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Abstract
In this contribution we describe a partial dentary with teeth and an astragalus referred to the ancient megatheriineMegathericulus
patagonicusAmeghino, 1904 (Xenarthra, Tardigrada) recovered from the Collón Curá Formation (Miocene) at Chubut Province,
Argentina. Referral of the new specimens is based on metric and morphological similarities with the holotype and specimens that
have been referred to this species. Shared features include: 1) overall size, smaller than other Megatheriinae such Eomegatherium
Kraglievich, 1926, PliomegatheriumKraglievich, 1930, and Pyramiodontherium (Rovereto, 1914); 2) shape of the molariforms,
molariforms mesiodistally compressed and rectangular in outline; 3) Hypsodonty Index close to 100; 4) position of the navicular
facet, two-thirds of the navicular facet projects dorsal to the discoid facet; 5); shape of the ventral portion of the fibular facet, the
ventral portion has subtriangular outline and contacts the ectal facet; 6) in the astragalus, presence of a sesamoid facet.
Considering the large intraspecific differences exhibited in Megatheriinae, the similarities and few differences between
Megathericulus primaevus Cabrera, 1939, and M. patagonicus allow us to consider M. primaevus as a junior synonym of
M. patagonicus. The presence of Megathericulus and ‘Xyophorus’ Ameghino, 1887 (Mammalia, Xenarthra, Nothrotheriinae)
in some distant paleofauna associations (Cerro Zeballos, Argentina, and Quebrada Honda, Bolivia) would suggest a similar path
of dispersion and paleoenvironment requirements of both taxa. The presence of these two genera in mentioned localities supports
that the Quebrada Honda fauna as a whole is more similar to the asynchronous high-latitude faunas from Patagonia than to
contemporary La Venta Fauna (Colombia).
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Introduction

During the middle Miocene of Patagonia (southernmost of
South America) several main successive mammal faunas have
been traditionally identified (Friasian, Colloncuran, Mayoan;
see Flynn and Swisher 1995). The Friasian faunas are recorded
from the Río Frías Formation, Chile (Marshall and Salinas
1990; Bostelmann et al. 2012), the Colloncuran fauna from
the Collón Curá Formation, Argentina (Bondesio et al. 1980;
Vucetich et al. 1993), and the Mayoan fauna from the El
Portezuelo, Pedregoso, and Río Mayo formations, Argentina
(Scillato-Yané and Carlini 1998; De Iuliis et al. 2008;
González Ruiz et al. 2017). The operational use of these
Miocene faunas as ages, South American Land Mammal
Ages (SALMAS) or local faunas and the relationships between
them is still unclear, and has been debated by several authors
(seeMarshall and Salinas 1990; Vucetich et al. 1993; Flynn and
Swisher 1995; Madden et al. 1997; Croft et al. 2009, 2016).
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We focus here on fossils from the Collón Curá Formation
(15.8 Ma to ca. 11.2 Ma, Burdigalian-Tortonian) (see
Brandoni et al. 2018: table 2), which overlaps temporally, at
least partially, with the Río Frías Formation (ca. 16.5Ma to ca.
14.8Ma, Burdigalian-Langhian) (Flynn and Swisher 1995; de
la Cruz and Cortés 2011; Encinas et al. 2016), and with the El
Portezuelo, Pedregoso, and Río Mayo formations (ca.
13.5 Ma to ca.11.8 Ma, Serravallian-Tortonian) (Dal Molín
and Franchi 1996; Madden et al. 1997; De Iuliis et al. 2008;
Dunn et al. 2015; Folguera et al. 2018). Several mammalian
genera (e.g., the marsupial Abderites Ameghino, 1887, the
xenarthra Eonaucum Scillato-Yané and Carlini, 1998, the
notoungulate Protypotherium Ameghino, 1885) were record-
ed from Collón Curá Formation localities in Neuquén and Río
Negro provinces, Argentina (e.g., Collón Curá River, Paso
Flores, and Pilcaniyeu), although some of them without pre-
cise geographic and stratigraphic information (see Pascual
et al. 1984; Bondesio et al. 1980; Kramarz et al. 2011; Vera
et al. 2017). Other records (e.g., the marsupial sparassodont
Pseudonotict is Marshall , 1981, the glyptodontid
Paraeuc inepe l t u s Gonzá l ez Ru i z e t a l . , 2011 ,
Protypotherium) from the Collón Curá Formation at their
southernmost outcrops correspond to those from the locality
of Cerro Zeballos (Chubut Province) (Martin and Tejedor
2007; González Ruiz et al. 2011; Brandoni et al. 2017; Vera
et al. 2018).

Among the Tardigrada (=Folivora, =Phyllophaga), the re-
cords of the Megatheriinae Megathericulus Ameghino, 1904,
for the Collón Curá Formation correspond to M. primaevus
Cabrera, 1939, at Cañadón Ftamichi (near Paso Flores, Río
Negro Province) (Cabrera 1939), and Megathericulus sp. for
Neneo Rucá (near Comallo, Río Negro Province)
(Casamiquela 1969) and at Collón Curá River (type locality
of Collón Curá Formation, Neuquén Province) (Bondesio
et al. 1980).

Megathericulus, described as M. patagonicus Ameghino,
1904, was first recorded from ‘Tehuelche antiguo del Chubut
(Laguna Blanca)’ (Ameghino 1904: 282). Several other re-
mains referred to M. patagonicus have been recovered from
the RíoMayo Formation of Chubut and Santa Cruz provinces,
Argentina (Brandoni 2006a; De Iuliis et al. 2008), and
Quebrada Honda, Bolivia (Brandoni et al. 2018). Other re-
mains ofMegathericulus includeMegathericulus sp. recorded
from the middle Miocene of Peruvian Amazonia (Pujos et al.
2013). Among Megatheriinae, M. patagonicus is character-
ized by a long predental portion of the palate, the presence
of molariforms with rectangular outline, humerus with a de-
veloped deltopectoral crest, navicular facet of the astragalus
dorsally located with respect to the discoid facet, among
others (see De Iuliis et al. 2008; Brandoni et al. 2018). The
shape of the molariforms ofM. patagonicus was described by
Brandoni et al. (2018) for some molariforms of the upper
series; De Iuliis et al. (2008) and Pujos et al. (2013) have

inferred the shape of the lower molariforms from the shape
of the alveoli of two edentulous dentaries.

The aim of this contribution is to describe a partial dentary
with teeth and an astragalus referred toM. patagonicus recov-
ered from the Collón Curá Formation at the southernmost
localities of La Gloria and Cerro Zeballos, respectively,
Chubut Province, Argentina (Fig. 1). In addition, we discuss
the systematic, chronologic, biogeographic, and evolutionary
importance of this finding.

Institutional Abbreviations LIEB-PV, Laboratorio de
Investigaciones en Evolución y Biodiversidad (PV,
Paleovertebrados), Esquel, Argentina; MACN, Museo
Argentino de Ciencias Naturales ‘Bernardino Rivadavia’,
Buenos Aires, Argentina; MLP, Museo de La Plata, La
Plata, Argentina; MUSM, Museo de Historia Natural de la
Universidad Nacional Mayor de San Marcos, Lima, Perú;
PVL, Paleontología Vertebrados Lillo, Facultad de Ciencias
e Instituto Miguel Lillo, Universidad Nacional de Tucumán,
Tucumán, Argentina; UATF-V, Universidad Autónoma
Tomás Frías-Vertebrate Paleontology Collection, Potosí,
Bolivia.

Material and Methods

The following species and specimens were used for compar-
ison: Megathericulus patagonicus, MACN A 11151 (Laguna
Blanca, Ameghino 1904), MLP 91-IX-7-18 (Río Mayo
Formation; Santa Cruz Province; De Iuliis et al. 2008), MLP
92-XI-15-2 (RíoMayo Formation; Chubut Province; De Iuliis
et al. 2008); Megathericulus primaevus, MLP 39-VI-24-1
(Collón Curá Formation, Río Negro Province; Cabrera
1939); Eomegatherium nanum Kraglievich, 1926, MACN
PV 4992 (‘Mesopotamiense’, Lower Member of Ituzaingó
Formation, Entre Ríos Province; Brandoni 2013; Brunetto
et al. 2013); ‘Eomegatherium’ cabrerai Kraglievich, 1930,
MLP 2–206 (‘Yacimiento de Laguna Blanca y río Fénix’,
Kraglievich 1930); Pliomegatherium lelongi Kraglievich,
1 9 3 0 , M A CN P V- 1 3 2 1 3 , M L P 9 9 - X I - 1 - 1
(‘Mesopotamiense’, Lower Member of Ituzaingó Formation,
Entre Ríos Province; Brandoni 2006b, 2013; Brunetto et al.
2013); Pyramiodontherium bergi (Moreno and Mercerat,
1891), MLP 2–66 (‘Araucanense’, Catamarca Province;
Carlini et al. 2002); Pyramiodontherium brevirostrum
Carlini et al., 2002, MLP 31-XI-12-25 (‘Araucanense’,
C a t a m a r c a P r o v i n c e ; C a r l i n i e t a l . 2 0 0 2 ) ;
Pyramiodontherium scillatoyanei De Iuliis et al., 2004, MLP
68-III-14-1 (upper levels of the Lower Member of Toro Negro
Formation; La Rioja Province; De Iuliis et al. 2004);
Anisodontherium sp. Brandoni and De Iuliis, 2007, PVL
6425 (Saladillo Formation, Tucumán Province; Brandoni
et al. 2012); A. halmyronomum (Cabrera, 1928), MLP-30-
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XII-10-21 (Arroyo Chasicó Formation, Buenos Aires
Province; Cabrera 1928; Brandoni and De Iuliis 2007);
Megatheriops rectidens Rovereto, 1914, MACN PV
2818 (Huayquerías de San Carlos, Mendoza Province,
Rovereto 1914).

Anatomical Abbreviations DD, depth of dentary; HI,
Hypsodonty Index; m1–m4, molariforms1–4; po, pos-
terolateral opening of mandibular canal; TRL, tooth
row length.

For chronological purposes, we follow the International
Chronostratigraphic Chart (International Commission on
Stratigraphy 2018; Cohen et al. 2013).

Data sharing is not applicable to this article as no datasets
were generated or analyzed during the current study. All rele-
vant information is included in the article itself.

Geological Setting

The Miocene Collón Curá Formation was accumulated in the
extra Andean Patagonian region (Fig. 1) in a broken foreland
system (Patagonian Broken Foreland; Bilmes et al. 2013;
Ramos et al. 2015; Bucher et al. 2018). This system is char-
acterized by several sedimentary basins partially or totally
disconnected from each other (e.g., Collón Curá, Ñirihuau,

Fig. 1 Location map of Collón
Curá Formationwith indication of
the localities of La Gloria and
Cerro Zeballos (black triangles)
and the dated localities. Modified
from Brandoni et al. (2017)
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Paso del Sapo Basin, and Gastre, among others), bounded by
N-S to NW-SE trending block-mountains heights (Bilmes
et al. 2013; Bucher et al. 2018). The Collón Curá Formation
is composed mainly of volcaniclastic limestones and sand-
stones accumulated in several continental environments, rang-
ing from alluvial to lacustrine depositional systems (Ramos
et al. 2011; Bilmes et al. 2014; Bucher et al. 2018). The spec-
imens described in this contribution were collected from two
different localities, La Gloria and Cerro Zeballos, both located
in northwestern Chubut Province, Argentina (Fig. 1).

La Gloria Locality (42° 50′54.79^S, 69° 27′
41.06^W)

La Gloria locality constitutes the southernmost exposures of
the Collón Curá Formation included in the Paso del Sapo
Basin (Bucher et al. 2018). This locality shows a ca. 135 m
thick, continuous, and homoclinal succession of the Collón
Curá Formation (Bucher et al. 2018). The deposits of Collón
Curá Formation exposed in La Gloria are constituted by
brownish to yellowish white volcaniclastic to epiclastic con-
glomerates, sandstones, and limestones, very friable and pow-
dery with development of paleosols (Fig. 2a). The analyzed
section starts with 45 m of massive and poorly sorted medium
to coarse grained tuffaceous sandstones, with a dominantly
volcaniclastic composition. These deposits show mainly tab-
ular geometries with minor intercalated lenticular bodies that
registered sedimentary unidirectional structures. Over these
deposits, a 40 m thick volcaniclastic sandstone to limestones
succession is registered. These deposits form tabular and sub-
ordinately lenticular bodies, massive or with sedimentary uni-
directional structures poorly preserved. Finally, 50 m of con-
glomerate to coarse sandstones are disposed (Bucher et al.
2018). These sediments shows a volcaniclastic-epiclastic
mixed composition and are represented by massive tabular
bodies and by lenticular levels with sedimentary unidirection-
al structures. Throughout the section, fossil vertebrates are
abundant, and specimen LIEB-PV 6152 was collected
from the middle sandstone to limestone dominated suc-
cession (Fig. 2a). The presence of massive and poorly
sorted tabular bodies with paleosol development com-
bined with lenticular and sedimentological structured de-
posits suggest an alluvial to fluvial depositional system, dom-
inated by alluvial to fluvial plains with minor fluvial channels
development (Bucher et al. 2018).

Cerro Zeballos Locality (42° 34′46.5^S, 70° 19′
55^W)

The Collón Curá deposits in Cerro Zeballos are located very
close and immediately to the east of the deposits included in

the Ñirihuau Basin (Cazau 1980; Ramos et al. 2015). The
continuity of the outcrops and the lithological similarities with
the western-contiguous outcrops allow us to include these
deposits as the easternmost exposures of the Ñirihuau Basin.
The analyzed section starts with a 15m thick of massive ocher
or yellowish white tuffaceous sandstone, in general very fria-
ble and powdery. Tabular bodies with concentrations of red-
dish concretions composed by tuffitic material frequently ap-
pear. These levels show the presence of roots and scarce
paleosol development. Fossil vertebrates are abundant
throughout the section, even inside the concretions.
Specimen LIEB-PV 6153 was collected in the middle of this
15 m section (Fig. 2b). The profile continues with 3 m thick of
greenish tuffaceous limestones with intercalated levels of
ocher tuffaceous and massive fine sandstones. Above this,
the profile continues with volcaniclastic to epiclastic deposits
of claystone, mudstone, and grainstones, with some pyroclas-
tic subordinated levels intercalated (Brandoni et al. 2017). The
presence of mainly massive and tabular sandstones with scarce
paleosol development indicates a shallow and low energy sys-
tem, probably related with alluvial to fluvial plains located
close to shallow lagoons or lakes (Brandoni et al. 2017).

Systematic Paleontology

MAMMALIA Linnaeus, 1758
XENARTHRA Cope, 1889
TARDIGRADA Latham and Davies in Forster, 1795
MEGATHERIIDAE Gray, 1821
MEGATHERIINAE Gray, 1821

Megathericulus Ameghino, 1904

Type species: Megathericulus patagonicus Ameghino,
1904.

Geographic and stratigraphic distribution: Laguna
Blanca, southwestern Chubut Province, Argentina; Cañadón
Ftamichi, near Paso Flores, Río Negro Province, Argentina
(Collón Curá Formation); Cerro Guenguel, northwestern
Santa Cruz Province, Argentina (Río Mayo Formation);
Arroyo El Pedregoso, southwestern Chubut Province,
Argentina (Río Mayo Formation); SEP 07 locality, southeast-
ern Peru (Ipururo Formation); Papachacra and Huayllajara
local faunas, southern Bolivia (unnamed formation of the
Honda Group) (see Ameghino 1904; Kraglievich 1930;
Cabrera 1939; Bondesio et al. 1980; Scillato-Yané and
Carlini 1998; De Iuliis et al. 2008; Pujos et al. 2013;
Brandoni et al. 2018); La Gloria and Cerro Zeballos, Chubut
Province (Collón Curá Formation) (this paper).

Comments: The records of Megathericulus cited by
Casamiquela (1969) and Bondesio et al. (1980) for Collón
Curá Formation (Neneo Rucá and Collón Curá River respec-
tively) are not included (see discussion).
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Megathericulus patagonicus Ameghino, 1904

Megathericulus primaevus Cabrera, 1939: 475–483,
Figs. 1–3. New synonymy.

Holotype: MACN A 11151, anterior portion of cranium
with edentulous palate and complete right astragalus.

Geographic and stratigraphic distribution: Laguna
Blanca, southwestern Chubut Province, Argentina; Cerro
Guenguel, northwestern Santa Cruz Province, Argentina (Río
Mayo Formation); Arroyo El Pedregoso, southwestern Chubut
Province, Argentina (Río Mayo Formation); Papachacra and
Huayllajara local faunas, southern Bolivia (unnamed formation
of the Honda Group) (see Ameghino 1904; Kraglievich 1930;
De Iuliis et al. 2008; Brandoni et al. 2018); La Gloria and Cerro
Zeballos, Chubut Province (Collón Curá Formation) (this paper).

Referred material. LIEB-PV 6152, partial left dentary
with molariforms (Fig. 3a-c); LIEB-PV 6153, complete right
astragalus (Fig. 4a-c).

Geographic and stratigraphic provenance: LIEB-PV
6152 comes from La Gloria and LIEB-PV 6153 comes from
Cerro Zeballos, Chubut Province, Argentina. Collón Curá
Formation.

Description

Dentary: The dentary assigned to M. patagonicus (LIEB-PV
6152) is the central portion of the horizontal ramus of the left
dentary with four molariforms, lacking the predental portion,
left articular condyle, and angular process (Fig. 3a-c). The
molariforms are arranged in a continuous series, without dia-
stema between the first and the second teeth (Fig. 3a).
Considering the length of the tooth row (LIEB-PV 6152:
69.2 mm), LIEB-PV 6152 is slightly larger than the specimen
referred to M. patagonicus (MLP 91-IX-7-18: 62 mm), but
smaller than Megathericulus sp. (MUSM 1564: 84.6 mm),
Anisodontherium sp. (PVL 6425 right : 94 mm),
A. halmyronomum (MLP-30-XII-10-21, right: 115 mm),

Fig. 2 Stratigraphic section of
Collón Curá Formation at Chubut
Province, Argentina. a La Gloria;
b Cerro Zeballos
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Pliomegatherium lelongi (MACN PV-13213: 135 mm), and
Pyramiodontherium bergi (MLP 2–66: 195 mm) (Table 1).

In lateral view (Fig. 3b), the convexity of the ventral mar-
gin of the dentary is marked by the margin’s ascent posterior
to the base of the m4 alveolus, where it outlines a notch be-
tween the level of the alveolus and the anterior portion of the
base of the angular process. This region closely resembles that
inMegathericulus sp. and A. halmyronomum (see Pujos et al.
2013: fig. 3a; Brandoni and De Iuliis 2007: fig. 3a); this area is
missing in M. patagonicus (MLP 91-IX-7-18; Fig. 3d, e).

Considering the small preserved ventral portion of the
coronoid process, the m4 lies anterior to the anterior margin
of the process and is entirely visible in lateral view. In
M. patagonicus (MLP 91-IX-7-18), Megathericulus sp. (see
Pujos et al. 2013: fig. 3a), A. halmyronomum (see Brandoni
and De Iuliis 2007: fig. 3a), and Anisodontherium sp.
(Brandoni et al. 2012: fig. 2a, b), the m4 lies anterior to the
anterior margin of the coronoid process. In other
megatheriines, the m4 is posterior with respect to the coronoid
process although there is variation in the position: in Pl.
lelongi the distal margin of the m4 nearly coincides with the
plane of the anterior margin of the coronoid process (Brandoni

2006b: figs. 3.1–4); inMegatheriops rectidens, Py. bergi, and
Py. brevirostrum (see Carlini et al. 2002: fig. 2) only the me-
sial half of the m4 is visible in lateral view, whereas in several
specimens ofMegatherium americanumCuvier, 1796, the m4
is entirely posterior to the anterior margin of coronoid process
and hidden from lateral view.

In LIEB-PV 6152 the spout of the mandible is not pre-
served and it is not possible to determinate the exact position
of the posterior margin of the mandibular symphysis with
respect to the anterior margin of the m1. Judging by the pre-
served portion, it seems like the margin is at least anterior to
the middle portion of the m1. InM. patagonicus (MLP 91-IX-
7-18, Fig. 3d) the posterior margin of the mandibular symphy-
sis is located ventromedial and anterior to the level of m1, as
also occurs in A. halmyronomum (see Brandoni and De Iuliis
2007: fig. 3b), ‘Eomegatherium’ andinum Kraglievich, 1930,
and Eo. nanum (see Kraglievich 1930: fig. 5a). The position of
the posterior margin of the mandibular symphysis in other
megatheriines varies: in Py. bergi and Eremotherium
laurillardi (Lund, 1842), it reaches approximately to a point
halfway along m1. It is even farther posterior, reaching the
plane of the alveolar septum between m1 and m2, in Py.

Fig. 3 Dentary ofMegathericulus
patagonicus. a–c LIEB-PV 6152
in occlusal, lateral and medial
view. d–e MLP 91-IX-7-18 in
occlusal and lateral view.
Anatomical abbreviations:
m1–m4, molariforms1–4; po,
posterolateral opening of man-
dibular canal
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brevirostrum (see Carlini et al. 2002: fig. 2), Megatherium
altiplanicum Saint-André and De Iuliis, 2001 (see Saint-
André and De Iuliis 2001: fig. 4b), andMegatherium tarijense
Gervais and Ameghino, 1880 (see De Iuliis et al. 2009: fig.
2d). Finally, the posterior margin of the mandibular symphysis
generally reaches to a point halfway along the m2 in
Megatherium americanum and Megatherium gallardoi
Ameghino and Kraglievich, 1921 (see Brandoni et al. 2008:
fig. 2d), although inMegatherium americanum, it occasional-
ly also lies at the level of the m1/m2 alveolar septum.

The most notable feature of the dentition of LIEB-PV 6152
is that the molariforms are mesiodistally compressed
(specially the m2 and m3; Fig. 3a, Table 2) rather than isodi-
ametric (length and width of each molariform almost equal).
In Megathericulus sp. (MUSM 1564), M. patagonicus (MLP
91-IX-7-18), and ‘Eo.’ andinum teeth are unknown, but
mesiodistally compressed molariforms are inferred from their

alveoli (see De Iuliis et al. 2008; Pujos et al. 2013). In Py.
bergi and Py. brevirostrum, Megatheriops rectidens, Pl.
lelongi, and the species of Megatherium Cuvier, 1796, and
Eremotherium Spillmann, 1948, the molariforms are isodia-
metric. In LIEB-PV 6152, the m1 is nearly trapezoidal in
cross-section with a posterior half wider than the anterior
one; its occlusal surface is not preserved. The m2 is rectangu-
lar to subtrapezoidal in outline; although the occlusal surface
is damaged, two lophids separated by a V-shaped valley be-
tween them are observable. The m3 is complete, it is clearly
rectangular in outline, and possesses two lophids separated by
a V-shaped valley between them. In LIEB-PV 6152, as in
A. halmyronomum and Anisodontherium sp., the V-shaped
v a l l e y i s d e e p , wh e r e a s i n o t h e r t a x a ( e . g . ,
Pyramiodontherium, Megatheriops, Megatherium) the valley
i s no t marked ly deep as in M. patagon icus or
Anisodontherium. As in other megatheriines, the m2 and m3

Fig. 4 Astragalus of
Megathericulus patagonicus. a–c
LIEB-PV 6153 in proximal, me-
dial and distal view; d–f MACN
A 11151 (type ofM. patagonicus)
in proximal, medial and distal
view; g–i: MLP 39-VI-24-1 (type
of M. primaevus) in proximal,
medial and distal view
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have lingual and labial longitudinal grooves (Fig. 3). The m4
is nearly trapezoidal in outline with the anterior half wider
than the posterior one. In A. halmyronomum and
Anisodontherium sp. the outline of the molariforms is similar
to that described for LIEB-PV 6152, whereas in Py. bergi, the
anterior and posterior crests of the m1 and m2 are in-
clined with respect the anteroposterior axis, being more
trapezoidal or parallelogram-shaped in cross-section. In
Megatherium and Eremotherium each molariform is nearly
squared in cross-section.

The Hypsodonty Index (HI), calculated as greatest depth of
the dentary / length of the molariform tooth row × 100, has
been used as an indicator of hypsodonty of the molariforms in
sloths (see Zetti 1964; Bargo et al. 2006; Brandoni and De
Iuliis 2007; Fields 2009). For LIEB-PV 6152, the HI is 102,
92 in Megathericulus sp., 99 in Anisodontherium sp. (taking
into account an average of the measurements of both
dentaries), and 107 for A. halmyronomum. The HI for Py.
bergi is 77, being 85 in Py. brevirostrum , 88 in
Megatheriops rectidens, and 75 in Pl. lelongi (Table 1).
Among Quaternary megatheriines, HI is greatest in
Megatherium americanum, in which it varies between
92 and 112 (Saint-André and De Iuli is 2001).
Considering these values, the HI for M. patagonicus is
more similar to that of Megatherium americanum and
Anisodontherium, than to the values of other Neogene

megatheriines (e.g., Pliomegatherium, Pyramiodontherium,
Megatheriops).

Astragalus: Although smaller (Table 3), the astragalus of
M. patagonicus (Fig. 4) is similar in form to that of other
megatheriines (see Brandoni et al. 2004; De Iuliis et al.
2008). The fibular facet is divided into two portions, an
anteroposteriorly elongate dorsal division that joins the dis-
coid facet, and a ventral portion with a rather subtriangular
surface that is extended ventrally and contacts the ectal facet
(Fig. 4a–g). In the rest of the Megatheriinae the ectal facet
does not contact the ventral portion of the fibular facet, and
the outline is different: in Pl. lelongi, Py. bergi, and Py.
scillatoyanei the ventral portion is subcircular to oval in out-
line, whereas in ‘Eo.’ cabrerai it is subquadrangular. The pos-
terior separation between the ectal and discoid facets resem-
bles that in Py. scillatoyanei and Py. bergi. The posterior part
of the discoid facet is abbreviated and at an obtuse angle

Table 1 Measurements (in mm)
of the dentary of Megatheriinae.
TRL, tooth row length; DD,
depth of the dentary; HI,
Hypsodonty Index

Species Specimen TRL HD HI

Megathericulus patagonicus LIEB-PV 6152 69.2 70 102

Megathericulus patagonicus MLP 91-IX-7-18 62 – –

Megathericulus sp. MUSM 1564 84.6 78.1 92

Anisodontherium sp. PVL 6425 L 92 90 98

Anisodontherium sp. PVL 6425 R 94 95 111

Anisodontherium halmyronomum MLP-30-XII-10-21 L 115 123 107

Anisodontherium halmyronomum MLP-30-XII-10-21 R 112 115 103

Pyramiodontherium bergi MLP 2–66 195 150 77

Pyramiodontherium brevirostrum MLP 31-XI-12-25 188 160 85

Pyramiodontherium sp. MLP 31-XI-12-26 166 145 87

Megatheriops rectidens MACN Pv 2818 168 148 88

Pliomegatherium lelongi MACN Pv 13213 135 102 75

Table 2 Measurements (in mm) of lower molariforms of
Megathericulus patagonicus. m1–m4, molariforms 1–4

M. patagonicus LIEB-PV 6152 Length Width

m1 14.4 21.2

m2 14.2 24.2

m3 13.3 22.5

m4 14.8 20.5

Table 3 Measurements (in mm) of the astragalus of Megatheriinae.
Length is equal to the distance between the navicular facet and the
posterior border of the discoid facet; width is equal to the distance
between the lateral border of the fibular facet and the medial border of
the odontoid facet

Species Specimen Length Width

Megathericulus patagonicus LIEB-PV 6153 92.5 83

Megathericulus patagonicus MACN A 15111 90 105

Megathericulus patagonicus MLP 91-IX-7-18 99 103

Megathericulus patagonicus MLP 92-XI-15-2 95 100

Megathericulus primaevus MLP 34-VI-24-1 88 85

Eomegatherium cabrerai MLP 2–206 – 130

Eomegatherium nanum MACN Pv 4992 130 130

Pyramiodontherium scillatoyanei MLP 68-III-14-1 155 141

Pyramiodontherium bergi MLP 2–66 L 175 162

Pyramiodontherium bergi MLP 2–66 R 172 162

Pliomegatherium lelongi MLP 99-XI-1-1 148 148
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relative to the odontoid facet in M. patagonicus (Fig. 4a–g),
whereas the angle is less obtuse in Pl. lelongi and Eo. nanum,
and it is nearly straight in Py. bergy and Py. scillatoyanei.

The discoid facet is an approximately semicircular surface,
slightly convex in both its major axes, particularly near its
perimeter. The odontoid facet is semicylindrical in outline
and lies on the dorsolateral half of the tall, peg-shaped
odontoid process (located at the center of the discoid facet;
Fig. 4b–h). At the plane passing throw the center of the discoid
and odontoid facets, the angle between both facets is nearly
115° in M. patagonicus; it is 110° in ‘Eo.’ cabrerai, and it is
nearly straight in Pl. lelongi, Py. bergi, and Py. scillatoyanei.
In M. patagonicus a large sesamoid facet forms the
dorsomedial end of a relatively wide groove adjacent to the
posterior margin of the odontoid facet (Fig. 4b–h); this facet is
absent in other megatheriines (e.g., ‘Eo.’ cabrerai, Py. bergi).

In M. patagonicus, near two-thirds of the navicular facet
projects dorsal to the discoid facet when the long axis of the
odontoid process is vertically oriented (Fig. 4c,f,i). In ‘Eo.’
cabrerai, Eo. nanum, Pl. lelongi, Py. bergi, and Py.
scillatoyanei, the navicular facet is more ventral, with the
plane of the discoid facet intersecting approximately at the
center of the circular depression of the navicular facet.

There are two facets for articulation with the calcaneum: the
sustentacular and the ectal facets. As in most megatheriines,
these two facets are separated by a deep and wide non-
articular bony canal called the sulcus tali. The sustentacular
facet is continuous with the cuboid facet but is separated from
the ventral portion of the navicular facet; it is almost planar or
flat and subtriangular in shape. The ectal facet is oval in shape,
with the main axis anterolateral to posteromedial, and parallel
to the sulcus tali; it is concave along the main axis, and convex
along the other axis.

Discussion

After the description ofM. patagonicus by Ameghino (1904),
two other species belonging toMegathericuluswere described
for theMiocene of Patagonia,M. friasensisKraglievich, 1930,
which probably corresponds to a Scelidotheriinae (see
Kraglievich 1930; Brandoni 2006a; De Iuliis et al. 2008),
and M. primaevus based on a few postcranial bones (e.g.,
astragalus, portion of tibia). De Iuliis et al. (2008) added a
diagnosis for M. patagonicus, described two new specimens
from the Miocene of Patagonia, and increased the knowledge
on anatomy and intraspecific variation of the species. Pujos
et al. (2013) referred to Megathericulus sp. a specimen from
the middle Miocene of Peru, transferred the megatheriines Eo.
andinum and Eo. cabrerai toMegathericulus (asM. andinum
and M. cabrerai), and considered M. primaevus a valid spe-
cies, although they indicated that synomymy between
M. patagonicus and M. primaevus cannot be discarded.

Finally, Brandoni et al. (2018) described a new specimen of
M. patagonicus from the middle Miocene of Bolivia, and
considered that it is not possible to strongly establish
whether Eo. cabrerai and Eo. andinum should be re-
ferred to Eomegatherium or Megathericulus, refering
these species instead as ‘Eomegatherium’ andinum and
‘Eomegatherium’ cabrerai.

Referral of the new specimens described here (LIEB-PV
6153 and LIEB-PV 6152) toM. patagonicus is based on met-
ric and morphological similarities with the holotype (MACN
A 11151) and specimens that have been referred to this species
(MLP 91-IX-7-18,MLP 92-XI-15-2; see De Iuliis et al. 2008).
Shared features include: 1) overall size, smaller than other
Neogene Megatheri inae such as Eomegatherium ,
Pliomegatherium, and Pyramiodontherium (Tables 1, 3); 2)
shape of the molariforms, molariforms mesiodistally com-
pressed and rectangular in outline; 3) Hypsodonty Index close
to 100; 4) position of the navicular facet, two-thirds of the
navicular facet projects dorsal to the discoid facet; 5); in the
astragalus, shape of the ventral portion of the fibular facet, the
ventral portion is subtriangular outline and contacts the ectal
facet; 6) presence of a sesamoid facet in the astragalus.

Regarding the validity of M. primaevus, the astragalus
(MLP 39-VI-24-1) is the only well-preserved bone of the spe-
cies that can be compared with M. patagonicus (MACN A
11151, MLP 91-IX-7-18, MLP 92-XI-15-2). The astragalus
of both species is similar in: 1) overall size; 2) the shape of
the ventral portion of the fibular facet; 3) position of the na-
vicular facet respect de plane of the discoid facet, and 4) the
presence of a sesamoid facet. Cabrera (1939) considered that
the general shape of MLP 39-VI-24-1 resembles that of the
astragalus ofM. patagonicus (MACN A 11151), but it differs
in size, development of the odontoid process, and width of
sulcus tali. With the inclusion of MLP 91-IX-7-18 and MLP
92-XI-15-2 in M. patagonicus (see De Iuliis et al. 2008), the
intraspecific variation of M. patagonicus increased.
Intraspecific variation, including sexual dimorphism, of
ground sloths were discussed in recent contributions that dealt
with systematics of Megatheriinae (e.g., Faure et al. 2014;
Cartelle et al. 2014; Carlini et al. 2018), Megalonychidae
(e.g., Brandoni 2010, 2011), and Nothrotheriidae (e.g.,
Amson et al. 2015). Considering the large intraspecific differ-
ences exhibited in some ground sloth species (see Cartelle
et al. 2014, for the case of Eremotherium laurillardi;
Brandoni 2010, 2011, for Neogene megalonychids; Amson
et al. 2015, for Thalassocnus Muizon and McDonald, 1995),
the similarities and few differences betweenM. primaevus and
M. patagonicus allow us to considerM. primaevus as a junior
synonym of M. patagonicus. In sum, M. patagonicus is the
only diagnosed and well-characterized species of the genus.

The most pecul iar feature of the dent i t ion of
M. patagonicus is the shape of the molariforms, which was
described by Brandoni et al. (2018) for some molariforms of
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the upper series. De Iuliis et al. (2008) and Pujos et al. (2013)
have already described the shape of the alveoli of the dentary;
however, the descriptions were based on edentulous dentaries,
inferring the molariform outlines from the shape of the pre-
served alveoli. The description herein presented confirms the
aspects that were described or inferred by De Iuliis et al.
(2008), Pujos et al. (2013), and Brandoni et al. (2018) (e.g.,
rectangular shape of the molariforms), but also adds informa-
tion on the precise shape of the lower molariforms (presence
of two lophids separated by a deep V-shaped valley, presence
of lingual and labial longitudinal grooves).

During the course of evolution, the body size of
megatherines and, as a result, the size of the molariforms gen-
erally increased (Brandoni et al. 2012). The size increase did
not occur evenly in the molariforms, with the anteroposterior
length of these teeth generally increasing more than their
labiolingual width (Kraglievich 1930; Brandoni et al. 2012;
Pujos et al. 2013). Thus, while the molariforms of
megatheriines from the Serravallian-early Tortonian (e.g.,
Megathericulus, Anisodontherium) are usually rectangular in
outline, those from the late Tortonian-Quaternarymegatheriines
are subtrapezoidal to squared (i.e., more isodiametric) (Fig. 5).
This increase in the anteroposterior length of each molariform
resulted in an increase in the relative length of the molariform

tooth row, which, in turn, resulted in a relatively longer tooth
row in Quaternary megatheriines (e.g., Megatherium,
Eremotherium) than taxa from the Serravallian-early
Tortonian (e.g., Megathericulus, Anisodontherium).

Zetti (1964) made the first attempt to quantify the depth of
the dentary in megatheriines and developed the Hypsodonty
Index, where a higher HI reflects a great depth of the dentary
(=increased hypsodonty). The HI has been used in
Megatheriinae systematics, phylogenetic analysis, and evolu-
tionary aspects of the group (see Saint-André and De Iuliis
2001; Pujos 2006; Brandoni and De Iuliis 2007; Brandoni
et al. 2008), as well as paleobiological studies of ground sloths
(see Bargo et al. 2006; Fields 2009). In particular, it is one of the
characters proposed to separate Megatherium from
Eremotherium (see Saint-André and De Iuliis 2001), as well
as Megatherium americanum from Megatherium gallardoi
(see Brandoni et al. 2008). In addition, the differences
between the HI of Megatherium americanum and Er.
laurillardi have been related to paleoenvironmental as-
pects, with Megatherium americanum (high HI) linked to
open grassland, and Er. laurillardi (low HI) to closed forest
habitats (Bargo et al. 2006).

As was mentioned, the HI is calculated as greatest depth of
dentary / length of the molariform tooth row × 100; the HI

Fig. 5 Cladogram showing
relationships among
Megatheriinae (modified from
Varela et al. 2019). Chronological
distribution of mentioned genera
and evolution of the morphology
of lower molariform and astraga-
lus is shown
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values for Megathericulus (HI = 102) fit in the variation of
Megatherium americanum (HI = 92–112); however, the rela-
tively shorter molariform tooth row inMegathericulus exagger-
ates its hypsodonty. In other words, in the case ofMegatherium
a higher HI reflects a great depth of the dentary, whereas in
M. patagonicus HI does not necessarily reflect a great depth
of the dentary given that in this case the low value of the
molariform tooth row length collaborates to obtain a high HI.
Thus, and although the HI is commonly used for different pur-
poses in the study ofMegatheriinae, its use is problematic when
taxa with different outline of molariforms are compared. In
addition, this high value of HI of M. patagonicus may also
reflect Patagonian paleoenvironmental conditions during the
late middle Miocene (see Ortiz-Jaureguizar and Cladera 2006).

Other features, considered in the evolution ofMegatheriinae,
closely related to the length of the lower molariform tooth row
are the position of the anterior margin of the coronoid process
with respect to the m4, and the position of the posterior margin
of the mandibular symphysis with respect to the m1 (see
Brandoni et al. 2012). As in Anisodontherium , in
M. patagonicus the molariform tooth row lies between the pos-
terior margin of the mandibular symphysis and the anterior mar-
gin of the coronoid process, whereas the molariform tooth row
extends beyond those mandibular features in Quaternary
Megatheriinae, owing to a relatively longer tooth row.
However, as with the case of HI, given that these characters seem
closely related to the length of the molariform tooth row, and
thus the shape of the molariforms, it seems likely that the latter
might have an influence on the way these features are scored
and interpreted in cladistic analyses (Brandoni et al. 2012).

Regarding the astragalus, in M. patagonicus, near two-
thirds of the navicular facet projects dorsal to the discoid facet,
whereas in o the r Neogene megather i ines (e .g . ,
Pyramiodontherium) the navicular facet is more ventral, with
the plane of the discoid facet intersecting approximately at the
center of the circular depression of the navicular facet (Fig. 5).
In Quaternary megatheriines (i.e., Eremotherium ,
Megatherium), the navicular facet lies farther ventrally, with
the plane of the discoid facet intersecting the dorsal part of the
navicular facet. In addition, in M. patagonicus the ventral
portion of the fibular facet contacts the ectal facet, whereas
in the rest of theMegatheriinae the ectal facet does not contact.

Megathericulus patagonicus shows characters that are
plesiomorphic for Megatheriinae (e.g., molariforms that are
mesiodistally compressed and rectangular in outline, very
long rostrum, navicular facet of the astragalus dorsally located
with respect to the discoid facet), suggesting it is the earliest
diverging taxon with respect to other members of the subfam-
ily (Brandoni 2006a; Pujos 2006; De Iuliis et al. 2008;
Brandoni et al. 2018; Varela et al. 2019). The condition of
earliest diverging genus of Megatheriinae coincides with the
fact that M. patagonicus is probably the geologically oldest
species for the subfamily (Figs. 5,6a).

The precise geographic and stratigraphic provenance of the
holotype MACN A 11151 on which M. patagonicus is based
is unknown. According to Ameghino (1904: 282), it is
‘Tehuelche antiguo del Chubut (Laguna Blanca)’ but the exact
geographic location where C. Ameghino collected the fossils
is unknown; Ameghino (1906) mentioned that all the fossils
come from the lower and middle section of the outcrops of
bluish grey sandstone from the region of Fénix River and
Laguna Blanca. According to the geologic charts of the region
the only continental formation with bluish grey sandstones
that crops out close to the Fénix River, Lago Blanco town
and Lago Blanco (=Laguna Blanca) lagoon belongs to Río
Mayo Formation (Dal Molín 1998; Escosteguy et al. 2003).
However, below the Río Mayo Formation in the area there are
also two continental formations characterized by grey
sandstontes (El Portezuelo and Pedregoso formations) with
records of fossil mammals (Scillato-Yané and Carlini 1998)
where C. Ameghino could also collected the holotype of
M. patagonicus.

Accurate geographic (Fig. 6b) and stratigraphic data are
available for several specimens referred to M. patagonicus
(i.e., MLP 91-IX-7-18, MLP 92-XI-15-2, UATF-V-001414,
UATF-V-001163 and LIEB-PV 6153, LIEB-PV 6152) and
Megathericulus sp. (MUSM 1564). MLP 91-IX-7–18 was
recovered from Río Mayo Formation at Cerro Guenguel lo-
cality, where a level of this formation below the fossil horizon
has been dated preliminarily at ca.11.8 Ma (40Ar/39Ar;
Madden et al. 1997; De Iuliis et al. 2008). MLP 92-XI-15-2
was recovered also from the Río Mayo Formation but at
Arroyo Pedregoso locality. At Cerro Guenguel and Arroyo
Pedregoso, the Río Mayo Formation overlies the El
Portezuelo Formation and Pedregoso Formation, respectively,
which could be chronologically equivalents (Escosteguy et al.
2003; Rivas et al. 2015). The Pedregoso Formation at Arroyo
Pedregoso has been dated at ca. 12.18 Ma (40Ar/39Ar; Dal
Molín and Franchi 1996). UATF-V-001414 was recovered
from the Quebrada Honda beds (Bolivia) and is closely asso-
ciated with a tuff dated at 12.5–12.2Ma, and UATF-V-001163
from the Huayllajara Local Fauna may date to 13.2–12.8 Ma
(see Brandoni et al. 2018).

The two specimens presented herein (LIEB-PV 6153,
LIEB-PV 6152) come from the southern outcrops of the
Collón Curá Formation (i.e., Cerro Zeballos; La Gloria),
where a guide level for the Collón Curá Formation (i.e.,
Pilcaniyeu Ignimbrite Member) is not deposited (Mazzoni
1993), and in part because of this, correlations with the fossil
levels associated with the Ignimbrite, where the Colloncuran
fauna sensu stricto was defined (see Vucetich et al. 1993)
could not be identified. In this area where southern croppings
of Collón Curá Formation at Chico River (south of Río Negro
Province) are exposed, the absolute 40Ar/39Ar ages obtained
spans from 14.8 Ma to 13.7 Ma (Bilmes et al. 2013; Dunn
et al. 2015), while at Cushamen River (northwest Chubut
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Province), near Cerro Zeballos and La Gloria, there is one U-
Pb absolute age of ca. 11.2Ma (Ramos et al. 2015). According
to that, and because there are no absolute dates for Cerro
Zeballos, the chronological location of this locality in
Fig. 6a is relative and based on the study of Brandoni et al.
(2017) that indicated an early Tortonian age (its position could
change if absolute dates appear). The chronological location
of La Gloria in Fig. 6a is based on Bucher (2018).

The specimen MUSM 1564 (Megathericulus sp.) was re-
covered from the SEP-007 locality in southeastern Peru (Pujos
et al. 2013) and corresponds to the Fitzcarrald local fauna,
which has been referred to the Laventan South American
Land-Mammal Age (SALMA), considered as Serravallian in
age (13.5–11.8 Ma) (see Madden et al. 1997). Finally, we
could not confirm two records of Megathericulus sp. for
Collón Curá Formation, one for Neneo Rucá (Río Negro
Province; Casamiquela 1969; Rabassa 1975; Pascual et al.
1984) and one for Collón Curá River (Neuquén Province;
Bondesio et al. 1980), because they were published without
collection numbers, descriptions, or figures of the specimens,
and we found no specimens that match with this provenance at
the MLP or MACN, where they were probably deposited.

The type specimen of M. primaevus (MLP 39-VI-24-1)
was collected by J. Frenguelli 5 km from Paso Flores
(Neuquén Province) at cañadón Ftamichi from Miocene tuffs
that Cabrera (1939) considered Santacrucian in age.
According to Frenguelli (1939) cañadón Ftamichi ends at
the right margin of Limay River in front of the Paso Flores
balse (Río Negro Province). Pascual et al. (1978) and Scillato-
Yané and Carlini (1998) assigned this locality to Collón Curá
Formation and to the Colloncuran age, respectively, without
any details. In the geologic charts (Nullo 1979; Escosteguy
et al. 2013) there is a ‘cañadón’ although without name, that
ends in the right margin of Limay River in front of Paso Flores
balse. This ‘cañadón’ cerro Flamiche runs just in between
extensive Neogene tuffaceous sediments (ca. 5 km from
Paso Flores) mostly assigned to Collón Curá Formation, from
where the specimen MLP 39-VI-24-I could come (ca. 40°37′
57.34’S, 70°38′22.20’W).

The other Megatheriinae species recorded from the middle
Miocene are ‘Eo.’ cabrerai (with quotation marks following
Brandoni et al. 2018), which was recorded from Laguna
Blanca and Fenix River, and ‘Eo.’ andinum from Huemúles
River (see Kraglievich 1930). However, as the case of the old
records of Megathericulus from these localities, there is not

Fig. 6 Chronological and geographical distribution of taxa mentioned in
Discussion. a Chronological distribution of M. patagonicus,
Anisodontherium (Megatheriinae), ‘Xyophorus’ (Nothrotheriinae), and
Planops, Prepotherium, Prepoplanops (Planopinae). b geographical
distribution of M. patagonicus, Anisodontherium (Megatheriinae),

‘Xyophorus’ (Nothrotheriinae) (black circles), and Planopinae (grey cir-
cles); Megatheriinae and Nothrotheriinae may have originated and/or had
their center of dispersion in low or middle latitudes of South America and
later dispersed into higher and lower latitudes (grey arrows)
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much precise geochronological information (see González
Ruiz et al. 2017). Brandoni and Carlini (2004) mentioned
Megatheriinae remains from the Cerro Guenguel locality
(ca. 11.8 Ma, Río Mayo Formation) that the authors consid-
ered probably correspond to Eomegatherium. In addition, an
undeterminedMegatheriinae, based on a posterior fragment of
mandible, was recorded at the locality of Cerdas, Bolivia (ca.
16.3–15.1 Ma, early Miocene; Croft et al. 2016). Taking into
account the absolute ages considered to the levels bearing
specimens of M. patagonicus and Eomegatherium,
M. patagonicus is the oldest nominated Megatheriinae rang-
ing from nearly 13.2Ma (Huayllajara Local Fauna, Bolivia) to
nearly 11.2 Ma (at Cushamen River, near Cerro Zeballos and
La Gloria, Chubut Province, Argentina) (Fig. 6a).

Regarding the phylogenetic relationships of Megatheriinae
with other clades of Tardigrada, the subfamily Megatheriinae
has been considered to be the sister group of Planopinae (e.g.,
Planops Ameghino, 1891, Prepotherium Ameghino, 1891;
see Ameghino 1891a, 1891b), with both included in
Megatheriidae (De Iuliis 1994; Gaudin 2004; Amson et al.
2016; Varela et al. 2019). However, Pujos et al. (2007) indi-
cated that the relationships of Planops martini Hoffstetter,
1961, to other Tardigrada are uncertain, and that
Megatheriidae are related to Nothrotheriidae; and Carlini
and Scillato-Yané (2004) indicated that Megatheriinae is the
sister group of Nothrotheriinae.

Most of the accurate records of Planopinae (Prepotherium,
Planops, Prepoplanops Carlini et al., 2013) correspond to
those from the early Miocene of Santa Cruz Province (Santa
Cruz and Cerro Boleadoras formations) (see Scott 1903–04;
Carlini et al. 2013) where no remains of Megatheriinae or
Nothrotheriinae were collected (Fig. 6). Remains of
Prepotherium and Planops were recorded from the Santa
Cruz Formation, which, at the Atlantic coast of Santa Cruz
Province, spans the interval of 18–16Ma (Perkins et al. 2012).
Prepoplanops was recorded from Cerro Boleadoras
Formation (western Santa Cruz Province; see Carlini et al.
2013), which was considered as early Miocene in age
(Charrier et al. 1979; Vucetich 1994).

Regarding the relationship between Megatheriinae and
Nothrotheriinae, it is interesting to note that an undetermined
Megatheriinae (see above) and the Nothrotheriinae
‘Xyophorus’ cf. ‘X’ bondesioi Scillato-Yané 1979 (see
Brandoni 2014, for a discussion on the differences between
‘Xyophorus’ and Xyophorus Ameghino, 1887) at the locality
of Cerdas (Bolivia) represent the oldest records of the subfam-
ilies Megatheriinae and Nothrotheriinae (see Croft et al. 2009,
2016; Brandoni 2014). This may suggest that both groups
may have originated and/or had their center of dispersion in
low or middle latitudes of South America and later dispersed
into higher and lower latitudes (Pujos et al. 2013; Brandoni
et al. 2018) (Fig. 6b). In this sense, Megatheriinae, represented
by Megathericulus, and Nothrotheriinae, by ‘Xyophorus’,

were recorded together from Quebrada Honda (Bolivia) and
Cerro Zeballos (Chubut Province) (Croft et al. 2016; Brandoni
et al. 2017). These records, the earlier and not overlapping
record of Planopinae, and the cladistics results reached by
Carlini and Scillato-Yané (2004) and Pujos et al. (2007),
would suggest a close relationship between Megatheriinae
and Nothrotheriinae. In addition, the presence of
Megathericulus and ‘Xyophorus’ in some distant paleofauna
associations (ca. 2300 km) would suggest a similar path of
dispersion and paleoenvironment requirements of both taxa.
The presence of these two genera in Cerro Zeballos (Collón
Curá Formation, Argentina) and Quebrada Honda (Honda
Group, Bolivia) supports what was indicated by Croft
(2007) that the Quebrada Honda Fauna as a whole is more
similar to the asynchronous high-latitude faunas from
Patagonia than to contemporary La Venta Fauna (Colombia).

Finally, the record ofM. patagonicus (Megatheriinae) adds
a new taxa to the Patagonian Cerro Zeballos fauna, that, al-
though some groups are still under study (e.g., caviomorph
rodents, dasypodid xenarthrans, hegetotherids, toxodontids,
astrapotherids, and litopterns ungulates), is composed of tor-
toises [Chelonoidis gringorum (Simpson, 1942)], marsupials
(Pseudonotictis chubutensis Martin and Tejedor, 2007,
Palaeothentidae sp. nov. A and B, Argyrolagydae sp. nov.,
Atlyiacinidae sp. nov.; Martin and Tejedor 2007; Martin
et al. 2016), xenarthrans (Paraeucinepeltus raposeirasi
González Ruiz et al., 2011, ‘Xyophorus’, M. patagonicus;
González Ruiz et al. 2011; Brandoni et al. 2017; this paper),
and ungulates (Caenophilus tripartitus Ameghino, 1903,
Protypotherium colloncurensis Vera et al. , 2018,
Protypotherium cf. Pr. endiadys (Roth, 1899); Vera et al.
2018), and that represents one of the southern and probably
younger faunas of the Collón Curá Formation.
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