequately sampled (Rodrigues 2005b). 
Using a selection of well-sampled localities, it was possible to confidently recover 
a pattern of distribution endemism that matched most ecoregions. Using a PAE, we 
show a possible pattern of lizard fauna in some ecoregions (Fig. 6.4). Only the ‘São 
Francisco-Gurguéia’ and ‘Ibiapaba-Araripe’ complexes were not recovered as 
endemism areas matching the ecoregions. However, the first one could be biased 
due to lack of information, because only one well-sampled area was included in the 

Fig. 6.3 Sites used in the parsimony analysis of endemicity (PAE) and endemism areas (groups) 
indicated in the analysis. Group 1—rocky outcrops from Minas Gerais with direct influence of 
Cerrado; Group 2—’Depressões sertanejas’ + ‘Borborema Plateau’; Group 3—areas with direct 
influence of rainforests, Amazon and Atlantic Forest (Brejos + ‘Chapada do Araripe’ + coastal 
transitional areas); Group 4—’Raso da Catarina’; Group 5—’Chapada Diamantina’; Group 6—
right side of paleoquaternary sandy dunes complex from São Francisco River; Group 7—left side 
of paleoquaternary sandy dunes complex from São Francisco River + southern Piauí
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analysis; and the second grouped together some humid forest enclaves from Ceará 
with Atlantic Forest from northeast Brazil, probably due to the limited option of 
inclusion of altitude areas in the analysis. Each endemism area or ecoregion showed 
exclusive characteristics and is evaluated separately in Sects. 6.5.1, 6.5.2, 6.5.3, 
6.5.4, 6.5.5, and 6.5.6.

Fig. 6.4 Examples of distribution patterns of species in Caatinga. Widely distributed species: (a) 
Ameiva ameiva and (b) Lygodactylus klugei. Relictual distribution species: (c) Tropidurus cocoro-
bensis and (d) Enyalius bibronii. Species with limited distribution: (e) Glaucomastix veneta-
cauda. Species related with paleoquaternary sandy dunes from São Francisco River: (f) 
Procellosaurinus erythrocercus. Typical species from adjacent open regions: (g) Stenocercus 
squarrosus. Species related with remaining forest environments in altitude areas from the 
Caatinga: (h) Strobilurus torquatus
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6.5.1  Depressão Sertaneja Meridional and Depressão 
Sertaneja Sententrional

The ‘Depressão Sertaneja Meridional’ and ‘Depressão Sertaneja Sententrional’ 
ecoregions are distinct in climatic, geological, and phytophysiognomical parame-
ters (Velloso et al. 2002), but their lizard fauna areas are remarkably similar (Arzabe 
et al. 2005; Delfim and Freire 2007; Freire et al. 2009; Caldas et al. 2016). The two 
‘Depressões Sertanejas’ occupy most of the Caatinga and share the most typical 
landscapes in the region (Velloso et al. 2002). Lizard richness varies across these 
regions, with nuclear regions of the Caatinga having lower richness, and the richest 
areas being (1) south of Chapada do Araripe in Pernambuco; (2) the oriental portion 
of Rio Grande do Norte; (3) the southeast portion of Caatinga in Bahia (transition 
with Chapada Diamantina and the Atlantic Forest); and (4) the center-west of Ceará. 
Each of these areas have less arid climates and are influenced by coastal winds and 
moisture (Velloso et al. 2002). In general, the fauna of these areas is typical of the 
Caatinga, with widely distributed species. Relictual elements are usually related to 
less arid climates and occur on the borders of these ecoregions, characterizing 
higher richness areas.

About 50–60% of these areas have some level of disturbance, especially due to 
itinerant agriculture (Velloso et al. 2002). However, until recently, few herpetologi-
cal surveys had been carried out in such areas. It was only after the discovery of the 
divergent faunas of the São Francisco River paleoquaternary sandy dunes and humid 
forest enclaves that more attention was directed to them (Rodrigues 1996, 2005b; 
Borges-Nojosa and Caramaschi 2005). This resulted in a higher number of invento-
ries, but most of them were in atypical environments within the Caatinga (Rodrigues 
1993; Borges-Nojosa and Caramaschi 2005; Borges-Nojosa and Cascon 2005; 
Garda et  al. 2013; Pedrosa et  al. 2013; Cavalcanti et  al. 2014; Magalhães et  al. 
2015). Hence, the current knowledge of the Caatinga lizard fauna is still superficial 
for typical nuclear areas, a region under strong environmental pressure.

6.5.2  Borborema Plateau

The ‘Borborema Plateau’ ecoregion shares its lizard fauna with the two ‘Depressões 
Sertanejas’ and is one of the richest areas in the Caatinga. Like the marginal areas 
from the ‘Depressões Sertanejas’, the ‘Borborema Plateau’ is influenced by coastal 
winds and moisture (Velloso et al. 2002). The area is under the influence of three 
ecoregions: the ‘Borborema Plateau’, ‘Raso da Catarina’, and the ‘Depressão 
Sertaneja Meridional’. This ecoregion is the most disturbed in the Caatinga. Only a 
few native fragments persist, covering less than 10% of its original area (Velloso 
et al. 2002). The region’s high richness and disturbance point to the need for more 
studies and conservation efforts (Velloso et al. 2002; Delfim and Freire 2007; Freire 
et al. 2009).
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6.5.3  Ibiapaba-Araripe

The sites from the ‘Ibiapaba-Araripe’ ecoregion were grouped with humid forest 
enclaves and Atlantic Forest areas (Fig. 6.4). The use of data from ‘Chapadas’ and 
plateaus occupied by ‘carrasco’ vegetation could explain the observed pattern. With 
the increase of surveys, another endemism center may be found with PAE because 
these high areas are occupied by many species from Cerrado and Atlantic Forest 
(Borges-Nojosa and Caramaschi 2005; Borges-Nojosa and Cascon 2005; Ribeiro et al. 
2012).

The portion from the center of this ecoregion to its meridional limit shows high 
richness, probably due to the occurrence of some species from the SF (Delfim et al. 
2006, 2011; Freitas and Silva 2007). In the past, during periods of expansion of 
dunes, Serra da Capivara and Serra das Confusões National Parks were connected 
to this region (Tricart 1985); the presence of typical species from the dunes corrobo-
rates this historical connection (Rodrigues et al. 2001; Delfim et al. 2006, 2011). 
Around 50–70% of the area is disturbed, but this is the ecoregion with the most 
protected areas (Velloso et al. 2002).

6.5.4  Paleoquaternary Sandy Dunes from São Francisco River

The SF region has a distinct fauna, with plenty of endemics, several with psamophi-
lous habits. They probably result from climatic changes that promoted the expan-
sion and retractions of sandy soils, as well as the changing of the river course 
(Tricart 1985; Rodrigues 1996; Delfim et al. 2006). The differences in faunas of 
each margin justified the separation of groups indicated in the PAE (Fig.  6.3), 
despite these groups not being monophyletic (Fig. 6.3) as expected due to the pres-
ence of congeners on both margins (Rodrigues 1984a, b, 1986, 1991c, 1996).

The region harbors the most Caatinga endemics, with 13 species (Rodrigues 
1996), and it also has high richness (Figs. 6.3 and 6.4). This ecoregion was also 
recovered by the PAE (Fig. 6.4). Because this region holds many microendemics, it 
has generated an increase in research interest in recent years (Rodrigues 2005b). 
This ecoregion still holds around 80% of its original area in well-preserved condi-
tions, although there is no conservation protection area assigned to this ecoregion 
(Rodrigues 2005b).

6.5.5  Chapada Diamantina

The ‘Chapada Diamantina’ ecoregion also has high richness and plenty of endemics. 
There has been recent active research identifying and describing new species from 
this ecoregion (Rodrigues 1987; Rodrigues et  al. 2006, 2009a, 2017; Arias et  al. 
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2011b). The landscapes in this ecoregion are very different from other areas in the 
Caatinga, and, like the ecoregion of paleoclimatic dunes of São Francisco River, are 
considered to be important speciation centers (Rodrigues et al. 2006; Magalhães et al. 
2015; Werneck et al. 2015), mostly in rocky fields and influenced by the Espinhaço 
Range (Rodrigues et al. 2006, 2009a Cassimiro and Rodrigues 2009). Most species 
from ‘Chapada Diamantina’ were not used in the niche modeling (Fig. 6.1) because 
most species had less than five records. It is one of the most fragile ecoregions, which 
is threatened by agriculture, cattle breeding, mining, and tourism (Velloso et al. 2002).

6.5.6  Raso da Catarina

Several Caatinga endemics are related to sand soils, mostly in SF. The ‘Raso da 
Catarina’ ecoregion also has many sandy soil areas and species associated with such 
environments including Tropidurus cocorobensis and Amphisbaena arenaria 
(Rodrigues 1996, 2005b). The soil of these areas are deep and sandy but flat, in 
contrast to the dunes of São Francisco River (Velloso et al. 2002). Hence, the ‘Raso 
da Catarina’ could present many species adapted to such soils (as seen in SF), but 
this ecoregion is still poorly sampled, with only one detailed inventory for the Raso 
da Catarina Ecological Station (Garda et al. 2013). The region is indicated as poten-
tially having low species richness in our map. Although sandy soils in general tend 
to present high species richness in the Caatinga, this ecoregion suffers from a small 
amount of surface water availability (Velloso et al. 2002), which could explain this 
low richness. In addition, the low water availability also results in very low human 
population densities in the region, which helps maintain the natural environments. 
Approximately 60–70% of the ecoregion is still undisturbed (Velloso et al. 2002).

6.6  Conclusions and Suggestions for Future Investigations

The endemism areas recovered by the PAE corroborate most of the proposed ecore-
gions for the Caatinga (Velloso et al. 2002). Three ecoregions (paleoclimatic dunes 
of São Francisco River, ‘Chapada Diamantina’, and ‘Raso da Catarina’) appear to 
have enough endemic elements exclusive to each ecoregion. The ‘Depressões 
Sertanejas’ and ‘Borborema Plateau’ represent the core area of the Caatinga, and 
even though they show some heterogeneity in climate and geomorphology, such 
differences do not seem to influence their lizard fauna.

Some areas within the ecoregions have specific characteristics that are reflected 
in their lizard fauna. Forested areas are an example of such areas, especially when 
we consider the humid forest enclaves from Ceará, Paraíba, and Pernambuco. 
Despite being inserted in different ecoregions, the PAE grouped them with other 
areas clearly influenced by Atlantic and Amazon Forests (Borges-Nojosa and 
Caramaschi 2005; Borges-Nojosa and Cascon 2005). Adjacent regions influence the 
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faunas of these sites, but their origin and maintenance are key to achieving a thor-
ough knowledge of the Caatinga’s biogeography.

The most diverse areas in the Caatinga occur along its marginal portions, with 
central areas showing fewer species (Fig. 6.1), highlighting the importance of shared 
elements with adjacent regions. In addition, Caatinga endemismics, contrary to 
expectations, are numerous and concentrated in paleoclimatic dunes from São 
Francisco River and ‘Raso da Catarina’. In addition, at least 12 additional endemics 
(Tropidurus helenae, T. jaguaribanus, T. pinima, Phyllopezus periosus, Ameivula 
nigrigula, Glaucomastix cyanura, Acratosaura mentalis, Anotosaura collaris, A. 
vanzolinia, Colobosauroides carvalhoi, C. cearensis, and Placosoma limaverdo-
rum) occur in other ecoregions and are not dependent on sandy soils, rather occur-
ring in mesic habitats or rocky outcrops. Some of these species probably drive the 
high richness indicated in the northeast portion of the Caatinga (Fig. 6.1), which 
covers part of ‘Depressão Sertaneja Sententrional’ in Rio Grande do Norte and the 
‘Borborema Plateau’ and a small portion of ‘Depressão Sertaneja Meridional’ in 
Paraíba and Pernambuco.

Significant advances in our knowledge of Caatinga lizards and their distribution 
patterns were made in the last decade. The sampling effort is still low, but has 
increased a lot since the 1990s (Rodrigues 2005b; Freire et al. 2009; Garda et al. 
2013; Pedrosa et al. 2013; Cavalcanti et al. 2014; Magalhães et al. 2015; Caldas et al. 
2016). We now know that theories about Caatinga lizard fauna being species poor 
and having low endemism are not correct. It is clear that the Caatinga shares part of 
its fauna with Cerrado, and even with Chaco, but the number of endemics is relatively 
high and still rising as new data become available. These new discoveries represent 
an important opportunity for the understanding of the historical process that drove 
Caatinga diversity. With the results generated here, we can indicate some directions 
for future studies and conservation priorities. For example, the ‘São Francisco-
Gurguéia’ is one of the less sampled ecoregions; the ‘Ibiapaba-Araripe’, where spe-
cies previously believed to be endemic to paleoquaternary sandy dunes were recently 
collected, support a past connection among these areas; the ‘Depressões Sertanejas’, 
neglected due its apparent homogeneity, could harbor some surprises, such as the 
recently described Tropidurus jaguaribanus (Passos et  al. 2011); the ‘Borborema 
Plateau’, the most threatened ecoregion, also deserves special attention, as indicated 
in the richness map we produced; despite harboring the most Caatinga endemics, the 
paleoclimatic dunes of São Francisco River need more strict protection and this 
ecoregion still has many areas that have never been sampled; and the ‘Chapada 
Diamantina’, despite not being indicated in our analysis as having high potential 
diversity, presents a great variety of environments, and consequently a great number 
of endemics. Such research directions will contribute directly to a better understand-
ing of the biogeography, ecology, and species richness of Caatinga lizards.
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