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Unveiling the histology and anatomy of the lungfish 
Chaoceratodus portezuelensis (Sarcopterygii: Dipnoi) 
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(Upper Cretaceous) of Argentine Patagonia
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ABSTRACT

Chaoceratodus portezuelensis from the Cretaceous of Argentine Patagonia is
undergoing re-examination based on both previously known and newly referred tooth
plates and associated bones. This study expands upon the original diagnosis by incor-
porating characteristics specific to pterygopalatine and prearticular tooth plates, and
dental histology features. Additionally, it broadens the information based on Mesozoic
dipnoans from Patagonia for potential future systematic and phylogenetic studies. The
pterygopalatine tooth plates are characterized by slightly curved mediolingual edges,
with the inner angle positioned just behind the second denticulation and short, wide-
based first denticulations. The prearticular tooth plates feature mediolingual edges
tending towards straight, with the inner angle positioned at the level of the second den-
ticulation, short first denticulations, and a bilobed spur. Histological cross-sections
reveal rows of solid interdenteonal dentine corresponding to ridges that anastomose
over the rest of the plateau. This pattern is visible on the external surface of the tooth
plates, creating a characteristic wear pattern for the species. Both the morphology and
histology of the dentition bear resemblance, albeit with differences, to other Patago-
nian species, such as Metaceratodus baibianorum and Atlantoceratodus iheringi.
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INTRODUCTION

Dipnoans are a group of sarcopterygians that
emerged in the Devonian, initially displaying high
taxonomic diversity (Clack et al., 2011; Clack and
Ahlberg, 2016; Yanchao et al., 2021). These
organisms were initially marine forms and had a
global distribution (Clement, 2019). The skulls,
often found, were characterized by many dermal
and chondral ossifications, elongated snouts, and
small orbits. Regarding dentition in these early
forms, numerous dental types, such as isolated
pseudo teeth, dentine plates, or tooth plates, have
been identified (Ahlberg et al., 2006; Clack et al.,
2011). As an evolutionary trend towards the pres-
ent day, there is an observed reduction in the num-
ber of dermal and chondral ossifications.
Additionally, since the Mesozoic, the dentition sta-
bilizes in the form of tooth plates (Cloutier, 1996;
Clack et al., 2011; Panzeri et al., 2022a). Simulta-
neously, they became restricted to continental
freshwater environments, with a distribution limited
to the Southern Hemisphere (Cavin, 2017). Cur-
rently, the only six living species of dipnoans are
found in Africa, South America, and Australia.

Although rare, articulated Mesozoic skulls
have been found in different periods and parts of
the world (Teller, 1891; Martin 1981a; Antunes et
al., 1990; Kemp, 1994; Cavin et al., 2007, 2020;
Pardo et al., 2010; Panzeri et al., 2022a). Con-
versely, the fossil record of Mesozoic dipnoans is
primarily represented by tooth plates due to their
high resistance (Churcher and De Iullis, 2001;
Apesteguía et al., 2007; Skrzycki, 2015; Frederick-
son and Cifelli, 2017; Panzeri et al., 2020; Pawlak
et al., 2020). The latter occurs in the Cretaceous
strata of Patagonia, and due to the nature of the
deposits, these tooth plates are often found
rounded and fragmented. Numerous species have
been named based on these findings: Metacerato-
dus wichmanni (Apesteguía et al., 2007); M.
kaopen (Apesteguía et al., 2007); M. baibianorum
Panzeri et al., 2020; Atlantoceratodus iheringi
Cione et al., 2007; A. patagonicus Agnolin, 2010;
Ceratodus argentinus Apesteguía et al., 2007; and
Chaoceratodus portezuelensis Apesteguía et al.,
2007. Although mostly tooth plates are found, two
three-dimensionally preserved articulated skulls
along with part of a postcranial skeleton were
recently described by Panzeri et al. (2022a),
assigning them to the species Rinconodus salva-
dori.

Some of the dipnoan fossils from Argentina
were previously reviewed by Apesteguía et al.
(2007). In their work, these authors named the spe-

cies Chaoceratodus portezuelensis from the Porte-
zuelo Formation based on a single tooth plate.
From the same layers, they also mentioned the
presence of a bone with a certain pathology and a
tooth plate assigned to the species “Ameghinocer-
atodus” iheringi. Additionally, materials from the
Cerro Lisandro Formation were studied and
referred to the family Ptychoceratodontidae and
the genus Ceratodus. This contribution aims to
make a review of these tooth plates, providing a
detailed anatomical and histological description.
This study provides a foundation of information on
the anatomy of tooth plates for future analyses of
dipnoans around the world and adds to recent con-
tributions with similar methodologies conducted on
other species of Argentine dipnoans.

GEOLOGICAL SETTING

The Neuquén Basin is a retroarc basin devel-
oped during Mesozoic times on the Pacific margin
of South America (Legarreta and Uliana, 1996; Fig-
ure 1A-B). It hosts an almost continuous marine
and continental sedimentary sequence from the
Late Triassic to the Early Cenozoic (Howell et al.,
2005). Specifically, the Neuquén Group was
deposited in the Neuquén Basin during the Late
Cretaceous (Cenomanian–Campanian) (Garrido,
2010; Figure 1C). The sedimentary sequences that
constitute the Neuquén Group have been known
since early studies as “Dinosaur Beds” (“Estratos
con dinosaurios” in Spanish, Wichmann, 1927) due
to the numerous remains of these organisms they
contain. During the Turonian and Coniacian
stages, sedimentary deposits of the Cerro Lisandro
and Portezuelo formations are present within the
Neuquén Group.

The Cerro Lisandro Formation (middle–upper
Turonian) extends across the Neuquén and Rio
Negro provinces. Lithologically, it comprises fine
clastic deposits, including layers of red mudstones,
interspersed with levels of siltstones and fine mica-
ceous quartz sandstones, displaying yellowish and
gray-green hues (Garrido, 2011). The formation is
interpreted either as a sinuous fluvial system with a
mixed or mud-dominant load (Salgado et al., 2009;
Garrido, 2010) or as an alluvial and floodplain envi-
ronment with seasonal climate (Sánchez and Asur-
mendi, 2014).

Most tooth plates from the Cerro Lisandro
Formation originate from a 40 cm thick sandy
channel at Cerro Bayo Mesa locality (Coria et al.,
1996), situated 40 km south of Plaza Huincul,
Neuquén province (Figure 1D). Explorations at the
Cerro Bayo Mesa locality began in 1993 when
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Roberto Saldivia, a farmer from Plaza Huincul,
made a notable discovery in the sediments: he
found bones belonging to an ornithischian dino-
saur. This finding prompted an expedition in 1996
led by a team from the MCF and the MUC (Coria
and Calvo, 2002; Coria, 2022). Four specimens of

the ornithopod Anabisetia saldiviai were discov-
ered during this expedition alongside other find-
ings, including numerous lungfish tooth plates
(Coria et al., 1996). Other fossil remains found at
this locality include a theropod (Coria et al., 2006),
a crocodyliform (Barrios et al., 2016), and various

FIGURE 1. Overview of the geology and stratigraphy of fossiliferous localities (modified from Garrido, 2010). A-B,
map of South America (A) and Argentina (B) highlighting the Neuquén Group in violet. C, stratigraphic column show-
ing the subgroups and formations comprising the Neuquén Group, with the Portezuelo Formation and Cerro Lisandro
Formation indicated by red arrows. D, geological map illustrating the main outcrops and localities in the area. 
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isolated remains (Coria et al., 1996). Lastly, tooth
plate discoveries in Cerros Colorados locality (near
Los Barreales Lake) were made in 2003 by the
team from the Museo Carmen Funes (Garrido, per-
sonal commun., 2024).

The Portezuelo Formation (upper Turonian–
lower Coniacian) extends across Neuquén, Río
Negro, and Mendoza provinces, with its type local-
ity in Sierra del Portezuelo (Garrido, 2010), 20 km
west of Plaza Huincul (Figure 1C-D). It consists of
fine- to medium-grained sandstones alternating
with reddish and yellowish mudstones (Sánchez et
al., 2005; Garrido, 2010), indicative of a sinuous
fluvial system with sand-dominant load (Salgado et
al., 2009; Garrido, 2010). Tooth plates from this for-
mation are primarily found at Sierra del Portezuelo
(Figure 1D) alongside various fossils, including
theropods, sauropods, turtles, birds, and remains
of small-sized ornithopods, among others (Novas,
1996; de la Fuente, 2003; Agnolin et al., 2006;
Apesteguía et al., 2007). The holotype of the spe-
cies C. portezuelensis, along with other tooth
plates, originated from this area and was obtained
during two expeditions carried out in 1990 by a
team from the MACN and in 2001 by a team from
the MACN together with a team from the MCF,
respectively. Additional tooth plates were discov-
ered in 2003 at Cerros Colorados locality within
Portezuelo Formation outcrops, in a fieldwork car-
ried out by MCF and the NHMLA (Apesteguía et
al., 2007; Garrido, personal commun., 2024). Few
fossil remains have been reported from this area,
including the tooth plates previously mentioned, as
well as gymnosperm woods and other fossil
remains from different formations and ages (see
Martinez and Lutz, 2007; Calvo and Salgado,
2022).

MATERIALS AND METHODS

Materials

A total of 56 tooth plates were studied. From
the Cerro Lisandro Formation, Cerro Bayo Mesa
locality, 50 tooth plates (MCF-PVPH-425 to 440;
MCF-PVPH-542, and some fragmentary tooth
plates without numbering but belonging to the
same batch), along with the three histological
cross-sections MCF-PVPH-915A (one), 915B
(two). From the same formation but at Cerros Colo-
rados locality, two tooth plates (MCF-PVPH-500
and 506). From the Portezuelo Formation, Sierra
de Portezuelo locality, only three tooth plates
(MCF-PVPH-373, 374, 424), and from Cerros Col-
orados locality, one tooth plate (MCF-PVPH-572).

Methods

Morphological descriptions follow the termi-
nology implemented in Panzeri et al. (2020, 2022a,
2022b), which follows a set of terms previously
defined by various authors (Kemp, 1977; Smith
and Campbell, 1987; Churcher and De Iullis,
2001). Tooth plates can be upper (pterygopalatine
or vomerine) or lower (prearticular). In a prearticu-
lar or pterygopalatine tooth plate, a medial, a lin-
gual, and a labial edge are identified (Figure 2A).
Undulations are observed on the labial edge,
where depressions correspond to clefts and eleva-

FIGURE 2. Terminology of tooth plates and histological
section planes. A, occlusal view of the pterygopalatine
tooth plate (adapted from Panzeri et al., 2022b). The
labial edge shows denticulations and clefts; on the
occlusal surface, are the ridges, the furrows (dotted
lines), and the gray area indicates the plateau zone. B,
lateral view of a denticulation, showing cusps along the
crest. C, tooth plate in a medial view, vertical plane (a)
and horizontal plane (b). Abbreviations: cl, cleft; cu,
cusps; dn, denticulation; fu, furrow; ri, ridge. 
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tions to denticulations. The crest, located at the
maximum curvature of the denticulation, may
exhibit cusps (Figure 2B). The crests align with the
ridges on the occlusal surface, while the clefts cor-
respond to the furrows. Lastly, the occlusal surface
area which does not involve denticulations is the
plateau, often exhibiting wear patterns. 

Tooth plates were photographed with a Canon
digital camera and later measured using ImageJ
software (Schneider et al., 2012). The inner angle
was measured between the tip of the first and last
denticulations, and the linear measurements of the
medial and lingual edges were taken in centime-
ters.

The histological cross-sections were prepared
by Dr. Maria Eugenia Pereyra (FCNyM, UNLP) fol-
lowing the methodology implemented in Cerda et
al. (2020). Histological cross-sections were
obtained following different cutting planes, here
referred to as vertical (aligned along the ridge, Fig-
ure 2C) and horizontal (parallel to the occlusal sur-
face, Figure 2C). Due to the scarcity and thinness
of tooth plates from C. portezuelensis, conducting
multiple cuts along a horizontal plane was not fea-
sible. Only two pterygopalatine tooth plates were
selected for analysis, one resulting in two vertical
cross-sections, while the other provided a single
horizontal cross-section. Histological cross-sec-
tions were analyzed at INREMI and at MACN (Ich-
nology laboratory), using a Nikon Optiphot-Pol
255884 petrographic microscope at various magni-
fications (2x, 5x, 10x, and 20x), utilizing transmitted
light with a cross-polarizer (530 nm) and a 1/4
lambda filter. Glycerin was used to enhance the
clarity of the sections. Microscope images were
captured using a Xiaomi RedmiNote 10 digital
camera.

Histological descriptions adhere to the termi-
nology implemented by Panzeri et al. (2022b) and
Panzeri (2024), which encompass terms previously
defined by other authors (see cited references).
Externally, a layer of enamel is briefly identified in a
horizontal cross-section. Beneath the enamel lies a
mantle dentine layer, and an interdenteonal den-
tine is observed internally. Denteons are defined as
the combination of pulp canals and circumdenteo-
nal dentine and are categorized into transitional
(elongated and attached to the margins) and sec-
ondary denteons (embedded in interdenteonal
dentine). In vertical cross-sections, denteons are
typically observed in an occluso-pulpal direction,
with interdenteonal dentine between them.
Institutional abbreviations. MACN, Museo
Argentino de Ciencias Naturales Bernardino

Rivadavia; MAU, Museo Argentino Urquiza,
Rincón de los Sauces, Neuquén, Argentina; MCF,
Museo Carmen Funes Plaza Huincul, Argentina;
MML, Museo Paleontológico Municipal “Héctor
Cabaza”; MPCA, Museo Provincial Carlos Amegh-
ino, Cipolletti, Río Negro, Argentina; MPCN,
Museo Patagónico de Ciencias Naturales, General
Roca, Río Negro, Argentina; MPEF, Museo Pale-
ontológico Egidio Feruglio, Trelew, Chubut, Argen-
tina; MPM, Museo Provincial Padre Molina, Rio
Gallegos, Santa Cruz, Argentina; MUC, Museo de
la Universidad Nacional del Comahue; NHMLA,
Natural History Museum of Los Ángeles County.
Anatomical abbreviations. af, anterior facet; ap,
ascending process of the pterygopalatine bone;
bid, birefringent interdenteonal dentine; bd,
branched denteon; cd, circumdenteonal dentine;
cl, cleft; cu, cusps; dn, denticulation; dt, dentinal
tubules; en, enamel; fu, furrow; gr, granules; icb,
inner circumdenteonal dentine; il, incremental line;
ld, linear denteon; mid, monorefringent interdente-
onal dentine; ocb, outer circumdenteonal dentine;
pf, posterior facet; pun, punctuations; ri, ridge; ru,
Ruge’s canal; spu, spur; st, step; trd, transitional
denteons; tx, bone texture; wp, wear pattern; ld,
linear denteon; mid, monorefringent interdenteonal
dentine; pc, pulp canal.

SYSTEMATIC PALEONTOLOGY

Class SARCOPTERYGII Romer, 1955
Order DIPNOI Müller, 1845

Family CERATODONTIDAE Gill, 1872
Genus CHAOCERATODUS Apesteguía, Agnolin, 

and Claeson, 2007
Type species. Chaoceratodus portezuelensis
Apesteguía, Agnolin and Claeson, 2007
Holotype. MCF-PVPH-373, prearticular tooth plate
with the homonymous bone fused. 
Type locality. Portezuelo Formation (locality Sierra
de Portezuelo).
Referred material. MCF-PVPH-425 to 440: 425,
pterygopalatine tooth plate; 426, pterygopalatine
tooth plate; 427, pterygopalatine tooth plate; 428,
pterygopalatine tooth plate; 429, prearticular tooth
plate; 430, prearticular tooth plate; 431, pterygopal-
atine tooth plate; 432, fragmentary tooth plate; 433,
pterygopalatine tooth plate (in Apesteguía et al.,
2007, numbered as 453); 434, pterygopalatine
tooth plate; 435, fragmentary tooth plate; 436,
prearticular tooth plate; 437, pterygopalatine tooth
plate; 438, pterygopalatine tooth plate; 439, ptery-
gopalatine tooth plate; 440, prearticular tooth plate;
and others without numbering; MCF-PVPH-542,
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three tooth plates; MCF-PVPH-500, prearticular
tooth plate; MCF-PVPH-506, fragmented tooth
plate; MCF-PVPH-374, indeterminate pterygopala-
tine bone; MCF-PVPH-424, prearticular tooth
plate; MCF-PVPH-572, pterygopalatine tooth plate;
MCF-PVPH-915A, B: sections of tooth plates,
915A: horizontal cross-section; 915B: two vertical
cross-sections.
Diagnosis. Pterygopalatine tooth plates display
five denticulations, with the inner angle positioned
slightly behind the second denticulation. Prearticu-
lar tooth plates display four denticulations, and the
inner angle is slightly ahead of the second denticu-
lation. Superficial clefts, with the first being the
deepest. Medial and lingual edges generally main-
tain straightness, with a curvature in the inner
angle. In pterygopalatine tooth plates, the lingual
edge forms a slightly obtuse angle with the sagittal
plane. The first denticulation of pterygopalatine
tooth plates is short and has a wide base, which is
posteriorly curved at the end, with a small anterior
facet. The first denticulation of prearticular tooth
plates is straight, with a narrower base and a
marked facet toward the inner angle. The second
denticulation in prearticular tooth plates may
exhibit a posterior wear facet. The fourth and fifth
denticulations in pterygopalatine tooth plates are
involved in the formation of the step. The fourth
denticulation is involved in the formation of a
bilobed spur in prearticular tooth plates. The
ascending process is evident at the level of the
second denticulation. The interdenteonal dentine
forms bands with monorefringent centers coincid-
ing with the ridges, externally evidenced as a retic-
ulated wear pattern with pronounced ridges.

Morphological Description

The tooth plates of Chaoceratodus portezuel-
ensis display varying sizes. The larger tooth plates
measure 2.794 cm along the medial edge and
2.404 cm along the lingual edge, while the dimen-
sions of the smaller fragments cannot be precisely
determined. The clefts are subtly deep, and the
denticulations feature sharp ridges with rounded or
acute crests. The inner angle measures 85.91° in
pterygopalatine tooth plates and 85.56° in preartic-
ular tooth plates.
Pterygopalatine tooth plates and associated
bones. The pterygopalatine tooth plates are intri-
cately fused to the pterygopalatine bone (Figure
3A-C). The external surface of the pterygopalatine
bone displays a textured anastomosed pattern,
creating small, delineated areas and featuring
foramina (Figure 3A). Generally, these surfaces

bear lichen marks, seamlessly blending with the
bone texture. None of the specimens have a fully
preserved pterygopalatine bone, and only the pos-
terior portion of the symphysis is known. Dorsally,
at the level of the second denticulation, the ptery-
gopalatine process is evident, characterized by a
large and circular base (Figure 3A-C).

The tooth plates exhibit five denticulations,
and the punctuations are randomly distributed (Fig-
ure 3D). While the first denticulation is the longest,
it does not differ significantly from the others. Its
base is wide, and its tip abruptly directs posteriorly
towards the end (Figure 3D). The remaining dentic-
ulations are of similar sizes, with the fifth being the
shortest (Figure 3D). The ridges and crests tend to
curve posteriorly, and the clefts have a comparable
depth, although the first is slightly deeper (Figure
3E-H). The inner angle of the pterygopalatine tooth
plates is rounded and positioned slightly posterior
to the second denticulation (Figure 3D, E).

The medial edge surpasses the lingual edge
in length, both displaying a subtle curvature but
tending more towards straightness. Conversely,
the area surrounding the inner angle is highly
curved (Figure 3D, I-J). Toward their free portions,
both the medial and lingual edges exhibit a projec-
tion that corresponds to the curvature of the first
and the base of the fifth denticulations (Figure 3H-
I). Enamel is arranged along the mediolingual and
labial edges, forming distinct bands.

Wear resulting from the occlusion of the jaws
is evident on the plateau area, the posterior facets
of the denticulations, and the last denticulations
(Figure 3G, K-M). The plateau area may either be
flat or concave (Figure 3K-L). The posterior facets
of the denticulations experience wear and enamel
loss (Figure 3M). The furrows deepen, and the last
denticulation, involving the fourth, forms a step
(Figure 3G). On the occlusal surface, impacted by
the action of the jaw, a wear pattern, characterized
by clustered pits and pronounced acute ridges,
emerges (Figure 3E, I-J). This pattern is masked in
the larger tooth plate (Figure 3D). Only one speci-
men displays cusps on the ridges of the occlusal
surface (Figure 3I), while others have cusps on the
crests.
Prearticular tooth plates and associated bones.
The prearticular bone is not fully preserved in any
of the specimens and exhibits a texture the same
as that of the pterygopalatine bone (Figure 4A-C).
On the ventral and labial side, the Ruge’s canal is
divided by a ridge positioned at the level of the first
cleft (Figure 4D). Unfortunately, the symphysis
remains unpreserved in all specimens. The
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FIGURE 3. Pterygopalatine tooth plates and upper jaw bones of Chaoceratodus portezuelensis. A-B, MCF-PVPH-
374, pterygopalatine bone illustrating the ascending process in dorsal (A) and labial (B) views. C, MCF-PVPH-427,
position of the ascending process. D, MCF-PVPH-425, tooth plate showing the prominence in the base of the first
denticulation (arrow), the position of the inner angle (dashed line), and the life wear pattern. E-F, MCF-PVPH-427,
pterygopalatine tooth plate showing the position of the inner angle (E, dashed line) and the posterior direction of the
ridges (F, arrows). G, MCF-PVPH-425, tooth plate illustrating life wear pattern and step. H, MCF-PVPH-437, tooth
plate illustrating the wear pattern and the last small-sized denticulation (arrow). I, MCF-PVPH-s/n, tooth plate with
cusps and a prominence in the base of the first denticulation (arrow). J, MCF-PVPH-s/n, small-sized tooth plate with
wear pattern. K, MCF-PVPH-438, tooth plate with inclination of the denticulations and flat plateau area. L-M, MCF-
PVPH-437, tooth plate with posterior wear facets, with the flat plateau area tending to be concave. Abbreviations: ap,
ascending process of the pterygopalatine bone; cu, cusps; en, enamel; st, step; tx, bone texture; wp, wear pattern.
Scale bar: A-B, 0.5 cm; C-N, 1 cm. 
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FIGURE 4. Prearticular tooth plates and lower jaw bones of Chaoceratodus portezuelensis. A-B, MCF PVPH 373,
holotype of Chaoceratodus portezuelensis in occlusal (A) and medial view (B), the dashed line marks the position of
the inner angle. C, MCF-PVPH-572, tooth plate fused to the prearticular bone in lingual view, note the texture. D,
MCF-PVPH-542, prearticular tooth plate fused to bone illustrating prearticular bone in labial and ventral view with
Ruge’s canal divided by a ridge. E, MCF-PVPH-542, tooth plate showing the punctuations. F, MCF-PVPH-572,
prearticular tooth plate with bilobated spur. G, MCF-PVPH-542, tooth plate showing the position of the inner angle and
anterior facet of the first denticulation. H, MCF-PVPH-436, prearticular tooth plate, the arrow marks the proximity to
the inner angle. I, MCF-PVPH-542, prearticular tooth plate in labial view showing the elevation of the plateau (arrow,
convex plateau). J, MCF-PVP-424, prearticular tooth plate illustrating bilobated spur. K-L, MCF-PVPH-436, prearticu-
lar tooth plate with marked anterior wear facet, the arrow marks the proximity to the inner angle (J), and cusps on the
labial edge (K, L). M, MCF-PVPH-572, tooth plate with posterior wear facet. Abbreviations: spu, spur; af, anterior
facet; pf, posterior facet; pun, punctuations; ru, Ruge’s canal; tx, bone texture. Scale bar: 1 cm. 
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prearticular tooth plate is fused dorsally to the
prearticular bone. It has four denticulations, and its
surface is adorned with punctuations (Figure 4A,
E). Both the denticulations and the clefts share
similar lengths and depths, with the first denticula-
tion being slightly longer and straight (Figure 4A, F-
G). All the ridges tend to curve anteriorly (Figure
4A, F). The inner angle is positioned slightly ante-
rior to the second denticulation (Figure 4A, G-H).

Both the medial and lingual edges tend to be
straight; however, they curve at the level of the
inner angle. Abrupt changes in direction occur
towards the free portions of the medial and lingual
edges, one corresponding to the curvature of the
first denticulation and the other to the base of the
fourth denticulation (Figure 4A, F-H).

Similar to pterygopalatine tooth plates, wear
occurs in the same regions due to jaw action. The
plateau area becomes convex (occluding in the
concavity of pterygopalatine tooth plates, Figure
4I), the furrows deepen, and the fourth denticula-
tion forms a bilobed spur (Figure 4A, F, J). On the
anterior side of the denticulations, a wear facet is
generated due to jaw action (Figure 4F-G). In cer-
tain cases, a posterior wear facet is present (Figure
4K-M). The wear pattern is the same as in pterygo-
palatine tooth plates. Some prearticular tooth
plates have cusps on the ridges and crests (Figure
4L-M).

Histological Description

Horizontal cross-sections: section made in the
middle part of the tooth plate (Figure 5A). A dis-
cernible disorganization characterizes the pattern
of interdenteonal dentine (Figure   5B-D). The bire-
fringent interdenteonal dentine surrounds the den-
teons, deviating from the formation of a cross-
pattern. A row-like structure of monorefringent
interdenteonal dentine is found within this disarray
(Figure 5D-F). Originating from the center of each
denticulation (Figure 5E-F), these rows of monore-
fringent interdenteonal dentine dendritically extend
towards the plateau area, positioning themselves
between the denteons and the surrounding birefrin-
gent interdenteonal dentine (Figure 5B-C).

In the center of the denticulation, the monore-
fringent row of interdenteonal dentine is thicker,
gradually thinning towards the sides and in the pla-
teau area (Figure 5E). The denteons in the plateau
area assume a non-rounded shape, exhibiting a
kidney-shaped form. Typically, they are surrounded
by dentinal tubules with a granular texture (Figure
5G-I) and are smaller in diameter in the interdente-
onal dentine rows. Surrounding the denteons is the

circumdenteonal dentine, appearing birefringent
under the lambda filter at certain points (Figure
5G). In other regions, the circumdenteonal dentine
lacks birefringence under the lambda filter and
assumes a silver hue with a polarized light (Figure
5H-I). Despite this variation, the concentric
arrangement of fibers remains evident.

Transitional denteons emerge towards the
region close to the inner angle and in the clefts,
forming dense clusters (Figure 5J-K). Externally, a
row of birefringent enamel is observed, and there is
no evidence of mantle dentine (Figure 5L).
Towards the denticulations, the transitional dente-
ons attached to the edge extend to the central area
of the denticulation (Figure 5E). In this area, it is
not possible to distinguish between mantle dentine
and interdenteonal dentine.
Vertical cross-sections. The denteons emerge in
an occluso-pulp direction from a specific point. In
one of the cross-sections, they exhibit some
branching (Figure 5A-B). On the other, they are
discontinuous and linear (Figure 6C). Between the
denteons, birefringent interdenteonal dentine is
arranged in two bands with diffuse boundaries
(Figure 6D). A wider monorefringent interdenteonal
dentine band is positioned between these bands.
Towards the sides of the denteons, the circumden-
teonal dentine is located (Figure 6D-F). The latter
appears transparent in the vertical cross-sections
and is crossed by numerous dentinal tubules. At
their base, the dentinal tubules contain granules.
Very little bone tissue is observed in all sections,
with only one primary osteon observed. A total of
approximately 9/10 incremental lines were counted
(Figure 6A).

DISCUSSION

Remarks on the Species Chaoceratodus 
portezuelensis

Chaoceratodus portezuelensis was identified
and described by Apesteguía et al. (2007) based
on a single prearticular tooth plate from the Porte-
zuelo Formation. Certain characteristics noted in
the prior specific diagnosis warrant detailed discus-
sion to elucidate their anatomical attributes. The
holotype of C. portezuelensis, initially categorized
as a pterygopalatine tooth plate, is revealed to be a
right prearticular tooth plate with four denticula-
tions. The presence of four denticulations aligns
with other Mesozoic prearticular tooth plates from
Argentina, all of which, up to this point, exhibit the
same number of denticulations (Wichmann, 1924,
1927; Pascual and Bondesio, 1976; Cione, 1987;
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FIGURE 5. Dental histology of the species Chaoceratodus portezuelensis, MCF-PVPH-915A (Cerro Lisandro Forma-
tion), horizontal cross-section. A, section under stereoscope. B, denteons immersed in disorganized birefringent inter-
denteonal dentine and arranged in a row with a monorefringent center. C, area of the plateau where interdenteonal
dentine arrangements are more evident. D, detail of the arrangement. E, denticulation with a central row of monore-
fringent interdenteonal dentine. F, detail of E. G, birefringent circumdenteonal dentine and dentinal tubules. H, circum-
denteonal dentine under lambda filter. I, circumdenteonal dentine under polarized light. J, transitional denteons
toward the mediolingual edge, mantle dentine is not evident. K, furrow area with clusters of denteons. L, band of bire-
fringent enamel. Sections under a petrographic microscope (B-L), polarized light (I), and polarized light with a lambda
filter (B-F, H-L). Abbreviations: bid, birefringent interdenteonal dentine; cd, circumdenteonal dentine; dt, dentinal
tubules; en, enamel; gr, granules; mid, monorefringent interdenteonal dentine; trd, transitional denteons. Scale bar: A,
1 cm; B-C, E, J-K, 1 mm; D-F, 500 μm; G-I, L, 250 μm.
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Apesteguía et al., 2007; Cione et al., 2007; Agno-
lin, 2010; Panzeri et al., 2020; 2022a; Agnolín et
al., 2024; Panzeri, 2024). This tooth plate displays
the second shortest denticulation in length,
attributed to an anomaly of short denticulations
(Kemp, 2003). It also shows pronounced wear with
denticles along the crests. The original diagnosis
describes the combination of these two features as
“non-ornamented tubercles”. However, this signifi-
cant wear may stem from malocclusion, attributed
to anomalies within the tooth plate and potential
irregularities in the opposing one. Such occur-
rences are a prevalent phenomenon in the denti-
tion of these fishes (Kemp, 2003; Panzeri and
Muñoz, 2022). The evidence of anomalies is evi-
dent in the holotype of Chaoceratodus portezuel-
ensis, as healthy specimens with similar

anatomical structures have been identified and
attributed to the same species herein.

Conversely, the anomalous tooth plate
reported by Apesteguía et al. (2007) from the same
locality aligns with a pterygopalatine bone. The
described bulge represents the base of the ptery-
gopalatine ascending process, which is frag-
mented and positioned at the level of the second
denticulation, consistent with other Argentine spe-
cies. From the same formation and locality, a tooth
plate is attributed to the family Ptychoceratodonti-
dae (424), and from the Cerros Colorados locality,
another tooth plate is referred to the species Atlan-
toceratodus iheringi (572). Both prearticular tooth
plates are herein assigned to the species Chaocer-
atodus portezuelensis due to shared morphological

FIGURE 6. Dental histology of the species Chaoceratodus portezuelensis, MCF-PVPH-915B (Cerro Lisandro Forma-
tion). A, continuous denteons: linear and branched in an occluso-pulpal direction. B, linear pulp canals, incremental
lines are evident. C, discontinuous pulp canals, disorganized birefringent interdenteonal dentine is observed, with
monorefringent interdenteonal dentine in between. D, arrangement of interdenteonal dentine, and surrounding the
pulp canal is the circumdenteonal dentine. E-F, same details as D but under polarized light (E) and normal light (F).
Sections under petrographic microscope (A-F), with polarized light (E), polarized light with lambda filter (A-D), and
normal light (F). Abbreviations: bid, birefringent interdenteonal dentine; cd, circumdenteonal dentine; il, incremental
line; ld, linear denteon; mid, monorefringent interdenteonal dentine; pc, pulp canal. Scale bar: A-C, 1mm; D-F, 500 μm. 
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characteristics, such as the presence of a bilobed
spur.

The tooth plates from the Cerro Lisandro For-
mation are more numerous and come from the
localities of Cerro Bayo Mesa and Cerros Colora-
dos. Most of them have been named and illustrated
in the work of Apesteguía et al. (2007) and
assigned either to the families Ptychoceratodonti-
dae (427, 430, 431, 433, 435, 436, 439, 440, 506)
or Ceratodontidae (426, 432). Nowadays, the most
supported idea is that classical Mesozoic dipnoan
families do not represent monophyletic groups
(Cavin et al., 2007; Pardo et al., 2010; Kemp et al.,
2017). In addition to this, the tooth plates from the
Cerro Lisandro Formation share certain morpho-
logical features belonging to the species Chaocer-
atodus portezuelensis. Even the fragmented tooth
plates display morphological features and a wear
pattern similar to the observed in this species.
Therefore, the tooth plates from the Cerro Lisandro
Formation are also referred to as C. portezuelen-
sis.

Salgado et al. (2009) reported a tooth plate
(MPCA-AT 11) from the Anfiteatro area, Cerro
Lisandro Formation, and provided a brief descrip-
tion of it, including an illustration under a clear
camera. This plate is a pterygopalatine tooth plate,
and the perforations referred to in their work corre-
spond to the openings of pulp canals or punctua-
tions (Figure 7A-B). The illustration and description
provided show that the third denticulation is the
largest, which is uncommon for specimens from
Argentina (Salgado et al., 2009, fig. 3C-D). This
denticulation is reinterpreted here as the second,
with the first one being fractured. Additionally, the
plateau area is concave in labial view, as com-
monly observed in this type of tooth plate (Figure
7E-F). In MPCA-AT 11, a pattern similar to that
observed in Chaoceratodus portezuelensis is iden-
tified. Therefore, despite it being highly fragmented
and based on its characteristic external pattern,
this right pterygopalatine tooth plate is tentatively
identified as cf. Chaoceratodus portezuelensis.

Morphological and Histological Comparison 
with Dipnoan Species from Patagonia 

The species Chaoceratodus portezuelensis
possesses unique characteristics that differentiate
it from other Patagonian dipnoans. In the pterygo-
palatine tooth plates, the first denticulation is short
with a wear facet near the apex, the remaining
denticulations are of similar sizes, while the last
one forms the step, and the edges are slightly
curved at the inner angle, which is positioned

behind the second denticulation. Whereas in the
prearticular tooth plates, the first denticulation is
short, the second denticulation may exhibit a pos-
terior wear facet, a bilobed spur, and relatively
straight edges with an inner angle positioned at the
level of the first cleft or slightly ahead of it at the
level of the second denticulation. The characteristic
of being able to present a posterior wear facet in
prearticular tooth plates is unique since, usually, in
prearticular tooth plates from the Mesozoic of
Argentina, wear facets are only present anteriorly
on denticulations. One of the outstanding charac-
teristics of the species is the arrangement of inter-
denteonal dentine in rows that reflect externally as
a pattern on the occlusal surface. The rows of
monorefringent interdenteonal dentine coincide
with the denticulations and anastomose over the
rest of the plateau, appearing as an externally
reticulated pattern.

In comparison with the remaining Patagonian
species, Chaoceratodus portezuelensis differs
from Metaceratodus kaopen (Apesteguía et al.,
2007; Cione and Gouiric Cavalli, 2012) in having a
larger plateau area, with an acute inner angle
between the first and last ridges. Additionally, the
pterygopalatine tooth plates of M. kaopen have a
wear facet anterior to the first denticulation that
reaches the inner angle (Figure 7E). Metacerato-
dus kaopen also displays a more obtuse inner
angle and a step formed by the last two denticula-
tions, which, when viewed occlusally, adopts a
square shape (Figure 7F). The prearticular tooth
plates exhibit a first denticulation with a wide base,
occasionally displaying a projection at the base
level, which is absent in the species described here
(Figure 7G). Chaoceratodus portezuelensis differs
from M. wichmanni and M. baibianorum in several
respects. It possesses a shorter first denticulation
and a more pronounced curve along the mediolin-
gual edge at the inner angle. Moreover, it has a
smaller plateau area and a slightly deeper first cleft
than the one found in the latter species. M. wich-
manni has pterygopalatine tooth plates with a simi-
lar plateau area, a step formed by the last
denticulation, and a second cleft deeper than the
others (Apesteguía et al., 2007; Figure 7H-I); simi-
lar features are observed in the species Atlantocer-
atodus patagonicus (Agnolin, 2010). The
prearticular tooth plates of M. wichmanni have a
simple spur, and the first denticulation is longer
with a narrow base (Figure 7J). The other species,
M. baibianorum, has pterygopalatine tooth plates
with wider plateau areas, slightly curved mediolin-
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FIGURE 7. Cretaceous Dipnoans from Patagonia. A-B, tooth plate (MPCA-AT 11) of cf. Chaoceratodus portezuelen-
sis from El Anfiteatro area in oclussal (A) and pulpar (B) views, the arrow indicates the first incomplete denticulation.
C-D, same tooth plate in labial view, the arrow indicates the concave plateau area. E-G, pterygopalatine tooth plates of
Metaceratodus kaopen, showing varying degrees (MPCN-PV-SN 7, E and MPCN-PV-1-3, F) of wear and a prearticu-
lar tooth plate (MPCN-PV-SN 4, G). H-J, tooth plates of Metaceratodus wichmanni, displaying different wear levels
(MACN-Pv RN 350/2H and MACN-Pv RN 157A I) and a prearticular tooth plate (MML 202, J). K-M, tooth plates of
Metaceratodus baibianorum, with varying wear (MPEF-PV 11425 and MPEF-PV 11422, L) and a prearticular tooth
plate (MPEF-PV 11422 M). N-P, pterygopalatine tooth plates assigned to Atlantoceratodus iheringi (N-O), showing dif-
ferent wear levels (MPM-PV-1872.11.1, N and MPMPV-1872.11.3, O) and a prearticular tooth plate (MPM-PV-
1874.22.1, P). Q-S, pterygopalatine tooth plates of Rinconodus salvadori (MAU-Pv-N-478/3, Q and MAU-PV-LI-613,
R) and prearticular tooth plate (MAU-PV-LI-613, S). Scale bar: 1 cm. 
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gual edges, and prearticular tooth plates with a
simple spur (Panzeri et al., 2020; Figure 7K-M).

Chaoceratodus portezuelensis also differs
from Atlantoceratodus iheringi by featuring a
shorter first denticulation on the pterygopalatine
tooth plates along with an anterior wear facet. In
contrast, A. iheringi showcases a longer first den-
ticulation on the pterygopalatine and prearticular
tooth plates, devoid of an anterior wear facet
(Cione et al., 2007; Panzeri, 2024; Figure 7N-P).
The species Ceratodus argentinus, is based by a
single left pterygopalatine tooth plate, which shows
signs of wear from transportation and lacks the first
denticulation. This species is nominated in the
same study by Apesteguía et al. (2007), and
shares similarities with the pterygopalatine tooth
plates of C. portezuelensis when they attain larger
sizes (Figure 3D). However, the absence of mate-
rial referred to C. argentinus complicates direct
comparison.

Finally, Chaoceratodus portezuelensis differs
from Rinconodus salvadori in that its first denticula-
tion is short, relatively robust and with an anterior
wear facet. In contrast, R. salvadori features a lon-
ger, posteriorly curved first denticulation with a
raised medial edge forming a ridge and a markedly
deep posterior wear facet (Panzeri et al., 2022a;
Figure 7Q-S). The medial edge of R. salvadori
curves smoothly without prominences and lacks
anterior wear facets (Figure 7Q). Additionally, in R.
salvadori, the prearticular tooth plates exhibit a
pronounced anterior wear facet in the first denticu-
lation (Figure 7S) without posterior wear facets in
the remaining ones.

Concerning the dental histology of lungfish
from Patagonia, detailed descriptions have only
been provided for histological cross-sections of
tooth plates attributed to Metaceratodus baibiano-
rum (Panzeri et al., 2022b) and Atlantoceratodus
iheringi (Panzeri, 2024). The histology of Chaocer-
atodus portezuelensis differs in the arrangement of
dentine. The interdenteonal dentine is arranged in
rows of monorefringent dentine, coinciding with the
ridges that anastomose towards the plateau area.
Between these rows and the denteons, the inter-
denteonal dentine is arranged more erratically,
forming patches of monorefringent and birefringent
areas. The denteons have kidney-shaped forms,
and the circumdenteonal dentine appears to be
arranged in a single band. In M. baibianorum, the
interdenteonal dentine is laid out in an ordered
cross pattern surrounding small, circular denteons
(Figure 8A-C; Panzeri et al., 2022b). The circum-
denteonal dentine in M. baibianorum and C. porte-

zuelensis is simple and arranged in a single band
(Figure 8A-B). Finally, although in A. iheringi, the
interdenteonal dentine forms disorganized
patches, certain areas exhibit an ordered cross
pattern similar to M. baibianorum (Figure 8D-E;
Panzeri, 2024). Also, in A. iheringi, the circumden-
teonal dentine is arranged in a double band, and
the denteons are usually elongated and grouped
(Figure 8D-F).

Morphological and Histological Comparison 
with Dipnoan Species from Other Regions of 
the World

Regarding lungfish from other parts of the
world, a relationship has been previously estab-
lished between Patagonian lungfish and those from
Madagascar, specifically with the species Fergano-
ceratodus madagascariensis (Priem, 1924; Martin,
1981b, 1982; Schultze, 1991; Martin et al., 1999).
The similarity lies in this species and the Patago-
nian lungfish sharing the same number of denticu-
lations, with medial edges longer than the lingual
edges and similarly curved. Conversely, the
remaining species of the genus Ferganoceratodus
generally have a medial edge shorter than the lin-
gual edge. Both edges are straight, unlike what is
observed in Patagonian species. A possible close
relationship has also been established between F.
madagascariensis (from Madagascar), the Patago-
nian lungfish Chaoceratodus portezuelensis (Apes-
teguía et al., 2007), Rinconodus salvadori (Panzeri
et al., 2022a), and Atlantoceratodus iheringi (Mar-
tin, 1981b, 1982; Martin et al., 1999; Panzeri
2024), and North American lungfish (Fernández et
al., 1973; Martin, 1981b; 1982; Schultze, 1991;
Martin et al., 1999). Particularly C. portezuelensis
broadly resembles lungfish from Jurassic and Cre-
taceous formations in North America (e.g., Pota-
moceratodus guentheri; Apesteguía et al., 2007) in
possessing pterygopalatine tooth plates with a
wide plateau area relative to the area of the dentic-
ulations, medial edges longer than the lingual
edges and equally curved, and prearticular tooth
plates with the same number of denticulations and
longer labial edges than lingual edges. However,
they differ from C. portezuelensis in that the latter
has the ascending pterygopalatine process at the
level of the second denticulation with a circular
base, a shorter first denticulation with an anterior
wear facet, and prearticular tooth plates with a
bilobed spur.

Recently, Challands et al. (2024) proposed a
new taxonomic scheme in which all tooth plates
with five denticulations on the upper tooth plate
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and four on the lower would be assigned to Fer-
ganoceratodus. We opted to follow traditional clas-
sifications until a more solid taxonomic framework
becomes available. This is because the diagnosis
of Ferganoceratodus is primarily based on cranial
characters, and according to Kemp (1997) and
Kemp et al. (2017, suppl. data), the number of den-
ticulations alone “is unreliable” and “unhelpful for
most Mesozoic and Cenozoic tooth plates”. Addi-
tionally, in Challands et al. (2024) comparisons,
many tooth plates with the 5/4 configuration are
excluded from this genus due to other morphologi-
cal and distinctive features of the dentition, which
alters the criteria for reassignment to Ferganocera-
todus and indicating that this proposal requires
improvements (e.g., in species based on tooth
plates from North America and Patagonia).

It is important to note that, to date, all pterygo-
palatine tooth plates from Patagonia have a medial
edge that is longer than the lingual edge, placing
the inner angle in a posteromedial position (Figure
7; Panzeri et al., 2020). This feature differs from all

tooth plates assigned to Ferganoceratodus (except
F. madagascariensis, see above). In Challands et
al. (2024), this feature is mentioned only for Pata-
gonian species assigned to Metaceratodus, raising
doubts about their reassignment to Ferganocerato-
dus. Furthermore, among Patagonian species,
Rinconodus salvadori is omitted from the discus-
sion (Panzeri et al., 2022a), representing the first
Mesozoic dipnoan with a preserved cranial roof
from South America. The cranial bone configura-
tion of R. salvadori is more similar to the North
American species Potamoceratodus guentheri
(Marsh, 1878) than to Ferganoceratodus and Pty-
choceratodus. As mentioned earlier, this does not
rule out a potential close phylogenetic relationship
between the species from Africa (Madagascar) and
Patagonia. 

Detailed histological studies predominantly
using polarized light with a lambda filter have been
primarily conducted on the dentitions of Paleozoic
dipnoans from other parts of the world. The
arrangement of tissues in Paleozoic dipnoans var-

FIGURE 8. Histological cross-sections of tooth plates of Metaceratodus baibianorum and Atlantoceratodus iheringi. A-
C, sections of M. baibianorum tooth plates illustrating dentine arrangement in detail and at the first denticulation level
(MPEF-PV 11419). D-F, histological cross-sections of tooth plates of Atlantoceratodus iheringi (MPM-PV-1882), illus-
trating dentine arrangement (D, E) and the first denticulation under normal light (F). Abbreviations: bid, birefringent
interdenteonal dentine; cd, circumdenteonal dentine; icb, inner circumdenteonal dentine; ocb, outer circumdenteonal
dentine. Polarized light: B, E; lambda filter: A, C-D. Scale bar: B, D-E, 250 µm; A, C, F, 500 µm. 
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ies, generating patterns not observed in Patago-
nian dipnoans (Barwick et al., 1997; den Blaauwen
et al., 2006). For example, in Dipterus valencien-
nesi, the pulp canals are surrounded by thick mon-
orefringent dentine, with birefringent dentine
forming a square pattern between them. On the
other hand, in Tarachomylax oepiki, although a
lambda filter has not been used and the cross-sec-
tions are made in a different direction, the dentine
surrounding the pulp canal is also thicker than the
dentine between them. Similar observations are
made in Chirodipterus australis, where the pulp
canals often merge, forming a particular mesh
(Smith and Campbell, 1987), as also seen in Sage-
nodus inequalis (Smith, 1979). In Adolopas
moyasmithae, the dentition and tissue arrange-
ment resemble those of the aforementioned spe-
cies, with opaque dentine coinciding with the crests
(interpreted as petrodentine; Campbell and Bar-
wick, 1998), while this dense tissue is not observed
towards the sides. Additionally, Mesozoic dipnoans
from other parts of the world exhibit a tooth plate
histology similar to that observed in Chaoceratodus
portezuelensis. As mentioned earlier, C. portezuel-
ensis shows a distinctive arrangement of tissues in
the horizontal cross-section, externally manifested
as rows coinciding with the ridges and anastomos-
ing towards the sides. The arrangement of inter-
denteonal dentine in monorefringent rows
coinciding with the ridges resembles the petroden-
tine found in lepidosirenids (Bemis, 1984) and cer-
tain species of Mioceratodus (Kemp, 2001).
However, this dentine anastomoses forms monore-
fringent rows also towards the plateau area, includ-
ing some small lumen denteons, suggesting that it
would not form from the remnants of core dentine,
as it occurs in petrodentine (Lison, 1941; Kemp,
2001). 

Other Mesozoic species resembling histology
present in Chaoceratodus portezuelensis include
Neoceratodus forsteri, N. eyrensis, and Ferganoc-
eratodus madagascariensis (Smith, 1984; Kemp,
2001). In the horizontal cross-sections of these
species, interdenteonal dentine is organized in a
cross pattern. On the other hand, in the vertical
cross-sections, a clearer organization of monore-
fringent interdenteonal dentine is observed
between the two bands of birefringent interdenteo-
nal dentine (Smith, 1984), with the denteons being
parallel to each other and not converging occlus-
ally. Finally, in F. edwardsi, the vertical cross-sec-

tions resemble those of Ceratodus tuberculatus
(Tabaste, 1963) where the denteons converge
towards the occlusal surface and delineate areas
of dentine between them (Challands et al., 2024).
Although horizontal cross-sections have not been
performed, the micro-CT reveals a tissue arrange-
ment that reflects external wear patterns, which dif-
fer significantly from those observed in Patagonian
species. On the contrary, this pattern resembles
that observed in Ferganoceratodus martini (Cavin
et al., 2007) and in African species such as C.
tuberculatus, C. parvus, C. africanus, and Lavoca-
todus humei (Foureau, 1907; Tabaste, 1963;
Churcher and de Iuliis, 2001; Claeson et al., 2014).

CONCLUSIONS

In conclusion, Chaoceratodus portezuelensis
displays distinctive features not found in lungfish
from other regions, including Patagonia. These
features, such as a medial edge longer than the lin-
gual edge, a short first denticulation in pterygopala-
tine tooth plates with an anterior wear facet and
prearticular tooth plates with a bilobed spur, along
with a unique histological pattern, define the spe-
cies. This contribution provides a diagnosis of the
species that differentiates features present in pter-
ygopalatine and prearticular tooth plates as they
vary according to the type of tooth. Furthermore,
our findings underscore the morphological similari-
ties observed between Patagonian lungfish, the
Madagascan species Ferganoceratodus madagas-
cariensis, and North American lungfish. Lastly, we
emphasize the importance of tissue arrangement
as a valuable tool for future systematic and phylo-
genetic studies alongside detailed morphological
descriptions.
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