mpteslrendus

evo

202322

Late Miocene Dasypodidae Gray, 1821
(Xenarthra, Cingulata) from the Toro Negro
Formation (Central Andes, Argentina):
diversity and chronological

and biogeographical implications

Diego BRANDONI, Daniel BARASOAIN & Laureano R. GONZALEZ RUIZ

. A
L sty A S
&l § L 5
e =

" g b

- g L%

-r <

PUBLCATIONS

art. 22 (1) — Published on 16 January 202‘3
SCIENTIFiQUES %.

www.cr-palevol.fr




DIRECTEURS DE LA PUBLICATION / PUBLICATION DIRECTORS :
Bruno David, Président du Muséum national d’Histoire naturelle
Etienne Ghys, Secrétaire perpétuel de I’Académie des sciences

REDACTEURS EN CHEF / EDITORS-IN-CHIEF . Michel Laurin (CNRS), Philippe Taquet (Académie des sciences)

ASSISTANTE DE REDACTION / ASSISTANT EDITOR: Adenise Lopes (Académie des sciences; cr-palevol@academie-sciences.fr)
MIsE EN PAGE / PAGE LAYouT: Audrina Neveu (Muséum national d’Histoire naturelle ; audrina.neveu@mnhn.fr)

REVISIONS LINGUISTIQUES DES TEXTES ANGLAIS / ENGLISH LANGUAGE REVISIONS : Kevin Padian (University of California at Berkeley)

REDACTEURS ASSOCIES / ASSOCIATE EDITORS (*, took charge of the editorial process of the article/a pris en charge le suivi éditorial de I'article):
Micropaléontologie/Micropalaeontology

Maria Rose Petrizzo (Universita di Milano, Milano)

Paléobotanique/Palaeobotany

Cyrille Prestianni (Royal Belgian Institute of Natural Sciences, Brussels)

Métazoaires/Metazoa

Annalisa Ferretti (Universita di Modena e Reggio Emilia, Modena)

Paléoichthyologie/Palaeoichthyology
Philippe Janvier (Muséum national d’Histoire naturelle, Académie des sciences, Paris)

Amniotes du Mésozoique/Mesozoic amniotes

Hans-Dieter Sues (Smithsonian National Museum of Natural History, Washington)
Tortues/Turtles

Juliana Sterli (CONICET, Museo Paleontolégico Egidio Feruglio, Trelew)
Lépidosauromorphes/Lepidosauromorphs

Hussam Zaher (Universidade de Sdo Paulo)

Oiseaux/Birds )

Eric Buffetaut (CNRS, Ecole Normale Supérieure, Paris)

Paléomammalogie (mammiféres de moyenne et grande taille)/Palaeomammalogy (large and mid-sized mammals)
Lorenzo Rook* (Universita degli Studi di Firenze, Firenze)

Paléomammalogie (petits mammiféres sauf Euarchontoglires)/Palacomammalogy (small mammals except for Euarchontoglires)
Robert Asher (Cambridge University, Cambridge)

Paléomammalogie (Euarchontoglires)/Palacomammalogy (Euarchontoglires)

K. Christopher Beard (University of Kansas, Lawrence)

Paléoanthropologie/Palacoanthropology

Roberto Macchiarelli (Université de Poitiers, Poitiers)

Archéologie préhistorique/Prehistoric archaeology
Marcel Otte (Université de Liege, Liege)

REFERES / REVIEWERS : https://sciencepress.mnhn.fr/fr/periodiques/comptes-rendus-palevol/referes-du-journal

COUVERTURE / COVER:
Made from the Figures of the article.

Comptes Rendus Palevol est indexé dans / Comptes Rendus Palevol is indexed by:
— Cambridge Scientific Abstracts
— Current Contents® Physical
— Chemical, and Earth Sciences®
— ISI Alerting Services®
— Geoabstracts, Geobase, Georef, Inspec, Pascal
- Science Citation Index®, Science Citation Index Expanded®
— Scopus®.

Les articles ainsi que les nouveautés nomenclaturales publiés dans Comptes Rendus Palevol sont référencés par /
Articles and nomenclatural novelties published in Comptes Rendus Palevol are registered on:

— ZooBank® (http://zoobank.org)

Comptes Rendus Palevol est une revue en flux continu publiée par les Publications scientifiques du Muséum, Paris et I’Académie des sciences, Paris
Comptes Rendus Palevol is a fast track journal published by the Museum Science Press, Paris and the Académie des sciences, Paris

Les Publications scientifiques du Muséum publient aussi / The Museum Science Press also publish:
Adansonia, Geodiversitas, Zoosystema, Anthropozoologica, European Journal of Taxonomy, Naturae, Cryptogamie sous-sections Algologie, Bryologie, Mycologie.

L’Académie des sciences publie aussi / The Académie des sciences also publishes:
Comptes Rendus Mathématique, Comptes Rendus Physique, Comptes Rendus Mécanique, Comptes Rendus Chimie, Comptes Rendus Géoscience, Comptes
Rendus Biologies.

Diffusion — Publications scientifiques Muséum national d’Histoire naturelle
CP 41 - 57 rue Cuvier F-75231 Paris cedex 05 (France)

Tél.: 33 (0)1 40 79 48 05/ Fax: 33 (0)1 40 79 38 40

diff.pub@mnhn.fr / https://sciencepress.mnhn.fr

Académie des sciences, Institut de France, 23 quai de Conti, 75006 Paris.

© This article is licensed under the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by/4.0/)
ISSN (imprimé / print): 1631-0683/ ISSN (électronique / electronic): 1777-571X


http://www.adansonia.com
http://www.geodiversitas.com
http://www.zoosystema.com
http://www.anthropozoologica.com
http://www.europeanjournaloftaxonomy.eu
http://www.revue-naturae.fr
http://cryptogamie.com/algologie
http://cryptogamie.com/bryologie
http://cryptogamie.com/mycologie
https://comptes-rendus.academie-sciences.fr/mathematique
https://comptes-rendus.academie-sciences.fr/physique
https://comptes-rendus.academie-sciences.fr/mecanique
https://comptes-rendus.academie-sciences.fr/chimie
https://comptes-rendus.academie-sciences.fr/geoscience
https://comptes-rendus.academie-sciences.fr/biologies
https://comptes-rendus.academie-sciences.fr/biologies
mailto:diff.pub@mnhn.fr
http://sciencepress.mnhn.fr
https://creativecommons.org/licenses/by/4.0/
mailto:cr-palevol@academie-sciences.fr
mailto:audrina.neveu@mnhn.fr
https://sciencepress.mnhn.fr/fr/periodiques/comptes-rendus-palevol/referes-du-journal

Late Miocene Dasypodidae Gray, 1821

(Xenarthra, Cingulata) from the Toro Negro Formation
(Central Andes, Argentina): diversity and chronological
and biogeographical implications

Diego BRANDONI

Laboratorio de Paleontologia de Vertebrados,

Centro de Investigacion Cientifica y de Transferencia Tecnoldgica a la Produccion -
Consejo Nacional de Investigaciones Cientificas y Técnicas (CICYTTP, CONICET-Prov.
ER-UADER), Espaia 149, E3105BWA Diamante (Argentina)

dbrandoni@cicyttp.org.ar (corresponding author)

Daniel BARASOAIN

Laboratorio de Evolucién de Vertebrados y Ambientes Cenozoicos,

Centro de Ecologia Aplicada del Litoral - Universidad Nacional de Nordeste -

Consejo Nacional de Investigaciones Cientificas y Técnicas (CECOAL-UNNE-CONICET)
y Cétedra de Paleontologia, Facultad de Ciencias Exactas, Naturales y Agrimensura,
Universidad Nacional del Nordeste, RP5 3400 Corrientes (Argentina)
danielbarasoain@gmail.com

Laureano R. GONZALEZ RUIZ

Laboratorio de Investigaciones en Evolucion y Biodiversidad (LIEB-FCNyCS sede Esquel,
UNPSJB) y Centro de Investigaciones Esquel de Montafa y Estepa Patagénica (CIEMEP),
Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET),

Universidad Nacional de La Patagonia San Juan Bosco (UNPSJB),

Roca 780, 9200, Esquel, Chubut (Argentina)

Irgonzalezruiz@comahue-conicet.gob.ar

Submitted on 11 August 2021 | Accepted on 2 November 2021 | Published on 16 January 2023

urn:lsid:zoobank.org:pub:896BCEBD-8547-4822-9F61-58E7TBECC9469

Brandoni D., Barasoain D. & Gonzalez Ruiz L. R. 2023. — Late Miocene Dasypodidae Gray, 1821 (Xenarthra, Cingulata)
from the Toro Negro Formation (Central Andes, Argentina): diversity and chronological and biogeographical implica-
tions. Comptes Rendus Palevol 22 (1): 1-16. https://doi.org/10.5852/cr-palevol2023v22a1

ABSTRACT

Fossil remains herein described are referred to different species of Dasypodidae Gray, 1821 (Mamma-
lia, Xenarthra, Cingulata) and come from the upper levels of the lower member (Late Miocene-Early
Pliocene) of the Toro Negro Formation at Quebrada de Las Torrecillas, La Rioja Province, Argentina,
where previous vertebrate records only include those of Pyramiodontherium scillatoyanei De luliis, Ré &
Vizcaino, 2004 (Mammalia, Xenarthra) and Opisthodactylus cf. kirchneri Noriega, Jordan, Vezzosi &
Areta, 2017 (Aves, Rheidae). The remains of Dasypodidae herein presented include Verelia ghandii
Esteban & Nasif, 1996, Chasicotatus peiranoi Esteban & Nasif, 1996, Macrochorobates scalabrinii
(Moreno & Mercerat, 1891), Prozaedyus sp., and Paleuphractus argentinus (Moreno & Mercerat,
1891), and constitute the first records of these species for the Toro Negro Formation, increasing the
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mammal diversity for this unit. The association of dasypodids here described shows strong affinities
with those described for Late Miocene localities of Northwestern Argentina. Under these evidences,
the Dasypodidae here reported for Quebrada de Las Torrecillas site show a characteristic association
of taxa from Northwestern Argentina, suggesting a Messinian age (Late Miocene) for the bearing
levels of the Toro Negro Formation. In this way, these records support the accurate ages recently
proposed for the lower Member of the Toro Negro Formation (i.e., Late Miocene-Early Pliocene).

RESUME

Miocéne supérieur Dasypodidae Gray, 1821 (Xenarthra, Cingulata) de la Formation Toro Negro (Centre
des Andes, Argentine) : diversité et implications chronologiques et biogéographiques.

Les restes fossiles décrits ici se rapportent a différentes espéces de Dasypodidae Gray, 1821 (Mam-
malia, Xenarthra, Cingulata) et proviennent des niveaux supérieurs du membre inférieur (Miocene
supérieur — Pliocéne inférieur) de la Formation Toro Negro a Quebrada de Las Torrecillas, Province
de La Rioja, Argentine, ol les signalements précédents de vertébrés comprennent seulement ceux de
Pyramiodontherium scillatoyanei De luliis, Ré & Vizcaino, 2004 (Mammalia, Xenarthra) et Opistho-
dactylus cf. kirchneri Noriega, Jordan, Vezzosi & Areta, 2017 (Aves, Rheidae). Les restres de Dasypo-
didae présentés ici incluent Vetelia ghandii Esteban & Nasif, 1996, Chasicotatus peiranoi Esteban &
Nasif, 1996, Macrochorobates scalabrinii (Moreno & Mercerat, 1891), Prozaedyus sp., et Paleuphractus
argentinus (Moreno & Mercerat, 1891), et constituent les premiers signalements de ces espéces pour
la Formation Toro Negro, augmentant la diversité de mammiferes pour cette unité. L'association de
dasypodidés décrite ici présente de fortes affinités avec celles décrites pour des localités du Miocéne
du Nord-Ouest de 'Argentine. Compte tenu de ces éléments, les Dasypodidae rapportés ici pour le
site de Quebrada de Las Torrecillas montrent une association caractéristique de taxons du Nord-Ouest
de l'Argentine, suggérant un 4ge Messinien (fin du Miocéne supérieur) pour les niveaux comprenant
la Formation Toro Negro. Ainsi, ces données soutiennent les 4ges précis récemment proposés pour
le membre inférieur de la Formation de Toro Negro (C’est-a-dire fin du Miocéne supérieur — début

de I’Argentine,

Amérique du Sud. du Pliocéne inférieur).

INTRODUCTION

For the greater part of the Cenozoic, South America was
an isolated continent, and its mammalian fauna consisted
of marsupials, native “ungulates”, caviomorph rodents,
platyrrhine primates, and xenarthrans. This “splendid isola-
tion” (sensu Simpson 1980) ended at the beginning of the
Gelasian (2.58 Ma; Pleistocene) with the formation of the
Isthmus of Panama that connected South and North America
(Woodburne 2010).

In Argentina, pre-Gelasian mammal-bearing rocks occur
extensively in Northwestern Argentina (i.e., Catamarca,
Tucumadn, Jujuy, Salta, Santiago del Estero, and La Rioja
provinces). Several localities at Catamarca and Jujuy provinces
have Late Miocene-Pliocene outcrops that have been exten-
sively studied geologically and paleontologically, with focus
on their fossil mammal content (see Marshall & Patterson
1981; Reguero & Candela 2011; Esteban er a/. 2014, 2019;
Zurita et al. 2017; Quinones et al. 2019; Nasif ez al. 2019;
Ercoli er al. 2021). By contrast, Neogene mammals from
La Rioja Province have remained relatively unexplored com-
pared to others from geographically and coeval nearby units
(Chiquimil, Andalhuala, and Corral Quemado Formations,
Catamarca Province). Georgieff ez a/l. (2004) described fossil
mammals collected in the Desencuentro Formation (south-
eastern of La Rioja Province); Tauber (2005), Brandoni ez 4/.
(2012), Brandoni & Gonzilez Ruiz (2021), and Barasoain
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et al. (2022) recorded many taxa from the Salicas Formation
(see also Cerdenio & Schmidt 2013), in the northeastern of
the province. In turn, De luliis ez 2. (2004) and Rodriguez
Brizuela & Tauber (2006) described fossil mammals from the
Toro Negro Formation, in the northwestern part of the prov-
ince. In addition, Krapovickas ez a/. (2009), and Krapovickas &
Nasif (2011) studied vertebrate tracks and invertebrate traces
from the Toro Negro and Vinchina formations.

Focusing on the Toro Negro Formation at La Rioja Prov-
ince, several genera of Cingulata (Mammalia, Xenarthra),
mostly based on isolated osteoderms, have been recorded,
i.e., the dasypodids Proeuphractus limpidus Ameghino, 1886,
Chorobates villosissimus Rovereto, 1914, Paleuphractus Kra-
glievich, 1934, and Doelloratus inornatus Bordas, 1932; and
the glyptodontids Lomaphorops corallinus Castellanos, 1931,
Neuryurus cf. giganteus Rovereto, 1914, and cf. Urotherium
Castellanos, 1926 (see Rodriguez Brizuela & Tauber 20006).

Cingulata (i.e., Dasypodidae Gray, 1821, Peltephilidae,
Pampatheriidae, Palacopeltidae, Glyptodontidae; McKenna &
Bell 1997) have a dorsal carapace that covers and protects most
part of the animal’s body (Engelmann 1985). The carapace
consists of articulated individual osteoderms, the dorsal sur-
face of which bears a particular pattern due to the overlying
epidermal scales (Holmes & Simpson 1931; Carlini er 4.
2009; Gonzdlez Ruiz et al. 2013). The osteoderms of cingu-
lates are usually abundant in the Cenozoic fossil record and
the characters from the dorsal surface, particularly those of
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Fic. 1. — A, Map showing the study area (black circle), La Rioja Province, Argentina; B, panoramic view of Toro Negro Formation at road 76 between Vinchina
and Jaguel; C, panoramic view of Toro Negro Formation at Quebrada de Las Torrecillas; D, detail of the lower member of the Toro Negro Formation at Quebrada

de Las Torrecillas. Credits: map modified from Google Earth.

the dorsal and caudal carapace, are used for species recogni-
tion, especially when the skull and postcranial remains of the
animal have not been preserved (Carlini ez 2. 2009; Krmpotic
et al. 2009; Gonzalez Ruiz et al. 2011, 2017; Zamorano et al.
2011; Gaudin & Croft 2015).

Among cingulates, Dasypodidae is the most diversified
group, including Dasypodinae, Euphractinae, Tolypeutinae,
and Chlamyphorinae, and it is the only group with extant
representatives (Abba & Vizcaino 2011; Gibb ez al. 2016; Feijé
eral. 2019; Barasoain ez a/. 2020a). Additionally, Dasypodidae
also represents the most ancient group of xenarthrans, with
the oldest records coming from the early Eocene of Brazil
(i.e., Riostegotherium yanei Oliveira & Bergqvist, 1998), and
reaching North America during the GABI (Great American
Biotic Interchange) (Woodburne 2010; Feng ez a/. 2017).

The aim of this contribution is to analyze and describe a
new collection of osteoderms belonging to the dorsal cara-
pace of Dasypodidae from the Neogene deposits of the Toro
Negro Formation, and discuss their systematic assignment
and geographical and chronological significance.

COMPTES RENDUS PALEVOL e 2023 22 (1)

GEOGRAPHICAL AND GEOLOGICAL SETTING

The Toro Negro Formation (Turner 1964), outcropping at
La Rioja Province, Argentina (Fig. 1), comprises one of the
best represented Neogene sequences identified within the Cen-
tral Andes (Ciccioli ez a/. 2020). This unit, deposited during
the Late Miocene to the Pleistocene (Rodriguez Brizuela &
Tauber 2006; Amidon ez al. 2016; Ciccioli ez al. 2018, 2020),
was divided into two informal members (lower and upper,
see Ramos 1970; De luliis ez /. 2004; Rodriguez Brizuela &
Tauber 2006; Ciccioli ez a/. 2018; Chiesa ez al. 2019).

Most of the described fossil vertebrates from the Toro Negro
Formation were collected from the lower member at Quebrada
de La Troya site, in the proximity of the road between the
localities of Vinchina and Jagiiel (see Rodriguez Brizuela &
Tauber 2006; Tambussi ez 2/. 2021) (Fig. 1A, B). The dasypodid
remains herein described come from the upper levels of the
lower member of the Toro Negro Formation at Quebrada de
Las Torrecillas, where previous vertebrate records in the area
include those of Pyramiodontherium scillatoyanei De luliis,

3
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Fig. 2. — Morphology of osteoderms for the dorsal carapace: A, fixed osteo-
derm; B, mobile osteoderm.

Ré & Vizcaino, 2004 (Mammalia, Xenarthra, Megatheriinae)
and Opisthodactylus cf. kirchneri Noriega, Jordan, Vezzosi &
Areta, 2017 (Aves, Rheidae) (28°36’S, 68°14’W) (see Ramos
1970; De luliis ez al. 2004; Tambussi ez a/. 2021) (Fig. 1A, C).

The lower member of the Toro Negro Formation is mainly
composed of sandstones, mudstones (reddish in color alternating
with greenish interstratified beds), muddy intra-formational
breccias and extra-formational conglomerates, and contains
several tuff layers (Ramos 1970; Ciccioli & Marenssi 2012;
Ciccioli ez al. 2018; Chiesa ez al. 2019) (Fig. 1D). The upper
member presents a low-relief basal unconformity and is
mainly composed of cobble conglomerates and coarse-grained
sandstones (Ciccioli & Marenssi 2012; Ciccioli ez 2/ 2018;
Chiesa ez 2l 2019).

For the levels bearing Py. scillatoyanei, based on data from
Tabutt ez al. (1989), De Iuliis ez al. (2004) estimated an
age between 3.11 and 3.04 Ma (Piazencian, Late Pliocene).
However, many different ages for the lower member of the
Toro Negro Formation were proposed: Ciccioli ez al. (2005)
indicated an age of 8.6 + 0.3 Ma and 6.8 + 0.2 Ma (Late
Miocene) for the middle-upper levels of the member; Amidon
et al. (2016) indicated an age of ¢. 6.87 to 4.95 Ma (Messin-
ian-Zanclean; see also Ciccioli ez 2/ 2020); and Ciccioli ez al.
(2018) mentioned ages of 6.64 + 0.1 Maand 5.40 + 0.12 Ma
for levels at Quebrada del Yeso. Considering the most accurate
proposed ages (see Ciccioli ez al. 2005, 2018, 2020; Amidon
et al. 2016) a Messinian-Zanclean age (Late Miocene-Early
Pliocene) is herein considered for the lower member of the
Toro Negro Formation.

MATERIAL AND METHODS

The specimens here analyzed include several fossil remains
belonging to distinct specimens of Neogene Dasypodidae.
All remains were collected during field work at Quebrada de
Las Torrecillas, in the area where remains of Py. scillatoyanei
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and O. cf. kirchneri were collected (28°36’S, 68°14°W). The
systematic scheme proposed by McKenna & Bell (1997),
Gardner (2005), and Delsuc ez /. 2012 (but see Delsuc et 4.
2016; Mitchell e al. 2016; Gibb et al. 2016) is partially fol-
lowed. The adopted terminology for describing osteoderm
morphology (i.e., central figure, peripheral figures, foramina;
see Fig. 2) follows that applied by Scillato-Yané (1982), Car-
lini ez al. (2014), Castro et al. (2014), and Barasoain er 4/,
(2021). For chronological purposes, we follow the International
Chronostratigraphic Chart (Cohen ¢z 2/. 2013; International
Commission on Stratigraphy 2022). Anatomical measure-
ments of the described osteoderms were obtained by using a
0.02 mm resolution digital calliper. Images were taken using
a Nikon D5200 camera with a Nikon AF-S Micro-Nikkor
105 mm 1:2.8G ED lens, in a light box with fluorescent tubes.

ABBREVIATIONS

Institutional abbreviation

CRILAR-Pv Departamento de Geociencias, Centro Regional de
Investigaciones Cientificas y Transferencia Tecnolégica,
Anillaco, La Rioja, Argentina.

Other abbreviation
GABI Great American Biotic Interchange.

SYSTEMATIC PALEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Order XENARTHRA Cope, 1889
Suborder CINGULATA Illiger, 1811
Family DASYPODIDAE Gray, 1821
Subfamily TOLYPEUTINAE Gray, 1865
Tribe PRIODONTINI Gray, 1873

Genus Vetelia Ameghino, 1891

TYPE SPECIES. — Vetelia puncta Ameghino, 1891.

Vetelia gandhii Esteban & Nasif, 1996
(Fig. 3A-F; Table 1)

Vetelia puncta Esteban & Nasif, 1996: 329.

MATERIAL REFERRED. — CRILAR-Pv 116, one isolated fixed osteo-
derm; CRILAR-Pv 117, one fixed osteoderm associated with a frag-
ment of an osteoderm from the right lateral border of the carapace;
and CRILAR-Pv 118, an association of seven broken osteoderms
interpreted as belonging to a juvenile.

GEOGRAPHIC AND STRATIGRAPHIC PROVENANCE. — Quebrada de

Las Torrecillas (28°36°S, 68°14’W), La Rioja Province, Argen-
tina (Fig. 1). Upper levels of the lower member of the Toro Negro
Formation (Messinian-Zanclean; Late Miocene-Early Pliocene).

DESCRIPTION
Fixed and lateral osteoderms. The size of fixed osteoderms is
similar to that of the extant Priodontes maximus (Kerr, 1792).

COMPTES RENDUS PALEVOL e 2023 22 (1)
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FiG. 3. — Dasypodidae from the Toro Negro Formation at Quebrada de Las Torrecillas, La Rioja Province, Argentina: A-F, Vetelia gandhii Esteban & Nasif, 1996
(CRILAR-Pv 116; CRILAR-Pv 117; CRILAR-Pv 118); G-L, Chasicotatus peiranoi Esteban & Nasif, 1996 (CRILAR-Pv 119); M, N, Macrochorobates scalabrinii
(Moreno & Mercerat, 1891) (CRILAR-Pv 120); O-R, Prozaedyus sp. (CRILAR-Pv 121). Scale bars: 1 cm.

The fixed osteoderm CRILAR-Pv 116 (Fig. 3A) is thick,
wide, and has a pentagonal outline, and probably belongs
to the more dorsal region of the carapace. In turn, the fixed
osteoderm CRILAR-Pv 117 (Fig. 3B) is thinner and narrower
than CRILAR-Pv 116 and has a sub-rectangular in outline,
so it probably occupied a more lateral position within the
carapace. The whole dorsal surface of the osteoderms is full
of small foramina. In lateral view, osteoderms have a constant
thickness from the anterior to the posterior margin.

The ornamentation pattern of the dorsal surface is com-
posed by a wide and slightly convex central figure, and a
variable number (4-5) of minor peripheral figures restricted
to the anterior half of the osteoderm. The central figure is

COMPTES RENDUS PALEVOL e 2023 22 (1)

sub-elliptical, and is delimited by a main sulcus containing
several small dorsal foramina, which are more numerous
in the proximal area. Towards the posterior margin of the
osteoderm, this sulcus becomes progressively shallower until
disappearing, so that the central figure becomes unified with
the remaining dorsal surface of the osteoderm. The peripheral
figures, anteriorly placed, are sub-pentagonal, and delimited
by minor sulci. Contrary to the main sulcus, these sulci have
no dorsal foramina and are much deeper.

In the posterior margin, there is a variable number of large
piliferous foramina, posteriorly oriented and arranged into
a single row. Osteoderm CRILAR-Pv 116 has just one fora-
men, while osteoderm CRILAR-Pv 117 has a row of three
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piliferous foramina. There are no foramina at the lateral
margins of the fixed osteoderms. By contrast, there are two
piliferous foramina in the external margin of the preserved
fragment of the osteoderm from the right lateral border of
the carapace (Fig. 3C).

Juvenile osteoderms. These osteoderms (CRILAR-Pv 118;
Fig. 3D-F) are of similar shape to those of fixed osteoderms
of adult individuals, but can be recognized as belonging to
juvenile stage due to several features, such as a much smaller
size (Table 1); undeveloped central and peripheral figures
and very punctuate dorsal and ventral surfaces. The same
morphological differences have been reported for juveniles
of other cingulate groups such as glyptodonts (see Luna &
Krapovickas 2011; Zurita ez @l. 2011; Luna ez al. 2018).
Additionally, these osteoderms have a series of conspicuous
dorsal foramina which correspond with the location of the
main sulcus in osteoderms belonging to adult individuals.

REMARKS

Vetelia includes V. puncra, V. perforata Scillato-Yané, 1977, and
V. ghandii. The analyzed specimens are assigned to V. ghandii
for having large and scarce piliferous foramina (1-3) at the
posterior margin. In V. perforata foramina are much smaller
and numerous (6-14) (see Scillato-Yané 1977, 1982; Barasoain
et al. 2021). In turn, V. puncta osteoderms develop several
small piliferous foramina at the posterior margin (Ameghino
1891), several dorsal foramina in both main and minor sulci,
and smaller piliferous foramina are present at the anterior
and lateral margins of the osteoderm, which are absent in
V. ghandii (see Esteban & Nasif 1996; Barasoain ez al. 2021).

Subfamily EUPHRACTINAE Pocock, 1924
Tribe EUTATINI Bordas, 1933

Genus Chasicotatus Scillato-Yané, 1979

TYPE SPECIES. — Chasicotatus ameghinoi Scillato-Yané, 1979.

Chasicotatus peiranoi Esteban & Nasif, 1996
(Fig. 3G-L; Table 1)

Chasicotatus peiranoi Esteban & Nasif, 1996: 330.

MATERIAL REFERRED. — CRILAR-Pv 119, an association of six fixed
osteoderms and three complete plus three broken mobile osteoderms.

GEOGRAPHIC AND STRATIGRAPHIC PROVENANCE. — Quebrada
de Las Torrecillas (28°36’37”S, 68°14’14”W), La Rioja Province,
Argentina (Fig. 1). Upper levels of the lower member of the Toro
Negro Formation (Messinian-Zanclean; Late Miocene-Early Pliocene).

DESCRIPTION

Fixed osteoderms. Osteoderms (Fig. 3G-I) are sub-rectangular
in outline, slightly longer than wide (see Table 1). In lateral
view, the thickness progressively increases towards the pos-
terior margin. The dorsal surface of the osteoderms is mostly
smooth and foramina are scarce.
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The ornamentation pattern of the dorsal surface includes
a well-developed central figure and a set of 6-7 periph-
eral figures. The central figure is rounded in section and
elongated. It occupies more than two thirds of the anter-
oposterior total length of the osteoderms, extending to
the posterior margin, where it becomes narrower. It is
delimited by a main sulcus in which many small foramina
are placed. Though in some osteoderms the central figure
deviates slightly towards the lateral margin, in most cases
it is straight. Peripheral figures are slightly convex in sec-
tion, and develop very variable contours, ranging from
hexagonal and pentagonal to rectangular. In all osteoderms,
there are 2 peripheral figures at either side of the central
figure. Instead, anteriorly to the central figure there are 2
to 3 peripheral figures, depending on the osteoderm. All
peripheral figures are delimitated by sulci, which are shal-
lower than the main sulcus. Along these sulci there are
small foramina, though they are more scarce than in the
main sulcus. Additionally, large dorsal foramina are placed
at the boundary between main and minor sulci.

At the posterior margin, there is a double row of pilifer-
ous foramina. The lower row includes the largest foramina,
varying from 4 to 7 in number. These foramina have a great
anteroposterior development and are dorsally oriented. In
turn, the upper row includes much smaller foramina inter-
calated between the large foramina of the first row, placed in
the upper half of the septum that separates them. There are
no foramina at the anterior and lateral margins.

Mobile osteoderms. Osteoderms (Fig. 3]-L) are rectangular
in outline, much longer than wider (see Table 1). The articu-
lar portion represents approximately one third of the total
length, and is separated from the ornamented portion by a
great transitional area with a flat and unornamented surface.
In turn, the ornamented portion includes a central figure and
a set of peripheral figures.

The central figure is rounded in section and elongated. It
extends straightly from the transitional area to the posterior
margin of the osteoderms, extending the entire length of the
ornamented portion, while maintaining an approximately
constant width. At either side of the central figure there are
3-4 peripheral figures. All figures are delimited by sulci. The
main sulcus, which delimits the central figure, is deeper and
wider than the sulci that delimit the peripheral figures. As
in fixed osteoderms, there are large foramina placed at the
boundary between the main and minor sulci.

At the posterior margin, there is a double row of piliferous
foramina. The lower and largest row includes 5 to 7 foramina,
less dorsally oriented than those of fixed osteoderms. In turn,
the upper row is composed by much smaller intercalated
foramina, which are more scarce than in fixed osteoderms.
Some osteoderms also develop small piliferous foramina in
the distal area of the lateral margins.

REMARKS

Chasicotatus includes C. ameghinoi, C. powelli Scillato-Yané,
Krmpotic & Esteban, 2010, C. spinozai Scillato-Yané,
Krmpotic & Esteban, 2010 and C. peiranoi. The analyzed
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TaBLE 1. — Measurements (in mm) of the described osteoderms.

Fixed osteoderms

Mobile osteoderms

Taxa Length Width Length Width
Vetelia ghandii Esteban & Nasif, 1996 (adult) 22.81-26.67 16.66-24.23 - -

V. ghandii (juvenile) 14.72 10.55-12.51 - -
Chasicotatus peiranoi Esteban & Nasif, 1996 11.36-14.31 9.13-9.41 20.15-27.85 8.71-9.73
Macrochorobates scalabrinii (Moreno & Mercerat, 1891) 16.38 11.43 41.81 12.57
Prozaedyus sp. 8.87-9.16 6.11-6.85 15.21 6.23
Paleuphractus argentinus (Moreno & Mercerat, 1891) 10.57-14.28 9.51-10.23 16.36-24.28 7.27-8.96

material is assigned to C. peiranoi as it bears a double
row of piliferous foramina at the posterior margin of the
osteoderms (see Esteban & Nasif 1996; Scillato-Yané ez al.
2010). It differs from C. spinozai as the latter develops
much smaller piliferous foramina, while C. powelli devel-
ops more conspicuous foramina at the dorsal surface of
the osteoderms (see Scillato-Yané ez 2/ 2010). In turn,
C. ameghinoi develops just one row of piliferous foramina
at the posterior margin of the osteoderms (see Esteban &
Nasif 1996; Scillato-Yané ez 2/. 2010).

Tribe EUPHRACTINI Pocock, 1924

Genus Macrochorobates Scillato-Yané, 1980

"TYPE SPECIES.— Proeuphractus scalabrinii Moreno & Mercerat, 1891.

Macrochorobates scalabrinii (Moreno & Mercerat, 1891)
(Fig. 3M, N; Table 1)

Proeuphractus scalabrinii — Moreno & Mercerat, 1891: 226.

MATERIAL REFERRED. — CRILAR-Pv 120, an association of one fixed
osteoderm and one complete, plus one broken mobile osteoderm.

GEOGRAPHIC AND STRATIGRAPHIC PROVENANCE. — Quebrada
de Las Torrecillas (28°36°377S, 68°14’14”W), La Rioja Province,
Argentina (Fig. 1). Upper levels of the lower member of the Toro
Negro Formation (Messinian-Zanclean; Late Miocene-Early Pliocene).

DESCRIPTION

Fixed osteoderm. This osteoderm (Fig. 3M) is sub-rectangular
in outline, longer than wide (Table 1). Its entire dorsal
surface is covered with small foramina. In lateral view, it
maintains a constant width from the anterior to the pos-
terior margin.

The ornamentation pattern of the dorsal surface is com-
posed by a large central figure surrounded both laterally
and anteriorly by a set of 7 minor peripheral figures. The
central figure is keeled in section and sub-elliptical. It is very
extended posteriorly, extending beyond the posterior margin
of the osteoderm. The central figure is much more elevated
than the peripheral figures, and its height progressively
increases towards the posterior margin. The central figure is
delimited by a main sulcus in which there are several large
dorsal foramina. The peripheral figures have a convex surface

COMPTES RENDUS PALEVOL e 2023 22 (1)

and develop very variable irregular contours from slightly
oval to pentagonal. Their size is variable, as some figures are
double the size of others. At each lateral of the central figure
there are 3 peripheral figures, while one is placed anteriorly,
between the central figure and the anterior margin of the
osteoderm. All peripheral figures are delimited by shallow
sulci, in which there are no dorsal foramina as also occurs
in the main sulcus.

At the posterior margin, there is a single row of 6 posteriorly
oriented piliferous foramina of variable size. Additionally,
there are several foramina along the entire length of the lateral
margins. Among these, the 2 foramina placed in a posterior
position are much larger than the others.

Mobile osteoderm. This osteoderm (Fig. 3N) is broken
posteriorly so that the posterior margin is absent. It is rec-
tangular in outline, much longer than wider (Table 1). The
articular portion represents approximately one third of the
osteoderm total length. The transitional area is short but
develops a roughed surface.

The ornamented portion includes a wide and elongated
central figure, keeled in section, which extends straightly from
the transitional area to the posterior margin, while maintain-
ing a constant width. At either side, there is an elongated and
undivided figure, which extends parallel to the central figure.
The central figure is more elevated, and separated from the
lateral figures by a wide but shallow sulcus. Along this sulcus
there are a few small dorsal foramina which are randomly
distributed, some of them cluster together.

Along the entire length of the lateral margins there is a
single row of several small foramina, which become larger
towards the posterior margin. The posterior margin is not
preserved.

REMARKS

Macrochorobates includes M. chapalmalensis (Ameghino,
1908) and M. scalabrinii. The analyzed materials are assigned
to M. scalabrinii for having piliferous foramina at the lat-
eral margins of both fixed and mobile osteoderms, which
are absent in M. chapalmalensis (see Contreras et al. 2013),
and less convex peripheral figures of fixed osteoderms than
M. chapalmalensis (see Scillato-Yané 1982).

Genus Prozaedyus Ameghino, 1891

‘TYPE SPECIES. — Euphractus proximus Ameghino, 1887.
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Prozaedyus sp.
(Fig. 30-R; Table 1)

Prozaedyus Ameghino, 1891: 295.

MATERIAL REFERRED. — CRILAR-Pv 121, two complete plus one
broken fixed osteoderms and one complete plus two broken mobile
osteoderms.

GEOGRAPHIC AND STRATIGRAPHIC PROVENANCE. — Quebrada de
Las Torrecillas (28°36°37”S, 68°14’14”W), La Rioja Province, Ar-
gentina (Fig. 1). Upper levels of the lower member of the Toro Negro
Formation (Messinian-Zanclean; Late Miocene-Early Pliocene).

DESCRIPTION

Fixed osteoderms. These osteoderms (Fig. 30, P) are sub-
rectangular in outline, longer than wide (Table 1). The dorsal
surface is smooth and small foramina are scarce to absent.
Osteoderms maintain a constant thickness from the anterior
to the posterior margin.

The ornamentation pattern includes a narrow and elon-
gated central figure which extends to the posterior margin
being rounded in section. It can be straight or slightly
deviated toward the external lateral margin, and is a bit
more elevated towards its posterior margin. It is laterally
and anteriorly surrounded by 7-8 peripheral figures which
vary from polygonal to elliptical. These figures have similar
sizes, except for the one placed anteriorly to the central
figure, which is much smaller than the others. The central
figure is delimited by a shallow main sulcus, while even
shallower minor sulci delimite peripheral figures. Notice-
able dorsal foramina are placed at the boundary between
minor sulci and main sulcus.

At the posterior margin there is a single row of four small
piliferous foramina. All are similar in size and posteriorly ori-
ented. At the distal area of the external lateral margin there
are 2-3 small foramina.

Mobile osteoderms. These osteoderms (Fig. 3Q, R) are
rectangular in outline, much longer than wide (see Table 1).
The length of the ornamented portion is twice that of the
articular portion. The articular portion is more elevated than
the ornamented portion, and both are separated by a flac and
extremely short transitional area.

The ornamentation pattern includes a straight, elongated,
and nearly flat central figure surrounded on each side by
4-5 peripheral figures. Its length extends across the entire
ornamented portion, from the transitional area to the pos-
terior margin. Along the surface of the central figure there
are several small foramina, always placed next to the lateral
boundary of the figure. These foramina are absent in the rest
of the dorsal surface of the osteoderm. Peripheral figures are
sub-rectangular and have similar sizes, except for those placed
closer to the posterior margin, which are the largest. The main
sulcus, which delimites the central figure, is deeper than in
fixed osteoderms. Contrarily, the minor sulci that delimitate
peripheral figures are shallow, as in fixed osteoderms. Several
prominent dorsal foramina are observable at the junction
between main and minor sulci.
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Only one osteoderm preserves its posterior margin, where
there is a single row of five posteriorly oriented piliferous
foramina, larger than those of fixed osteoderms. At the pos-
terior area of the external lateral margin there are 2 small
foramina.

REMARKS

Prozaedyus includes Pr. proximus (Ameghino, 1887), Pr. exilis
(Ameghino, 1887), Pr. impressus Ameghino, 1897 (synonym
of Pr. planus, sensu Loomis, 1914), Pr. Tenuissimus Ameghino,
1897, Pr. humilis Ameghino, 1902, and Pr. scillatoyanei Bara-
soain, Contreras, Tomassini & Zurita, 2020. The recovered
osteoderms are assigned to Prozaedyus sp. for being smaller
than other Euphractinae, having a narrow central figure and
asingle row of piliferous foramina at the osteoderms posterior
margin plus small foramina at the distal half of the external
lateral margin (see Croft ez /. 2009; Barasoain ez al. 2020b).
Since main diagnostic characters among Prozaedyus species
are given by cranial features (see Barasoain ez a/. 2020b),
the preserved specimens preclude a determination at the
species level. Prozaedyus differs from Chasicotatus and other
Eutatini armadillos in having much smaller piliferous foramina
(Scillato-Yané 1982; Scillato-Yané ez z/. 2010). It differs from
Proeuphractus Ameghino, 1886 in being smaller and not
having large foramina along both lateral margins (Perea &
Scillato-Yané 1995). It differs from Chorobates Reig, 1958 in
not having an elevated and keeled central figure (Carlini &
Scillato-Yané 1996).

Genus Paleuphractus Kraglievich, 1934

TYPE SPECIES. — Dasypus argentinus Moreno & Mercerat, 1891.

Paleuphractus argentinus (Moreno & Mercerat, 1891)
(Fig. 4; Table 1)

Dasypus argentinus — Moreno & Mercerat, 1891: 227.

MATERIAL REFERRED. — CRILAR-Pv 122, several associated ele-
ments, including 15 fixed osteoderms, nine mobile osteoderms,
one nuchal osteoderm and seven osteoderms of the carapace borders,
plus several broken postcranial elements.

(GEOGRAPHIC AND STRATIGRAPHIC PROVENANCE. — Quebrada
de Las Torrecillas (28°36°377S, 68°14’14”W), La Rioja Province,
Argentina (Fig. 1). Upper levels of the lower member of the Toro
Negro Formation (Messinian-Zanclean; Late Miocene-Early Pliocene).

DESCRIPTION

Nuchal osteoderm. A single osteoderm (Fig. 4A) of the nuchal
bands was recovered. As in mobile osteoderms (see below),
it is divided into an articular and an ornamented portion.
However, it is smaller and has a very reduced articular por-
tion in relation to osteoderms of the mobile bands. It has
a rectangular outline. The ornamentation includes flat and
poorly developed central and lateral figures, which are only
partially delimited by shallow sulci. At the posterior margin
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FiG. 4. — Dasypodidae from the Toro Negro Formation at Quebrada de Las Torrecillas, La Rioja Province, Argentina: A-N, Paleuphractus argentinus (Moreno &

Mercerat, 1891) (CRILAR-Pv 122). Scale bars: 1 cm.

there is a single row of 6 piliferous foramina but, contrary to
the osteoderms of the mobile bands, there are 3 to 4 much
larger foramina at the lateral margins.

Fixed osteoderms

These osteoderms (Fig. 4B-G) can be either rectangular or pen-
tagonal in outline, and are slightly longer than wide (Table 1).
The entire dorsal surface is covered by very small foramina,
very abundant in some osteoderms while practically absent
in others. All osteoderms have a constant thickness from the
anterior to posterior margin.

The ornamentation pattern includes a wide and sub-
elliptical central figure surrounded laterally and anteri-
orly by a variable number of peripheral figures. It extends
posteriorly to reach the posterior margin, and deviates
slightly toward the external lateral margin of the osteoderm.
Towards the posterior margin it widens progressively, occu-
pying more than one third of the osteoderm width. It is
delimited by a shallow main sulcus. Anteriorly, this sulcus
becomes shallower and disappears, so that the central figure
merges with the dorsal surface. In lateral view, the central
figure progressively increases its elevation until reaching
the posterior margin, where it is much more elevated than
the peripheral figures. Peripheral figures vary from 5 to
8, being seven in most cases. These figures are delimited
by such shallow sulci and their limits are often diffuse or
mostly indistinguishable. Some osteoderms develop large
dorsal foramina at all the boundaries between main and
minor sulci, while in others they are only present at some
boundary or absent.

Two of the fixed osteoderms have a particular morphol-
ogy, including a deep cavity placed at the anterior limit of
the central figure (Fig. 4F, G). Such cavities are related to
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the presence of odoriferous glands, which are present in the
pelvic shield of many euphractine armadillos (Scillato-Yané
1982, Redford & Wetzel 1985). This structure has not been
previously described for Pal. argentinus.

At the posterior margin, there are several small piliferous
foramina, arranged in an irregular row. These foramina are
variable in both number (5-10) and size, as some are twice
the size of others, and are arranged in a zig-zag row. Although
the lateral margins do not bear foramina, the row of piliferous
foramina may extend slightly towards the more distal area of
the external lateral margin.

Mobile osteoderms

These osteoderms (Fig. 4H-K) are rectangular, longer than
wide (Table 1). The articular portion represents less than
one third of the total length. The transitional area is flat and
unornamented. Some osteoderms develop a transverse ridge
at the end of the transitional area, delimiting it from the
ornamented portion.

The ornamentation pattern is composed by a central figure
surrounded by 2 elongated and undivided lateral figures. The
central figure is rounded to slightly keeled in section and
sub-elliptical, and extends to the posterior margin. In some
osteoderms it is straight, while in others it deviates slightly
towards the external lateral margin. In contrast to the condi-
tion in fixed osteoderms, it gets much narrower towards the
posterior margin. The central figure is delimited by a main
sulcus, along which there are several dorsal foramina. Towards
the anterior area of the ornamented portion, this sulcus
becomes progressively shallower, so that the central figure
merges with the dorsal surface. Lateral figures are parallel to
the central figure. In some cases, some of these peripheral
figures are subdivided by shallow sulci.
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At the posterior margin there is a single row of 4 to 7 pilifer-
ous foramina, much smaller than those of fixed osteoderms.
Also, in contrast to those of fixed osteoderms, these foramina
are arranged into a straight line. In those osteoderms in which
the central figure is slightly deviated, there are 2 to 3 piliferous
foramina in the more ventral area of the external lateral margin.

Osteoderms of the marginal rows. These osteoderms
(Fig. 4L-N) belong to the most lateral rows of the dorsal
carapace. They are more elongated than regular osteoderms,
and develop an irregular wedge shape. This is a representative
morphology of both fossil and extant euphractine armadil-
los, which usually develop serrated lateral carapace borders
(see Scillato-Yané 1982; Krmpotic et al. 2009).

Ornamentation is nearly or entirely absent, although some
osteoderms have poorly developed central and peripheral fig-
ures. Some osteoderms of the lateral area develop more similar
morphologies to those of other carapace areas, having a single
row of piliferous foramina at the posterior margin which is
absent in those belonging to the carapace border.

REMARKS

Paleuphractus is monotypic, with Pal. argentinus being the
only recognized species. The material here analyzed can be
assigned to Pal. argentinus based on a low central figure,
mobile osteoderms with undivided lateral figures, and small
piliferous foramina located on the posterior and external
lateral margins (see Scillato-Yané 1982). It differs from
Paraeuphractus Scillato-Yané, 1975 in developing dorsal
foramina at the intersections between the main sulcus and
the minor sulci of fixed osteoderms (Rodriguez Brizuela &
Tauber, 2006), and from Chorobates and Macrochorobates
in being smaller, having a less elevated and deviated central
figure in both fixed and mobile osteoderms, and developing
undivided lateral figures in mobile osteoderms (Scillato-Yané
1982). It differs from Proeuphractus in having much smaller
piliferous foramina at both the posterior and lateral margins
(Perea & Scillato-Yané 1995).

DISCUSSION

The known diversity of fossil vertebrates from the lower
member of the Toro Negro Formation mainly consists of
mammals and birds (see Arcucci et al. 1999; De luliis et al.
2004; Rodriguez Brizuela & Tauber 2006, Krapovickas ez 4.
2009; Tambussi ez a/. 2021). Unidil the present contribution,
mammals from this formation are represented by the xenar-
thrans Pyramiodontherium scillatoyanei, ct. Plesiomegatherium
Roth, 1911, “Xyophorus” aff. bondesioi Scillato-Yané, 1979,
and cf. Proscelidodon Bordas, 1935 (Folivora); Proeuphractus
limpidus, Chorobates villosissimus, Paleuphractus sp., Doellotatus
inornatus, Lomaphorops corallinus, Neuryurus cf. giganteus, and
ct. Urotherium sp. (Cingulata); the rodents Abrocoma Water-
house, 1837, Protabrocoma Kraglievich, 1927, Propediolagus
Ortega, 1963; and the litoptern Foauchenia Ameghino, 1887
(see De luliis ez al. 2004; Rodriguez Brizuela & Tauber 2006;
Krapovickas ez 2. 2009). Among them, only Py. scillatoyanei
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was recovered from the area of Quebrada de Las Torrecillas,
whereas the other taxa were recovered from sediments in
proximity to the road between the localities of Vinchina and
Jagiiel (see Rodriguez Brizuela & Tauber 2006). The cingu-
lates here reported, i.e., Vetelia ghandi, Chasicotatus peiranoi,
Macrochorobates scalabrinii, Prozaedyus sp., and Paleuphrac-
tus argentinus, constitute the first records of these species for
the Toro Negro Formation increasing the mammal diversity
for this unit. Regarding Dasypodidae from the Toro Negro
Formation, diversity is increased to 8 genera, which is the
richest diversity recorded for La Rioja Province, and the
second richest in northwestern Argentina, following that of
the Late Miocene-Early Pliocene of Catamarca Province (see
Esteban et 2l 2014).

Vetelia includes large-sized armadillos traditionally included
within Euphractinae. However, most recent analyses includ-
ing more complete specimens suggest their inclusion within
Tolypeutinae (see Barasoain ez a/. 2021). Though the genus
has a wide latitudinal distribution in Argentina (i.e., Santa
Cruz, Chubut, Neuquén, Rio Negro, Buenos Aires, La Pampa,
La Rioja, San Juan, and Catamarca provinces), records of
V. ghandii are restricted to Late Miocene localities of Cata-
marca and San Juan provinces (Gonzdlez Ruiz et al. 2014;
Barasoain ez a/. 2021). The records from Catamarca Province
include its type specimen, coming from the subsequences
IIb and Ilc of Playa del Zorro Alloformation from the
Cajon Valley (Late Miocene; see Esteban & Nasif 1996). In
San Juan Province, V. ghandii is recorded from two distinct
Neogene deposits. One belongs to the Loma de Las Tapias
Formation, with an estimated age of 9 Ma (Late Miocene;
Contreras & Baraldo 2011). The other belongs to unnamed
levels outcropping at Los Berros locality, with an inferred
Late Miocene age according to Contreras ¢z al. (2019) (see
Ciancio et al. 2006; Gonzélez Ruiz et al. 2014; Barasoain
et al. 2021). In this framework, this work extends the dis-
tribution of V. ghandii to La Rioja Province.

Chasicotatus includes medium- to small-sized armadillos,
and is recorded in several Late Miocene deposits of Argen-
tina, and is among the more geographically widespread of
Eutatini (Euphractinae) (see Scillato-Yané ez a/. 2010). After
the type species C. ameghinoi, C. peiranoi has the second
largest distribution within the genus, with records coming
from Catamarca, Buenos Aires, and San Juan provinces (Este-
ban & Nasif 1996; Deschamps 2005; Ciancio ez a/. 2000).
In Catamarca Province, Chasicotatus peiranoi is described
for the subsequences IIb and Ilc of Playa del Zorro Allo-
formation from the Cajon Valley (Esteban & Nasif 1996).
According to the stratigraphic scheme proposed by Bossi
eral. (1993), fossil-bearing levels are correlated with the Late
Miocene deposits of the Chiquimil (Tortonian-Messinian)
and Andalhuala (Messinian-Zanclean) Formations from the
Santa Marfa Valley (Catamarca Province, see Esteban et al.
2014). In Buenos Aires Province, C. peiranoi is recorded
from the “Relleno Sanitario” quarry, southwestern Buenos
Aires Province, for which a Late Miocene age is inferred
based on faunal correlations (see Deschamps 2005). In
turn, the the oldest records come from Loma de Las Tapias
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Formation (¢. 9 Ma, Contreras & Baraldo 2011). The cur-
rent work extends the distribution of C. peiranoi to La Rioja
Province, Argentina. These records suggest a great affinity of
this taxon with the Subandean region of western Argentina,
where it is often found in association with other taxa, such
as V. ghandii, with a more restricted distribution (see above).

Macrochorobates scalabrinii is a medium-to large-sized
Euphractini (Euphractinae) armadillo known from several Late
Miocene deposits over a wide latitudinal range in Argentina.
In the Pampean Region, it is known from the Cerro Azul
Formation of La Pampa Province (see Esteban ez a/. 2001;
Urrutia et al. 2008; Montalvo ez al. 2019), and the “Epecuén
Formation” (see Scillato-Yané 1980, 1982) of Buenos Aires
Province. In this respect, Goin ez al. (2000) considered that
the latter should be included within the Cerro Azul Formation
since there are no significant lithostratigraphic or faunistic dif-
ferences. Additionally, the presence of M. scalabrinii was also
noted in a still unnamed unit overlying the Arroyo Chasicé
Formation (see Tonni ez a/. 1998). Based on this evidence, the
biozone of M. scalabrinii was proposed (Tonni et al. 1998;
Cione & Tonni 2005) as an indicator of a Huayquerian Stage/
Age (Tortonian-Messinian) of the Pampean Region, though it
was not supported by further analyses (see Verzi ez al. 2004,
2008; Urrutia ez al. 2008).

Other records of M. scalabrinii belong to the Cuyo and
Northwest regions. In San Juan Province, it is recorded for the
depositional sequences 5 to 6 of Las Flores Formation (Iglesia
Group, see Contreras ez /. 2013), which have an estimated age
0f 6.9 t0 6.3 Ma (Late Miocene), according to the geological
scheme proposed by Ré ez a/. (2003). In Tucumdn Province,
it is mentioned by Castellanos (1947) and Scillato-Yané
(1980, 1982) for the “Araucanian”, without further detail.
In turn, records from Catamarca Province come from several
Late Miocene-Early Pliocene sites (i.e., Entre Rios, Puerta de
Corral Quemado, Villavil) within the Chiquimil and Andal-
huala Formations (see Marshall & Patterson 1981; Bossi ez 4/,
1987; Esteban & Nasif 1996; Esteban ez 2/ 2014), with an
estimated age of 8.7-3.66 Ma (Late Miocene-Early Pliocene;
Reguero & Candela 2011; Esteban ¢t /. 2014; Bonini et al.
2017). The northernmost records of M. scalabrinii come from
Middle-Late Miocene deposits outcropping at the Calahoyo
Basin in Jujuy Province (Quifiones ez /. 2019). In La Rioja
Province, it was known, prior to the current contribution,
from the Salicas Formation (Messinian, Late Miocene) (Tauber
2005; Brandoni ez al. 2012).

Prozaedyus includes several species of small-sized euphra-
ctine armadillos, and has a relatively much larger biochron
than other euphractines, with records ranging from the
late Oligocene to the Late Miocene, and mainly restricted
to Patagonian areas (Croft ez a/. 2009, 2016; Vizcaino
et al. 2012; Barasoain ez al. 2020b). Though Patagonian
records are well characterized and have been widely studied
(Scott 1903; Gaudin & Wible 2006; Vizcaino et al. 2012;
Fernicola & Vizcaino 2019), Late Miocene records from
extra-Patagonian areas are very fragmentary, scarce, and
little studied. To date, the only recognized species for the
Late Miocene was Pr. scillatoyanei from Loma de Las Tapias
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Formation (¢c. 9 Ma, Contreras & Baraldo 2011), San Juan
Province, Argentina (see Barasoain ez a/. 2020b). In this
context, the records here analyzed extend the Late Miocene
distribution of Prozaedyus to La Rioja Province, supporting
the idea that this taxon would have persisted until the Late
Miocene in Northwestern Argentina.

Paleuphractus argentinus, the only recognized species
within the genus, is a medium-sized Euphractini (Euphra-
ctinae) known from Late Miocene deposits of Catamarca
and La Rioja provinces. Its type specimen comes from the
“Araucanian” of Puerta del Corral Quemado, in Catamarca
Province (see Moreno & Mercerat 1891; Kraglievich 1934).
Later on, it was mentioned for the same locality by Mar-
shall & Patterson (1981). Esteban & Nasif (1996) recorded
Paleuphractus sp. for the subsequences IIb and Ilc of Playa
del Zorro Alloformation (Late Miocene; see Bossi ez al.
1993). Esteban ez al. (2014) recorded Pal. argentinus for the
Chiquimil and Andalhuala Formations and established the
Association Biozone of Proeuphractus limpidus-Paleuphractus
argentinus-Chasicotatus ameghinoi, with type locality in
Puerta del Corral Quemado, estimated at between 8.7 Ma
and 7.14 Ma in age (Late Miocene; see Esteban ez al. 2014
and references therein).

In La Rioja Province, Pal. argentinus is recorded for the Des-
encuentro Formation (Georgieff er a/. 2004). These deposits
have an estimated age of 7.4 Ma (Late Miocene; see Reynolds
1987). In turn, Rodriguez Brizuela & Tauber (2006) recorded
Paleuphractus sp. from the lower member of the Toro Negro
Formation, at its type section of the Quebrada de La Troya
site. Given that the more complete materials here analyzed
establish the presence of Pal. argentinus in the Quebrada de
Las Torrecillas site of the Toro Negro Formation, the record
reported by Rodriguez Brizuela & Tauber (2006) for this
formation may also belong to this species. Paleuphractus
argentinus is considered to be rare (Esteban ez a/. 2014), have
a very restricted chronological and geographical distribu-
tion and, according to Scillato-Yané (1982), exclusive to the
Subandean region.

CONCLUSIONS

The deposits of the Toro Negro Formation are geographi-
cal and chronologically extensive, and belong to one of the
largest Neogene sequences in the world (Ramos 1970, 1999;
Rodriguez Brizuela & Tauber 2006). The estimated age of its
lower member varies from the Messinian age (Late Miocene)
to the Piazencian age (Late Pliocene) (De luliis er /. 2004;
Rodriguez Brizuela & Tauber 2006; Amidon ez a/. 2016;
Ciccioli et al. 2018, 2020).

The association of Dasypodidae here described shows strong
affinities with those described for Late Miocene localities of
Northwestern Argentina, such as Loma de Las Tapias Forma-
tion in San Juan Province, and Playa del Zorro Aloformation,
and Chiquimil and Andalhuala formations in Catamarca
Province. Considering the records herein presented, V. ghandii,
Pal. argentinus, and possibly C. peiranoi represent endemic
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species of Dasypodidae recorded during the Late Miocene of
Northwestern Argentina. Regarding Prozaedyus, the record
here presented extend the Late Miocene distribution of the
genus to La Rioja Province, supporting the idea that this taxon
would have persisted until the Late Miocene in Northwestern
Argentina. In turn, M. scalabrinii is, among the recovered
species, the only one recorded from both Late Miocene and
Early Pliocene deposits.

Under these evidences, the Dasypodidae here reported for
Quebrada de Las Torrecillas site show a characteristic asso-
ciation of taxa from Northwestern Argentina, suggesting a
Messinian age (Late Miocene) for the bearing levels of the
Toro Negro Formation. This way, these records support the
most accurate proposed ages for the lower member of the
Toro Negro Formation, i.e., Late Miocene-Early Pliocene
(Amidon ez al. 2016; Ciccioli et al. 2018, 2020).
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