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CEARÁ IN NORTHEASTERN BRAZIL
ANNIE SCHMALTZ HSIOU , PAULO VICTOR DE OLIVEIRA , CELSO LIRA XIMENES ,
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Abstract: We present the first formal report on the squamate assemblage from Parque
Nacional de Ubajara. This park contains the most important cave complex in the state of
Ceará in northeastern Brazil, called Provı́ncia Espeleológica de Ubajara. The material
comes from the Urso Fóssil cave at Pendurado Hill. All previously reported fossil
remains found in this cave are tentatively attributed to the Quaternary (late Pleistoceneearly Holocene). Probably only Arctotherium brasiliense represents a relictual fossil bear
from the late Pleistocene megafauna. The taxa recognized in this paper belong to
Tropidurus sp., Ameiva sp., cf. Epicrates, and cf. Crotalus durissus, adding to the
knowledge of the Brazilian Quaternary squamate fauna as a whole, and contribute to a
major taxonomic refinement of the squamate assemblages from the early Holocene of
northeastern Brazil.

INTRODUCTION
The Brazilian Quaternary record of Squamata (i.e,
lizards, amphisbaenians, and snakes) has been documented
mainly in the southeast and northeast regions, with several
taxa correlated to the current Brazilian herpetofauna
(Camolez and Zaher, 2010; Hsiou, 2010). Many records,
however, have not been formally studied and described
(Lund, 1840; Paula-Couto, 1978; Lino et al., 1979; BarrosBarreto et al., 1982; Guérin, 1991; Guérin et al., 1993;
Faure et al., 1999) and their taxonomic and systematic
status remains unclear.
Some of the most diverse squamate faunas from the late
Pleistocene–Holocene of Brazil were recently studied. The
fossils were collected in caves and rock shelters in the states
of Bahia (northeastern Brazil), Goiás, Mato Grosso
(midwestern Brazil), Minas Gerais, and São Paulo (southeastern Brazil; Camolez and Zaher, 2010). A large number
of lizards (Tropiduridae, Leiosauridae, Polychrotidae,
Teiidae, and Anguidae), snakes (Boidae, Colubridae,
Viperidae, and Elapidae) and amphisbaenians (Amphisbaenidae) were described, and the majority of fossils were
attributed to extant neotropical species (Camolez and
Zaher, 2010). All fossils were identified based on osteological comparison with extant species. However, there is
only a single record of snakes (Viperidae) from the late
Pleistocene of southwestern Brazilian Amazonia (Hsiou
and Albino, 2011). Beyond these records, some extinct
species including two amphisbaenians, Amphisbaena braestrupi and A. laurenti, were reported from the late
Pleistocene–Holocene of Lagoa Santa region, Minas
Gerais State (Gans and Montero, 1998), as was the extinct
teiid lizard Tupinambis uruguaianensis, from the late
Pleistocene of the Touro Passo Formation, Rio Grande
do Sul State, southern Brazil (Hsiou, 2007).
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Recent fieldwork was undertaken at Parque Nacional
de Ubajara, where the most important cave complex in the
state of Ceará in northeastern Brazil is located, part of a
notable karstic system (Oliveira, 2010). Small mammals,
such as bats, rodents, and marsupials (Ximenes and
Machado, 2004), were among the taxa recorded. Other
records include artiodactyls (deer and peccaries), perissodactyls (tapirs), xenarthrans (armadillos), and felids
(Ximenes and Machado, 2004; Oliveira, 2010), as well as
a single member of the late Pleistocene megafauna, the
fossil bear Arctotherium brasiliense (Trajano and Ferrarezzi, 1995). Other records are from deposits in tanques
(natural depressions formed in granitic rocks that accumulate sediments and fossils), such as undetermined
remains of lizards and snakes reported by Paula-Couto
(1980) as being recorded from Pleistocene deposits of the
Itapipoca region.
Recently, Hsiou et al. (2009) briefly reported on some
snake vertebrae of the families ‘Colubridae’ and Viperidae
from the late Quaternary in Provı́ncia Espeleológica de
Ubajara. Their report did not contain stratigraphic data
(see also Trajano and Ferrarezzi, 1995; Ximenes and
Machado, 2004) or radiometric (geochronologic) control.
Here we describe new material from the early Holocene in
the state of Ceará in Brazil based on the most recent
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Figure 1. Location map of late Quaternary of Provı́ncia Espeleológica de Ubajara, Ceará State, Brazil.
fieldwork done in the Ubajara region, during July 2009,
with precise stratigraphic and radiometric control.

LOCATION AND GEOLOGICAL SETTING
The Parque Nacional de Ubajara is located in Ubajara
Municipality (Fig. 1), in Ibiapaba Cuesta in the northwestern portion of the state of Ceará (northeastern Brazil),
which possesses a notable karst system. The speleological
province of the Ubajara region consists of nine limestone
hills with fourteen known caves (IBAMA, 2002). The
limestone rock cropping out in the region corresponds to
the Frecheirinha Formation of the Ubajara Group,
Neoproterozoic of the Ubajara Graben (Quadros, 1996;
CPRM, 2003). The Ubajara Group has an unconformable
contact with the rocks of the Serra Grande Group,
Silurian-Devonian of the Parnaı́ba Basin (Nascimento
et al., 1981). Among the limestone hills in the studied
area, the Pendurado Hill includes two important fossiliferous caves: Urso Fóssil and Pendurado.
All fossil remains are attributed to the Quaternary (late
Pleistocene-early Holocene), however, the fossil bear Arctotherium brasiliense is probably the only relict in this fauna
of the Pleistocene megafauna (Trajano and Ferrarezzi, 1995),
found at Urso Fóssil cave (03u499580S, 40u53934.40W). The
material studied was found in one room of this cave, called
Sala de Entrada. A controlled stratigraphic excavation in this
room exposed three layers of sedimentary deposits, and all
fossil remains belong to the early Holocene. A geological
section provided information about unconsolidated accumulations of allochthonous (biogenic and siliciclastic from
outside the cave) and autochthonous (generated inside the
cave) material. The stratigraphic layers include sediments
from the bottom to top (Fig. 2):

Layer 1 has a thickness of 0.20 m and is comprised of
carbonaceous silt-clay sediments, containing smaller autochthonous fragments of limestone and large, angular fragments
of speleothems. In this layer, there are shells of freshwater
clams and several carbonized bone fragments. As in layer 2, a
sample was collected for thermoluminescence dating; more
details can be found in Oliveira et al. (in press). Remains of
squamate reptiles and mammals such as Didelphimorphia,
Xenarthra, Rodentia, and Artiodactyla were found.
Layer 2 has a thickness of about 0.35 m and is composed of
light gray clay containing autochthonous fragments of
limestone (. 2 cm), some small geodes, and fragments of
stalactites (approximately 10 cm diameter) and other
speleothems, in some cases, showing concentrations of iron
oxide. The top of the layer contains a high concentration of
two types of undetermined seeds. At the bottom of the layer,
some complete shells of freshwater clams and several
fragments of shells had accumulated. There are small feces
covered by powdered carbonate, but still unconsolidated.
Some 20 cm from the top of this level, sediment samples
were collected in PVC pipe for thermoluminescence dating,
and below that, samples were obtained for recovery of
palynomorphs. Gastropods and several fragments of
Didelphimorphia, Xenarthra, and Rodentia, were collected.
Layer 3, with a 0.15 m thickness, is composed of light
yellowish, silty-clay sediments of carbonate-rich composition, containing small autochthonous fragments (0.5–1 cm)
of amorphous and angular limestone, and a great amount of
recent seeds and fecal matter.

MATERIAL AND METHODS
The material studied includes isolated dentaries and
vertebrae deposited in the collection of Museu Dom José
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Figure 2. Stratigraphic section showing the layers L1, L2 and L3; and their associated fossils.
(MDJ), in the State Ceará, Brazil. The material consists of
two lizard dentaries (MDJ R-004 and 005) and five
vertebrae of snakes (MDJ R-006, 020, 024, 026, and 027).
The osteological nomenclature and systematics follow
Estes (1983), Presch (1974), Estes et al. (1988), Frost
et al. (2001a,b), Nydam and Cifelli (2002), and Nydam
et al. (2007) for lizards; and Auffenberg (1963), Hoffstetter
and Gasc (1969), Rage (1984), Zaher (1999), and Holman
(2000) for snakes.

SYSTEMATIC PALEONTOLOGY
SQUAMATA Oppel, 1811
IGUANIA Cope, 1864
TROPIDURIDAE Frost and Etheridge 1989 sensu Frost,
Janies, and Titus, 2001a
Tropidurus Wied, 1824
Tropidurus sp.
(Fig. 3)
Material: MDJ R-005, complete right dentary.
Stratigraphic provenance: Parque Nacional de Ubajara,
Pendurado Hill, Urso Fóssil Cave, Sala da Entrada, layer 1
(TL 8,200 6 980 years BP), early Holocene.
Description: MDJ R-005 is a complete and delicate right
dentary with four mental foramina in labial view. The
264 N Journal of Cave and Karst Studies, December 2012

dentary bears thirteen pleurodont teeth preserved in
eighteen tooth positions. The mesial teeth are anteriorly
inclined and unicuspid. The distal ones are tricuspid, with
two accessory cusps, a mesial and a distal one, smaller than
the main central cusp. Under the last two posterior teeth,
the subdental shelf of the dentary possesses a notch that
extends obliquely until the last teeth (Camolez and Zaher,
2010). The symphysis is small and slightly dorsally
oriented. Meckel’s groove is extensively closed, with an
anterior opening restricted to an elongate foramen and a
posterior notch under the last two distal tooth positions.
The posterior process of the dentary is long when
compared to the total size of the dentary. In labial view,
the dorsal margin of the posterior process of the dentary
shows a flattened surface, for the contact with the anterior
process of the coronoid.
Discussion: Species of Tropidurus are widely distributed in
open areas in the tropical and subtropical regions, from
southern Venezuela east through the Guianas to northeastern Brazil, and from there southwest of the Amazonian
region to eastern Bolivia, northernmost Uruguay, and
central Argentina (Etheridge, 1964; Ávila-Pires, 1995;
Frost et al., 2001b). There are four species groups formally
diagnosed within the genus: T. spinolusus group, the T.
borgeti group, the T. semitaeniatus group, and the T.
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Figure 3. Tropidurus sp. complete right dentary, MDJ R-005: A, labial view; B, lingual view. Scale bar = 10 mm.
torquatus group (Frost et al., 2001b). Attribution to the
species level of MDJ R-005 was not possible; but the
presence of a longitudinal impression of the labial surface
of the posterior part of the dentary, which rises posteriorly
(slight ‘‘erosion’’ of the alveolar shelf) should be an
apomorphy supporting assignment of MDJ R-005 to the
‘‘Tropidurus group’’ (Frost, 1992; Frost et al. 2001b).
SCLEROGLOSSA Estes, de Queiroz and Gauthier,
1988
SCINCOMORPHA Camp, 1923
TEIIOIDEA Estes, de Queiroz and Gauthier, 1988
TEIIDAE Gray, 1827
TEIINAE Presch, 1974
Ameiva Meyer, 1795
Ameiva sp.
(Fig. 4)
Material: MDJ R-004, incomplete right dentary.
Stratigraphic provenance: Parque Nacional de Ubajara,
Pendurado Hill, Urso Fóssil Cave, Sala da Entrada, layer 1
(TL 8,200 6 980 years BP), early Holocene.
Description: MDJ R-004 is a robust but incomplete right
dentary. Its anterior portion is fragmented at the symphysis, and the ventral, lingual and labial portions also are
broken. There are three mental foramina in labial view.
The dentary rises posteriorly toward its labial and lingual
articulations with the coronoid. Lingually, only the
anterior portion of the splenial is preserved. Meckel’s
groove is restricted to the anterior region of dentary by the
development of the subdental shelf showing a straight
groove (Brizuela, 2010). There are eleven subpleurodont
teeth preserved in sixteen tooth positions, within a sulcus
dentalis and with heavy deposits of cementum at tooth
bases (Estes et al., 1988; Nydam and Cifelli, 2002). The
third mesial tooth preserved is conical and apparently
unicuspid, relatively smaller than the distal ones. The

fourth tooth is damaged, but two accessories cusps can be
seen, a mesial and distal one, both slightly posteriorly
oriented. The fifth, sixth, and seventh are replacement teeth
within the replacement pit and show two accessory cusps,
both cusps being almost vertical and aligned with one
another. The eighth tooth is broken at the base. From the
ninth to the eleventh tooth, tooth size and interdental
spacing increases (‘‘enlarged posterior teeth: a greater
degree of molariformy’’, Estes and Williams, 1984). Two
accessory cusps are present, as on the fourth preserved
tooth.
Discussion: The genus Ameiva displays a wide geographical distribution, occurring in southern Mexico, Central
and South America, and in many Caribbean islands, with
different species (Ávila-Pires, 1995; Pianka and Vitt,
2003). The genus has been considered a paraphyletic
group (Presch, 1974; Reeder et al., 2002; Giugliano et al.,
2006, 2007), although some authors defended monophyly
(Hower and Hedges, 2003). Among the Ameiva species,
the most studied is A. ameiva, commonly found in open
habitats, coastal and forests environments, and frequently seen in perianthropic situations (Ávila-Pires,
1995).
Following Camolez and Zaher (2010), the largest size
among small Teiidae (such as Cnemidophorus, Kentropix
and Crocodilurus) and the dental morphology would allow
referral of MDJ R-004 to the species Ameiva ameiva.
Nevertheless, no additional osteological materials have
been found to support this attribution. Currently, we
cannot identify MDJ R-004 to species.
SERPENTES Linnaeus, 1758
ALETHINOPHIDIA Nopcsa, 1923
MACROSTOMATA Müller, 1831
BOOIDEA Gray, 1825
BOIDAE Gray, 1825
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Figure 4. Ameiva sp., incomplete right dentary, MDJ R-004: A, labial view; B, lingual view. Scale bar = 10 mm.
Epicrates Wagler, 1830
cf. Epicrates sp.
(Fig. 5)
Material: MDJ R-020, incomplete midtrunk vertebrae.
Stratigraphic provenance: Parque Nacional de Ubajara,
Pendurado Hill, Urso Fóssil Cave, Sala da Entrada, layer 1
(TL 8,200 6 980 years BP), early Holocene.
Description: MDJ R-020 lacks most of the dorsal part of the
neural arch. The specimen is small, relatively robust and
high, with a short centrum. The vertebra probably is a
midtrunk vertebra, given the presence of a well marked and
anteroposteriorly developed haemal keel. In general view,
the prezygapophyses are slightly inclined dorsally, anterolaterally oriented, and display a short prezygapophyseal
process. The articular facets of the prezygapophyses are
triangular. There are small lateral foramina. The centrum is
triangular, widened anteriorly, and rather narrow. A deep
paracotylar depression is present to either side of the cotyle,
but foramina are absent there. The paradiapophyses are
broken, but were apparently robust and oriented dorsoventrally, surpassing the ventral edge of the cotyle. The haemal
keel is well-marked and begins on the ventral edge of the
cotyle. The subcentral ridges are weakly marked; the
subcentral grooves are shallow, but this is more evident in
the middle portion of the centrum, lateral to the haemal keel.
There is one pair of subcentral foramina.
Discussion: The endemic Neotropical genus Epicrates is
currently recognized as a paraphyletic group in relation to
266 N Journal of Cave and Karst Studies, December 2012

Eunectes, owing to recent studies that found mainland
Epicrates in a sister-group relationship with Eunectes
(Burbrink, 2005; Noonan and Chippindale, 2006). The
genus contains ten species (Kluge, 1989; McDiarmid et al.,
1999) and comprises two monophyletic groups (Kluge,
1989; Passos, 2003; Burbrink, 2005; Noonan and Chippindale, 2006; Passos and Fernandes, 2008). An insular group
distributed in the West Indian islands contains twenty-one
taxa (Henderson and Powell, 2007), whereas Epicrates
cenchria (Linnaeus) is a continental endemic (McDiarmid
et al., 1999; Passos and Fernandes, 2008). Of the previous
nine subspecies of E. cenchria, five are now recognized as
distinct species E. alvarezi, E. assisi, E. cenchria, E. crassus,
and E. maurus based on statistically robust delimitation of
species boundaries (Passos and Fernandes, 2008). The
taxonomic assignment of the specimen described above is
based on the following combination of vertebral characters
shared with the genera of extant neotropical boines: robust,
short and wide vertebra, low inclination of the articular
facet of the prezygapophysis (less than 15u); short
prezygapophyseal process, vertebral centrum short,
marked precondylar constriction, haemal keel well developed in the midtrunk vertebrae, and presence of subcentral
and lateral foramina (Rage, 2001; Lee and Scanlon, 2002;
Szyndlar and Rage, 2003; Albino and Carlini, 2008; Hsiou
and Albino, 2009, 2010). Within the neotropical boines, the
trunk vertebra is similar to samples from individuals of the
genera Epicrates and Corallus, differing from Eunectes and
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Figure 5. cf. Epicrates sp., incomplete midtrunk vertebra, MDJ R-020:A, dorsal view; B, ventral view. Scale bar = 5 mm.
Boa in its smaller size (Hsiou and Albino, 2009, 2010).
According to Hsiou and Albino (2010), Epicrates and
Corallus could be distinguished by the morphology of the
anterior lobe on the anterior edge of the zygosphene, but
MDJ R-020 lacks most of the neural arch. In Corallus the
prezygapophyses are mostly horizontal in anterior view,
whereas they are relatively more inclined above the
horizontal plane in Epicrates (Hsiou and Albino, 2010).
For this reason, we tentatively assigned the trunk vertebrae
MDJ R-020 to cf. Epicrates.
CAENOPHIDIA Hoffstetter, 1939
COLUBROIDEA Oppel, 1811
VIPERIDAE Oppel, 1811
Crotalus Linnaeus, 1758
Crotalus durissus Linnaeus, 1758
cf. Crotalus durissus
(Fig. 6)
Material: MDJ R-006, 024, 026 and 027, incomplete trunk
vertebrae.
Stratigraphic provenance: Parque Nacional de Ubajara,
Pendurado Hill, Urso Fóssil Cave, Sala da Entrada, layer
2 (MDJ R-006, TL 8,000 6 990 years BP) and layer 1
(MDJ R-024, 026, 027, TL 8,200 6 980 years BP), early
Holocene.
Description: The preservation of the vertebrae varies
among specimens. MDJ R-006 and 024 lack most part of
the neural spine, hypapophysis, right prezygapophysis and
parapophyseal process, and both paradiapophyses; MDJ R026 lacks the hypapophysis and right prezygapophysis and
parapophyseal process; MDJ R-027 lacks most of the neural
arch, zygosphene, hypapophysis, and left prezygapohysis and
paradiapophysis. The zygosphene is thin and shows a concave
anterior margin, with small and dorsally angled articular
facets. The neural arch is wider than long, is moderately
depressed, and bears a deep posterodorsal notch. The neural

canal is subtriangular, low and wide. The articular facets of
the prezygapophyses are slender, longer than broad, with the
main axis rather laterally oriented. A small prezygapophyseal
process projects slightly beyond the articular facets of the
prezygapophysis. The paradiapophyses are clearly oriented
dorsoventrally as a whole. The diapophysial and parapophysial surfaces are distinct from each other. The paradiapophyses are well developed, with a prominent and spherical
diapophysis, distinct from a large and concave parapophysis
(seen in MDJ R- 024). A well-developed and strongly inclined
parapophyseal process is spatulated projecting anteriorly, and
extends clearly beyond the ventral rim of the cotyle. The
postzygapophyses are elongated and inclined dorsolaterally.
The zygantra are large and deep, with a small foramen within
each side of zygantrum. The neural spine is very well
developed, high, and considerably elongated anteroposteriorly, seen in MDJ R-026. The interzygapophyseal constriction is
deep and curved. Small lateral foramina are evident on the
side walls of the neural arch, more or less positioned at the
diapophysial level. The cotyle and condyle are nearly circular,
and one pair of small paracotylar foramina is evident; one
foramen is located on each side of the cotyle, placed in a
shallow depression. The centrum is triangular and bears a very
prominent hypapophysis (broken in MDJ R-006, 0026, and
027). The centrum is delimited by subcentral ridges that are
well defined anteriorly but vanish in the posterior half of the
centrum.
Discussion: The Crotalus durissus complex (Neotropical
rattlesnakes) occurs in dry areas from Mexico to northern
Argentina, but is absent from Central American and
Amazonian rainforests, resulting in a highly disjunctive
distribution (Wüster et al., 2005). The Brazilian Crotalus
durissus complex is represented by a single species, Crotalus
durissus, which has a large geographical distribution
among the central region of Cerrado, semi-arid and arid
environments of northern region, savannas and open areas
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Figure 6. cf. Crotalus durissus, midtrunk vertebrae, MDJ R-006 (A), MDJ R-024 (B), and MDJ R – 026 (C), in anterior
(A1–C1), posterior (A2–C2), lateral (A3–C3), dorsal (A4–C4), and ventral (A5–C5) views. Scale bar: 10 mm.
of southern, southeastern and northern regions of Brazil
(Melgarejo, 2003). The great distribution of C. durissus in
Brazil is represented by the presence of five geographical
forms, C. d. terrificus, C. d. cascavella, C. d. collineatus, C.
d. ruruima, and C. d. marajoensis. All vertebrae described
here share the only vertebral synapomorphy recognized for
the Viperidae family: a well-developed and strongly
anteroventrally oriented parapophyseal process (Zaher,
1999). However, the distinction among the Brazilian
species on osteological features still requires further
studies. At present, the vertebrae described here are similar
to those of Crotalus durissus in the anterior edge of
zygosphene concave, great anteroposterior extent of the
neural spine, spatulate parapophyseal process, and presence of small paracotylar foramina. All of these subtle
characters can distinguish Crotalus durissus from species of
Bothrops, another genus with broad geographical distribution that occurs in most open areas in both northern and
southern regions of Brazil.

CONCLUDING REMARKS
The new squamate assemblage from the late Quaternary
Provı́ncia Espeleológica de Ubajara described here comprises the lizard families Tropiduridae (Tropidurus sp.) and
Teiidae (Ameiva sp.), and the snake families Boidae (cf.
Epicrates sp.) and Viperidae (cf. Crotalus durissus), in
addition to undetermined ‘‘colubrid’’ snakes reported by
Hsiou et al. (2009). Unfortunately, all specimens are very
fragmentary, and specific assignment is not possible.
Camolez and Zaher (2010) reported some squamate
assemblages from several regions of Brazil, but this work
constitutes the first formally described record from the
state of Ceará. Hence, the taxa reported in this paper
contribute to a better understanding of the Brazilian
Quaternary squamate fauna as a whole. Most of the
268 N Journal of Cave and Karst Studies, December 2012

previous records from northeastern Brazil were made based
on uninformative reports, lacking a formal description, and
their taxonomic validity is still unclear (Paula-Couto, 1980;
Guérin, 1991; Guérin et al., 1993; Faure et al., 1999). For
this reason, the present paper contributes to a major
taxonomic refinement of the squamate faunas during
the late Quaternary of northeastern Brazil. All material
described here comes from levels with dating around
8,000 years BP, corresponding to the early Holocene.
According to Oliveira et al. (in press) the age is consistent
with the vertebrate fauna, because representatives of the
Pleistocene South American megafauna have not been
found in these levels. Like the tayassuids, marsupials,
xenarthrans, and caviomorphs from these levels, the
squamates do not indicate faunistic alteration during the
early Holocene in comparison with the current fauna
(Oliveira, 2010; Oliveira et al., in press). The paleoecological data indicated by the taxa reported are in accordance
with the mosaic composition of the current environments
of the Ubajara region, having humid forest in higher
altitudes and open and dryer areas in the plains (Oliveira et
al., in press).
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Hystricognathi) from Ceará State, northeast Brazil: Journal of Cave
and Karst Studies.
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da Provı́ncia Espeleológica de Ubajara, Estado do Ceará, in Resumos
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