INTRODUCTION

An Acad Bras Cienc (2021) 93(Suppl. 2): €20201594 DOI 10.1590/0001-3765202120201594
Anais da Academia Brasileira de Ciéncias | Annals of the Brazilian Academy of Sciences
Printed ISSN 0001-3765 | Online ISSN 1678-2690
www.scielo.br/aabc | www.fb.com/aabcjournal

PALEONTOLOGY

Morphological variation in the dentition of
Uruguaysuchidae (Crocodyliformes: Notosuchia)

RODRIGO G. FIGUEIREDO & ALEXANDER W.A. KELLNER

Abstract: Uruguaysuchidae was a diverse group of crocodyliforms with widespread
Gondwanan distribution. Recent phylogenies recover a clade comprising six species of
Araripesuchus and one Uruguaysuchus. We reviewed the morphological variation in the
dentition of uruguaysuchid specimens, including unpublished fossils from the Crato
(SMNK PAL 6404) and Romualdo (MN 7061-V) formations of the Araripe Basin. Dental
patterns are clearly distinct between species, with important taxonomic and possible
ecological implications. Neither Araripesuchus nor Uruguaysuchus have characters
suggesting exclusive herbivory, even for species in which tooth-tooth occlusion is
observed. New data on A. gomesii shows differences in teeth number between the new
specimen MN 7061-V and the holotype, probably due to preservation. The specimen
SMNK PAL 6404 has a unique combination of dental characters, which reinforces the
hypothesis that it might belong to a new Araripesuchus species. The alveoli pattern of
A. rattoides is very distinctive in comparison to other araripesuchids, what also suggests
different taxonomic affinities. One interpretation for the morphological variation in
the dentition of Uruguaysuchidae is foraging specializations for different life habits.
Niche partitioning and ecological specialization could have been an important process
in explaining the high taxonomic diversity and widespread spatial distribution of these
animals in the Cretaceous of Gondwana.
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disparity is often linked with distinct feeding
habits and lifestyles, however establishing a

The evolutionary history of Crocodyliformes
is characterized by high ecological diversity,
which can be traced to several episodes of
radiation along the Jurassic and Cretaceous
(Stubbs et al. 2013, Toljagic & Butler 2013). In
the last years, several new specimens were
discovered particularly in South America (e.g.,
Souza & Campos 2019), increasing the scope of
studies about these reptiles (e.g., Wilberg 2017,
Cardia et al. 2019). An extensive fossil record
reveals different body plans and a wide range
of variation in skull morphology, notably in the
shape oftherostrum, and in patterns of dentition
(Riff & Kellner 2001, Osi 2013, Wilberg 2017). Such

clear correlation between form and function,
and their influence on the ecological roles
displayed by extinct crocodyliforms is not a
straightforward task (Drumheller & Wilberg
2020).

Terrestrial Cretaceous crocodyliforms
developed extraordinarily specialized
dentitions, repeatedly showing one or more
of such features: i. complex tooth morphology
(e.g., multicuspidate teeth); ii. regionalization
(i.e. incisiform, caniniform, postcaniniform, and
molariform morphotypes); iii. enamel macro and
micro ornamentation (e.g., ziphodont, micro-
ziphodont, false-ziphodont); iv. tooth-to-tooth
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occlusion; v. reduction in number (Prasad & de
Lapparent de Broin 2002, Andrade et al. 2010, Osi
2013, Melstrom & Irmis 2019). Cranial-mandibular
joint anatomy and dental wear facets indicate
that, at least some species with specialized
dentition, were capable of active oral food
processing, i.e. chewing (Osi 2013).

Notosuchia (sensu Pol et al. 2014) is
the most notable group of heterodont
crocodyliforms, since most of its lineages have
features related to a specialized dentition, and
thus a wide variety of feeding behaviors has
been inferred for them, from carnivory (e.g,

VARIATION IN THE DENTITION OF URUGUAYSUCHIDAE

Riff & Kellner 2011), to insectivory (e.g., Martin
& de Lapparent de Broin 2016), omnivory
(e.g., Nobre et al. 2008), and herbivory (e.g,,
Melstrom & Irmis 2019). Nevertheless, some
groups that have relatively simple dentition, at
least in comparison to more highly specialized
notosuchians, show considerable morphological
disparity between species, which is the case
of Uruguaysuchidae. This clade unites the six
species of Araripesuchus, i.e. A. gomesii, A.
wegeneri, A. patagonicus, A. buitreraensis, A.
tsangatsangana, and A. rattoides (Figure 1) and
Uruguaysuchus azanarezi (Gasparini 1971, Soto

Figure 1. Taxonomic diversity
of the genus Araripesuchus.
Skulls in dorsal view in a:
Araripesuchus gomesii (DGM
423-R); b: Araripesuchus
wegeneri (MNN GAD 19); c:
Araripesuchus patagonicus
(MUC PV 269); d: Araripesuchus
tsangatsangana (FMNH

PR 2297); e: Araripesuchus
buitreraensis (MPCA-PV 235);
dentary in dorsal view in f:
Araripesuchus rattoides (CMN
41893). Scale bars 10 mm.
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et al. 2011, Fernandez Dumont et al. 2020). Some
authors also recovered Anatosuchus minor as
a uruguaysuchid (e.g,, Pol et al. 2014) or at least
related to some Araripesuchus species (Sereno
& Larsson 2009). Rusconi (1933) described a
second species of Uruguaysuchus, named
U. terrai, based on differences in the dental
formula of the specimens. However, it is likely
that specimens assigned to U. terrai represents
juveniles of U. azanarezi (Soto et al. 2011).

Uruguaysuchids consist of one of the most
interesting clades from the point of view of
the evolution of Notosuchia, since this clade
has the longest temporal range in the fossil
record (i.e. 59 million years), spanning from
Aptian to Maastrichtian (Turner 2006, Frey &
Salisbury 2007). It also shows one of the widest
geographic distributions in Gondwana, with
fossils being found in Argentinian Patagonia and
Uruguay in the southwest (Ortega et al. 2000,
Soto et al. 2011); Brazil, Cameroon and Niger, in
central Gondwana (Price 1959, Buffetaut 1981,
Frey & Salisbury 2007); Morocco and Tunisia
in the north (Sereno & Larsson 2009); and
Malawi and Madagascar in southeast (Jacobs
et al. 1990, Turner 2006). However, several
specimens of Araripesuchus were only briefly
mentioned in the literature (e.g., Jacobs et al.
1990, Buffetaut 1981, Frey & Salisbury 2007) and
new fossils have yet to be described from the
Crato Formation (SMNK PAL 6404) and Romualdo
Formation (MN 7061-V) of the Araripe Basin, that
have also yielded other crocodylomorphs (e.g,
Kellner 1987). A further discussion on tooth
morphotypes and its definitions is necessary,
and here we addressed some of these issues.
We analyzed many uruguaysuchid specimens
to review the morphological variation in the
dentition of these animals and compared them
to other notosuchians, which are significant for
the taxonomy of the Notosuchia.

VARIATION IN THE DENTITION OF URUGUAYSUCHIDAE

SYSTEMATIC PALEONTOLOGY

Crocodyliformes Hay, 1930
Notosuchia Gasparini, 1971 (sensu Pol et al.
2014)
Uruguaysuchidae Gasparini, 1971
tUruguaysuchus Rusconi, 1933
tUruguaysuchus aznarezi Rusconi, 1933
tAraripesuchus Price, 1959
tAraripesuchus gomesii Price, 1959
tAraripesuchus wegeneri Buffetaut,
1981

tAraripesuchus patagonicus Ortega,
Gasparini, Buscalioni & Calvo, 2000.

tAraripesuchus buitreraensis Pol &
Apesteguia, 2005

tAraripesuchus tsangatsangana
Turner, 2006

tAraripesuchus rattoides Sereno &
Larsson, 2009

MATERIALS AND METHODS

A wide sample of fossils were first hand analyzed
for this study, consisting in the following species
and specimens: Araripesuchus buitreraensis
(MPCA-PV 235); Araripesuchus gomesii (DGM
423-R, AMNH 24450, MN 7061-V); Araripesuchus
patagonicus (MUCPV 269, MUCPV 267, MUCPV
268, MUCPV 268b, MUCPV 270); Araripesuchus
rattoides (CMN 41893, UCRC PV3); Araripesuchus
sp.(MPCA-PV236); Araripesuchussp.(“Crato Form”
SMNK PAL 6404); Araripesuchus tsangatsangana
(FMNH PR 2297-2299, FMNH PR 2318, FMNH PR
2334, UA 8750, UA 8751, UA 8756, UA 8760, UA 8761,
UA 8762, UA 8763); Araripesuchus wegeneri (MNN
GAD 19-23, MNN GAD 26); Uruguaysuchus aznarezi
(FC-DPV 2320). So far the specimen MN 7061-V
was not recovered from the fire that affected the
Museu Nacional in 2018, although we still hope
to recover this material as has been the case of
others (e.g., Kellner et al. 2019).
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Anatomical abbreviations: alv, alveolus/
alveoli; be, buccal emargination; cte, caniniform
tooth/teeth; d, dentary; ect, ectopterygoid;
exna, external nares; for, foramen/foramina;
ite, incisiform tooth/teeth; m, maxilla; pcte,
postcaniniform tooth/teeth; pl, palatine; pm,
premaxilla; pmte, premaxillary tooth/teeth; pty,
pterygoid; ptyf, pterygoig flange; sn, slit-like
notch; tte, transitional tooth/teeth.

Institutional abbreviations: AMNH, American
Museum of Natural History (New York City, USA);
CMN, Canadian Museum of Nature (Ottawa,
Canada); DGM, Museu de Ciéncias da Terra,
Departamento Nacional de Produg¢ao Mineral,
Servico Geologico de Brasil (Rio de Janeiro,
Brazil); FC-DPV, Facultad de Ciencias, Universidad
de la Republica (Montevideo, Uruguay); FMNH,
Field Museum of Natural History (Chicago, USA);
MN, Setor de Paleovertebrados, Departamento
de Geologia e Paleontologia, Museu Nacional,
Universidade Federal do Rio de Janeiro (Rio
de Janeiro, Brazil); MNN, Muséum National
du Niger (Niamey, Republic of Niger): MPCA,
Museo Provincial Carlos Ameghino (Cipolletti,
Argentina); MUCPV, Museo de la Universidad
Nacional del Comahue (Neuquén, Argentina);
SMNK, Staatliches Museum fur Naturkunde
Karlsruhe (Karlsruhe, Germany); UA, University
of Antananarivo (Antananarivo, Madagascar);
UCRC, University of Chicago Research Collection
(Chicago, USA).

RESULTS AND DISCUSSION

The heterodont dentition of the Crocodyliformes
includes three basic morphotypes: incisiform
(or incisiviform sensu Lecuona & Pol 2008),
caniniform, and molariform. The nomenclature
is based on mammalian dentition, but up to
date there are no formal descriptions for each
category, with shape, size and position being

VARIATION IN THE DENTITION OF URUGUAYSUCHIDAE

often used to distinguish each of them. A fourth
morphotype is the ziphodont, composed of
labiolinguallycompressedserratedteeth.Herewe
adopted the nomenclature proposed by Sereno
& Larsson (2009), which use postcaniniforms
for teeth located distally to the longer and/or
enlarged elements of the series. Molariforms
are usually also postcaniniform teeth, but this
morphotype is absent in uruguaysuchids. We
also follow Sereno & Larsson (2009) describing
the ornamentation of the carina with the
presence of denticles (observed in A. wegeneri),
rather using ziphodont dentition, which better
suits the teeth of Sebecosuchia and Theropoda
dinosaurs.

Uruguaysuchidae species have heterodont
dentition comprising incisiform, caniniform
and postcaniniform teeth. All incisiforms and
caniniforms have conical to subconial crowns
that varies in size, the former are smaller
and the latter are larger. The postcaniniforms
show either a “spatulate” morphology (i.e.
apically rounded with a constriction at the
base of the crown), “lanceolate” morphology
(apically pointed crowns with symmetrical
carinae), or “leaf shape” morphology (apically
pointed crowns with asymmetrical carinae).
Other notosuchians show highly specialized
morphology and dental function (Clark et al.
1989, Riff & Kellner 2001, 0’Connor et al. 2010, Osi
2013, Melstrom & Irmis 2019) in comparison with
Araripesuchus and Uruguaysuchus. However,
there is still considerable disparity between
uruguaysuchids (Figure 2 and 3), especially
regarding number of teeth, variation in size,
and ornamentation, including the presence or
absence of true denticles.

Premaxillary teeth

The premaxillary dentition of Araripesuchus
species is composed by either four teeth, as
in A. patagonicus (Ortega et al. 2000) and A.
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PREMAXILLA
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Figure 2. Schematic chart showing the variation of premaxillary and maxillary dentition in Araripesuchus and

Uruguaysuchus species.

gomesii (at least in the holotype DGM 423-R), or
five teeth like in A. wegeneri, A. tsangatsangana,
A. buitreraensis and the Crato Form SMNK 6404
(Figure 4). The new specimen SMNK PAL 6404
(Araripesuchus sp.) has a transitional tooth
located at the suture between premaxilla and
maxilla, which alveolus is made by both bones
(Figure 4). Price (1959) described four teeth in
the holotype of A. gomesii (DGM 423-R), but five
teeth are clearly present in MN 7061-V (Figure 5),
what raises the possibility that in the holotype
one tooth was not preserved. There are three
preserved premaxillary alveoli in Uruguaysuchus
aznarezi (FC-DPV 2320) but is highly probable that
the total number of premaxillary teeth in this

species is four, giving the tip of the snout of FC-
DPV 2320 is missing (Soto et al. 2011). Tooth count
is extremely variable among crocodylomorphs,
with notosuchians showing greater numerical
range. Some species, like Anatosuchus minor,
has six premaxillary teeth, whereas other
taxa such as sphagesaurids have only two
(Pol 2003, Marinho & Carvalho 2009, Sereno
& Larsson 2009, Kellner et al. 2011b). However,
the presence of four teeth is the most common
condition observed in mesoeucrocodylians,
including baurusuchids and some “advanced
notosuchians” (Riff & Kellner 2001, Andrade &
Bertini 2008, Lecuona & Pol 2008).
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DENTARY
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(MNN GAD 20 and 26)
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(FMNH PR 2318)
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41893 and UCRC PV3)

Araripesuchus sp. (MPCA-PV 236)

Crato Form (SMNK PAL 6404)

TrrreYyes § 4 &8 6 6 &
aud lln:“‘nnn

mmm‘nn:n

lll‘mnnllﬂ

(stailanesensee
(aidssalesese

Figure 3. Schematic chart showing the variation of dentary dentition in Araripesuchus and Uruguaysuchus species.

The premaxillary teeth of Araripesuchus
species are all subconical in shape with a slightly
distolingually curvature. In A. wegeneri and Crato
Form SMNK PAL 6404 the base of each teeth is
bulbous, what gives them a blunter shape. The
crowns are subcircular in cross-section, as in
most mesoeucrocodylians, and separated from
the roots by a mild to moderate constriction.
Crown surfaces are smooth in all species but
A. wegeneri, which shows marked apicobasal
striations and a series of five to six fine denticles
per millimeter, at the apical carinae (Sereno &
Larsson 2009). In most Araripesuchus species
the mesial margins of the teeth are curved and
usually slightly longer in comparison to the

straight distal ones, except in A. tsangatsangana
that have symmetrical straight mesial and
distal edges. The premaxillary incisiform of
Uruguaysuchus are similar in shape to those
of A. gomesii and A. tsangatsangana, however
in the former taxon the enamel surface bears
some light wrinkles. A similar morphology is
observed in the five teeth of Montealtosuchus,
which have finely serrated keels (Carvalho et al.
2007).

Araripesuchus lacks the premaxillary
hypertrophied caniniform teeth present in other
notosuchians (Lecuona & Pol 2008), either as
single (e.g., Notosuchus, Mariliasuchus) or paired
(e.g., Chimaerasuchus, Sphagesaurus) elements.
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pcte

Despite that, there is still some size variation
between species. The third premaxillary teeth
are slightly enlarged in A. wegeneri and in
Uruguaysuchus, whereas in A. gomesii, A.
patagonicus and A. tsangatsangana the fourth
teeth are the large ones (Figure 2). In Crato Form
SMNK PAL 6404 the last three teeth are slightly
larger than the two anterior-most elements,
being the fourth one the larger (Figure 4). The
premaxillary alveoli are arranged in straight rows
that are oblique oriented, diverging posteriorly
toward the maxilla. This pattern of orientation
follows the external contour of the bone and
is observed in all Araripesuchus species with
preserved alveoli. A similar orientation is
present in Libycosuchus, however the angle
formed between each tooth row is larger in this
species (Sereno & Larsson 2009).

VARIATION IN THE DENTITION OF URUGUAYSUCHIDAE

Figure 4. Detail of
the skull of the
specimen SMNK PAL
6404 (Crato Form) in
ventral view showing
the dentition. Scale
bar = 10 mm. cte,
caniniform tooth/
teeth; ite, incisiform
tooth/teeth; pcte,
postcaniniform
tooth/teeth; pmte,
premaxillary tooth/
teeth; transitional
tooth/teeth.

Maxillary teeth

Araripesuchus species have a minimum of seven
maxillary teeth, as observed in A. buitreraensis
(Fernandez Dumont et al. 2020), and a maximum
of fourteen teeth in A. wegeneri according to the
number of preserved alveoli (Figure 2). However,
the precise number of teeth is still unknown in
Crato Form SMNK PAL 6404 and A. patagonicus, so
it could be larger than the current estimations.
The tooth count in Uruguaysuchus is estimated
in thirteen based on the preserved alveoli. The
number of teeth is usually linked to the length
of the maxilla and most crocodylomorphs have
a tooth count of eight, or more, maxillary teeth,
even in some brevirostrine forms (Romer 1956).
However, a trend for the extreme reduction
of the dental formula is observed in some
“protosuchians” (e.g., Orthosuchus, Zosuchus,
Endentosuchus), baurusuchids, and “advanced
notosuchians” like Sphagesauridae, Notosuchus
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and Mariliasuchus (Nash 1975, Riff & Kellner
2001, Pol & Norell 2004, Pol et al. 2004, Andrade
& Bertini 2008, Lecuona & Pol 2008, lori et al.
2011).

All Araripesuchus species show a relatively
well-developed regionalization of the maxillary
dentition, showing incisiform, caniniform
and postcaniniform teeth (Figure 2). The
presence of all types of crown morphology
in the maxillary dental series is observed in
most notosuchians, except for Notosuchus,
Mariliasuchus and sphagesaurids, which lack
the first two morphotypes (Lecuona & Pol 2008,
lori et al. 2011). The incisiform of Araripesuchus
are small and show both asymmetrical (A.
gomesii) and symmetrical carinae (A. wegeneri,
A. tsangatsangana, A. buitreraensis). The two
anterior-most teeth of the maxilla can be
considered incisiforms and are observed in
Uruguaysuchus and all Araripesuchus species
(Figure 2). The second incisiform is always larger
than the first one, but not exceeding half the
length of the hypertrophied caniniform tooth,
as observed in A. gomesii, A. wegeneri and A.
buitreraensis. However, in Uruguaysuchus
and some peirosaurids (e.g., Uberabasuchus,

VARIATION IN THE DENTITION OF URUGUAYSUCHIDAE

Figure 5. Araripesuchus
gomesii (MN 7061-V) showing
the lateral view of the palate.
The maxillary dentition is
shown in detail. Black arrows
indicate the presence of five
premaxillary alveoli. Scale
bar = 10 mm. alv, alveolus/
alveoli; cte, caniniform tooth/
teeth; for, foramen/foramina;
ite, incisiform tooth/teeth; m,
maxilla; pcte, postcaniniform
tooth/teeth; pl, palatine; pm,
premaxilla; sn, slit-like notch.

Montealtosuchus) the second maxillary teeth are
clearly longer than half the caniniform length
(Carvalho et al. 2004, 2007, Soto et al. 2011).

The hypertrophied caniniform teeth of the
Notosuchia have a general conical shape, and
most differences between groups are observed
in the patterns of surface ornamentation,
number, and position of carinae, and presence
of serration or denticles. A. buitreraensis has
huge caniniforms (e.g., MPCA-PV 242) that are
comparatively longer than those observed in
any other uruguaysuchid (Fernandez Dumont
et al. 2020). In A. gomesii and A. buitreraensis
the caniniform morphology is rather simple;
the enamel surface is smooth, and the curved
mesial carina is longer than the straight distal
one, without denticles. On the other hand,
the enamel surface in A. wegeneri has a more
complex structure, with delicate fluting and
finely denticulated carinae, showing about
five to six denticles per millimeter (Sereno &
Larsson 2009). The density of denticles in the
maxillary teeth of A. wegeneri (5-6/mm) is higher
to that observed in Baurusuchus (2-3/mm),
Pissarrachampsa (3-4/mm) and Sahitisuchus
(3-3.5/mm) (Riff & Kellner 2001, Montefeltro
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et al. 2011, Pol et al. 2012, Kellner et al. 2014).
Unfortunately, the density of denticles in the
dentition of the peirosaurid crocodylomorphs
is still poorly known, but the associated teeth
of Barcinosuchus show 11-12 denticles per
millimeter (Leardi & Pol 2009). Uruguaysuchus
has a unique set of four apicobasal carinae,
however without serrations or denticles (Soto
et al. 2011).

The dentition of the posterior maxillary
region shows most of the variation in shape
and number of teeth in different crocodyliforms,
such as “protosuchians”, hylaeochampsids,
and Notosuchia. The postcaniniforms of
Araripesuchus, especially regarding the species
A. wegeneri, are like those of Uruguaysuchus. A.
gomesii, A. patagonicus, and Crato Form SMNK
PAL 6404 have lanceolate first postcaniniforms,
whereas A. wegeneri and A. tsangatsangana only
the first and second teeth exhibit this shape.
Posteriorly, the crowns are highly buccolingually
flattened in both Araripesuchus and
Uruguaysuchus, giving them a rounded apical
profile in labial/lingual view (i.e. “spatulate”
morphology). The constriction between the
roots and the crowns are extremely developed,
creating a marked basal “neck” (Figure 4 and
6). Some peirosaurids show a similar, yet much
more gentle constriction (Carvalho et al. 2004,
2007). The crowns have smooth carinae in A.
tsangatsangana, however in Uruguaysuchus
and A. wegeneri they are denticulate. The
presence of denticles in the posterior dentition
of A. gomesii (AMNH 24450) was suggested by
Soto et al. (2011), but this is not yet confirmed.
A central cusp is present in A. wegeneri, Crato
Form SMNK PAL 6404 and Uruguaysuchus, which
can be considered at first as homologous due
their similarities in size, shape, and location.

Araripesuchus and Uruguaysuchus have
a relatively high number of postcaniniform
teeth despite having short rostra (Figure 1

VARIATION IN THE DENTITION OF URUGUAYSUCHIDAE

and 2). A more blunter crown morphology is
present in the posterior-most postcaniniforms
of a few South American peirosaurids, such as
Pepesuchus and Uberabasuchus (Carvalho et al.
2004, Campos et al. 2011). On the other hand,
the african peirosaurid Hamadasuchus shows
a postcaniniform morphology that resembles
the dentition of sebecid crocodylomorphs,
with more conical and slightly curved teeth
(Larsson & Sues 2007). Baurusuchidae shows an
extreme reduction in number of postcaniniform
dentition, bearing only two small conical teeth
(Riff & Kellner 2001, Montefeltro et al. 2011).

The most specialized postcaniniform
dentition is observed in Sphagesauridae
and some other notosuchians, such as
Adamantinasuchus, Candidodon, Malawisuchus,
Pakasuchus, Yacarerani, and Chimaerasuchus
(Osi 2013, Pol et al. 2014). Sphagesaurids are
often described as having molariform teeth
with crown ornamentation composed by
multicusped keels (lori et al. 2011, Pol et al.
2014). However, multicuspidate teeth are not
directed related to the molarization of the
dentition (e.g., Simosuchus). Thus, the presence
of molariform crowns is currently restricted to
the edentosuchids from the Lower Cretaceous
of China (Pol et al. 2004), Iharkutosuchus (Osi
& Weishampel 2009), and several notosuchians,
which is the case of Adamantinasuchus,
Candidodon, Malawisuchus, Pakasuchus,
Yacarerani and Chimaerasuchus (Carvalho 1994,
Wu et al. 1995, Gomani 1997, Nobre & Carvalho
2006, Novas et al. 2009, O'Connor et al. 2010).

Dentary teeth

The dentary series is extremely variable among
Araripesuchus species (Figure 3). The first
teeth are small and have incisiform crowns
that are slightly mesially deflected. SMNK
PAL 6404 has diminutive symphyseal teeth
that are smaller even in comparison to other
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Figure 6. Cranial remains of Uruguaysuchus aznarezi (FC-DPV 2320) in left lateral view. Scale bar = 10 mm. cte,
caniniform tooth/teeth; ect, ectopterygoid; exna, external nares; for, foramen/foramina; ite, incisiform tooth/
teeth; m, maxilla; pcte, postcaniniform tooth/teeth; pm, premaxilla; pty, pterygoid; ptyf, pterygoig flange.

Figure 7. Dentary of the holotype of Araripesuchus rattoides (CMN 41893) in right lateral view. Black arrow indicates
the lateral mandibular concavity. Scale bar = 10 mm. cte, caniniform tooth/teeth; ite, incisiform tooth/teeth; pcte,

postcaniniform tooth/teeth.

uruguaysuchids. However, important exceptions
are observed in Araripesuchus rattoides (Figure
7) and Araripesuchus sp. MPCA-PV 236 (Figure
8), which show procumbent alveoli like those of
Mariliasuchus and Yacarerani (Zaher et al. 2006,
Novas et al. 2009). Also, A. rattoides shows larger
first and fourth alveoli, which are not observed
in other Araripesuchus. In A. gomesii, A.
tsangatsangana, Crato Form SMNK PAL 6404, and
Uruguaysuchus the incisiform are symmetrical
and conical, with straight to slightly curved
mesial and distal edges. However, A. wegeneri
has asymmetrical leaf-shaped anterior dentary

incisiform, which mesial carinae are longer and
much curved in comparison to the distal ones
(Figure 3). Another important difference of A.
wegeneri is the presence of denticles also in the
dentary teeth.

The incisiform dentition is not restricted to
the anterior-most portion of the dentary, even
in species that have an enlarged anterior tooth.
Therefore, the transition from the incisiform to
the postcaniniform tooth crown pattern usually
occurs in the mid-posterior region of the
mandibular symphysis. Also, the total number
of incisiform helps establishing where in the
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mandible the change between morphotypes
occurs. A reduction in the incisiform series is
observed in Uruguaysuchus (five teeth) and
Araripesuchus sp. MPCA-PV 236 (six teeth), in
comparison to A. wegeneri (eight teeth) and A.
tsangatsangana (nine teeth). Thus, in the South
American taxa, the postcaniniforms are present
in the symphyseal region, whereas in the African
species they are observed only posterior to
the mandibular symphysis. The reduction
of the incisiform series is also observed
in more complex-toothed crocodyliforms,
such as Edentosuchus and some “advanced
notosuchians” (Pol et al. 2004, Zaher et al. 2006,
Lecuona & Pol 2008).

A remarkable feature shared between A.
wegeneri, A. tsangatsangana, and Crato Form
SMNK PAL 6404 is the presence of one posterior
enlarged incisiform teeth. However, the
homology of these teeth is unclear. They seem to
be similar in morphology in A. tsangatsangana
and the Crato Form, but they are quite different
in A. wegeneri. Also, such teeth occupy different
positions on the dentary; respectively the tenth
and eleventh alveoli in A. tsangatsangana and
A. wegeneri, and the ninth position in the Crato
Form. The Nigerian species shows a leaf-shaped
tooth, which is stout and bears well-developed
curved mesial and distal carinae (Figure 9).
The carinae are finely denticulate and slightly
lingually deflected, creating two marked grooves
between each of them and the lingual surface of
the crown. The hypertrophied lanceolate tooth
of A. tsangatsangana is remarkably high and
relatively slender (Figure 10). Their mesial and
distal carinae are straight and sharp, without
denticles. Labially, the crown surface shows three
distinct facets that are separated by two well-
marked apicobasal ridges. The hypertrophied
tooth of Crato Form is conical and shows a
strongly curved posterior carina.

VARIATION IN THE DENTITION OF URUGUAYSUCHIDAE

Highly hypertrophied caniniforms, such
as those observed in baurusuchids, sebecids
and peirosaurids, are essentially missing in
uruguaysuchids (Riff & Kellner 2001, Martinelli et
al. 2012, Kellner et al. 2014). The absence of such
teeth in this region is not a surprise, giving that
the mandibular symphysis is always very shallow
in Araripesuchus (Figure 10) and Uruguaysuchus
(Figure 11). However, A. gomesii, A. wegeneri, and
at least one specimen of A. tsangatsangana
(FMNH PR 2297) show enlarged fourth dentary
teeth. Although clearly not hypertrophied,
these enlarged teeth deviate from the pattern
of small symphyseal elements observed in A.
tsangatsangana (FMNH PR 2318 and UA 8720),
Crato Form SMNK PAL 6404, Araripesuchus
sp. MPCA-PV 236, and Uruguaysuchus. The
Moroccan taxon Araripesuchus rattoides shows
a rather different morphology in comparison to
all Araripesuchus and Uruguaysuchus species.
The fourth alveolus is much larger than any
other in the symphyseal series, with a minimum
diameter twice as large as the adjacent tooth
sockets (Figure 12). Also, the large alveolus is
placed at an elevated portion of the dentary.
All those traits indicate that the fourth dentary
tooth of Araripesuchus rattoides was in fact
hypertrophied.

The postcaniniform series shows a
few common features in A. wegeneri, A.
tsangatsangana and Uruguaysuchus. These
animals have labiolingually compressed teeth
with “spatulate” shape, i.e. apically rounded
with a constriction at the base of the crown.
The basal compression is not very developed
in the malagasy Araripesuchus. Apical cusps are
present in A. wegeneri and Uruguaysuchus, and
fine denticles ornament their edges. The labial
surface of the enamel bears shallow ridges in
the postcaniniform teeth of A. tsangatsangana.
However, a completely different morphology
is present in the specimen Araripesuchus sp.
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Figure 8. Dentary of Araripesuchus sp. (MPCA-PV 236)
in dorsal view. Black arrow shows region where the
procumbent alveoli and teeth are located. Scale bar
=10 mm. cte, caniniform tooth/teeth; ite, incisiform
tooth/teeth; pcte, postcaniniform tooth/teeth.

Figure 9. Detail of the enlarged dentary tooth of
Araripesuchus wegeneri (MNN GAD 20) in lingual view.
Scale bar =10 mm.

VARIATION IN THE DENTITION OF URUGUAYSUCHIDAE

MPCA-PV 236. The posterior teeth are much more
robust and poorly labiolingually compressed
in comparison to those observed in other
Araripesuchus and Uruguaysuchus species.
Although most of tooth crowns are missing, it is
possible to infer a more bulbous shape for them,
resembling the posterior crushing teeth of some
living and fossil eusuchians (Osi & Barrett 2011).

CONCLUSIONS

The dental patterns are clearly distinct between
Uruguaysuchidae species, with highly variable
tooth count, variation in size and position of the
morphotypesandalveoli.Some ofthosevariation
have systematic and taxonomic importance.
The new specimen MN 7061-V shows that A.
gomesii has five premaxillary teeth instead of
four, and the previous interpretation by Price
(1959) was probably due a preservation artifact.
Information regarding the dentition of the
specimen SMNK PAL 6404 reveals a combination
of characters unique among uruguaysuchids (i.e.
the last three maxillary teeth are slightly larger
than others, presence of a transitional tooth
located at the suture between premaxilla and
maxilla) that together with other osteological
differences and similarities (vide Frey & Salisbury
2007, Figueiredo 2015) suggests this is a new
Araripesuchus species. There are no preserved
teeth in A. rattoides, however its alveoli pattern
indicates a dentition that was rather different
in comparison to all other uruguaysuchids, with
exceptionally large first and fourth alveoli. The
remarkably dorsoventrally high symphysis of
the mandible also differs the Moroccan taxon
from other Araripesuchus, and all those features
combined pointsto a genus-level differentiation.

The dentition patterns observed in
Uruguaysuchidae can represent foraging
specializations in this clade, suggesting different
life habits and feeding strategies (Sereno &
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ite

Figure 10. Left dentary

bone of Araripesuchus
tsangatsangana (FMNH

PR 2318) in left lateral

view. Scale bar = 10 mm.

be, buccal emargination;
cte, caniniform tooth/
teeth; d, dentary; for,
foramen/foramina; ite,
incisiform tooth/teeth; pcte,
postcaniniform tooth/teeth.

Figure 11. Detail of the
anterior region of the
mandible of Uruguaysuchus
aznarezi (FC-DPV 2320)

in left lateral view. Out

of scale. be, buccal
emargination; d, dentary;
for, foramen/foramina; ite,
incisiform tooth/teeth; pcte,
postcaniniform tooth/teeth.

Figure 12. Dentary of
Araripesuchus rattoides
UCRC PV3 (left) and the
holotype CMN 41893 (right)
in dorsal view. Scale bar
=10 mm. de, dentary; cte,
pCte caniniform tooth/teeth; ite,
incisiform tooth/teeth; pcte,
postcaniniform tooth/teeth.
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Larsson 2009). None of the Araripesuchus or
Uruguaysuchus species have typical discrete
characters that suggest a strict herbivore diet,
such as the presence of chisel-like incisiforms,
broad and flat crowns in the postcaniniform
teeth, or molarization of the posterior-most
teeth. This is the case even for the species in
which tooth-tooth occlusion and apical wear
facets in the crowns (e.g., A wegeneri), which is
an indicative of oral processing of food, but not
herbivory (Osi 2013). Recent data on the dental
complexity of Araripesuchus gomesii showed
their teeth are compatible with insectivorous
or omnivorous diets (Melstrom & Irmis 2019).
However, it is important to note that the
specimen AMNH 24450 is a juvenile animal, and
ontogenetic dietary partitioning is well-known
in living crocodilians (e.g., Tucker et al. 1996,
Platt et al. 2006). Therefore, adult A. gomesii
could have different feeding habits.

Scavenging behavior is widespread among
living crocodilians (Selva et al. 2019) and was
suggested for some notosuchians, like the
Sphagesauridae (Kellner et al. 2011a). De Valais
et al. (2012) analyzed trace marks in bones from
La Buitrera locality, Argentina, and found no
evidence of scavenging habits for Araripesuchus.
However, the authors point out that many marks
made by mammals were compatible with the
presence of large caniniforms and procumbent
incisiforms, features observed in Araripesuchus
rattoides.

Uruguaysuchidae could be found throughout
Gondwana and all species of Araripesuchus
shared their habitats with other crocodyliforms,
like peirosaurids and mahajangasuchids. Niche
partitioning and ecological specialization
could help avoiding competition with other
crocodyliforms, and it is probably an important
process in explaining the high taxonomic
diversity of the group during the Cretaceous.
Studies on the paleoecology of Crocodyliformes
are still necessary (e.g.,, Dantas et al. 2018) to
stablish the resources potentially consumed by
these animals.

VARIATION IN THE DENTITION OF URUGUAYSUCHIDAE
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