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Pterosaur teeth from the Southern Neuquén Basin
(Patagonia, Argentina): New insights on the reconstruction
of ornithocheiriform dental anatomy
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The pterosaur fossil record of Argentina is increasing in recent times, both in the number of localities and their tempo-
ral range. The new materials are found in levels that span from the Late Triassic to the Late Cretaceous in age. In this
contribution we describe twenty isolated pterosaur teeth from the Cerro de los Leones locality (Picun Leufu, Neuquén
Province), where the Lohan Cura Formation (Albian) widely crops out. A new, detailed analysis of these remains allowed
us to detect a set of morphological features, such as the enamel texture, cross-section shape, crown curvature, and absence
of sharp carinae, which suggests close affinities with Ornithocheiriformes. Moreover, with the large number of tooth
specimens, a discrimination of three morphotypes based on the crown curvature, the basal cross-section shape, and the
presence of carinae was carried out. We performed extensive morphological comparisons between different members of
Ornithocheiriformes with the aim to test the hypothesis that the presence of these different morphotypes reflects distinct
anatomical positions of the teeth in the jaws . Thus, considering the heterodont dentition of ornithocheiriforms, the tooth
morphological classification proposed here represents a new methodology, not only to identify isolated ornithocheiriform
teeth, but also to assign them to the rostral, medial, or the posterior portion of the tooth row. Finally, the evidence of
ornithocheiriform pterosaurs in Cerro de los Leones has paleobiogeographical implications, allowing us to correlate it
with other Albian faunas from South America, expanding our knowledge of the distribution of Early Cretaceous ptero-
saurs across southwestern Gondwana.
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Introduction

Pterosaurs were the first vertebrates to evolve powered
flight and their fossil remains are found on every continent
(Barrett et al. 2008; Kellner et al. 2019; Reguero et al.
2022), from the Upper Triassic to the Upper Cretaceous
(e.g., Long and Murry 1995; Dalla Vecchia 2003; Upchurch
et al. 2015; Martinez et al. 2022). Among the different ad-
aptations to the flying lifestyle of this group, an extended
invasive pneumatic system (Claessens et al. 2009) and
hollow bones with extremely thin cortices (Elgin and Hone
2013) make pterosaur skeletal material notoriously fragile
and difficult to preserve. This explains their scarcity in
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the fossil record, when compared with other taxa (Kellner
1994). In Gondwana, the majority of the outcrops that
yielded pterosaur material is Cretaceous in age (Martinez
et al. 2015). However, the study of Gondwanan pterosaur
diversity is subject to sampling biases and is further chal-
lenged by complex historical and socioeconomic aspects
of some localities of the Southern Hemisphere (Raja et
al. 2021). In fact, despite being well represented in the
Northern hemisphere, with most of the findings being from
Europe (Barrett et al. 2008), Asia (Wang et al. 2005), and
North America (Padian 1984; Kellner and Langston 1996),
the Gondwanan Early Cretaceous pterosaur fossil record
is comparatively limited. Indeed, the pterosaur evidence
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from Africa (Knoll 2000; Blackburn 2002) and Australia
(Molnar and Thulborn 1980, 2007; Pentland and Poropat
2023) is scarce and fragmentary. Nevertheless, South
America yielded a great variety of pterosaur materials
(Codorniu and Gianechini 2016; Alarcon-Muifioz et al. 2020,
2022), exemplified by the abundant and diversified record
from the Romualdo Formation and the Crato Formation
(Lower Cretaceous) of northeastern Brazil (Price 1971;
Kellner et al. 2013). In central Argentina, hundreds of
specimens belonging to a single species, the filter-feed-
ing Pterodaustro guinazui (Codornit and Chiappe 2004;
Codorniu et al. 2013, 2018), have been collected in the San
Luis Province (Aptian). In Patagonia, the Early Cretaceous
pterosaur record is represented by a proximal portion of a
femur from La Amarga Formation (Hauterivian—Aptian;
Montanelli 1987), a fragmentary radius and ulna from
the Rio Belgrano Formation (Barremian; Kellner et al.
2003; Codornit and Gianechini 2016) and a proximal por-
tion of an ulna from the Lohan Cura Formation (Albian;
Bellardini and Codorniu 2019). Moreover, Martinelli et
al. (2007) tentatively assigned to Pterosauria two isolated
teeth found in the Cerro de los Leones locality (Lohan
Cura Formation), suggesting similarities to the Brazilian
pterosaur from genus Anhanguera. Because of its rarity
in the fossil record, even fragmentary and isolated ptero-
saur material is relevant to reconstruct the evolutionary
history of this morphologically diversified and geographi-
cally dispersed group (Kellner et al. 2003). The occurrence
of the pterodactyloid clade Ornithocheiriformes (Andres
2021) is well known from Lower Cretaceous deposits, but
most of the evidence consists of isolated teeth from the
marine, estuarine and lacustrine outcrops of Brazil (Elias
et al. 2007; Rodrigues and Kellner 2010), France (Vullo
and Neraudeau 2009), Morocco (Kellner and Mader 1997,
Wellnhofer and Buffetaut 1999; Knoll 2000), New South
Wales (Brougham et al. 2017), Russia (Averianov 2007;
Solonin et al. 2021), Spain (Sanchez-Hernandez et al. 2007;
Vullo et al. 2009), Tunisia (Martill et al. 2018), and Ukraine
(Sokolskyi 2023). These records provide important data to
reconstruct the paleobiogeographical distribution of orni-
thocheiriform pterosaurs and their morphological and tax-
onomic diversification. However, to date, the anatomical
and taxonomic attribution of isolated ornithocheiriform
teeth is a challenging task, lacking a specific approach
to discriminate not only the interspecific, but also the
intraspecific dental diversification, especially taking into
account their heterodont condition (Frey et al. 2003). The
aim of this contribution is to describe eighteen isolated
teeth from the Lohan Cura Formation (Albian) outcrop at
the Cerro de los Leones locality (Picun Leufu, Neuquén
Province), as well as redescribe two isolated tooth speci-
mens reported by Martinelli et al. (2007). Considering the
poor record of fossil teeth from Argentina, the description
of this evidence provides new data on the pterosaur faunal
composition of the southern Neuquén Basin during the
Albian, improving our knowledge on the paleoecology
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and the paleobiogeography of Early Cretaceous pterosaurs
from southwestern Gondwana. Finally, a new anatomical
and taxonomic approach to identify isolated ornithocheiri-
form teeth is proposed.

Institutional abbreviations—AODF, Age of Dinosaurs
Fossil, Winton, Queensland, Australia; FSAC, Faculté des
Sciences Ain Chock, Université Hassan II, Casablanca,
Morocco; IVPP, Institute of Vertebrate Paleontology and
Paleoanthropology, Chinese Academy of Sciences, Beijing,
China; LINHM, Long Island Natural History Museum,
New York, USA; LRF, Australian Opal Centre, Lightning
Ridge, Australia; MA, “Musée d’Angouléme”, Angouléme,
France; FDB, ‘“Font-de-Benon”, FVA, “Fouras-Vauban”,
RND, “Les Renardiéres” collections; MCF-PVPH, Museo
Municipal “Carmen Funes”, Plaza Huincul, Argentina;
MHNS, Museum of Natural History Sintra, Sintra, Por-
tugal; MN, Museu Nacional/Universidade Federal do Rio
de Janeiro, Rio de Janeiro, Brazil; NNPM, National Natu-
ral History Museum of National Academy of Sciences
of Ukraine, Kyiv, Ukraine; NSM, Division of Vertebrate
Paleontology, National Science Museum, Tokyo, Japan;
QM, Queensland Museum, Brisbane, Australia; RH, Mé-
moire de la terre, Museum Tataouine, C207 Tataouine,
Tunisia; RSU GE, Ryazan State University, Department of
Geography, Ecology and Nature Management (DGENM),
Ryazan, Russian Federation; SMNK PAL, Staatliches
Museum fiir Naturkunde Karlsruhe, Germany; UFMA,
Universidade Federal do Maranhdo, Sdo Luis, Brazil;
URC, Universidade Estadual Paulista, Rio Claro, Brazil,
ZIN PH, Paleoherpetological collection of the Zoological
Institute of the Russian Academy of Sciences, St. Peters-
burg, Russian Federation.

Geological setting

The specimens described here were collected during differ-
ent fieldworks carried out from 1997 to 2016 by the Museo
Argentino de Ciencias Naturales “Bernardino Rivadavia”
of Buenos Aires (Martinelli et al. 2022) and the Museo
Municipal “Carmen Funes” of Plaza Huincul (Coria 2022)
in the Cerro de los Leones locality, 11 km southwest of the
city of Pictin Leufu (Fig. 1).

This area contains outcrops of a thick sequence of fluvial
sediments referred to the upper section of the Lohan Cura
Formation, the Cullin Grande Member (Albian; Leanza
and Hugo 1997, 2011; Leanza 2003), which is composed
principally of mudstones with intercalations of thin lay-
ers of sandstones and evaporitic episodes characterized
by pelite-gypsum-limestone cycles, suggesting a lagoonal
depositional environment evolved under alternating dry/
humid climatic conditions for this sequence (Martinelli
et al. 2007). Moreover, following Martinelli et al. (2007),
four main fossiliferous layers at the Cerro de los Leones
were detected, of which the first three have yielded most
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Fig. 1. Geographic position of Cerro de los Leones in the Neuquén Basin. A. Map of the Neuquén Basin, showing position of the studied area (asterisk);
white dashed line indicates the boundary of the Neuquén Basin; yellow line indicates the boundary between Chile and Argentina. Satellite views of the
Cerro de los Leones area showing relation to Pictin Leufu (B) and locations (asterisks) of provenance of vertebrate fossils (images from Google Earth).

of the fossil specimens recorded from this area, including
sauropod and theropod dinosaurs, pterosaurs, turtles, croc-
odiles, fresh-water mollusks, gastropods, fish, and plants
(Bonaparte 1999; Bonaparte et al. 2006; Martinelli et al.
2007; Bellardini and Cerda 2017; Bellardini and Codornit
2019; Bellardini et al. 2022). The sedimentological analysis
suggests a distal floodplain depositional environment for
these layers, which are characterized by paleosol, pond,
swamp, and sheet flood deposits (Martinelli et al. 2007).
The teeth described here were found isolated and scattered
in proximity of Fossiliferous Layer N°1 (sensu Martinelli et
al. 2007; Fig. 2).

Material and methods

The material described in this contribution consists of
twenty isolated teeth housed in the Museo Municipal
“Carmen Funes” of Plaza Huincul, Neuquén Province,
Argentina. The general dental description follows the ter-
minology proposed by Hendrickx et al. (2015) for theropod

dinosaur specimens. Considering that ornithocheiriform
tooth morphology does not strictly follow dinosaur denti-
tion, the term “carina” is here referred to the apicobasal
constriction of the mesial and distal crown surfaces that
does not correspond exactly to the sharp and well delimited
ridge described by Hendrickx et al. (2015). In this context,
some narrow but soft apicobasal edges of the specimens
have not been considered carinae, in order to distinguish
them from more relevant characters for morphological de-
scription and comparison. To date, the phylogenetic as-
sessment of Pterosauria is widely debated (Kellner 2003;
Lii et al. 2009; Unwin 2003); despite this, the focus of this
contribution is not to explore the phylogenetic relation-
ships between pterosaur clades, and we follow the system-
atic proposal by Andres (2021). The fossil material was
observed using a LEICA MZ6 microscope and measured
using a Black caliper. Photographs of the specimens were
taken using the 5 mpx Macro digital camera of a Samsung
Galaxy A31 smartphone. Specimen tables of the teeth have
been drawn with a Wacom Intuos Pro drawing tablet and
using the software Adobe Photoshop CC 2015.
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Fig. 2. Stratigraphic column of the Cullin Grande Member (Lohan Cura Formation), Albian, Lower Cretaceous, Cerro de Los Leones, Patagonia,
Argentina. Architectural element codes follow Miall 1996: CS, crevasse channel; FF, floodplain fines; LA, lateral accretion; LS, laminated sand sheets;
LV, levee; SB, sandy bedforms. Modified from Martinelli et al. 2007 with silhouettes from www.phylopic.org: pterosaur (Anhanguera santanae) silhou-
ette credit of Leon P.A.M. Claessens, Patrick M. O’Connor, David M. Unwin; sauropod (Dreadnoughtus schrani) silhouette by Scott Hartman; theropod
(Giganotosaurus carolinii) silhouette by Tasman Dixon; crocodile silhouette by B. Kimmel. Anhanguera santanae and Dreadnoughtus schani silhouettes
license: https://creativecommons.org/licenses/by-sa/3.0/.

875, 879-1, 879-2, 879-3, 879-5, 879-7, 879-11, and 880-5
Pterosauria Kaup, 1834 (Fig. 6). All from the Cretaceous Cerro de los Leones lo-

Pterodactyloidea Plieninger, 1901 cality, Albian, Lower Cretaceous, Picin Leufu, Argentina.

Lanceodontia Andres et al., 2014 Descriptiqn.—AH specimens he¥e described are repre-

. .. sented by isolated tooth crowns with reabsorbed or lacking
Ornithocheiriformes Andres, 2021 roots (Fig. 3). In this sense, the apical wear facets, when
Figs. 3-6. present, and the lack of the roots do not seem to have been
Material —Twenty isolated teeth: MCF-PVPH-879-4, 879-  caused by weathering events and/or taphonomic processes,
6, 879-8, 879-10 (Fig. 4); MCF-PVPH-739-2, 743, 879-9, suggesting that the teeth could have been lost in life. The
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Fig. 3. Isolated pterosaur teeth from the Cerro de los Leones locality, Albian, Lower Cretaceous, Picin Leuft, Argentina. Morphotype 1 (H, J, L, N),
Morphotype 2 (A, C, M, P, Q, R, S), and Morphotype 3 (B, D, E, G, I, K, O, T). A. MCF-PVPH-739-2. B. MCF-PVPH-741. C. MCF-PVPH-743.
D. MCFPVPH-875. E. MCF-PVPH-879-1. F. MCF-PVPH-879-2. G. MCF-PVPH-879-3. H. MCF-PVPH-879-4. 1. MCF-PVPH-879-5. J. MCF-
PVPH-879-6. K. MCF-PVPH-879-7. L. MCF-PVPH-879-8. M. MCF-PVPH-879-9. N. MCF-PVPH-879-10. O. MCF-PVPH-879-11. P. MCF-
PVPH-880-1. Q. MCFPVPH-880-2. R. MCF-PVPH-880-3. S. MCF-PVPH-880-4. T. MCF-PVPH-880-5. In labial (A-G, I, K, 0-Q, S, T), lingual (H,

M, N, R), and mesial (J, L) views.

tooth-crowns are conidont (cone-shaped, sensu Hendrickx
et al. 2015), apicobasally elongated and slightly recurved.
The cross-sections are diversified in shape, subcircular, oval
or elliptical. Taking into account the general morphology
of the teeth, we identify three morphotypes, which are de-
fined on the basis of three morphological features (Table 1):
tooth crown curvature, shape of the crown cross-section,
and presence of carinae.

Morphotype 1—MCF-PVPH-879-4, 879-6, 879-8, 879-10
(Fig. 4). These tooth crowns are apicobasally elongated and
strongly lingually recurved. The basal cross-section is sub-
circular, and weakly labiolingually compressed. All speci-
mens lack carinae. In MCF-PVPH-879-4, 879-8, and 879-10
the enamel layer is fragmentary, exposing the underlying
dentine layer. The dentine surface is mainly smooth, but
several transversal and longitudinal fractures are present,
especially on the lingual and apical surfaces. The preserved

enamel surface is slightly wrinkled, showing a set of anas-
tomosed, apicobasally extended ridges and grooves, which
are more pronounced basally and progressively weaker
apically. On the other hand, MCF-PVPH-879-6 preserves
small fragments of enamel on the labial and lingual sur-
faces, resulting in an almost smooth surface. The specimens
where the apical portion is preserved (MCF-PVPH-879-6
and 879-8) show wear facets in apical, labial or mesial posi-
tion. In MCF-PVPH-879-8 the apical wear facet is wide and
rounded, extending basally to the half of the crown (Fig. 4).

Morphotype 2—MCF-PVPH-739-2, 743, 879-9, 880-1, 880-2,
880-3, and 880-4 (Fig. 5). These tooth crowns are slightly lin-
gually recurved and almost straight in mesial view. The basal
cross-section is elliptical, with a labiolingual compression.
The dentine surface is almost smooth. MCF-PVPH-739-2
is incomplete, lacking part of the basal and apical portion,
whereas small and smooth patches of enamel are preserved

Table 1. Most inclusive morphological characterization of the Cerro de Los Leones teeth, divided in three morphotypes.

Crown curvature Cross-section Carinae Teeth
shape
Morphotype 1 | more lingual than distal | subcircular | absent MCF-PVPH-879-4, 879-6, 879-8, 879-10
Morphotype 2 | more lingual than distal | elliptical present MCF-PVPH-739-2, 743, 879-9, 880-1, 880-2, 880-3, 880-4
Morphotype 3 | more distal than lingual oval absent | MCF-PVPH-741, 875, 879-1, 879-2, 879-3, 879-5, 978-7, 879-11, 880-5
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Fig. 4. Isolated tooth (Morphotype 1) from the Cerro de los Leones locality,
Albian, Lower Cretaceous, Picin Leuft, Argentina. MCF-PVPH-879-8 in
labial (A}, A,), lingual (As, Ay), mesial (As, Ag), and distal (A5, Ag) views.
The basal cross section (Ag, Ajg) is visible due to the natural breaking of
the crown.
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Fig. 5. Isolated tooth (Morphotype 2) from the Cerro de los Leones local-
ity, Albian, Lower Cretaceous, Piciin Leuft, Argentina. MCF-PVPH-880-1
in labial (A, A,), lingual (A3, Ay), distal (As, Ag), and mesial (A5, Ag)
views. The basal cross section (Ag, Ajg) is visible due to the natural break-
ing of the crown.
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on the labial surface of the crown. Conversely, the surface of
MCF-PVPH-743 is slightly wrinkled on the lingual side of
the crown base, whereas in MCF-PVPH-880-1 it has several
longitudinal grooves that fade apically (Fig. 5). The crowns
show different wear facets, of which the apical is rounded
and wide, whereas the mesial and distal ones are narrower
and apicobasally extended. All the specimens, except MCF-
PVPH-879-9, have both distal and mesial carinae, without
denticles. MCF-PVPH-879-9 is incomplete, lacking part of
the basal and apical portions. Moreover, it seems to have
only one distal carina; however, taking into account that the
crown is heavily weathered, without most of the dentine and
the enamel surface, especially on the mesial surface, the loss
of the mesial carina due to diagenetic process should be taken
into consideration.

Morphotype 3.—MCF-PVPH-741, 875, 879-1, 879-2, 879-3,
879-5, 879-7, 879-11, and 880-5 (Fig. 6). These tooth crowns
are more recurved distally than lingually, with oval, labi-
olingually compressed cross-sections, and smooth dentine
surfaces. The apical wear facet is rounded, worn at the apex
from multiple directions, especially mesially and distally.
All the specimens lack carinae. MCF-PVPH-875 preserves
two portions of smooth enamel on the labial and distal sur-
faces, whereas in MCF-PVPH-879-2 the enamel is well
preserved, especially on the basal half of the crown, and
wrinkled, showing several apicobasally oriented and anas-
tomosed ridges and grooves, slightly deeper on the lingual
surface. A similar condition is observed on the preserved
enamel of MCF-PVPH-879-1, 879-5, and 880-5, whereas in
MCF-PVPH-879-3 the enamel is apically worn, with apico-
basally oriented grooves on the basal half of the crown. The
crowns of MCF-PVPH-875, 879-2, and 879-3 feature labial
wear on their apexes and mesial and distal wear that visibly
rounds their apices.

MCF-PVPH-741 shows a wide and smooth groove,
slightly deeper basally and apicobasally extended to the
apical third of the crown.

Discussion

Comparisons

Morphotype 1.—The main morphology of these teeth
slightly resembles the teeth of different fishes reported
from Middle Jurassic to Upper Cretaceous sediments of
the Neuquén Basin, such as the actinopterygian groups
Pachycormiformes and Aspidorhynchiformes (Gouiric-
Cavalli 2015; Gouiric-Cavalli and Arratia 2021). The teeth
of the Patagonian pachycormiformid Kaykay lafken have
a well ornamented collar enameloid with apicobasally ori-
ented ridges, which are more prominent basally (Gouiric-
Cavalli and Arratia 2021). However, the anterior procum-
bent teeth of Kaykay are typically under 10 mm in crown
height and their cross-section is circular, while the teeth
from Cerro de los Leones are bigger and show a compressed



CIAFFI AND BELLARDINI—PTEROSAUR TEETH FROM ARGENTINA EXPAND THEIR KNOWN DIVERSITY 79

Ddentine
|:| enamel

pulpar

f i
ornamented
enamel

ornamented
enamel

10 mm

Fig. 6. Isolated tooth (Morphotype 3) from the Cretaceous Cerro de los
Leones locality, Picun Leuft, Argentina. MCF-PVPH-879-2 in labial (A,
A,), lingual (A3, Ay), distal (As, Ag), and mesial (A;, Ag) views. The basal
cross section (Ag, Aj) is visible due to the natural breaking of the crown.

subcircular cross-section. Similarly, the internal and mid-
dle predentary tooth rows of the aspidorhynchiform fish
order have conical teeth, but their size is considerably
smaller than any of the specimens described in this con-
tribution, which also lack the diagnostic accessory cusp
seen in this clade (Gouiric-Cavalli 2015). Moreover, MCF-
PVPH-879-4, 879-6, 879-8, and 879-10 differ from plesio-
saur teeth for the apicobasally fluted surface texture on
the lingual side of the crown, with flutes often bifurcat-
ing towards the base (O’Gorman and Varela 2010). On the
other hand, the enamel texture, the crown inclination, and
the cross-section shape of the specimens strongly resemble
ornithocheiriform teeth, as observed in the anhanguerids
Anhanguera (Kellner and Tomida 2000; Fastnacht 2001;
Pinheiro and Rodrigues 2017), Cearadactylus (Vila Nova et
al. 2014), Ludodactylus (Frey et al. 2003), Guidraco (Wang
et al. 2012), Siroccopteryx (Mader and Kellner 1999), the
hamipterid Hamipterus (Wang et al. 2014), and the tar-
garyendraconian Barbosania (Elgin and Frey 2011). In par-
ticular, the teeth share their morphological traits with the
most rostral teeth (those of the anterior “rosette”) of these
pterosaurs, which are the largest teeth of their dentition.
MCF-PVPH-879-8 is also very similar to the ornithocheiri-
form isolated teeth from Morocco BSP 1993 IX 618 and 621
(Wellnhofer and Buffetaut 1999). In this sense, the authors
describe the smooth and rounded distal surface of the latter
Moroccan teeth as a carina, however we prefer to reconsider
this feature, describing the specimens as being without cari-

nae but with a convex lingual surface and an almost straight
labial surface. This condition is widespread among similar
isolated teeth of Ornithocheiriformes, such as the Russian
specimen RSU DGE 2020 RO MP 35 (Solonin et al. 2021)
and the Tunisian specimen RH45 (Martill et al. 2018).

Morphotype 2—The unserrated carinae of all the specimens
are not as sharp as those observed in crocodyliforms such as
Eutretauranosuchus (Smith et al. 2010), or in spinosaurine
theropod dinosaurs (Richter et al. 2012), but more closely
resemble some titanosaur sauropod teeth (Garcia and Cerda
2010). However, titanosaur teeth are straight and have well
developed wear facets labially and lingually (Garcia and
Cerda 2010), while the Cerro de los Leones teeth are more
recurved and have rounded tips. The sharpness of the carinae
is even less pronounced than in titanosaur teeth, in which the
labial and lingual surfaces contact to form a sharp edge.

MCF-PVPH-880-3 shares with spinosaurine theropod
dinosaurs a slight labiolingual compression of the crown,
a gentle lingual curvature, unserrated mesial and distal ca-
rinae and deep apicobasally oriented ridges (Richter et al.
2012). However, it differs in the less pronounced carinae, the
combination of lingual and distal inclination and a labiolin-
gual compression of the crown, conditions not regarded in
the tooth morphology of Spinosaurinae. Instead, all the spec-
imens (MCF-PVPH-739-2, 743, 879-9, 880-1, 880-2, 880-3,
880-4) are morphologically similar to isolated ornithochei-
riform pterosaur teeth such as UFMA 1.20.166 (Elias et al.
2007), BSP 1993 IX 314 (Wellnhofer and Buffetaut 1999),
and FSAC KK 17001 (Martill et al. 2018). This tooth mor-
phology is also observed in Anhanguera piscator NSM-PV
19892 (Kellner and Tomida 2000) and Anhanguera sp.
SMNK 2302 PAL (Fastnacht 2001; Pinheiro and Rodrigues
2017), where the teeth are preserved in situ. In particular,
the pterosaur teeth from Cerro de los Leones share the ellip-
tical cross-section and the lingual inclination of the crown
with the 5th and 6th teeth of Anhanguera, which are smaller,
more labiolingually compressed and straighter than the con-
tiguous teeth. Moreover, these conditions are shared with
the last premaxillary teeth and the first maxillary teeth (i.e.,
after the 6th tooth) of Cearadactylus atrox (Vila Nova et al.
2014), the fourth tooth of the Ferrodraco lentoni (Pentland
et al. 2022), the 6th tooth of Ludodactylus sibbicki (Frey et
al. 2003), the 6th tooth of the upper jaw and the 4th tooth of
the lower jaw of Guidraco venator (Wang et al. 2012), and
the 4th tooth of the Siroccopteryx moroccensis holotype
(Mader and Kellner 1999). Outside of Anhangueria, the
pterosaur teeth from Cerro de los Leones share the main
morphology with the several specimens of Hamipterus tian-
shanensis (Wang et al. 2014). MCF-PVPH-880-4 is incom-
plete, lacking the apical extremity. The base of the crown
shows an oval, wide, and apicobasally extended smooth sur-
face, which we interpreted as a tooth-to-tooth wear surface
due to the eruption tooth.

Morphotype 3—The main morphology of these teeth from
Cerro de los Leones (MCF-PVPH-741, 875, 879-1, 879-2,
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879-3, 879-5, 879-7, 879-11, 880-5), with oval cross-section,
distally inclined crown, and without carinae, is shared with
teeth posterior to the “rosette” of Anhanguera (Kellner and
Tomida 2000; Fastnacht 2001; Pinheiro and Rodrigues 2017),
which are gradually smaller and more distally inclined than
more rostral teeth. A similar morphology is seen in the lower
teeth of Mythunga camara (Molnar and Thulborn 2007), the
Sth and 6th teeth of Ferrodraco lentoni (Pentland et al. 2022),
the 9th lower, 10th upper, and posterior teeth of Guidraco
venator (Wang et al. 2012), Ludodactylus sibbicki (Frey et
al. 2003), Liaoningopterus gui (Rodrigues et al. 2015), and
Hamipterus tianshanensis (Wang et al. 2014). The isolated
tooth LINHM 007 (Kellner and Mader 1997) from Morocco
also shares the same anatomical features. Furthermore, the
groove observed in MCF-PVPH-741 can be interpreted as a
tooth-to-tooth wear facet due to the growth of a replacement
tooth, reflecting the tooth replacement pattern seen in other
toothed pterosaurs, such as Anhanguera piscator (Kellner
and Tomida 2000) and CSRL 12692/12713 (Dalla Vecchia
1993). Indeed, both specimens are reported to have several
alveoli hosting two teeth, one functional and one growing
tooth; this condition would suggest that there was a period
of coexistence between older tooth and replacement tooth
during the growth of the latter. Finally, Fastnacht (2008)
observed that the teeth were shed when their replacement
had reached about 60% of the full-grown height, similarly to
extension of the posterior groove in MCF-PVPH-741.

Taxonomic attribution

The isolated teeth from Cerro de los Leones share several mor-
phological features with the targaryendraconian Barbosania
(Elgin and Frey 2011) and known pterosaur taxa of two
more inclusive clades: Anhangueridaec and Hamipteridae.
Therefore, considering these morphological comparisons,
together with the isolated and fragmentary conditions, the
tooth specimens here described are considered indeterminate
members of Ornithocheiriformes. More exclusive taxonomic
attributions are difficult due to the lack of known diagnos-
tic features in ornithocheiriform isolated teeth, as Solonin
et al. (2021) recently noticed. The morphological variability
of the teeth from Cerro de los Leones reflects the hetero-
dont dentition of other ornithocheiriforms, which varies in
cross-section shape, curvature, and size of the tooth crowns
across the tooth row (Wellnhofer 1985, 1987). Moreover, orni-
thocheiriforms share a rostral “rosette” (Kellner and Tomida
2000) with more elongated, lingually and distally recurved
teeth with respect to more posterior teeth (post-“rosette” and
posterior teeth). These teeth are weakly compressed and the
enamel has longitudinal, anastomosed, and deep grooves,
as seen in Anhanguera piscator, Mythunga camara, and
Guidraco venator (Kellner and Tomida 2000; Molnar and
Thulborn 2007; Wang et al. 2012). Posteriorly to the “rosette”,
the teeth are smaller, more labiolingually compressed and
slightly lingually inclined (Mader and Kellner 1999; Kellner
and Tomida 2000; Frey et al. 2003; Vila Nova et al. 2014).

ACTA PALAEONTOLOGICA POLONICA 69 (1), 2024

The most posterior ornithocheiriform teeth are progressively
smaller, more sparse, more distally curved, and more labi-
olingually compressed, as observed in 4. piscator and G.
venator (Kellner and Tomida 2000; Frey et al. 2003; Wang
et al. 2012). Moreover, the posterior dentition of some orni-
thocheiriforms lacks the wrinkled enamel (Wellnhofer 1985),
as exemplified by the isolated tooth described by Fletcher
and Salisbury (2010). Indeed, as observed by Pentland et al.
(2022), the differences of the enamel surface between anterior
and posterior ornithocheiriform teeth, such as A. piscator
(Kellner and Tomida 2000), would be more concordant with
a differential wear pattern than with morphological interspe-
cific variations. In this sense, the tooth apex is often smoother
than the basal portion, and smaller posterior teeth are of-
ten smoother than the bigger anterior teeth. However, in the
Chinese Liaoningopterus (Rodrigues et al. 2015) all teeth are
smooth, proving that distinguishing ornithocheiriforms by
their teeth alone is currently challenging (Solonin et al. 2021).
Finally, the assignment of the teeth from Cerro de los
Leones to Ornithocheiriformes is concordant with Martinelli
et al. (2007) and Bellardini and Codorniti (2019), which
adduce more taxonomic affinities with anhanguerids than
other pterosaurs for the teeth MCF-PVPH-741 and MCF-
PVPH-743, and the ulna MCF-PVPH-88]1, respectively.

Implications on ornithocheiriform dental
reconstruction

The definition of the three dental morphotypes here recog-
nized, allows us to compare them to the matching hetero-
dont dentition of ornithocheiriforms. Indeed, ornithochei-
riform pterosaurs bear rostral “rosette” teeth consistent
with Morphotype 1, post-“rosette” teeth that correspond
to Morphotype 2, and posterior teeth representing the
Morphotype 3 (Fig. 7).

Taking into account the interspecific, intraspecific and
ontogenic variation of tooth morphology within Ornitho-
cheiriformes (Vullo and Neraudeau 2009), the limits of this
partition are tentative and more focused to identify func-
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Fig. 7. Tooth morphotype distribution in ornithocheiriform upper and
lower jaw (A) with associated crown size and cross-section variation (B).
Example based on Anhanguera piscator (Kellner and Tomida 2000).



CIAFFI AND BELLARDINI—PTEROSAUR TEETH FROM ARGENTINA EXPAND THEIR KNOWN DIVERSITY 81

Table 2. Morphological characterization of ornithocheiriform denti-
tion to aid identification of isolated teeth, where each morphotype is
assigned to a mouth area.

Crown Cross-section i,
Position
curvature shape
more lingual . “ »
Morphotype 1 than distal subcircular rosette
more lingual o “« »
Morphotype 2 than distal elliptical post-“rosette
more distal than .
Morphotype 3 lingual oval posterior

tional areas than to strictly define specific tooth positions.
Moreover, it should be taken into consideration that tooth
morphology often varies gradually across the tooth row.
Finally, in order to allow morphological and anatomical
attributions of isolated ornithocheiriform teeth, a new ap-
proach using the following morphological data matrix is
here proposed (Table 2; Fig. 8).

Ornithocheiriform dental partition

Following the resulting three morphotypes, isolated orni-
thocheiriform teeth can be assigned to a specific dental area
(i.e., “rosette”, post-“rosette”, posterior tooth row). To test this
new approach, and the consistency of the chosen morpholog-
ical features and the resulting morphotypes of the double-en-
try matrix, we analyze worldwide known evidence of isolated
ornithocheiriform teeth in the pterosaur fossil record.

The isolated tooth crowns from the Cretaceous Kem
Kem beds (Morocco) were assigned to “Ornithocheiridae”
by Wellnhofer and Buffetaut (1999), which recognized four
morphotypes. However, the specimens (BSP 1993 IX 314,
590-596; BSP 1993 1X 332, 608—617) of two morphotypes
(morphotypes I and III) of their contribution share strong
labiolingual compression, often smooth enamel and distally
inclined crown, as the new Morphotype 3 here proposed.
Following the new approach, they are therefore considered
posterior teeth. The specimens (BSP 1993 1X 314, 597-
607) they referred to as morphotype Il have carinae and
an almost mesiodistally straight and labiolingually inclined
crown, as the new Morphotype 2 attributed to the post-“ro-
sette” area. With respect to the isolated crowns (BSP 1993
IX 618—621) of the morphotype IV defined by the authors
(Wellnhofer and Buffetaut 1999), they have a subcircular
cross-section, strong lingual inclination of the crown and a
wrinkled enamel, as the new Morphotype 1. Furthermore,
Wellnhofer and Buffetaut (1999) report the presence of a
distal carina on the teeth of their last morphotype, however
we consider this feature a faint border, not as defined as a
carina, caused by the asymmetrical shape of the crown. This
feature is better observed in cross-section and is shared by
other ornithocheiriform teeth (LRF 3142, Brougham et al.
2017, RSU DGE 2020 RO MP 36, SS106 5, SS106 6, Solonin
et al. 2021; RH45, Martill et al. 2018).

The isolated tooth LINHM 007 from the Cretaceous of
the Ksar es Souk Province (Morocco), which Kellner and

Fig. 8. Life reconstruction of the Cerro de los Leones pterosaur, displaying
the morphological diversity of its dentition based on the observed distribu-
tion of the morphotypes. Illustration by Alessio Ciaffi.

Mader (1997) described as being very similar to those of an-
hanguerids from the Lower Cretaceous Santana Formation
of northeastern Brazil, is consistent with Morphotype 3 and
therefore recognized to belong to the ornithocheiriform pos-
terior portion of the tooth row.

The complete isolated tooth FSAC KK 17001 from the
Kem Kem beds of eastern Morocco mentioned by Martill
et al. (2018) is lingually recurved and almost straight from
mesial view, has an elliptical cross-section and preserved
carinae. The same features are shared by an unnamed iso-
lated tooth assigned to “Ornithocheiridae” by Benton et al.
(2000), coming from the Chenini Formation of the Tataouine
region in southern Tunisia. These features correspond to the
Morphotype 2.

The isolated tooth RH45 from the Albian, Lower Creta-
ceous of Oum ed Diab Member of the Ain el Guettar For-
mation of southern Tunisia (Martill et al. 2018) is gently
lingually recurved, ornamented and has a subcircular cross-
section. Moreover, the authors proposed that the tooth could
be from the anterior part of the jaws, likely from alveolar pair
3 to 4 if from the upper dentition. This information further
supports its identification as a Morphotype 1 tooth.

The isolated crown MA FVA 2 from Fouras-Vauban,
France (Vullo and Neraudeau 2009) is more recurved dis-
tally than lingually, with oval cross-section shape, as de-
scribed in Morphotype 3. Two other crowns from the same
contribution, MA FDB 2 and MA RND 1, are weakly curved
labiolingually, but are not recurved distally. This assigns
them to Morphotype 2.
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The isolated tooth NNPM2588-62 from the Albian,
Lower Cretaceous of Burim Formation (Ukraine), assig-
ned by Sokolskyi (2023) to Anhangueria, shows an oval
cross-section and is posteriorly recurved, sharing the apical
wear facets with some Morphotype 3 teeth as well.

Solonin et al. (2021) describe several isolated teeth
from the Upper Cretaceous Dmitrov Formation of Malyy
Prolom (Russia). RSU DGE 2020 RO MP 35 shows sub-
circular cross-section and distal curvature, features shared
with Morphotype 1, and referred to the anterior “rosette”.
The straight, labiolingually compressed crown with carinae
of RSU DGE 2020 RO MP 37 is consistent with the small
teeth of Morphotype 2, like MCF-PVPH-880-2. On the other
hand, RSU DGE 2020 RO MP 36, SS106 5 and SS106 6
are oval in cross-section and posteriorly recurved, and are
considered as some of the first, larger, posterior teeth of
Morphotype 3.

Averianov (2007) describes several isolated teeth from
the Lower Creaceous of Russia and Uzbekistan, of which
ZIN PH 45/44 shows a lingually recurved crown with ellip-
tical cross-section and carinae, morphological features of
Morphotype 2. On the other hand, ZIN PH 15/43, ZIN PH
41/43 and ZIN PH 49/44 have distally inclined and labiolin-
gually compressed crowns, as in Morphotype 3.

The isolated teeth LRF 759 and LRF 3142 from the
Lower Cretaceous Griman Creek Formation (Australia)
were referred to Anhangueridae by Brougham et al. (2017).
These crowns are labiolingually compressed, distally in-
clined, and show a mostly smooth surface, corresponding
with Morphotype 3. While LRF 759 lacks carinae, the au-
thors attribute to LRF 3142 mesial and distal carinae. We
prefer to refer to them as narrow edges, since the distal edge
transitions smoothly from being acute on the apical half of
the crown to more curved on the basal portion of the crown
(Brougham et al. 2017).

Elias et al. (2007) report several isolated teeth from the
Cretaceous of the Sdo Luis-Grajat Basin (Brazil), of which
UFMA 1.20.130, 1.20.1744, 1.20.178-1, 1.20.130 and URC
R.77-1,R.77-2, R.77-3, R.77-4, R.77-5 show distally recurved
crowns with oval cross-sections, characters of Morphotype 3,
suggesting a posterior position in the tooth row. On the other
hand, the lingually inclined and symmetrically compressed
crown of UFMA 1.20.166 is consistent with Morphotype 2.

Paleobiological implications

The new pterosaur evidence from Cerro de los Leones, with
different tooth sizes and morphologies, suggests a more abun-
dant and diversified ornithocheiriform fauna than known
to date. Moreover, morphological analysis and comparisons
allow us to reconstruct part of the tooth anatomy of orni-
thocheiriforms, suggesting some degree of partition in their
dentition. The resulting anatomical attribution of isolated or-
nithocheiriform teeth allows the approximation of the cranial
size of the owner of one specimen. In this context, assuming
that the Cerro de los Leones pterosaurs had similar cranial
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proportions to those of the complete skull of the related 4.
piscator described by Kellner and Tomida (2000), an approx-
imate estimation of the minimum skull length of the owner
of MCF-PVPH-879-8 can be explored. The morphology of
MCF-PVPH-879-8 identifies it as a Morphotype 1 tooth, at-
tributed to the anterior “rosette”. In 4. piscator (Kellner and
Tomida 2000) the third tooth is the largest, as it often is in
ornithocheiriforms. Therefore, assuming MCF-PVPH-879-8
to have been the third, largest tooth, a minimum skull size
estimation can be carried on. The third tooth crown height is
61 mm in NSM-PV 19892, whereas in MCF-PVPH-879-8 it
is 27 mm. The cranial length of NSM-PV 19892 measured
by Kellner and Tomida (2000) is approximately 625 mm.
Scaling the Cerro de los Leones tooth MCF-PVPH-879-8
with the size of the in situ tooth of 4. piscator, the result-
ing estimated cranial length is 276 mm. Considering that
Aureliano et al. (2014) estimated the wingspan of the same
A. piscator specimen to be at least 4 m, a scaled wingspan
for MCF-PVPH-879-8 would be approximately 2 m. This
value is consistent with the wingspan estimation obtained by
Bellardini and Codorniu (2019) on the pterodactyloid ulna
uncovered in the same locality (3.2 m). Moreover, the in-
complete tooth crown MCF-PVPH-879-10, here referred to
Morphotype 1, is larger than MCF-PVPH-879-8, suggesting
the presence of larger pterosaur specimens in Cerro de los
Leones. This result, however, can be further discussed only
with new fossil data. Skull morphology in ornithocheiriforms
such as Anhanguera was variable and changed throughout
ontogeny (Bantim et al. 2015; Duque et al. 2022), making
any size estimation tentative. Nevertheless, an approximate
size range estimation represents important biometric infor-
mation for the paleoecosystem reconstruction of Cerro de los
Leones. Detailed knowledge on the body-size of the southern
Neuquén Basin pterosaurs allows us to consider what kind of
paleoenvironmental conditions and feeding resources were
available during the Albian to provide nutrients to popula-
tions with different small, medium or large flying reptiles.

Paleobiogeographical and paleoecological
implications

To date, evidence of Ornithocheirifomes in Argentina is
composed of a distal portion of a left ulna from the Rio
Belgrano Formation (Barremian) of the Santa Cruz Province
(MACN-Pv SC3617d, ex MACN-SC-3617), which was de-
scribed as closely related to Anhangueridae by Kellner et al.
(2003), and a proximal half of an ulna from the Lohan Cura
Formation (Albian) of the Neuquén Province (Bellardini and
Codorniti 2019). The latter ulna specimen and the teeth of this
contribution, all from Cerro de los Leones, represent a recent
addition to the record of Ornithocheiriformes for the Neuquén
Basin. This evidence suggests that ornithocheiriforms contin-
ued inhabiting Patagonia after the Barremian and continued
being part of faunal assemblages at least up to the Albian.
Therefore, these pterosaurs were potentially contemporary
to many of their Gondwanan relatives (Upchurch et al. 2015).
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Moreover, the ulna from the Rio Belgrano Formation was
deposited in a nearshore environment (Kellner et al. 2003),
while the new Cerro de los Leones record is part of a fluvial
depositional sequence (Martinelli et al. 2007). This infor-
mation reveals that, at least during the Albian, this pterosaur
clade had extended its distribution from coastal, marine envi-
ronments of Argentina to continental bodies of water.

The fossil record of Ornithocheiriformes is often linked to
shallow-water, marine, fluvial and lagoonal depositional en-
vironments (Upchurch et al. 2015), as inferred for the Lohan
Cura Formation cropping out at the Cerro de los Leones
locality (Leanza and Hugo 2011; Martinelli et al. 2007).
In this sense, different authors correlate the occurrence of
pterosaurs in these paleoenvironments with a diet consisting
primarily of fish and other aquatic organisms; this assump-
tion is also supported by several cranial and dental mor-
phological features of ornithocheiriforms (Zhou et al. 2017;
Bestwick et al. 2018, 2020). Indeed, Ornithocheiriformes
shares the heterodont condition with different extant and ex-
tinct vertebrates, such as congrid fishes (Congridae) and spi-
nosaurid dinosaurs (Vullo et al. 2016), which are adapted to
feed on evasive prey in aquatic environments. Indeed, they
show a premaxillary and dentary “rosette” with enlarged,
apicobasally elongated, slightly distally inclined and conical
teeth, which, together with anteroposteriorly long and later-
ally compressed jaws, confer a high biting speed and a low
drag during predation (Vullo et al. 2016). Ornithocheiriform
pterosaurs, similarly to what was pointed out for spino-
saurid dinosaurs by Vullo et al. (2016), also share with an-
guilliform fishes a notch posterior to the “rosette”, bearing
smaller teeth. These features combined improve the prey
capture kinematics in anguilliforms (Eagderi and Adriaens
2010) and could have represented an analogous advantage
for ornithocheiriforms. Although reconstruction of ptero-
saur diet is not the aim of this contribution, the new data
from Cerro de los Leones can contribute to understanding
the morphological diversification of ornithocheiriform den-
tal anatomy, which is closely related to the feeding strategies
of these flying reptiles. Finally, considering the pterosaur,
fish, and mollusk fossil remains from Cerro de los Leones
(Martinelli et al. 2007), new, more complete, well preserved
specimens will improve our knowledge of the trophic rela-
tionships between the pterosaurs and the freshwater fauna in
the southern Neuquén Basin during the Albian.

Conclusions

The isolated pterosaur teeth from the Albian, fluvial out-
crops of the Cerro de los Leones locality (Patagonia,
Argentina) are here referred to different individuals of in-
determinate specimens of Ornithocheiriformes. These den-
tal remains, together with the postcranial evidence from
the same locality (Bellardini and Codorniu 2019), suggest
a more abundant and diversified ornithocheiriform fauna
in the south of Neuquén Basin than previously known, at

least during the Albian. Moreover, a morphological analy-
sis was carried out and three inclusive morphotypes were
distinguished. The comparisons of the new evidence from
Cerro de los Leones with more complete and better pre-
served anhanguerian and targaryendraconian specimens,
suggests that ornithocheiriform pterosaurs had a partitioned
heterodont dentition, where three main dental regions are
recorded: a most anterior, rostral “rosette” region, with a
tooth morphology consistent with Morphotype 1; a post-“ro-
sette” region, with a tooth morphology corresponding with
Morphotype 2; a posterior region, where the teeth fit with
Morphotype 3. In this contribution we also suggest a new
approach to carry out a preliminary taxonomic attribution
and an anatomical assignment of isolated teeth to a func-
tional area of the heterodont ornithocheiriform tooth row.
The understanding of ornithocheiriform dental morphol-
ogy, together with information on the depositional envi-
ronment of the Lohan Cura Formation and the diversified
fossil record from Cerro de los Leones locality (Martinelli
et al. 2007), has paleoecological implications, suggesting
a piscivorous adaptation for the flying reptiles that inhab-
ited the southern Neuquén Basin during the Albian. Finally,
considering the scarce Ornithocheiriformes fossil record
for Argentina, the new evidence from Cerro de los Leones
improves our knowledge of the taxonomic diversification
and paleobiogeographic evolution of the Lower Cretaceous
pterosaurs in the Southwest of Gondwana.
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