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a b s t r a c t

It is investigated the paleoecology of Araripemys barretoi Price, 1973 a pelomedusoid turtle from the
Lower Cretaceous (Aptian) of Araripe and Parnaíba basins, Brazil. The analysis of forelimbs proportions
allowed to interpret Araripemys barretoi as a turtle with a specialized morphology to live in large water
bodies, as an agile swimmer. Several postcranial anatomical features suggest that Araripemys barretoiwas
able to live in aquatic environments of distinct magnitudes. This species was abundant throughout the
Aptian in the Araripe and Parnaíba basins, where an epicontinental sea once existed, during the first
marine ingressions related to the Equatorial Atlantic opening.

© 2023 Elsevier Ltd. All rights reserved.
1. Introduction

In the Cretaceous sedimentary basins of Brazil, 16 taxa of
chelonian fossils are found (Gaffney et al., 2006, 2011; Oliveira and
Romano, 2007; Romano et al., 2014; Ferreira et al., 2018a;
Hermanson et al., 2020; Batista et al., 2021), mostly from the
Bauru and Araripe basins. In the Bauru Basin all fossil turtles are
freshwater species. On the other hand, the Aptian chelonian
species described from the Araripe Basin present morphological
characteristics that suggest adaptations to very distinct living
environments. Among the various species from the Araripe Basin,
the most common is Araripemys barretoi Price, 1973, whose great
number of specimens overpass the other chelonian species. Ara-
ripemys barretoi is also reported from the Parnaíba Basin (Batista
Rio de Janeiro, Instituto de
sidade e Biologia Evolutiva,
Universit�aria, 21941-590 Ilha

ista).
and Carvalho, 2007), also located in the northeastern region of
Brazil.

In the description of Araripemys barretoi by Price (1973), the
osteology and the geometric shape of the carapace give it an origin
among more primitive chelonians with tendencies towards a ma-
rine habitat. Aspects such as rounded, depressed carapace without
keels, a short, wide plastron, with bridges attached only to the
peripheral plates, with costoperipheral fontanelles and perhaps
also plastoperipheral and plastron, indicate an adaptive tendency
towards shallow, coastal or evenmarshy waters (Price, 1973). In the
osteological review performed by Maisey (1991), Araripemys bar-
retoi was compared with the freshwater turtles Trionychidae due
their similarity in the carapace morphology. It was considered an
extremely hydrodynamic species, but without any anatomical
attribute to a specific environment. According to Oliveira and
Romano (2007), Araripemys barretoi is the best-known species of
the Santana Group (Araripe Basin). However, there are still doubts
about its ecology and one of the great uncertainties concerns the
environment that this species inhabited, as it is found in sediments
of lagoon and marine origin (Araripe et al., 2021; Vallejo et al.,
2023). In more recent studies with freshwater chelonians, for
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example Emydura macquarii and Chelodina expansa, can tolerate
periods in hypersaline environments by physiological mechanisms,
such as an increase in plasma osmotic pressure in relation to the
external environment, in order to reduce the loss of water, without
the need for a salt excretion gland, as in marine chelonians (Bower
et al., 2016; Agha et al., 2018). This may be an indication that this
species may be a chelonian tolerant to a wide range of salinities.
Limaverde et al. (2020) carried out an extensive study analyzing
factors such as ontogenetic and intraspecific variations, sexual
dimorphism and phylogeny, but without any inference concerning
the living environment.

The analyses of new specimens of Araripemys barretoi allowed
evaluating the environmental context where this species lived. The
morphological data from tomographic images, direct observations
and comparisons with living species from distinct environments
permitted a new approach to interpret the paleoecology of this Early
Cretaceous pleurodiran turtle. Thus, it is analyzed the causes of the
large number of a single species spread in a wide territorial area.

2. Geological context

The Araripe Basin (Appendix A) is known worldwide for its
exceptionally well-preserved fossils (Heimhofer et al., 2010;
Varej~ao et al., 2019a), being one of the main Konservat-Lagerst€atten
from the Cretaceous of Gondwana supercontinent (Maisey, 1991;
Martill et al., 2007; Maldanis et al., 2016; Varej~ao et al., 2019a,
2021a; Dias and Carvalho, 2020, 2022). It is the largest among the
interior basins of Northeast Brazil, rectangular shape, longitudinal
axis in the EW direction and an area of approximately 12,200 km2.
It is located in the south of Cear�a State, extending from the
northwest of the state of Pernambuco to the east of the state of
Piauí, northeast Brazil (Matos, 1992; Assine, 1992, 2007; Fambrini
et al., 2009; Carvalho et al., 2012; Assine et al., 2014; Marques
et al., 2014). The lithostratigraphic units are, from lower to upper
successions, the Cariri, Brejo Santo, Miss~ao Velha, Rio da Batateira,
Santana and Exu formations (Beurlen, 1963, 1971; Ponte and Appi,
1990; Ponte, 1992; Paula-Freitas and Borghi, 2011; Rios-Netto et al.,
2012). Assine et al. (2014) and Neumann and Assine (2015) changed
the status of the Santana Formation to the Santana Group with the
Barbalha, Crato, Ipubi and Romualdo formations. The first record of
the fossil chelonian Araripemys barretoi was from the Romualdo
Formation and later other specimens were found in the Crato For-
mation (Kischlat and Campos, 1990; Schleich, 1990; Meylan, 1996;
Oliveira and Kellner, 2005, 2017; Gaffney et al., 2006; Romano et al.,
2013; Limaverde et al., 2020).

The Romualdo Formation is constituted of conglomerates,
sandstones, marls, shales, cochinoid and nodular limestones, which
indicate hypersaline lagoons and marine environments, and an
increasingly continental conditions (Assine et al., 2014). It records
an abundant and diverse biota with a high degree of preservation.
Foraminifera, palynomorphs, corals, mollusks, arthropods, echi-
noids, fishes, chelonians, crocodyliforms, pterosaurs, dinosaurs and
plants occur in this succession (Martill, 1988; Neumann and
Cabrera, 1999; Assine, 2007; Assine et al., 2014; Carvalho and
Barreto, 2015; Barros et al., 2019; Carvalho et al., 2019a; Abreu
et al., 2020; Araripe et al., 2021; Lopes and Barreto, 2021; Matos
et al., 2021).

The Crato Formation is a succession up to 70 m thick containing
limestones, shales and sandstones. This unit is interpreted as awide
variety of continental and transitional environments at the end of
the Aptian in the Araripe Basin, with the record of the first marine
incursions (Varej~ao et al., 2021a,b). The most abundant, diversified
and exceptionally preserved terrestrial biota at a global level is
found in the laminated limestones of lacustrine origin of the Crato
Formation, a Lagerst€atte of conservation and concentration. There
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are fossils of arthropods, fishes, amphibians, chelonians, lizards,
crocodyliforms, pterosaurs, dinosaurs, birds, fungi, plant, fragments
of algae, pteridophytes, conifers, gnetophytes, angiosperms, cop-
rolites, amber (Menon and Martill, 2007; Assine et al., 2014; Martill
et al., 2015; Carvalho et al., 2015, 2019b, 2021a; Scaramuzza dos
Santos et al., 2020, 2021), and also dinosaur footprints (Carvalho
et al., 2021b).

Other records of Araripemys barretoi are found in the Parnaíba
Basin (Appendix B) (Batista and Carvalho, 2007). It is located in the
central-western portion of Brazil (Vaz et al., 2007), in Maranh~ao
and Piauí, and small areas of Cear�a, Bahia, Tocantins and Par�a States.
Its limits are the Alto Ferrer-Urbano Santos (North), the Borborema
Province (East), the Alto S~ao Francisco (South), the Province of
Tocantins (West) and to the northwest by the Alto Tocantins
(Corrêa-Martins, 2019). The basin has a circular outline, and its
Cretaceous succession of up to 1000 m is represented by the Corda,
Cod�o and Itapecuru formations (G�oes and Feij�o, 1994). The studied
fossils come from the Itapecuru Formation.

The Itapecuru Formation consists of conglomerates, sandstones,
siltstones, claystones, shales and carbonate levels (Campbell et al.,
1949; Azevedo, 1991; Pedr~ao et al., 2002; Miranda and Rossetti,
2006). Palynological analyzes on samples collected along the Ita-
pecuru River assigned these deposits to the upper Aptianeupper
Albian, based on the biostratigraphic range defined by the Com-
plicatisaccus cearensis/Elaterosporites protensus zones (Pedr~ao et al.,
1996, 2002). However, Ferreira et al. (2020, 2021) restricted these
deposits to the upper Aptian. In this lithostratigraphic unit there are
fossils of chelonians, sauropod dinosaurs (Carvalho et al., 2003) and
theropods Carcharodontosauridae and Spinosauridae (Vilas Bôas
et al., 1999; Medeiros and Schultz, 2002; Medeiros, 2006;
Medeiros et al., 2007; Batista et al., 2021).

3. Materials and methods

For the morphological analyses, we evaluated the specimens of
Araripemys barretoi housed in the Macrofossils Collection of the
Federal University of Rio de Janeiro, Brazil under the coding
numbers UFRJ DG-37R and UFRJ DG-74R (Appendix C), UFRJ
DG-675R and UFRJ DG-693R (Appendix D). The specimens
tomography were performed at the Museum of Zoology of the
University of S~ao Paulo. The tomograph is the Phoenix v|tome|x m
microfocus microtomograph from General Electric (industrial
model), covering a wide range of resolutions reaching up to 0.5
micrometers (mm) with voltage varying between 180 and 300 kV.
Subsequently, the Avizo 7 and Zbrush 2019 softwares were used to
clean digitally the fossils from the matrix rock.

A descriptive statistical analysis was performed; we measured
the forelimbs of Araripemys barretoi and compared themwith other
living chelonians. For this, it was used the program Past 4.03
(Hammer et al., 2001) and data from Joyce and Gauthier (2004) and
Jannello et al. (2018), resulting in two charts. The first one is related
to the proportion between the humerus and ulna and its position
within a standard deviation already determined by Joyce and
Gauthier (2004). The second one is a ternary chart used to insert
the Araripemys barretoi species in the environmental context in
relation to other living chelonians.

4. Results and discussion

4.1. Taphonomic aspects

Araripemys barretoi presents distinct taphonomic signatures for
each of the analyzed lithostratigraphic unit. In the Crato Formation,
specimens of Araripemys barretoi were found in the laminated
micritic limestone, whose origin is attributed to transgressive-



Fig. 1. Specimens of Araripemys barretoi from Parnaíba Basin. A e UFRJ DG 37-R and B e UFRJ DG 74-R, ventral view. Cost ¼ Costal Plate, Per ¼ Peripheral Plate. Scale bar with 5 cm.
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regressive events associated with a lacustrine system (Neumann,
1999; Neumann et al., 2003). The fossils of this unit are well pre-
served due to the relationship with microbial mats, that induced the
mineralization of the specimens (Dias and Carvalho, 2020). In the
Romualdo Formation, Araripemys barretoi specimens are found in
calcareous nodules. Sedimentary structures of chemical origin,
consisting of spheroidal, ovoid, discoid or irregularly shaped
aggregates, with a different composition from the rock inwhich they
are contained, indicate precipitation of an aqueous solution during
sedimentation (syngenetic concretions). This occurred immediately
after or in the early stages of compactation (Scoffin, 1987).

It should be noted that the fossils from these stratigraphic units
of the Araripe Basin did not undergo significant transport as
postulated by Varej~ao et al. (2019b), which suggest post-mortem
displacement for turtles and other vertebrates. The assertion that
these animals lived in riparian forests, nearby rivers and/or shallow
lakes and that these animals are rarely preserved is not correct. The
number of articulated chelonians of the Araripemys barretoi species,
housed in several collections, is not consistent with the interpre-
tation of allochthonous species accumulated in a post-mortem
environment.

In the Itapecuru Formation, the Araripemys barretoi remains are
mostly fragmented and deformed. The specimens indicate trans-
port and redeposition in a probable fluvial-estuarine context.
Fig. 2. Digitally prepared humerus of Araripemys barretoi, specimen UFRJ DG 74-R.
Scale bar 1 cm.
4.2. Morphological characters

Araripemys barretoi presents several anatomical and morpho-
logical evidences that allow us to attribute this species to a specific
environment. These anatomical unique morphological features can
be observed in the shape of the carapace and plastron, and in the
overall anatomy of the forelimbs, regarding both its more proximal
(e.g. humerus) and distal (claws) elements.

Araripemys barretoi belongs to the monophyletic group Pleuro-
dira, Pelomedusoides (Gaffney et al., 2006), which is currently
exclusive of freshwater environments and inhabits the southern
hemisphere. Despite the current low diversity (Rhodin et al., 2021),
pelomedusoids were a very diverse group during the Cretaceous
and Paleogene, dispersed on almost all continents (except Central
Asia and Antarctica) (Gaffney et al., 2006, 2011; Ferreira et al.,
2018b). Some species such as Bairdemys thalassica (Capadore
3

Formation, Miocene of Venezuela) and Bairdemys venezuelensis
(Urumacu Formation, Miocene of Venezuela) are reported from
marine environments close to the coast (Winkler and S�anchez-
Villagra, 2006; Ferreira et al., 2015). Microforaminifers were iden-
tified in the sedimentary successions in which Araripemys barretoi
occurs in the Araripe Basin (Goldberg et al., 2019), as well as the
paleoenvironmental interpretations (Arai and Assine, 2020;
Araripe et al., 2022) for the upper Aptian in Northeast Brazil,
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indicate the presence of epicontinental seas. Base on Jannello et al.
(2020), Sena et al. (2021) identified a histological pattern in Arari-
pemys barretoi that resembles terrestrial animals. However, this
shell histology disagrees with the general lake and marine envi-
ronment suggested by the sediments fromwhich Araripemys comes
(Oliveira et al., 2011; Carvalho & Barreto 2015; Oliveira & Kellner
2017). Additionally, the combination of taphonomic aspects of
Araripemys barretoi and the presence of microforaminifers, argue in
favor of a nearshore or a fluvial-estuarine context. Further
morphological features of Araripemys barretoi supporting this hy-
pothesis are discussed below.

A common feature in marine turtles is the salt-secreting gland.
Living sea turtles are adapted to withstand high salinities, with
glands that eliminate salt excess (Brian and Cowan, 1971), but in
fossils, these organs are generally not found (Nicholls, 1997). In
modern Chelonia, it is located in the orbital cavity, above the eyes,
and can be identified in most skulls by the enlargement of this
cavity (Schumacher, 1973). In the studied specimens of Araripemys
barretoi, the orbital cavity is similar to that of other Pleurodira. Then
an interpretation of a strictly marine environment only based on
Fig. 3. Location map of the Araripe and Parnaíba basins during the Aptian. The north of Bra
Atlantic reached the South Atlantic through an epicontinental seaway that connected sever
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this structure is not supported. However, other anatomical aspects
allow elucidating and corroborating Araripemys barretoi as living in
large water bodies with great depths. Although there isn't clear
data concerning the paleobatimetry on Crato, Romualdo and Cod�o
deposits, the frequent presence of microbial intermediation in the
carbonate deposition and fossil preservation indicate the photic
zone. This is the best depth to the accumulation of the laminated
carbonates (Fürsich et al., 2019; Bom et al., 2021; Martill et al.,
2021; Storari et al., 2021).

In the carapace of Araripemys barretoi specimens (UFRJ DG 37R
and UFRJ DG 74R), there are costoperipheral fenestrae. They are
hollow spaces between the costal plates and peripheral plates
(Fig. 1). The formation of these fenestrae are due to the lack of
ossification in the last ontogenetic stages, as observed in living
chelonian embryos (Vieira, 2008). This type of structure is present
in marine turtles (living and fossil) and in some freshwater species
(example Chelydra serpentina) (Wyneken, 2001). Gasparini et al.
(2007) clarify that the costoperipheral fenestrae have the func-
tion of improve mobility in the water. Pough et al. (1989) and
Carroll (1988) indicated that this structure is an adaptative features
zil was still connected to the future African continent. An ingression from the Central
al inland basins (Adapted from Arai, 2014).
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to the environment in which chelonians live. The low weight and
the greater mobility allow them to live in deeper waters, emerge
and submerge quickly, typical of turtles that inhabit large water
bodies. However, in Chelydra serpentina, the presence of costoper-
ipheral fenestrae indicates that it has a greater control of submer-
sion, as its anatomical shape is not that of an active swimming
chelonian. In the plastron of Araripemys barretoi, we also observe
anatomical features similar to those present in marine chelonians
(living and fossil). The reduction of plastron size, presence of
fenestrae, accentuated axial and femoral entry are a set of charac-
teristics that gives them greater mobility in the water, relieving
weight and improving their hydrodynamics. The living Chelydra
serpentina species has a similar structure; however, the forelimbs
are not adapted for swimming movements, but specialized for
walking on riverbeds (Tulli et al., 2022). On the other hand, Care-
ttochelys insculpta Ramsay, 1886, has acute axial and femoral re-
cesses, and forelimbs like oars and hindlimbs like rudders, which
allowgreatmobility when submerged, as we suppose in Araripemys
barretoi. We can also observe similarity between Araripemys bar-
retoi and the Trionychidae, with a reduced plastron, making this
family excellent swimmers.

The Araripemys barretoi humerus allows some ecological in-
ferences. The head of the humerus (Fig. 2) was elongated into an
extreme ellipse with its long axis nearly parallel to the shaft hu-
merus shaft, restricting the movements of the forelimb to the
vertical plane (Weems and Knight, 2013). In this way, Araripemys
barretoi was probably unable to walk on the bottom surface,
spending most of the time in the water. It is possible to observe this
same characteristic in the species Bairdemys healeyorum (Weems
and Knight, 2013) and sea turtles (Ferreira et al., 2015). Turtles
with this type of humeral head usually have strong aquatic adap-
tations, with limbs functioning like oars and they are active
swimmers who live in wide lakes and/or seas (Weems and Knight,
2013). This humero is available for 3D visualization at Mendeley
Data (https://doi.org/10.17632/4zryss9zf7.1).
Fig. 4. Correlation between the length of the humerus and the
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Similarly to the anatomy of the humerus, the claws help to
interpret their living environment. Larger claws facilitate walking
through the substrate while their absence indicates a specialization
for environments with high stand water (Tulli et al., 2022). In many
cases, the keratinized structure is lost in the fossilization process,
but the digital endings can reveal its structure. In the Araripemys
barretoi specimens UFRJ DG 74R and UFRJ DG 693R, the arrow-
shaped digital ending is not suitable in the vast majority of living
freshwater Chelonia, such as Macrochelys temminckii, Chelus fim-
briatus and Hydromedusa tectifera, which in turn have long, curved
and pointed nails. Therefore, these animals are specialized in
walking on substrates and river beds. Araripemys barretoi does not
present this specialization (Appendix E), an additional difficulty to
walk on the bottom of water bodies.

4.3. Paleoecology

Araripemys barretoi forelimb anatomy exhibits probable ad-
aptations to living in different sorts of aquatic environments,
which in turn may have facilitated its wide distribution during the
Early Cretaceous in the Araripe and Parnaíba basins (Fig. 3). Joyce
and Gauthier (2004) carried out an extensive study and managed
to define a pattern of relationship between the bones of the
forelimbs and the habitat, resulting in two charts, one for pro-
portional analysis and the other ternary, to identify a pattern of
distribution by environments. The first one is based on the mea-
surements of the humerus and ulna; the second one is based on
the measurements of the humerus, ulna and paw until keratini-
zation. Thus, the humerus of the UFRJ DG 675R and UFRJ DG 693R
specimens are 1.52 and 1.6 times larger than the ulna, while the
total variation of all species presented in Joyce and Gauthier
(2004) ranges from 1.29 to 1.8. As a result, it is possible to
consider that both specimens are within the variation pattern of
Joyce and Gauthier (2004) (Fig. 4), thus suitable for using the data
in the ternary chart. The UFRJ DG 675R specimen is positioned in
ulna in living turtles, based on Joyce and Gauthier (2004).

https://doi.org/10.17632/4zryss9zf7.1


Fig. 5. Distribution by areas in the ternary chart of chelonians studied by Joyce and Gauthier (2004), with the inclusion of Araripemys barretoi. This show an adaptation of this
species to large bodies of water.
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the ternary chart slightly below the members of the Trionychidae
family (Fig. 5), corroborating the interpretation of Maisey (1991)
about the similarity between the members of the living family
Trionychidae and the Araripemys barretoi species. The ternary
chart allow recognizing a relationship between morphological
characteristics and the living environment, identifying diverse
types of environments in which these chelonians inhabited. Thus,
Araripemys barretoi is interpreted in the context of high speciali-
zation for aquatic environments with abilities to inhabit bodies of
water of different magnitudes, including large ones such as the
epicontinental sea proposed for the palaeoenvironment of the
region. It is positioned in the same final portion of the chart where
the recent marine species Dermochelys and Carettochelys (fresh-
water turtles with morphology specialized to move in large bodies
of water) are found, and the initial plot area of members of the
Cheloniidae and Trionychidae families. Thus, it is plausible to say
that Araripemys barretoi had an ecological advantage in environ-
ments with a wide extension of water without the necessity to be
regularly on land, in contrast to the other species of fossil chelo-
nians recorded for the Araripe and Parnaíba Basins.

5. Conclusions

Anatomical aspects of Araripemys barretoi and data from the
geological context allow us to interpret a plausible living environ-
ment to this species. Araripemys barretoi was able to live in diverse
types of aquatic environments. Therefore, the interpretation of the
strictly fluvial life environment is refuted. This species was able to
6

live in environments with variations in salinity, with better
mobility in the water than land. Its presence is abundant in the
Aptian of the Araripe and Parnaíba basins, where an epicontinental
sea once existed, as a result of the first marine ingressions in the
equatorial region during the opening of the Atlantic Ocean. In this
context, there were favorable conditions for the spreading of this
species and its preservation in the Aptian successions of a vast area
in the northern region of Brazilian Gondwana.

Data availability

Data will be made available on request.
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Price, L., 1973. Quelônio amphichelydia no Cret�aceo inferior do nordeste do Brasil.
Revista Brasileira de Geociências 3, 84e96.

Ramos, G., 2023. Web references. https://galileoramos.com/esqueletos/gallery-of-
skeletons-reptiles/turtles/chelydra-serpentina-2018-deformed-skeleton/.
(Accessed 10 January 2023).

Rhodin, A.G.J., Iverson, J.B., Bour, R., Fritz, U., Georges, A., Shafer, H.B., van Dijk, P.P.,
2021. Turtles of the world: annotated checklist and atlas of taxonomy, synon-
ymy, distribution, and conservation status. Phyllomedusa: Journal of Herpe-
tology 20 (2), 225e228. https://doi.org/10.11606/issn.2316-9079.v20i2p225-
228.

Rios-Netto, A.M., Paula-Freitas, A.B.L., Carvalho, I.S., Regali, M.P.S., Borghi, L.,
Freitas, F.I., 2012. Formalizaç~ao estratigr�afica do Membro Fund~ao, Formaç~ao Rio
da Batateira, Cret�aceo Inferior da Bacia do Araripe, Nordeste do Brasil. Revista
Brasileira de Geociências 42, 281e292. https://doi.org/10.5327/Z0375-
75362012000200005.

Rivera, A.R., Rivera, G., Blob, R.W., 2013. Forelimb kinematics during swimming in
the pig-nosed turtle, Carettochelys insculpta, compared with other turtle taxa:
rowing versus flapping, convergence versus intermediacy. Journal of Experi-
mental Biology 216 (4), 668e680. https://doi.org/10.1242/jeb.079715.

Romano, P.S.R., Gallo, V., Ramos, R.R.C., Antonioli, L., 2014. Atolchelys lepida, a new
side-necked turtle from the Early Cretaceous of Brazil and the age of crown
Pleurodira. Biology Letters 10, 20140290. https://doi.org/10.1098/rsbl.
2014.0290.

Romano, P.S.R., Oliveira, G.R., Azevedo, S.A.K., Kellner, A.W.A., Campos, D.A., 2013.
New information about Pelomedusoides (Testudines: Pleurodira) from the
Cretaceous of Brazil. In: Brinkman, D., Holroyd, P., Gardner, J. (Eds.), Morphology
and Evolution of Turtles. Springer, Dordrecht, pp. 261e275.

https://doi.org/10.1016/j.marpetgeo.2019.05.011
https://doi.org/10.1016/j.marpetgeo.2019.05.011
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
https://doi.org/10.1111/j.1365-3091.2009.01114.x
https://doi.org/10.1002/spp2.1300
https://doi.org/10.1016/j.palaeo.2019.109412
https://doi.org/10.1016/j.palaeo.2019.109412
https://doi.org/10.1016/j.cretres.2017.05.011
https://doi.org/10.1016/j.cretres.2017.05.011
https://doi.org/10.1098/rspb.2003.2523
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref51
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref51
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref51
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref51
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref51
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref51
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref51
https://doi.org/10.7287/peerj.preprints.27262v1
https://doi.org/10.1016/j.jsames.2021.103444
https://doi.org/10.1016/j.jsames.2021.103444
https://doi.org/10.7554/eLife.14698
https://doi.org/10.7554/eLife.14698
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref55
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref55
https://doi.org/10.1016/j.tecto.2014.05.029
https://www.palass.org/sites/default/files/media/publications/palaeontology/volume_31/vol31_part1_pp1-18.pdf
https://www.palass.org/sites/default/files/media/publications/palaeontology/volume_31/vol31_part1_pp1-18.pdf
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref58
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref58
https://doi.org/10.1126/science.aaa9208
https://doi.org/10.1126/science.aaa9208
https://doi.org/10.1016/j.cretres.2020.104718
https://doi.org/10.1016/j.cretres.2020.104718
https://doi.org/10.1029/91TC03092
https://doi.org/10.1016/j.marpetgeo.2020.104872
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref63
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref63
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref63
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref63
https://archive.org/details/biostor-248617
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref65
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref65
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref65
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref65
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref65
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref65
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref65
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref65
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref65
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref66
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref66
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref66
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref66
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref66
https://doi.org/10.1080/02724634.1996.10011280
https://ppegeo.igc.usp.br/index.php/rbg/article/view/9305/11127
https://ppegeo.igc.usp.br/index.php/rbg/article/view/9305/11127
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref69
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref69
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref69
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref69
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref70
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref70
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref70
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref70
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref71
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref71
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref71
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref71
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref71
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref71
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref71
https://doi.org/10.1016/S0166-5162(03)00018-1
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref73
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref73
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref73
https://revistas.ufrj.br/index.php/amn/article/view/48648/26325
https://revistas.ufrj.br/index.php/amn/article/view/48648/26325
https://revistas.ufrj.br/index.php/amn/article/view/48840/26465
https://revistas.ufrj.br/index.php/amn/article/view/48840/26465
https://doi.org/10.1016/j.jsames.2017.07.014
https://doi.org/10.1016/j.jsames.2017.07.014
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref77
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref77
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref77
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref77
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref77
https://www.ppegeo.igc.usp.br/index.php/GEOSP/article/view/7166/6611
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref79
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref79
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref79
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref79
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref79
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref80
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref80
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref80
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref80
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref80
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref80
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref80
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref80
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref80
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref81
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref81
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref81
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref81
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref81
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref81
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref82
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref82
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref82
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref82
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref82
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref82
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref82
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref83
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref83
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref84
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref84
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref84
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref84
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref84
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref84
https://galileoramos.com/esqueletos/gallery-of-skeletons-reptiles/turtles/chelydra-serpentina-2018-deformed-skeleton/
https://galileoramos.com/esqueletos/gallery-of-skeletons-reptiles/turtles/chelydra-serpentina-2018-deformed-skeleton/
https://doi.org/10.11606/issn.2316-9079.v20i2p225-228
https://doi.org/10.11606/issn.2316-9079.v20i2p225-228
https://doi.org/10.5327/Z0375-75362012000200005
https://doi.org/10.5327/Z0375-75362012000200005
https://doi.org/10.1242/jeb.079715
https://doi.org/10.1098/rsbl.2014.0290
https://doi.org/10.1098/rsbl.2014.0290
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref90
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref90
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref90
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref90
http://refhub.elsevier.com/S0195-6671(23)00031-9/sref90


D.L. Batista, I.S. Carvalho and M.S. de la Fuente Cretaceous Research 148 (2023) 105503
Scaramuzza dos Santos, A., Guerra-Sommer, M., Degani-Schmidt, I., Siegloch, A.M.,
Carvalho, I.S., Mendonça Filho, J.G., Mendonça, J.O., 2020. Funguseplant in-
teractions in Aptian Tropical Equatorial Hot arid belt: White rot in araucarian
wood from Crato fossil Lagerst€atte (Araripe Basin, Brazil). Cretaceous Research
114, 104525. https://doi.org/10.1016/j.cretres.2020.104525.

Scaramuzza dos Santos, A., Siegloch, A.M., Guerra-Sommer, M., Degani-Schmidt, I.,
Carvalho, I.S., 2021. Agathoxylon santanensis sp. nov. from the Aptian Crato fossil
Lagerst€atte, Santana Formation, Araripe Basin, Brazil. Journal of South American
Earth Sciences 112, 103633. https://doi.org/10.1016/j.jsames.2021.103633.

Schleich, H.H., 1990. Neues material zu Araripemys barretoi Price 1973 (Testudines:
Pleurodira). Mitteilungen der Bayerischen Staatssammlung für Palaontologie
und Historische Geologie 30, 39e49. Disponible en: https://www.zobodat.at/
pdf/Mitt-Bayer-Staatsslg-Pal-hist-Geol_30_0039-0049.pdf.

Schumacher, G.-H., 1973. Die Kopf- und Halsregion der Leder-schildkr€ote Der-
mochelys coriacea (Linnaeus 1976). Abhandlungen der Akademie der Wissen-
schaften 1e60.

Scoffin, T.P., 1987. An Introduction to Carbonate Sediments and Rocks. Chapman &
Hall, New York, p. 274.

Sena, M.V., Batim, R.A.M., Saravia, A.S.F., Saayao, J.M., Oliveira, G., 2021. Shell and
long-bone histology, skeletochronology, and lifestyle of Araripemys barretoi
(Testudines: Pleurodira), a side-necked turtle of the Lower Cretaceous from
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Vilas Bôas, I., Carvalho, I.S., Medeiros, M.A., Pontes, H., 1999. Dentes de Carchar-
odontosaurus (Dinosauria, Tyranosauridae) do cenomaniano, Bacia de S~ao Luís
(Norte do Brasil). Anais da Academia Brasileira de Ciências 71 (4-I), 846e847.

Vieira, L.G., 2008. Ontogenia dos ossos do esqueleto da tartaruga-da-Amazônia
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