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a b s t r a c t

Austrotriconodon mckennai and Austrotriconodon sepulvedai, from the Campanian Los Alamitos Forma-
tion, Patagonia, Argentina were originally described as triconodont mammals and the sole members of
the family Austrotriconodontidae. These mammals were represented by isolated cheek teeth originally
regarded as molariforms, but their peculiar morphology later raised doubts about their purported tri-
conodont affinities. Nevertheless, the morphological bases supporting the alternative taxonomic views
have not been fully documented. We present here detailed comparisons of Austrotriconodon with other
Late Cretaceous taxa and conclude that Austrotriconodon specimens should be assigned to Meridiolestida
and Mesungulatoidea. These isolated teeth are likely premolars and might represent unknown dental
positions of already described species or correspond to taxa that are yet to be formally recognized.
According to our interpretation, there is still no record of Cretaceous triconodonts in South America, but
we support the triconodont affinities for Jurassic taxa from the Cañadón Asfalto Formation in central
Patagonia.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

The presence ofMesozoicmammaliaforms in South Americawas
first documented by the description of the ichnogenus Ameghi-
nichnus patagonicus Casamiquela, 1964 from the MiddleeLate
Jurassic La Matilde Formation, Santa Cruz Province, Argentina
(Casamiquela, 1964). However, it was more than 20 years later that
the first osteological remains of Mesozoic mammaliaforms were
found; in 1985, Bonaparte and Soria described an isolated molari-
form from the Late Cretaceous Los Alamitos Formation, Río Negro
Province, Argentina. This specimen, initially thought to represent an
upper molar of a basal ungulate, served as the basis for what was
later recognized as a non-tribosphenic mammal, Mesungulatum
houssayi Bonaparte and Soria, 1985. After this initial publication,
intensive work of Bonaparte over the following 20 years resulted in
the recognition of a diverse mammaliaform fauna from Los Alamitos
Formation represented by 17 genera and 19 species (Bonaparte and
Soria, 1985; Bonaparte, 1986a,b,c, 1987, 1990, 1992, 1994, 2002).
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leandrogaetano@gmail.com
no), grougier@louisville.edu

All rights reserved.
Among these taxa, Bonaparte reported two “triconodont” species
represented by isolated upper and lower cheek teeth (Austro-
triconodon mckennai Bonaparte, 1986a and Austrotriconodon sepul-
vedai Bonaparte, 1992) and included them in the monotypic family
Austrotriconodontidae (Bonaparte, 1992).

Although other Jurassic and Cretaceous mammaliaforms were
later found in South America (see section 2), Austrotriconodon long
remained the only Mesozoic “triconodont” known from this sub-
continent. It was not until the description of Argentoconodon far-
iasorum Rougier et al., 2007a and Condorodon spanios Gaetano and
Rougier, 2012 from the Jurassic (Wilf et al., 2013; Cúneo et al., 2013)
Cañadón Asfalto Formation, Chubut Province, Argentina that new
information on South American Mesozoic “triconodonts” became
available.

Unlike the widely supported “triconodont” affinities of Argen-
toconodon fariasorum and Condorodon spanios, the identification of
the “triconodonts” from the Los Alamitos Formation (Bonaparte,
1986a, 1992) has been disputed (Rougier et al., 2007a, 2011a). In
this context, the morphology exhibited by the Jurassic triconodonts
was recognized to be clearly different from those of Los Alamitos
Formation, suggesting that these formsmight not be closely related
(Rougier et al., 2007a; Gaetano and Rougier, 2011, 2012). Addi-
tionally, the discovery of Cretaceous mammaliaforms with rela-
tively complete or complete dentitions (Coloniatherium cilinskii
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Fig. 1. Location map of South America with a detail of Patagonia, Argentina showing
the localities where Mesozoic mammaliaforms have been found. References: 1. Laguna
Manantiales, La Matilde Fm., Santa Cruz Province, Argentina; 2. Queso Rallado, Caña-
dón Asfalto Fm.; Chubut Province, Argentina; 3. La Amarga, La Amarga Fm., Neuquén
Province, Argentina; 4. La Buitrera, Candeleros Fm., Río Negro Province, Argentina; 5.
Cerro Cuadrado, Los Alamitos Fm., Río Negro Province, Argentina; 6. Cerro Tortuga,
Allen Fm., Río Negro Province, Argentina; 7. La Colonia, La Colonia Fm., Chubut Prov-
ince, Argentina; 8. Paso Córdoba, Río Colorado Fm., Río Negro Province, Argentina; 9.
Lago Los Barreales, Los Bastos Fm., Neuquén Province, Argentina; 10. Adamantina Fm.,
Sao Paulo, Brazil; 11. Pajcha Pata, El Molino Fm., Bolivia; 12. Laguna Umayo, Muñani
Fm., Perú; 13, Fundo el Triunfo, Fundo el Triunfo Fm., Perú. Modified from Rougier et al.
(2011b).
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Rougier et al., 2009b and Cronopio dentiacutus Rougier et al., 2011a)
raised doubts about the triconodont affinities of Austrotriconodon
(see Rougier et al., 2011a).

Rougier et al. (2011a) questioned the “triconodont” affinities
suggested for Austrotriconodon and interpreted the specimens as
meridiolestid dryolestoids. Rougier et al. based their hypothesis on
the similarities between the lower teeth of Austrotriconodon and
some premolariforms assigned to Coloniatherium cilinskii and Cro-
nopio dentiacutus. However, except for the mention of a similar
cusp pattern, a general resemblance of the teeth, and a comparative
figure, Rougier et al. (2011a) did not make explicit the particular
shared traits that supported their interpretations. Meridiolestidans
have been alternatively interpreted as dryolestoids (Rougier et al.,
2011a; Chimento et al., 2012), derived cladotherians (Rougier
et al., 2012), and basal trechnotherians closely related to spalaco-
theriids (Averianov et al., 2013). It is beyond the scope of this paper
to solve the phylogenetic affinities of meridiolestidans. Hence, we
will simply refer to meridiolestidans without making any sugges-
tion of their high-level relationships. Despite the disagreement
regarding their relationships, it is clear that Meridiolestida are a
natural group that includes several endemic Argentinean taxa with
relatively mesiodistally compressed cheek teeth (i.e., Cronopio,
Leonardus Bonaparte, 1990, and Necrolestes Ameghino, 1891) and
the probably omnivorous/herbivorous mesungulatids and allies
(i.e., Coloniatherium,Mesungulatum, Peligrotherium Bonaparte et al.,
1993, and Reigitherium Bonaparte, 1990) (see Rougier et al., 2011a,
2012; Chimento et al., 2012; Averianov et al., 2013). The main aim
of this contribution is to provide a better documentation of Aus-
trotriconodon and a detailed morphological analysis of the speci-
mens assigned to this genus by Bonaparte (1986a, 1992) to clarify
their taxonomic affinities.

The term “triconodont” is used informally here to refer to
specimens with three major cusps in line, the members of the
traditional, and non-monophyletic, Order Triconodonta Osborn,
1888 and forms similar to them (see for example Kielan-
Jaworowska et al., 2004; Gaetano and Rougier, 2011, 2012;
Gaetano, 2013); for the sake of simplicity the quotation marks
will be omitted on the remainder of this paper.

Cusp nomenclature follows the usual convention by employing
letter designations for triconodont teeth and tribosphenic
nomenclature for meridiolestidans (e.g., Kielan-Jaworowska et al.,
2004; Rougier et al., 2009a,b, 2011a, 2012; Chimento et al., 2012;
Averianov et al., 2013). Cusp homology between forms with trian-
gulated and non-triangulated cusps is beyond the scope of this
contribution.

1.1. Institutional abbreviations

MACNRN-PV, Museo Argentino de Ciencias Naturales “Bernar-
dino Rivadavia”, colección Río Negro.

2. South American Mesozoic mammaliaform discoveries
through time

Almost 30 years have passed since the first discoveries of
Mesozoic mammaliaforms in South America. A number of pale-
ontological expeditions have been devoted to search these elusive
forms. However, findings are restricted to a single Jurassic and a
handful of Cretaceous localities.

The Jurassic Queso Rallado locality, Cañadón Asfalto Formation,
Chubut Province, Argentina has yielded five mammaliaforms. Two
of them, Asfaltomylos patagonicus Rauhut et al., 2002 and Henos-
ferus molus Rougier et al., 2007c, have been recognized as basal
members of Australosphenida (see Rougier et al., 2007c), whereas
two other taxa are triconodonts, a derived triconodontid
(Argentoconodon fariasorum) and an “amphilestid” amphilestherian
(Condorodon spanios). The last taxon from Queso Rallado, a pur-
ported allotherian (Gaetano and Rougier, 2010), has not been yet
published.

Vincelestes neuquenianus Bonaparte, 1986a is the only Early
Cretaceous South American mammaliaform known. Vincelesteswas
found in the lower member of La Amarga Formation, Neuquén
Province, Argentina (Bonaparte, 1986a; Bonaparte and Rougier,
1987; Rougier, 1993) and is probably of Barremian age (Leanza
and Hugo, 1995, 1997; Salgado et al., 2006). Vincelestes is repre-
sented by several relatively complete specimens including cranial
and postcranial material from a single locality (Rougier, 1993).

The Late Cretaceous taxa represent several time intervals, are
more abundant, and in some instances are better preserved than
the Jurassic ones. Late Cretaceous mammaliaforms have been
discovered in Argentina, Bolivia, Brazil, and Perú (see Kielan-
Jaworowska et al., 2004 and Rougier et al., 2011b for a review;
Forasiepi et al., 2012; Fig. 1). The Argentinean localities fromwhich
Late Cretaceous mammaliaforms have been reported are: La Bui-
trera, Cerro Cuadrado, Paso Córdoba, and CerroTortuga in Río Negro
Province; La Colonia in Chubut Province; and Lago Los Barreales in
Neuquén Province.

The fossiliferous outcrops of La Buitrera locality have been
assigned to the Candeleros Formation (Leanza et al., 2004) and are
regarded as early Cenomanian age (Garrido, 2010). Early Late
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Cretaceous mammaliaforms from South America have been found
only in this locality. Rougier et al. (2011a) reported Cronopio den-
tiacutus and an as yet undescribed taxon.

The Lago Los Barreales locality has yielded only an edentulous
lower jaw found in a level probably belonging to the Los Bastos
Formation of early to middle Coniacian age (Garrido, 2010, 2011;
Forasiepi et al., 2012). The genus and species of this specimen
were left in open nomenclature but the authors suggested affinities
with mesungulatid meridiolestidans (Forasiepi et al., 2012). If so,
this finding represents the geologically oldest mesungulatid known
to date.

The most diverse South American mammaliaform Cretaceous
assemblage comes from Cerro Cuadrado locality, Los Alamitos
Formation (Bonaparte and Soria, 1985; Bonaparte, 1986a,b,c, 1990,
1992, 1994, 2002; Bonaparte and Kielan-Jaworowska, 1987). The
Los Alamitos Formation is regarded to be of Campanian age
(Bonaparte, 1986a, 1987; Rougier et al., 2009a,b). Bonaparte
collected a large number of specimens which he regarded as dry-
olestoids, gondwanatheriids, multituberculates, symmetrodonts,
and triconodonts (see Pascual et al., 1999; Kielan-Jaworowska et al.,
2004; Rougier et al., 2007a, 2011a,b; and Averianov et al., 2013 for
an alternative view). The mammaliaforms from the Cerro Cuadrado
locality are part of a fauna of Gondwanan nature that includes
several endemic South American forms (Bonaparte, 1986a,b,c, 1990,
1992, 1994, 2002).

The CampanianeMaastrichtian Anacleto Formation outcrops at
the Paso Córdoba locality yielded only an edentulous, incomplete
lower jaw which has been identified as a marsupial by Goin et al.
(1986); however, this specimen was later re-interpreted as a dry-
olestoid (Martinelli and Forasiepi, 2004), an identification followed
by other authors (Rougier et al., 2011b) and here.

In outcrops of the Maastrichtian Allen Formation at the Cerro
Tortuga locality, seven isolated mammaliaform teeth have been
found (Rougier et al., 2009a). The Cerro Tortuga mammaliaform
fauna is comparable to that of Cerro Cuadrado in that both faunas
include ferugliotheriids and dryolestoids (Rougier et al., 2009a).
Several of the supraspecific taxa found at Cerro Tortuga are co-
generic with those reported from the Los Alamitos Formation
(i.e., Barberenia Bonaparte, 1990 and Mesungulatum) but represent
different species (i.e., B. allenensis Rougier et al., 2009a and M.
lamarquensis Rougier et al., 2009a). Additionally, there are shared
taxa between the faunas of Cerro Tortuga and Cerro Cuadrado (i.e.,
Groebertherium stipanicici Bonaparte, 1986a and cf. Brandonia
Bonaparte, 1990). Other forms, that up to now have only been re-
ported from Cerro Tortuga locality (i.e., Trapalcotherium matuas-
tensis Rougier et al., 2009a), are closely related to mammals from
Los Alamitos Formation.

At the La Colonia locality, outcrops of the homonymous for-
mation have provided mammaliaform remains of Maastrichtian
age (Rougier et al., 2009b). Some of these taxa (i.e., fer-
ugliotheriids, mesungulatids, and reigitheriids) are also known
from the Cerro Cuadrado locality (see Rougier et al., 2011b for a
review). The most common form at La Colonia has been identi-
fied as Coloniatherium cilinskii, a mesungulatid only reported
from this site and represented by teeth, jaws, and petrosals
(Rougier et al., 2009b).

Mammals of the Tiupampa locality, Bolivia, were originally
thought to be of Cretaceous age (Marshall and Muizon, 1988;
Muizon, 1994; Muizon et al., 1997; Marshall and Sigogneau-
Russell, 1995). However, these outcrops were later recognized to
be from the early Paleogene and assigned to the Santa Lucía For-
mation (Van Valen, 1988; Gayet et al., 1991; Muizon, 1998). Pres-
ently, the only Bolivian site where Mesozoic mammaliaforms have
been found is Pajcha Pata (Kielan-Jaworowska et al., 2004; Rougier
et al., 2011b). Two complete teeth and a fragmentary one have been
reported from this locality; they have been interpreted as repre-
senting a dryolestoid and a therian (Gayet et al., 2001) but some of
them could represent meridiolestidans (Rougier et al., 2011b).

Bertini et al. (1993) published a fragmentary lower jaw from the
Adamantina Formation (CenomanianeCampanian?), Sao Paulo,
Brazil and attributed the specimen to Eutheria. However, there is
insufficient evidence to exclude other mammaliaform affinities
(Rougier et al., 2011b).

Mesozoic mammaliaforms from Perú are restricted to the find-
ings at two Cretaceous localities: Laguna Umayo (Muñani Forma-
tion, Maastrichtian) and Fundo el Triunfo (Fundo el Triunfo
Formation, CampanianeMaastrichtian) (Kielan-Jaworowska et al.,
2004; Rougier et al., 2011b). Five therian taxa represented by iso-
lated and fragmentary teeth have been found at Laguna Umayo
(Grambast et al., 1967; Sigé, 1971, 1972; Van Valen, 1978; Crochet,
1980; Marshall et al., 1983). On the other hand, only a single ther-
ian tooth of uncertain affinities has been reported from Fundo el
Triunfo (Sigé, 1971).

The poor record and debatable affinities of Mesozoic mamma-
liaforms from Bolivia, Brazil, and Perú make it difficult to
characterize the taxonomic composition of the mammaliaform
assemblages. Argentinean Cretaceous mammaliaform faunas seem
to have been dominated by relatively basal forms; the presence of
therian remains is still to be convincingly demonstrated.

3. Triconodont hypothesis: a comparative analysis

The tooth morphology of Austrotriconodon is peculiar and very
different from that of other triconodonts. Following the in-
terpretations of Bonaparte (1986a, 1990, 1992, 1994), the purported
lower molariforms of Austrotriconodon are characterized by the
mesiodistal alignment of threemain cusps. The crown is dominated
by amain cusp (a) and two very reducedminor ones (b and c). Cusp
b is approximately 1/3 of the height of cusp a. Cusp c is substantially
smaller than b and, depending on the specimen, can be as tall as
cusp d or slightly taller. The cusp proportions result in molariforms
that are markedly asymmetrical in lateral view. Additionally, there
are well-developed cingula and wear facets. A similar morphology
is recognized in the only lower premolariform (MACNPV-RN240)
described by Bonaparte (1992). However, in this lower premolari-
form, the anterior root is more robust than the posterior one, the
main cusp (a) is more centrally placed on the crown, cusp b is
minute, and there is a relatively large distal cusp (identified as cd by
Bonaparte,1992) and a very small accessory cusp at the distal end of
the crown.

There is a single upper tooth referred to Austrotriconodon and
identified as a molariform (Bonaparte, 1992). Its morphology is
unique among mammaliaforms (Bonaparte, 1992). According to
Bonaparte, this tooth has four poorly separated main cusps (AeD)
forming a continuous lamina (“en empalizada” disposition sensu
Bonaparte, 1992) that decrease in height distally (B > A > C > D).
There is a concavity on the mesial face of cusp B that is not limited
by well-defined crests or cusps and was interpreted by Bonaparte
(1992) as part of an interlocking mechanism between adjacent
molariforms. A lingual cingulum extending along most of the
length of the crown is present. Bonaparte (1992) hypothesized that
the lower molariform might have occluded in the shelf defined by
the cingulum.

Basal triconodonts, which are some of the most basal mam-
maliaforms (e.g., Huene, 1933; Parrington, 1941; Kühne, 1949;
Patterson and Olson, 1961; Rigney, 1963; Crompton, 1964;
Crompton and Jenkins, 1968; Freeman, 1979; Clemens, 1980,
2011; Jenkins et al., 1983; Sigogneau-Russell, 1983; Yadagiri, 1984;
Lucas and Hunt, 1990; Hahn, 1993; Datta and Das, 1996, 2001;
Butler et al., 2012), have molariforms that are not as compressed
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Fig. 2. Photo and line drawing of Austrotriconodon mckennai lower right premolari-
form (MACNPV-RN21) in labial (A) and lingual (B) views. Abbreviations: cing,
cingulum; med, metaconid; pac, posterior accessory cusp; pad, paraconid; prd, pro-
toconid. Dotted areas represent covered surfaces.
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labiolingually as those of more derived triconodonts. The crown of
the molariforms is dominated by cusp A/a followed in height by
cusp C/c. Cusp B/b is relatively small and can be part of a mesial
cingulum in some forms. The cingula are well-developed and
usually bear numerous relatively large cingular cuspules.

Triconodontids and closely related taxa (e.g., Simpson, 1925a,b,
1928; Patterson, 1951; Fox, 1969; Sigogneau-Russell, 1995; Cifelli
and Madsen, 1998; Cifelli et al., 1998, 1999; Meng et al., 2006, 2011;
Rougier et al., 2007a; Montellano et al., 2008; Kusuhashi et al.,
2009) are a group of derived triconodonts consistently regarded as
monophyletic (Ji et al., 1999; Rougier et al., 2001, 2007b; Luo et al.,
2002, 2007; Kielan-Jaworowska et al., 2004; Hu et al., 2005;
Montellano et al., 2008; Kusuhashi et al., 2009; Gao et al., 2010;
Meng et al., 2011; Gaetano and Rougier, 2011, 2012). These forms
havemolariformswith threemainmesiodistally aligned cusps (A/a,
B/b, and C/c) that are generally similar in height. Cingula and cin-
gular cusps might be present but they are not as well-developed as
in basal triconodonts or austrotriconodontids. A relatively small
distal accessory cusp (D/d) is present in basal triconodontids but it
is tall in more derived forms (i.e., alticonodontines).

In volaticotherine triconodonts, which Gaetano and Rougier
(2011) place within Alticonodontinae, the main cusps are recum-
bent, there is no mesial accessory cusp e in lower molariforms
(present in some non-volaticotherine alticonodontines), and there
are no cingula (Sigogneau-Russell, 1995; Meng et al., 2006; Gaetano
and Rougier, 2011). Unlike other triconodontids, the upper
molariforms of volaticotherines have relatively more labiolingually
compressed crowns, awell-developedmesial accessory cusp (E), no
cingula, and a distally overhanging cusp D.

“Amphilestids” (e.g., Owen, 1838, 1859; Simpson, 1925b; Prasad
and Manhas, 1997; Heinrich, 1998; Kretzoi and Kretzoi, 2000;
Sigogneau-Russell, 2003; Averianov et al., 2005; Rougier et al.,
2007b; Gao et al., 2010; Lopatin et al., 2010; Gaetano and Rougier,
2012), a paraphyletic assemblage of derived triconodonts more
closely related to cladotherians than to triconodontids (Rougier
et al., 2007b; Montellano et al., 2008; Kusuhashi et al., 2009; Gao
et al., 2010; Gaetano and Rougier, 2011, 2012; see Luo et al., 2002,
2007; Kielan-Jaworowska et al., 2004; Hu et al., 2005 for an alter-
native view), have molariforms with five bulbous cusps (A/aeE/e).
The cusps are mesiodistally aligned or might show a slight trian-
gulation. Cusp A/a is the largest and tallest of the cusps; it is
centered on the crown and flanked by two smaller cusps (B/b and
C/c) that are subequal in height. Mesially and distally, two small
accessory cusps of similar size are present (D/d and E/e). Addi-
tionally, a small mesial accessory cusp F/fmay be present. Cusp A/a
is erect. Cusp B/b and C/c are divergent from cusp A/a, pointing
mesially and distally, respectively. The valleys between the main
cusps are not very deep so the cusps are not completely separated.

Dental interlocking mechanisms in triconodonts are mainly
known from lower dentitions (see references above). Typically, the
distal accessory cusp contacts a concave surface on the mesial face
of the adjacent posterior molariform. In most basal triconodonts
and “amphilestids”, the mesial concavity is limited by two rela-
tively small mesial cusps. These cusps have been identified as b and
e in the lower molariforms of basal triconodonts and as e and f in
the lower molariforms of “amphilestids”. On the other hand, non-
volaticotherine triconodontids lack a mesial accessory cusp (e) on
the lower molariforms; thus, the mesial concave surface contacted
by cusp d of the anterior molariform is limited by well-developed
ridges on the sides of the relatively large cusp b. In non-
volaticotherine alticonodontines, this triconodontid condition is
much further developed as the mesial concavity continues on to a
groove extending along the mesial face of the anterior root. In
volaticotherines, as in some basal triconodonts and “amphilestids”,
the molariforms lack any special interlocking structure and, in
some forms, the posterior cheek teeth are imbricated (a derived
character; see Gaetano and Rougier, 2011, 2012).

Austrotriconodon differs strikingly from the other known trico-
nodonts reviewed above in dental features such as the relative size
and proportion of the cusps, the development of cingula and cin-
gular cuspules, and the structure of the mesial concavity associated
with an interlocking mechanism. On the other hand, close simi-
larity can be recognized between Austrotriconodon specimens and
some Argentinean meridiolestidans (see Section 4).

4. Systematic paleontology

Unnamed rank MAMMALIAFORMES Rowe, 1988
Class Mammalia Linnaeus, 1758
Unnamed rank Trechnotheria McKenna, 1975
Unnamed rank Meridiolestida Rougier, Apesteguía and Gaetano,
2011a
Genus AUSTROTRICONODON Bonaparte, 1986a
pecies. Austrotriconodon mckennai Bonaparte, 1986a
ed diagnosis. The same as for the type species.
triconodon mckennai Bonaparte, 1986a
and 3

pe. MACNPV-RN21, complete lower right premolariform
(Fig. 2).
igm. MACNPV-RN234, complete lower left premolariform
(Fig. 3).
ym. Austrotriconodon ferox Bonaparte, 1986c.
phic and stratigraphic provenance. Middle section of the Los
tos Formation, Cerro Cuadrado locality, southwest slope of
erro Cuadrado, Estancia Los Alamitos, Arroyo Verde area,
ast Río Negro province, Argentina; probably of Campanian
onaparte, 1986a, 1987).
ed diagnosis.Meridiolestidanwith labiolingually compressed
lariforms, asymmetric in lateral aspect. Lingual face more
e than the labial one in occlusal view. With four crown
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Fig. 3. Photo and line drawing of Austrotriconodon mckennai lower left premolariform
(MACNPV-RN234) in labial (A) and lingual (B) views. Abbreviations: cing, cingulum;
med, metaconid; pac, posterior accessory cusp; pad, paraconid; prd, protoconid.
Dotted areas represent covered surfaces; shaded areas represent worn surfaces.
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protoconid, paraconid, metaconid, and a distal accessory
Protoconid larger than the other cusps and mesially placed.
ct paraconid, emerging at the same level than the metaconid
e distal accessory cusp. Well-developed labial cingulid be-
the protoconid and the distal accessory cusp. Two roots
t, the posterior root larger than the anterior one. It can be
guished from Cronopio dentiacutus, the most similar taxon, by
esence of a relatively large paraconid, a larger posterior than
or root, and the bases of the paraconid, metaconid, and distal
ory cusp at the same level.
Discussion. Bonaparte (1986a: 53) designed MACNPV-RN21 and
MACNPV-RN234 the holotype and paratype of Austrotriconodon
mckennai, respectively. Nevertheless, Bonaparte (1986c: 86) illus-
trated and labeled MACNPV-RN21 specimen as Austrotriconodon
ferox, indicating that it was the holotype of a new taxon published
by himself in the same volume (i.e., Bonaparte, 1986a: 53). Ac-
cording to the International Code of Zoological Nomenclature
(ICZN), 1999, the name Austrotriconodon ferox Bonaparte, 1986c is
available (Art. 13). Hence, it is an objective synonym of Austro-
triconodon mckennai Bonaparte, 1986a. Nevertheless, the name
employed by Bonaparte (1986c) in reference to MACNPV-RN21 is
probably a mistake as Bonaparte did not make explicit his intention
of performing a nomenclatorial action nor did he present a proper
description accompanying the illustration in Bonaparte, 1986c
(page 86). Moreover, no other researcher has made reference to
MACNPV-RN21 as Austrotriconodon ferox. Thus, we acknowledge
Austrotriconodon mckennai to be the valid name for the taxon
represented by MACNPV-RN21 (holotype) and MACNPV-RN234
(paratype) (see Art. 24 of the ICZN).

The known lower premolariforms of A. mckennai (MACNPV-
RN21 and 234) are similar to the p2 of Cronopio dentiacutus. On the
basis of these comparisons, MACNPV-RN21 and MACNPV-RN234
are re-interpreted here as right and left lower premolariforms,
respectively (see below); not as left lower molariforms (Bonaparte,
1986a). MACNPV-RN21, MACNPV-RN234, and the p2 of Cronopio
share the labiolingual compression and the asymmetry of the
crown in lateral view. The lingual face of the crown is more concave
than the labial one in occlusal view. In these teeth, the slightly
mesial protoconid dominates the crown. The mesial margin of the
protoconid is convex whereas the distal one is concave. These teeth
bear an erect metaconid and a labial cingulid between the proto-
conid and the distal accessory cusp.

In MACNPV-RN234 and the p2 of Cronopio the distal half of the
tooth is higher relative to the base of the crown and the distal
margin of the protoconid is relatively shorter than the mesial one
when compared to MACNPV-RN21. MACNPV-RN234 differs from
the second lower premolariform of Cronopio and MACNPV-RN21 in
the presence of a procumbent paraconid well separated from the
protoconid by a comparatively wide valley and a distal accessory
cusp that is aligned with the rest of the cusps (not labially dis-
placed). Unlike the p2 of Cronopio, MACNPV-RN21 and MACNPV-
RN234 present a relatively large paraconid whose base is at the
same level as the metaconid and the distal accessory cusp (not
basal to them as in Cronopio). Additionally, the posterior root is
larger than the anterior one in MACNPV-RN21 and MACNPV-
RN234, whereas the opposite is observed in the p2 of Cronopio.

Based on the similarities recognized, we conclude that Austro-
triconodon mckennai is more closely related to meridiolestidans
than to triconodonts, a hypothesis also suggested by previous au-
thors (Rougier et al., 2011a). However, as expressed in the diagnosis,
Austrotriconodon mckennai and Cronopio differ in details and were
found in rocks that differ in age by approximately 30 Ma apart; co-
generic affinities between these taxa seem unlikely.

Several meridiolestidan taxa have been reported from the Allen,
La Colonia, and Los Alamitos formations (Bonaparte and Soria,
1985; Bonaparte, 1986a, 1990, 1992, 1994, 2002; Rougier et al.,
2009a,b). These forms are known from isolated teeth or incom-
plete dentitions, mostly molariform loci, and could even represent
different tooth positions of the same taxon (e.g., Rougier et al.,
2011a). Although of similar age, MACNPV-RN21 and MACNPV-
RN234 cannot be unambiguously assigned to any of these taxa on
the basis of the available evidence.

Relatively complete dentitions of meridiolestidans are only
known for Cronopio, Necrolestes, and Peligrotherium (Rougier et al.,
2011a, 2012; Páez Arango, 2008). In Cronopio and Necrolestes, the
premolariforms are longermesiodistally than themolariforms. This
is also true for the lower teeth of Peligrotherium, whereas the upper
premolariforms are shorter mesiodistally than the molariforms. If
our interpretation is correct that MACNPV-RN21 and MACNPV-
RN234 are lower premolariforms, then it is likely that the length
ratio of the lower molariforms vsmolariforms of A.mckennaiwould
be comparable to that of Cronopio, Necrolestes, and Peligrotherium.

Late Cretaceous mammaliaforms that could have similar pro-
portions are: Trapalcotherium from the Allen Formation; Alami-
therium Bonaparte, 2002, Bondesius Bonaparte, 1990, Casamiquelia
Bonaparte, 1990, Ferugliotherium Bonaparte, 1986a, Leonardus
Bonaparte, 1990, Reigitherium Bonaparte, 1990, Rougietherium
Bonaparte, 2002, and Vucetichia Bonaparte, 1990 from the Los
Alamitos Formation; and Barberenia Bonaparte, 1990, Brandonia,
and Groebertherium from both the Allen and Los Alamitos forma-
tions. These taxa do not compare closely to MACNPV-RN21 (or
MACNPV-RN234). However, if co-generic or co-specific affinities of
these forms are demonstrated, the cases of synonymy should be
addressed. In this latter scenario, the names Alamitherium, Bar-
berenia, Bondesius, Brandonia, Casamiquelia, Leonardus, Reigithe-
rium, Rougietherium, Trapalcotherium, and Vucetichia would be
junior synonyms of Austrotriconodon. On the other hand, as Aus-
trotriconodon, Ferugliotherium, and Groebertherium were all pub-
lished in the same paper (Bonaparte, 1986a) and the ICZN does not
establish that publication page is a criterion to establish name
priority (Art. 23), a decision would need to be made on the name
priority (Art. 24).
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Fig. 5. Photo and line drawing of a left p1 of a mesungulatid indet. (MACNPV-RN240)
in labial (A) and lingual (B) views. Abbreviations: cing, cingulum; med, metaconid;
pac, posterior accessory cusp; pad, paraconid; prd, protoconid. Dotted areas represent
covered surfaces; striped areas represent broken surfaces.
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Considering the uncertain taxonomic affinities of MACNPV-
RN21 and MACNPV-RN234, we prefer to provisionally follow
Bonaparte (1986a, 1992) in recognizing Austrotriconodon mckennai
as a valid taxon but including this species in the clade
Meridiolestida.

Unnamed rank MAMMALIAFORMES Rowe, 1988
Class Mammalia Linnaeus, 1758
Unnamed rank Trechnotheria McKenna, 1975
Unnamed rank Meridiolestida Rougier, Apesteguía and Gaetano,
2011a
Family Mesungulatidae Bonaparte, 1986a
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tos Formation, Cerro Cuadrado locality, southwest slope of
erro Cuadrado, Estancia Los Alamitos, Arroyo Verde area,
east Río Negro province, Argentina; probably of Campanian
onaparte, 1986a, 1987).
ption. These specimens were originally interpreted by
arte (1992) as triconodont teeth. Herein we consider
PV-RN239 and MACNPV-RN240 to be upper and lower pre-
iforms, respectively (see below), of a slender mesungulatid
escribe them as such.
PV-RN239 and MACNPV-RN240 are labiolingually com-
d teethwith four mesiodistally aligned cusps centered on the
. They are very similar to the P/p1 of Coloniatherium cilinskii
ignificantly smaller and without well-developed cingula.
PV-RN239 has a dominant paracone, a metastyle subequal to
esial accessory cusp, a stylocone reduced and developed on
istal margin of the paracone, labial and lingual cingula
uous distally, a distinct mesial lingual cingulum, and the
ior root is longer mesiodistally than the anterior one.
PV-RN240 has a dominant protoconid centered on the
, a well-developed metaconid, a small paraconid similar in
o the distal accessory cusp, a very conspicuous distal
um, a vertically oriented anterior root, and a posteriorly
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Discussion. MACNPV-RN239 was identified by Bonaparte (1992)
as a triconodont lower left molariform and designated it as the
holotype of A. sepulvedai. Nevertheless, comparison with C. cilinskii
shows that MACNPV-RN239 is remarkably similar to the P1 of this
taxon (see Rougier et al., 2011a: Fig. S4B). Thus, MACNPV-RN239 is
re-interpreted here as a P1. MACNPV-RN239 and the P1 of
C. cilinskii are labiolingually compressed teeth with a mesially
placed paracone, a small metastyle similar in size to the mesial
accessory cusp, a tiny stylocone developed on the crest that con-
nects the paracone and the metastyle, cingula labial and lingual to
the metastyle, and a small anterior root when compared to the
posterior one.

MACNPV-RN240, initially interpreted as a last lower right
premolariform of A. sepulvedai (Bonaparte, 1992), is understood
here as a p1 based on comparisons with the p1 of C. cilinskii
(Fig. 6). MACNPV-RN240 and the p1 of C. cilinskii share the
labiolingual compression of the crown and the presence of four
mesiodistally aligned cusps. In both teeth the metaconid (cusp cd
in MACNPV-RN240 sensu Bonaparte, 1992) is relatively large and
is developed on the distal margin of the protoconid. Distally,
there is a small accessory cusp, similar in size to the paraconid,
and overhanging the posterior root. The two roots are labiolin-
gually compressed. The anterior root is nearly vertical whereas
the posterior one is posteriorly oriented. On the other hand, un-
like the p1 of C. cilinskii, MACNPV-RN240 has well-developed
cingula. This trait has also been recognized in more distal post-
canines of C. cilinskii and is common among other mesungulatids
(see Rougier et al., 2009b).

Although, there is not enough evidence to unambiguously
consider MACNPV-RN239 and MACNPV-RN240 as co-specific, in
our view, these specimens should remain provisionally as the sole
representatives of their respective species, following the original
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Fig. 6. Drawing of Coloniatherium cilinskii left p1 in labial (A), lingual (B), mesial (C),
occlusal (D), and distal (E) views. Abbreviations: mc, mesial cingulum; med, meta-
conid; pad, paraconid; prd, protoconid. Courtesy of A. Martinelli; used with permis-
sion of the author.

Fig. 7. Photo and line drawing of a meridiolestidan incertae sedis upper right pre-
molariform (MACNPV-RN241) in labial (A) and lingual (B) views. Abbreviations: aac,
anterior accessory cusp; cing, cingulum; ms, metastyle; n, notch; pa, paracone; pac,
posterior accessory cusp; sty, stylocone. Dotted areas represent covered surfaces;
shaded areas represent worn surfaces; striped areas represent broken surfaces.
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intention of Bonaparte (1992). However, the type species of the
genus Austrotriconodon (i.e., A. mckennai Bonaparte, 1986a) is
thought to belong to a different family than A. sepulvedai Bonaparte,
1992 (see above). Thus, the combination Austrotriconodon sepul-
vedai Bonaparte, 1992 is not valid and must be changed. Never-
theless, to avoid the proliferation of new names of poorly known
taxa, we prefer to leave MACNPV-RN239 and MACNPV-RN240 in
open nomenclature.

The close comparison between MACNPV-RN239 and MACNPV-
RN240 to C. cilinskii suggests that the former triconodont speci-
mens should be re-interpreted as mesungulatids. However, despite
the morphological resemblance of these specimens, C. cilinskii is
substantially larger than MACNPV-RN239 and MACNPV-RN240.
Hence, we believe that MACNPV-RN239 and MACNPV-RN240
cannot be assigned to C. cilinskii. Considering the taxa present at
the Cerro Cuadrado locality and based on their relative sizes,
Mesungulatum houssayi is the most likely candidate to be co-
specific with MACNPV-RN239 and MACNPV-RN240. If that were
the case Austrotriconodon sepulvedai Bonaparte, 1992 would be a
junior synonym of Mesungulatum houssayi Bonaparte and Soria,
1985.

Unnamed rank MAMMALIAFORMES Rowe, 1988
Class Mammalia Linnaeus, 1758
Unnamed rank Trechnotheria McKenna, 1975
Unnamed rank Meridiolestida Rougier, Apesteguía and Gaetano,
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erro Cuadrado, Estancia Los Alamitos, Arroyo Verde area,
east Río Negro province, Argentina; probably of Campanian
onaparte, 1986a, 1987).
ption. This specimen was originally interpreted by Bonaparte
) as a triconodont upper molariform. Herein we consider,
PV-RN241 to be a meridiolestidan upper premolariform (see
) and describe it as such.
abiolingually compressed crown is triangular in occlusal
, tapering mesially and with a constricted central part
ng a mesial and a distal lobe. There are three compressed
cusps (paracone, stylocone, and metastyle) that decrease in
t mesially. These cusps are mesiodistally aligned and con-
by crests, forming a continuous lamina (“en empalizada”

ition sensu Bonaparte, 1992). Bonaparte (1992) identified
ain cusps (AeD) but wewere not able to recognize the cusp C
aparte (1992).
aracone is recumbent and occupies almost completely the
half of the tooth, excluding the stylocone from the distal
f the crown. The paracone is set apart from the other main
by a valley that is more deeply incised than the one between
ylocone and the metastyle. The distal face of the paracone is
ave surface limited laterally by crests, probably the pre- and
aracrista, and basally by a cingulum. The distal cingulum
a labially placed accessory cusp. The stylocone and the
tyle are distally oriented and occupy the mesial lobe of the
There is no valley between these cusps. Poorly defined

es separate the stylocone and the metastyle labially and
lly; the labial grove is better defined. Mesial to the meta-
(cusp D sensu Bonaparte, 1992), there is a small accessory
hat is not supported by the anterior root. The area between
etastyle and the accessory cusp is damaged; thus, their
e of separation cannot be evaluated. Labially, between the
ne and the mesial accessory cusp, there is a well-developed

lum. Wear is present only on the lingual face of the crown,
apical region of the main cusps and on the mesial accessory

oth has two roots. The anterior one is larger and supports the
l lobe of the crown (but not the mesial accessory cusp). It is
ressed labiolingually and long mesiodistally. On the other
the posterior root is smaller and subcircular in cross-section.
stricted to the distal lobe of the crown.
It is re

Discussion. MACNPV-RN241 is a complete tooth except for the
tips of the roots. Although there is some damage on the crown, it
does not prevent the recognition of the main features of the tooth.
MACNPV-RN241 was interpreted as an upper right molariform and



Fig. 8. Photo and line drawing of Alamitherium bishopi upper right molariform
(MACNPV-RN1035) in distal (A) and mesial (B) views. Abbreviations: al, alveolus; ms,
metastyle; pa, paracone; sty, stylocone. Dotted areas represent covered surfaces;
shaded areas represent worn surfaces.
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assigned to the derived triconodont Austrotriconodon mckennai by
Bonaparte (1992). The co-specific affinities of MACNPV-RN241with
MACNPV-RN21 and MACNPV-RN234 proposed by Bonaparte
(1992), are not supported by detailed comparisons of the speci-
mens (see the corresponding descriptions above). Moreover,
MACNPV-RN241 is noticeably larger than MACNPV-RN21 and
MACNPV-RN234. Hence, we propose that MACNPV-RN241 should
be excluded from the hypodigm of A. mckennai as this specimen
probably represents a different taxon. Nevertheless, to avoid the
proliferation of taxa defined on the basis of unique and isolated
teeth, and due to the uncertainties regarding the specific affinities
of MACNPV-RN241 (see below), we consider the genus and species
of this specimen as indeterminate.

MACNPV-RN241 has a peculiar morphology that makes this
tooth unique among known Mesozoic mammaliaforms. Kielan-
Jaworowska et al. (2004) stated that MACNPV-RN241 has an
advanced “triconodont” aspect and could represent the last upper
molariform; thus, its morphology and, especially, the cusp pro-
portions would not be representative of the tooth series. Moreover,
in agreement with Bonaparte (1992), Kielan-Jaworowska et al.
(2004) interpreted the concavity in the purportedmesial face of the
main cusp as indicative of the presence of an interlocking mecha-
nism, similar to what is observed in some triconodonts. Never-
theless, if MACNPV-RN241 is oriented in life position (i.e., with the
gum line horizontal), the mentioned concavity is far away from the
mesial margin, unlike what is observed in triconodontids (e.g.,
Simpson, 1925a,b, 1928; Patterson, 1951; Fox, 1969; Cifelli and
Madsen, 1998; Cifelli et al., 1998, 1999; Kusuhashi et al., 2009).
Hence, it is questionable if this concavity is part of a dental inter-
locking mechanism.

Our analysis shows that the arguments employed by previous
authors (Bonaparte, 1992; Kielan-Jaworowska et al., 2004) to sup-
port the derived triconodont affinities of MACNPV-RN241 (i.e.,
morphological crown traits and an interlockingmechanism) are not
valid. On the other hand, the morphology of MACNPV-RN241
suggests possible affinities with meridiolestidans.

Comparing the isolated teeth from Los Alamitos (Bonaparte and
Soria, 1985; Bonaparte, 1986a, 1990, 1994, 2002) with more com-
plete specimens (Páez Arango, 2008; Rougier et al., 2011a), Rougier
et al., 2011a considered that the holotype specimens of two of these
taxa, Barberenia araujoae Bonaparte, 1990 and Quirogatherium
major Bonaparte, 1990, represented upper premolariforms. Rougier
et al. (2011a) and Averianov et al. (2013) stated that the holotypes of
Barberenia and Quirogatherium are similar to the deciduous pre-
molariforms of dryolestoids from the Late Jurassic of Europe and
North America (Martin, 1997, 1999, 2002; Kielan-Jaworowska et al.,
2004; Bonaparte and Migale, 2010; Rougier et al., 2011a) and to
some of the upper premolariforms of Argentineanmeridiolestidans
(i.e., the P2 of Peligrotherium tropicalis Bonaparte et al., 1993 and
Coloniatherium cilinskii Rougier et al., 2009b and the P3 of Cronopio
dentiacutus). Like MACNPV-RN241, these teeth have one or more
relatively low (mesial) cusps followed by a larger cusp (distally).
Additionally, as in MACNPV-RN241, there is a distal cingulum with
at least an accessory cusp in Barberenia araujoae, Coloniatherium,
Peligrotherium, and Quirogatherium. MACNPV-RN241 shares with
Barberenia araujoae, Coloniatherium, Cronopio, and Quirogatherium
the presence of a mesiodistally long root and a smaller subcircular
root. As seen in MACNPV-RN241, Barberenia araujoae, Colo-
niatherium, and Quirogatherium have triangular crowns in occlusal
view. In MACNPV-RN241 and Cronopio the labiolingual compres-
sion of the crowns is more accentuated than in Barberenia araujoae,
Coloniatherium, and Quirogatherium, differing greatly from the non-
compressed P2 of Peligrotherium.

Additionally, Bonaparte described isolated purported upper
molariforms as Alamitherium bishopi Bonaparte, 2002 and
Rougietherium tricuspes Bonaparte, 2002, also from the Los Alami-
tos Formation. These teeth are very similar to each other, sug-
gesting that the differences between them might respond to
different loci of the same taxon; however, following the interpre-
tation of Bonaparte (2002), we prefer to consider them different
taxa until unambiguous evidence to decide on this matter is
available. Alamitherium was identified as a dryolestoid by
Bonaparte (2002). The holotype of this taxon (MACNPV-RN1034)
was described with the long axis of the tooth oriented labiolin-
gually, although Bonaparte (2002) did not state the basis for this
interpretation. An unpublished specimen (MACNPV-RN1035;
Fig. 8), identified by Bonaparte as belonging to Alamitherium, is a
small right maxillary fragment with two empty alveoli and a
molariform very similar to MACNPV-RN1034. Thus, the analysis of
MACNPV-RN1035 suggests that the orientation for the holotype of
Alamitherium proposed by Bonaparte (2002) is correct.

Rougietherium is only known by an isolated tooth (MACNPV-
RN162). Originally, Bonaparte (1990) described this specimen as an
upper molariform of the purported symmetrodont Bondesius ferox
Bonaparte, 1990. Bonaparte (1990) described MACNPV-RN162 as a
labiolingually compressed tooth with four mesiodistally aligned
cusps, a well-developed lingual cingulum, and a small labial basin.
Later, Bonaparte (2002) re-interpreted MACNPV-RN162 as a
mesiodistally compressed upper molariform with labiolingually
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aligned cusps that represented a new dryolestoid taxon, Rougie-
therium tricuspes. This last proposal is in accordance with the
orientation of the teeth assigned to Alamitherium and is consistent
with the wear facets recognized in MACNPV-RN162; thus, it is the
interpretation followed here.

MACNPV-RN241 is especially similar to MACNPV-RN162. Both
teeth have compressed crowns with aligned cusps, a well-
developed mesial cingulum parallel to the cusp row, the main
cusp set apart from the lower cusps by a more deeply incised valley
than the one between the two lower cusps, a small subcircular root
under the larger cusp, and a larger longitudinally elongated root
under the smaller cusps. Additionally, the concave surface and the
small basal cingulum in the mesiolingual face of the largest cusp of
Rougietherium can also be identified in MACNPV-RN241, although
better developed in the latter.

On the other hand, some of the structures recognized by
Bonaparte (2002) in Rougietherium (i.e., an anterior basin, a
metacrista limiting the trigon basin, and a paracrista) are not
identified in MACNPV-RN241. Moreover, the main cusp is
recurved in opposite directions in Rougietherium and MACNPV-
RN241. Unlike Rougietherium, in MACNPV-RN241 there is no
wear on the external region of the longitudinal cingulum (trigon
basin sensu Bonaparte, 2002) and there is a small cusp in the
short cingulum associated with the main cusp (mesial cingulum
sensu Bonaparte, 2002).

These comparisons hint that MACNPV-RN241 is an upper
tooth. Furthermore, despite the similarity with the upper
molariforms of Rougietherium, the relatively simple crown, the
fact that wear is restricted to one side of the tooth, and the
presence of a cusp comparable to the distal cusp in Barberenia
araujoae, Quirogatherium, the P2 of Coloniatherium and Peli-
grotherium, and the P3 of Cronopio, point to a mesiodistal orien-
tation of the long axis of the tooth and suggest that MACNPV-
RN241 is a premolariform.

MACNPV-RN241 might be a previously unrecognized taxon
closely related to some Argentinean Late Cretaceous mammalia-
forms such as Alamitherium, Barberenia araujoae, Cronopio, Quir-
ogatherium, Peligrotherium, and Rougietherium. On the other hand,
it cannot be ruled out that MACNPV-RN241 represents an as yet
unknown dental position of one of these forms. Hence, we prefer to
consider the genus and species of MACNPV-RN241 as an indeter-
minate meridiolestidan.

5. Concluding remarks

Our analysis leads to the conclusion that the only South Amer-
ican Mesozoic triconodonts (i.e., triconodontids and “amphiles-
tids”) are the EarlyeMiddle Jurassic forms from Queso Rallado
locality, Cañadon Asfalto Formation: Argentoconodon fariasorum
and Condorodon spanios.

The Late Cretaceous specimens assigned to the purported tri-
conodont genus Austrotriconodon are re-interpreted as mer-
idiolestidans, in agreement with some previous hypotheses
(Rougier et al., 2007a, 2011a). MACNPV-RN239 and MACNPV-
RN240, identified as Austrotriconodon mckennai molariforms, are
thought to be lower molariforms of a small meridiolestidan similar
to Cronopio dentiacutus.

MACNPV-RN241, originally the only upper molariform of Aus-
trotriconodon mckennai, is here understood as an upper pre-
molariform and might represent a still unnamed meridiolestidan
phylogenetically close to Alamitherium, Barberenia araujoae, Cro-
nopio, Quirogatherium, Peligrotherium and Rougietherium or a tooth
of an indeterminate tooth locus of any of these taxa.

In our view, Austrotriconodon sepulvedai is not a valid binomen
and if retained as a valid taxon, the generic name should be
replaced. A new combination is not proposed here in order to avoid
the proliferation of names referring to poorly known taxa which
ultimately may be a junior synonym of other taxa from the same
locality. This species is thought to be represented by a P1 and a p1
very similar to the P/p1 of Coloniatherium cilinskii. We propose that
this former triconodont may be understood as a relatively gracile
mesungulatid meridiolestidan.
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