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ABSTRACT

Teleostean evolution produced enormous variation in tooth morphology. This variation is related
to the exploration and exploitation of very diverse dietary niches. Among extant fishes, several taxa
of the order Tetraodontiformes (e.g. pufferfishes, porcupinefishes and ocean sunfishes) have evolved
highly specialized beak-like tooth structures. Here we provide the first description of tetraodontiform
crushing beaks from Argentina. A single complete premaxillary beak recovered from the early Mio-
cene Gaiman Formation in Chubut Province is assigned to Molidae based on its premaxillaries being
completely fused to one another along the midline, general morphology, and size. Moreover, due to
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INTRODUCTION

the putative presence of rows of teeth fused to the thick and massive bone structure, the specimen
might belong to the genus Ranzania Nardo, 1840. Several premaxillary beaks recovered in the late
Miocene Parand Formation of Entre Rios Province are assigned to Tetraodontidae Bonaparte, 1832
based on the presence of long, slender, rod-like, and parallel dental units; premaxillac not fused in the
midline butarticulated by interlocking emarginations, and a few small and one large trituration dental
units. Argentinian tetraodontiform fishes inhabited the warm-temperate Paranense and Patagoniense
Seas (marine transgressions developed in southeastern South America) during the early-late Miocene;
these specimens are the southernmost fossil record of the group worldwide. Tetraodontiforms are
extremely rare in recent Argentinian marine waters. The new fossil records agree with the higher sea
water surface temperatures suggested both locally and worldwide for the Miocene.

RESUME

Tétraodontiformes (Osteichthyes, Actinopterygii) du Miocéne d’Argentine : avec la plus méridionale des
occurrences de Tetraodontidae fossiles.

Lévolution des Téléostéens a produit une variation énorme dans la morphologie dentaire. Cette varia-
tion est & mettre en relation avec I'exploration et I'exploitation de niches alimentaires trés diverses.
Parmi les poissons actuels, plusieurs familles de 'ordre des Tétraodontiformes (2 savoir poissons
globe, poissons porc-épic et poissons lune) ont des structures dentaires tres évoluées, en forme de
bec. Nous donnons ici la premiére description de becs triturants de tétraodontiformes d’Argentine.
Un unique bec complet prémaxillaire du Miocéne inférieur 4 moyen de la formation Gaiman dans
la province de Chubut a été assigné aux Molidae, sur la base de prémaxillaires complétement fusion-
nés I'un dans l'autre le long de la ligne médiane, de la morphologie et de la taille. De plus, en raison
de la présence présumée de rangées de dents amalgamées a la structure osseuse massive et épaisse, le
spécimen pourrait appartenir au genre Ranzania Nardo, 1840. Plusieurs becs prémaxillaires récoltés
dans le Miocéne moyen-supérieur de la formation Parand dans la province d’Entre Rios sont assignés
aux Tétraodontidae Bonaparte, 1832 sur la base de la présence d’unités dentaires paralleles, longues
et minces en forme de baguette ; de prémaxillaires non fusionnés dans la ligne médiane mais articulés
par des émarginations imbriquées, et quelques petites et une grande unités dentaires triturantes. Les
poissons tétraodontiformes argentins ont vécu dans les mers Paranense et Patagoniense tempérées-
chaudes (transgressions marines développées dans le sud-est de ’Amérique du Sud); ces spécimens
constituent le signalement de ce groupe fossile le plus méridional au monde. Les Tétraodontiformes
sont extrémement rares dans les eaux marines récentes d’Argentine. Les nouveaux signalements fos-
siles plaident en faveur de plus hautes températures des eaux marines superficielles, suggérées 2 la fois
localement et mondialement au Mioceéne.

which includes the porcupinefishes (Diodontidae Bonaparte,
1838), pufferfishes (Tetraodontidae Bonaparte, 1832), ocean

Bony-fish dentition shows a remarkable variability in morphol-
ogy (e.g. Berkovitz & Shellis 2017). Also, the development of
teeth occurs in several different ways (Huysseune & Sire 1992;
Trapani 2001; Sire ez al. 2002; Berkovitz & Shellis 2017). Bony-
fish dentition has a first generation of tooth germs originating
directly from the oral epithelium (e.g. Sire ez 2/. 2002). In some
osteichthyans taxa, the origin of teeth has been related to the
resorption cavities in the cartilage (Huysseune & Sire 1992).
The origin of the replacement tooth generations varies and
might be extraosseous — in the soft tissue outside the bone to
which posteriorly attach — or intraosseous — in sockets within
the bone (Trapani 2001; Berkovitz & Shellis 2017).
Crushing dentitions appeared early in the fossil record of
Osteichthyes (Moya-Smith & Campbell 1987; Smith 1988;
Kriwet 2005; Poyato-Ariza 2005; Johanson & Smith 2005;
Wu ez al. 2013). Hitherto, one of the most specialized crushing
type dentitions appears in living Tetraodontiformes — a group
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sunfishes (Molidae Ranzani, 1837), filefishes (Monacanthi-
dae Nardo, 1842), boxfishes (Ostraciidae Rafinesque, 1810),
tigerfishes (Balistidae Rafinesque, 1810), and several other
taxa (Tyler 1980; Santini & Tyler 2003; Close et a/. 2016;
Bannikov et al. 2017). The beak-like dentition of several
tetraodontids (i.e., porcupinefishes, pufferfishes, ocean, and
sunfishes) is a complex of bony and dental tissues with teeth
that form intraosseusly (Trapani 2001). Replacement teeth
in tetraodontids develop beneath the functional teeth and,
when resorption occurs, they move into the newly opened
area, thus completing their growth (Fraser ez a/. 2012).

Tetraodontiformes has a long-known fossil record dating
back to the Late Cretaceous, and are best-known in the Eocene
and Miocene (Tyler & Santini 2002; Santini & Tyler 2003;
Aguilera er al. 2017 and references therein). Late Cretaceous
Tetraodontifomes have no evident teeth in their jaws (Tyler &
Sorbini 1996; Santini & Tyler 2003).

COMPTES RENDUS PALEVOL e 2021 » 20 (27)



However, Tetraodontoidei or Gymnodontes (i.e., Triodonti-
dae Bleeker, 1859, Tetraodontidae, Molidae, Diodontidae, and
Avitoplectidae Bemis, Tyler, Bemis, Kumar, Rana & Smith,
2017) have beak-dentitions originating by the fusion of teeth
and their jaw bones (Tyler 1980; Andreucci & Britski 1982).
The fossil record of Tetraodontoidei goes back to the Eocene
(Tyler 1980; Tyler & Bannikov 1992; Tyler & Santini 2002;
Santini & Tyler 2003).

In South America, fossil Tetraodontoidei have been reported
from the Miocene-Pliocene of Pertt (Muizon & Devries
1985), and the Miocene of Argentina, Brazil, Colombia, and
Venezuela (Woodward 1901; Cione ez al. 2011; Aguilera e al.
2017). An isolated dental plate has been reported in the Late
Cretaceous of Brazil (Gallo ez /. 2009). However, the age of
that finding remains doubtful (see discussion in Dornburg
et al. 2014 and Bannikov ez a/. 2017).

Considering the Argentinian specimens, Woodward (1901:
576) assigned with doubts a “portion of typical jaw” to the
genus Mola Koelreuter, 1776 (Orthragoriscus Bloch & Sch-
neider, 1801). Woodward mentioned that the material comes
from the Patagonian Formation which crops out in Chubut
Province. The rocks exposed in that area are formally known
as Gaiman and Chenque formations and are considered early
Miocene in age (Bertels 1970, see also Parras & Cuitifio
2021). That and other material, reported later (Cione 1988;
Cione & Azpelicueta 2002; Cione ef al. 2011) was never
formally described.

Here we provide a qualitative study of beaked-dentitions
found in the early Miocene Gaiman Formation (Chubut
Province, Patagonia Argentina) and the late Miocene of Parand
Formation (Entre Rios Province, North Eastern Argentina). We
compare these records with those of other parts of the globe.

MATERIAL AND METHODS

The material studied herein consists of one upper beak (MLP
86-11-22-1) recovered in the Gaiman Formation and several
partially preserved upper beaks (CICYTTP-Pv-P-1-323,
CICYTTP-Py-P-1-426, CICYTTP-Pv-P-1-543, CICYTTP-
Pv-P-1-569, CICYTTP-Pv-P-1-631, CICYTTP-Pv-P-1-724)
recovered in several independent expeditions made by one
of the authors (ALC) to the fossiliferous units of the Parana
Formation at La Juanita and Toma Vieja localities (Fig. 1).
The specimens are housed at the Vertebrate Paleontology
collection of the Divisién Paleontologia Vertebrados, Museo
de La Plata (MLP) and in the paleontological collections of
the Centro de Investigaciones Cientificas y Transferencia
de Tecnologia a la Produccién de Diamante (CICYTTP),
Entre Rios, Argentina.

The material was studied under binocular microscope Zeiss
Stemi 2000C and SEM (Scanning Electron Microscope)
FEI ESEM Quanta 200 equipped with electron source from
a tungsten filament with 200 V-30 kV accelerating voltage.
The samples were analyzed under Low Vacuum mode (Lo Vac)
with a precision 0of 0.1 to 1 Torr, without metalizing. Secondary
electron detectors, were used looking for a high topographic

COMPTES RENDUS PALEVOL e 2021 * 20 (27)
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Beak width

Bony palate

Total width

FiG. 1. — Beak meristics on molid according to Weems (1985).

contrast image of the examined surface. Backscattered elec-
trons (BE) detectors of two sectors BSED were employed in
order to observe variations in the atomic number (Z) of the
elements detected on surface. Heterogeneity of the sample
is expressed in the image through different gray tonalities
depending on the atomic number.

Descriptive terminology (Fig. 2) follows Tyler (1980), Weems
(1985) and Aguilera e al. (2017). Also, an extensive review of
the literature was made in order to compare the specimens.
Material from extant species housed at Seccidn de Zoologia
Vertebrados, Museo de La Plata (MLP) and Cdtedra de Icti-
ologia, Facultad de Ciencias Naturales y Museo (FCNyM)
was used for comparison. Meristics follows Weems (1985).

GEOLOGICAL SETTING

The Gaiman and Parand formations were deposited during
the Miocene as consequence of a marine transgression from
the Atlantic that covered most of the eastern regions of South
America, especially Argentina, Uruguay, Brazil, and Bolivia.
As a consequence of this event, the so-called Entrerriense or
Paranense and Patagoniense seas develops.

PARANA FORMATION

The Parand Formation represents a widespread marine deposits
of the Adantic Ocean in South America, being part of the so
called Entrerriense or Paranense Sea. During the middle and
late Miocene, this sea covered most of the Chaco-Parand
Basin and eastern Patagonia to the northern portion of the
Sierras Subandinas and the north-western Sierras Pampea-
nas in Argentina, reaching as far north and east as Bolivia,
Paraguay, western Uruguay, and southern Brazil (Herndndez
et al. 2005; Vélez-Juarbe et al. 2012 and references therein).
The age of the Parand Formation has been largely debated on
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the basis mainly of different biostratigraphic interpretations
regarding its included invertebrate fauna, ranging from middle
(e.g. Acenolaza 2000; del Rio 2000; Acefolaza & Acenolaza
2000) to late Miocene (e.g. Frenguelli 1920; Camacho 1967;
Acenolaza 1976; Zabert 1978; Cione et al. 2000). However,
recent studies supported by new paleontological evidence and
radioisotope dating tend to assign at least the outcropping
beds to the late Miocene (Pérez 2013; del Rio ez 2/ 2018).

GAIMAN FORMATION

The Gaiman Formation was deposited during the marine
Patagoniense transgression. To date no isotopic data are avail-
able for Gaiman Formation and an early Miocene age is sup-
ported by correlations with other dated basins and formations,
fossils, and palinomorphs (Palazzesi ez al. 2006; Cione ez al.
2011; Parras et al. 2012; Parras & Cuitifio 2021).

SYSTEMATIC PALEONTOLOGY

Class ACTINOPTERYGII Cope, 1887
Infra-class TELEOSTEI Miiller, 1844
Order TETRAODONTIFORMES Regan, 1929
Family MOLIDAE Ranzani, 1839
Genus Ranzania Nardo, 1840

cf. Ranzania sp.

Ranzania sp. — Nardo 1840: 111.
Molidae indet. — Cione 1988: 447. — Cione & Azpelicueta 2002: 370.
molid teleost — Cione et al. 2011: 429.

FAMILIAL STRATIGRAPHIC RANGE. — Upper Eocene to Recent
(Tyler & Bannikov 1992).

MATERIAL REFERRED. — MLP 86-11-22-1, a beak formed by fused

premaxillaries.

GENERIC DIAGNOSIS. — Modified from Weems (1985). Endoskel-
eton mainly cartilaginous. Body covered by dermal polygonal plates.
Beak formed by the fusion of both premaxillaries in the upper jaw
and both dentaries in the lower jaw. Upper beak posteriorly con-
taining rows or patches of teeth fused against a thick mass of bone
overlying roof of mouth.

GEOLOGY AND STRATIGRAPHY. — The material was recovered at the
Gaiman Formation, lower Miocene, Chubut Province, Patagonia
Argentina (Parras & Cuitino 2021; Fig. 2).

DESCRIPTION

The preserved upper jaw is thick and wide (Fig. 3) and has
two portions: a well-developed and sharp beaked portion and
a bony palate. In lateral view the beak and the bony palate
form an obtuse angle. The preserved total length of the upper
jaw is ¢. 40 mm, the total wide is ¢. 50 mm, and the beak
length is ¢. 12 mm. The external and lingual surfaces of the
beaked portion have a shiny tissue that we interpret as enamel
(Fig. 3D). The bony external surface of the upper jaw is striated
(grooved or creased). Some sections of the upper jaw show
its internal core which has a structure composed of “tubules”
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that might be vascular canals of osteodentine (Fig. 3). This
tubular structure is also evidenced on the surface of the speci-
men studied herein due to post-mortem wear (Fig. 3A, C).
In lingual view, the beak portion is slightly concave and has
almost the same width along the biting margin (Fig. 3B).
The bony palate is not very well preserved and is triangular.
Caudad, some conical structures are recognized; we interprete
those structures as pootly preserved teeth (Fig. 3B). Some of
these teeth might have enamel. Thus, the caudad region has
at least three irregular rows and is clearly differentiated from
the biting portion (Fig. 3B).

TAXONOMIC REMARKS

Members of the family Molidae are known as ocean sunfishes.
Molids have an extreme complex jaw formed by the fusion of
bone and dental tissues (Tyler 1980). Premaxillaries and den-
taries are indistinguishably fused in the midline (Tyler 1980).
Recent molids are represented by three genera and five species
Mola mola Linnaeus, 1758; M. alexandrini (Ranzani, 1839);
M. tecta Nyegaard, Sawai, Gemmell, Gillum, Loneragan,
Yamanoue & Stewart, 2017, Masturus lanceolatus (Liénard,
1840); and Ranzania leavis Pennant, 1776.

The fossil record of molids is patchy since their endoskele-
tons are largely cartilaginous and their pelagic habitat is not
conducive to fossilization. Thus, the family is mainly repre-
sented by beaked dentitions and dermal scale plates (Tyler &
Santini 2002). To date, fossil molids are represented by four
genera: Eomola Tyler & Bannikov, 1992; Austromola Grego-
rova, Schultz, Harzhauser, Kroh & Cori¢, 2009; Ranzania
Nardo, 1840; and Mola Koelreuter, 1776.

The beak described herein was previously reported as an
indeterminate Molidae (Cione 1988; Cione & Azpelicueta
2002; Cione et al. 2011) but it was not formally described. It
is assigned to Molidae because of the presence of completely
fused premaxillaries, general morphology, and size. Moreover,
based on the putative presence of rows of teeth fused to the
thick and massive bone structure, the specimen might belong
to the genus Ranzania. However, more specimens are needed
to provide a precise taxonomic assignment.

Molid fishes occur in tropical and temperate waters around
the world, being solitary and pelagic. In South America, the
southernmost record of extant molids corresponds to Mola
mola Linnaeus, 1758 recovered in Solano Bay 40 km north
of Comodoro Rivadavia city in Chubut Province (Aramburu
1957) and the southernmost extant record of Ranzania laevis
Pennant, 1776 is New Zealand (Smith ez 2/ 2010). Fossil
specimens of the genus Ranzania have been recovered from
the lower Miocene of North Carolina (Weems 1985), middle
Miocene of Italy, (Carnevale 2005), Japan (Uyeno & Saka-
moto 1994), and late Miocene (Messinian) of northwestern
of Argelia (Carnevale & Santini 2007).

Family TETRAODONTIDAE Bonaparte, 1832

FAMILIAL STRATIGRAPHIC RANGE. — Middle Eocene to Recent
(Tyler & Santini 2002).

COMPTES RENDUS PALEVOL e 2021 » 20 (27)
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Fic. 2. — Location map indicating where tetraodontiform specimens have been recovered: A, geographic location, Argentina is in gray; B, paleogeography of the
Miocene Paranense (dark blue) and Patagoniense (light blue) marine deposits; orange circles indicate tetraodontid beaks recovered from the Parana Forma-
tion in Entre Rios Province; red circle indicates the molid beak recovered from Gaiman Formation in Chubut Province; C, chronostratigraphic chart of deposits
of Gaiman (light blue indicates Patagoniense) and Parana (dark blue indicates Paranense) formations in eastern Patagonia and NEA (northeastern Argentina).
Dotted lines and question marks indicate unknown radiometric ages for Gaiman Formation. Data on marine deposits and ages modified from Cuitifio et al. (2017),
Pérez (2013) and Parras & Cuitifio (2021). Global Multi-Resolution Topography base map from GeoMapApp® (Ryan et al. 2009). Abbreviations: Aq, Aquitanian;

Bu, Burdigalian; G, Gaiman; La, Langhian; LJ, La Juanita; Me, Messinian; Se, Serravalian; To, Tortonian; TV, Toma Vieja.

MATERIAL REFERRED. — CICYTTP-Pv-P-1-323, right almost com-
plete premaxilla, CICYTTP-Pv-P-1-426, incomplete right premaxilla
represented by the biting portion, CICYTTP-Pv-P-1-569, incom-
plete right premaxilla represented by the biting portion, CICYTTP-
Pv-P-1-543, fragmentary biting portion; CICYTTP-Pv-P-1-631,
fragmentary left premaxilla with biting portion; CICYTTP-Pv-
P-1-724, two fragments of biting portion with rod-like dental units
and a fragmentary left premaxilla biting portion.

GEOLOGY AND STRATIGRAPHY. — Uppermost levels of the Parand
Formation, upper Miocene (Tortonian-Messinian), Entre Rios Prov-
ince, Argentina (del Rio ez al. 2018; Fig. 2). Most of the specimens
were collected at La Juanita locality (level 1) and CICYTTP-Pv-
P-1-323 was recovered at Toma Vieja locality (level 3).

COMPTES RENDUS PALEVOL e 2021 20 (27)

DESCRIPTION

Massive crushing plates formed by the articulation of pre-
maxillaries. In medial or symphyseal view, the articulation
between both premaxillary is composed of four to six well-
developed projections of each premaxillary bone (Figs 4;
5C). The projections at the middle section of the symphysis
seem to be transversally longer than those of Lagocephalus
Swainson, 1839 (see Tyler 1980: 269). In occlusal view, the
premaxillary has an internal cavity containing the pulp cav-
ity of the long, rod-like teeth. The teeth lie parallel to the
anterior edge of the premaxillary bone. There are four to
twelve replacement teeth (Fig. 4C) and only two (possibly
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Fic. 3. — MLP 86-11-22-1, cf. Ranzania Nardo, 1840 beak dentition: A, dorsal view; B, lingual view; C, left view; D, right view. Abbreviations: en, enamel;

os.t, osteodentine tubules; t, teeth. Scale bars: 1 cm.

three) of them are visible at the premaxillary biting edge.
On the ventral surface, three more or less blunt, elongated,
and sigmoidal teeth lie in shallow sockets arranged in a
longitudinal row just lateral to the medial edge (Figs 4B,
D; 5E). The anterior tooth is at least half of the length of
remaining teeth (Figs 4B, D; 5A, C, F); it is more or less
triangular with a tall anterior vertex close to symphysis. The
teeth are ornamented with faint lines.

In lingual view, the beak is formed by parallel dental units
(Fig. 4B, D). These units are arranged in two groups: long
(nine to ten) and short (three or four). The dental units are
shorter near the symphysis and considerably longer caudad
(Fig. 4B, D). CICYTTPPV.P1. 569 in labial view shows long
dental units intercalated by small units (Fig. 4D). CICYTTP.
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PV.P1. 426 in labial view shows the notches of articulation
among premaxillae (Fig. 4E).

Since there are only three well-preserved beaks and the
histology of beaks in Tetraodontidae is not fully understood,
we preferred not performing histological sections. However,
because some of the material from the Parand Formation
show different degrees of wear, we briefly describe it. Wear
has its maximum development in the dental units near the
symphysis, which decreases backward. In the beaks CICYTTP-
PV-P-1-323 and CICYTTP-PV-P-1-426 the biting portions
have the maximum degree of wear (Fig. 5A-D). However,
replacement dental units in CICYTTP-PV-P-1-323 do not
show wear but in CICYTTP-PV-P-1-426 the same units
have well-developed wear. In CICYTTP-PV-P-1-569 the
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I. du

Fic. 4. — Tetraodontidae indet. premaxillary beak dentitions: A, B, CICYTTP.PV.P.1.323: A, lingual view; B, dorsal view; C, D, CICYTTP.PV.P.1. 569: C, lingual
view; D, labial view; E, CICYTTP.PV.P.1. 426 in lingual view. Abbreviations: du, dental units; I. du, large or long dental units; rt, replacement teeth; s, symphysis;
s. du, small or short dental units; t, teeth. Black arrow indicates symphysis. Scale bars: A-D, 5 mm; E, 10 mm.

beak does not show wear and the dental units forming the
cutting edge are antero-posteriorly compressed (Fig. 5E, F).
Since CICYTTP-PV-P-1-569 is the smallest specimen, we
hypothesize that it is a young adult and that wear is caused
by biting hard organisms like coral or gastropods as in many
extant tetraodontiforms.

COMPTES RENDUS PALEVOL e 2021 20 (27)

TAXONOMIC REMARKS

Within the Tetraodontiformes, we assign the Parand Forma-
tion specimens to the tetraodontoids or gymnodontids because
they have crushing beaks composed of upper and lower jaw
bones fused with teeth which characterizes this beak-toothed
group. Within the Tetraodontoidei, the material belongs in
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Fic. 5. — Tetraodontidae indet. premaxillary beak dentitions under SEM: A, B, CICYTTP.PV.P.1.323 lingual view of a portion of the beak and bone of an adult
specimen: A, dental units and bone; B, close up to show the wear in the anterior dental units; C, D, CICYTTP.PV.P.1.426: C, backscattered image showing
a general view of the dental units; D, backscattered image showing a close up to show the wear over life in the anterior dental unit; E, F, CICYTTP.PV.P.1.569,
young adult specimen: E, general view of the dental units, note the non-wearing enamel; F, close up of the anterior dental unit of E, note the sharp edge of the
anterior dental unit. Scale bars: A, C, 1 mm; B, D, F, 200 pym; E, 500 pm.
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the family Tetraodontidae senzsu Tyler (1980) based on the
presence of long, slender, rod-like, and parallel dental units
(Fig. 4); premaxillae not fused in the midline but articulated
by interlocking emarginations; few small and one large tritu-
ration dental units present (CICYTTP-Pv-P-1-323; Fig. 4).
According with Tyler (1980) the subfamily Tetraodontinae
is the only one with trituration dental units.

We compare the Miocene material from Argentina with
those of the family Tetraodontidae in which premaxillae
were described in detail (see Tyler 1980) and also with recent
material from the ichthyological collection of the La Plata
Museum. Since the Argentinian material has crushing dental
units which are characteristic of Tetraodontinae it is possible
that the specimens belong to this family. However, a more
detailed study is needed.

The Argentinian material differs from Lagocephalus in
having more replacement dental units (12) vs five to ten
and interlocking emarginations between premaxillae four to
five vs twelve. It presents also three trituration dental units
vs two to six; however, we cannot be certain of this feature
since we only have one specimen with trituration dental units
(i.e., CICYTTP-Pv-P-1-323; Fig. 4A, B). The Argentinian
specimens differ from Canthigaster Swainson, 1839 by having
trituration dental units. Also, Canthigaster has more replace-
ment teeth (15 to 20) and more interlocking emarginations
(15 to0 20). Argentinian specimens differs form those reported
from the Miocene of Angola (Antunes 1978; Antunes ez .
1981) because African specimenes have more parallel long
dental units (c. 20).

DISCUSSION

Tetraodontiformes is a primarily marine actinopterygian
group that shows a widespread distribution with a remarkable
body plan variety, including the porcupinefishes (Diodonti-
dae), pufferfishes (Diodontidae), ocean sunfishes (Molidae),
boxfishes (Ostraciidae), and tigerfishes (Balistidae). The
Tetraodontiformes fossil record dates back to the Late Cre-
taceous (Tyler & Sorbini 1996; Tyler & Santini 2002; Arcila
etal. 2015; Close et al. 2016; Arcila & Tyler 2017; Bannikov
et al. 2017). All Tetraodontiformes have a specialized diet
and most of them feed on molluscs (i.e., bivalves and gastro-
pods). However, molid fishes are highly specialized to feed on
jellyfishes, although they also can feed on squids and small
actinopterygians (Berkovitz & Shellis 2017).

Cenozoic marine outcrops are exposed at the southwestern
Atlantic coasts of southeastern of Brazil to southern Argentina
(del Rio ez al. 2018). The Patagoniense Sea (late Oligocene to
early Miocene), which was located at the eastern of Patagonia
in southern South America, represents the oldest major flood-
ing event by the Atlantic Ocean. The outcrops include four
formations known as Monte Leén, Carmen Silva, Chenque,
and Gaiman (Cuitifio ez a/. 2017). The youngest Atlantic
Ocean flooding is known as the Paranense or Entrerriense Sea,
which occurred mainly during the late Miocene and comprises
units in Uruguay (i.e., Camacho Formation) and Argentina
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(i.e., Parand Formation) in Entre Rios Province, “Entrerriense
Beds” in Buenos Aires Province, Balneario La Loberia facies of
the Rio Negro Formation in Rio Negro Province and Puerto
Madryn Formation in Chubut Province (see del Rio ez al.
2018 and the references therein).

The Paranense units are known by an extremely diverse mol-
luscan fauna (del Rio 1991; del Rio ez /. 2018) and other
hard invertebrates (i.c., poriferans, bryozoans, brachiopods,
arthopods, and echinoderms) (Pérez ez al. 2013). At Gaiman
and Parand formations, the ichthyofauna is characterized by the
presence of several chondrichthyans and also a few teleosteans
(Cione in Scasso & Castro 1999; Cione & Azpelicueta 2002;
Cione ez al. 2011, 2013). This proportion is certainly due to
taphonomic reasons (Cione ez al. 2013).

The specimens described herein represent the first formal
description of fossil Tetraodontiformes from Argentina. The
new descriptions presented herein are relevant in terms of
the distribution of Tetraodontiformes during the Miocene in
the Southern Hemisphere, being the southernmost record of
fossil Tetraodontiformes worldwide. The specimens recovered
at Parand Formation are assigned to Tetraodontidae; other
Southern Hemisphere records are isolated and fragmentary
dentitions from the Miocene of Angola (Antunes 1978;
Antunes ¢t al. 1981). Considering the available source of
food — mainly molluscan and gastropods — but also annelids,
echinoderms, and brachiopods (Pérez ez al. 2013), we consider
that tetraodontid actinopterygians lived and fed in the shal-
low temperate warm waters near the coastline of the present
Entre Rios Province (e.g. Cione ez /. 2013). This is also in
agreement with previous hypotheses about global and local
temperatures during the Miocene (see Zachos ez al. 2001;
Cione et al. 2013).

The molid records of the Gaiman Formation (Chubut
Province) could be random findings. Recent molid records
in Patagonia are extremely rare and those actinopterygians are
captured accidentally in trawler fishing (e.g. di Gidcomo ez al.
2015). However, since molids are usually pelagic solitary (e.g.
Pope et al. 2010), the laticudinal temperature gradients of the
Atlantic Ocean were not as strong as today, and the waters
were warmer (Zachos ez al. 2001; Bellwood & Wainwright
2002; Bellwood ez al. 2012), the fish could have inhabited
the area during the Miocene.
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