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SYNOPSIS A new genus and species of Proterotheriidae Megadolodinae, Bounodus enigmaticus,
from the Upper Miocene Urumaco Formation of Venezuela, is described on the basis of a poorly
preserved right maxillary fragment with brachydont cheek teeth. Teeth and alveoli preserved are
interpreted as part of the alveolus of P3 and P4–M3. The new taxon differs from Megadolodus, the
only other known genus of the subfamily, in having a proportionally smaller P4 and M1, the latter
elongated antero-posteriorly and with the protocone root more mesial than that of the hypocone.
Bounodus enigmaticus gen. et sp. nov., reinforces the hypothesis that the Megadolodinae represent
a distinct radiation within the Proterotheriidae, the two other major clades being the Anisolambdinae
and Proterotheriinae.
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Introduction

The Litopterna, which first appear in the Palaeocene (Peli-
gran age) of Patagonia (Bonaparte & Morales 1997), were
the second most successful and diverse Tertiary ungulates
in South America surpassed only by the Notoungulata.
There is currently no consensus about their higher-level tax-
onomy, but it is agreed that the following clades belong
to it: Macraucheniidae, Proterotheriidae, Adianthidae and
Notonychopidae. Sparnotheriodontidae were classified as

‘Condylarthra‘ by Cifelli (1983a,b), based upon the assumed
association of tarsal and dental remains. However, this was
not followed by Soria (2001), who argued that Sparnotheri-
odontidae belonged within the Litopterna.

In contrast to notoungulate contemporaries with their
more hypsodont teeth, most litopterns retained a low-
crowned dentition which presumably was not well suited
to the increasingly dry, open savannas that started to de-
velop in the middle part of the Tertiary and subsequently
came to dominate, at least in middle to high latitudes. In
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consequence, the distribution, diversification and extinction
of litopterns are usually attributed to changing environmental
conditions (Cifelli & Guerrero 1997).

Only a few South American native ‘ungulates’ have
so far been reported from the Urumaco Formation (late
Miocene) of Venezuela, all attributed to the Toxodontidae
(Aguilera 2004). Recently Linares (2004) listed various other
autochthonous genera (e.g. Hemihegetotherium, Protypo-
therium) but described and illustrated only the Toxodontidae
(Gyrinodon Hopwood, 1928 and Ocnerotherium Pascual,
1954, sic). McKenna (1956) described Megadolodus molari-
formis and assigned this strange taxon to the ‘condylarthra’
Didolodontidae, a basal South American clade of mammals,
on the basis of the very bunodont structure of its dentition. Ci-
felli & Villarroel (1997) analysed the affinities of M. molari-
formis and, based upon postcranial remains, deduced that it
is not a ‘primitive condylarth’ but a low latitude group of Lit-
opterna Proterotheriidae, distinct from the typically Patago-
nian lineages already known. Megadolodus molariformis was
collected from the middle Miocene sediments of La Venta,
Colombia, together with other Litopterna Proterotheriidae
and Macraucheniidae known exclusively from this locality,
and compared with the known records of litopterns of higher
latitudes (Cifelli & Guerrero 1997). In this paper, a new genus
and species of Megadolodinae from the Urumaco Formation,
Venezuela, is reported. It is the second megadolodine to be
described, broadening the geographical and stratigraphical
distribution of the subfamily and reinforcing the idea of a
low latitude ‘endemic’ subfamily.

Institutional abbreviations

AMU-CURS, Collection of Vertebrate Palaeontology of the
Alcaldı́a de Urumaco, Estado Falcón, Venezuela.
IGM, Instituto Nacional de Investigaciones en Geociencias,
Minerı́a y Quı́mica, Museo Geológico, Bogotá, Colombia.
MACN, Collection of Vertebrate Palaeontology, Museo
Argentino de Ciencias Naturales, ‘Bernardino Rivadavia’,
Buenos Aires, Argentina.
MLP, Collection of Vertebrate Palaeontology, Museo de
Ciencias Naturales de La Plata, Buenos Aires, Argentina.

Systematic Palaeontology

LITOPTERNA Ameghino, 1889
PROTEROTHERIIDAE Ameghino, 1887

MEGADOLODINAE Cifelli & Villarroel, 1997
BOUNODUS gen nov.

ETYMOLOGY. ‘Bouno’ from the Greek βoυνo, which means
hill, for the morphology of the teeth cusps and ‘odus’ from
the Greek oδυσ for tooth.

TYPE SPECIES. Bounodus enigmaticus gen. et sp. nov.

REFERRED SPECIES. Only the type species.

OCCURRENCE. Urumaco, Estado Falcón, Venezuela; Upper
Member of the Urumaco Formation, late Miocene (Aguilera
2004; Ministerio de Energı́a y Minas 1997).

DIAGNOSIS. Differs from Megadolodus McKenna 1956, in
having a proportionally smaller P4 and M1, the latter elong-
ated antero-posteriorly and with the protocone root more
mesial than that of the hypocone.

Bounodus enigmaticus sp. nov. (Fig. 1)

ETYMOLOGY. ‘Enigmaticus’ according with its peculiar
morphology, uncommon among litopterns.

HOLOTYPE. AMU-CURS 44, fragment of right maxilla,
with P4–M3 and the alveolus of the P3, part of the maxillar
lateral wall and palatal roof. No other specimens known.

OCCURRENCE. As for genus.

DIAGNOSIS. As for genus.

DESCRIPTION. AMU-CURS 44 is a right maxillary frag-
ment poorly preserved, with brachydont cheek teeth, inter-
preted as part of the alveolus of P3, and P4–M3 (Figs 1A–C).
The fossil shows part of the labial side of the maxillar bone
broken to expose some of the roots. At the position of the
P3, an anterior remnant of a root alveolus descends antero-
labially and seems to be divided by a straight central crest.
The posterior wall of the alveolus shows two parallel roots,
a lingual one and a deeply labial one. This condition res-
ults in a triangular P3 outline with the major axis projected
antero-posteriorly. The first tooth remnant interpreted as P4
is triangular, with a main antero-posterior axis. The inferred
outline of the tooth can be compared with dP3 of Megado-
lodus molariformis (IGM 18382) as being posteriorly wider
and anteriorly sharp. The tooth is badly preserved and the
labial portion is particularly damaged. The enamel, dentine
and almost all of the roots have been destroyed, leaving
only the upper portion of the roots in occlusal view and an
empty alveolus. Only the more posterior portion of the an-
terior root is present, but the size of the alveolus suggests it
was a large structure. The posterolingual root is more lingual
than the anterior one and is positioned almost at the same
transverse line with respect to the labial one. Little can be
inferred about the cusps. Neither the parastyle nor the cristids
or enamel folds could be discerned. The paracone seems to
have been placed in a very anterior position and probably was
the principal cusp (Figs 1D & E). The M1 (length 13.26 mm
antero–posterior by and width 12.28 mm labio–lingually) is
better preserved (Fig. 1) and, although the lingual and labial
sides are broken, a square outline can be inferred. In contrast
to the M2 the major axis is antero–posterior. The posterior
side of the tooth is transversely wider than the anterior side.
Four roots are present, those that support the protocone and
the anterolabial below the paracone being close together. The
posterior labial and lingual roots (larger) are related to the
metacone and hypocone, respectively. The protocone and hy-
pocone are subequal in size, with the apices close together.
But a remnant of enamel extends from the lingual base of
the protocone to the hypocone, suggesting that the base of
the latter was more lingually expanded. The enamel of the
posterolingual side of the hypocone is broken, leaving a soft
dentine surface. In contrast to most Didolodontidae and Lit-
opterna, the hypocone is not associated to a strong posterior
cingulum but only to a thin posterior rim. No conspicuous
anterior cingulum seems to be present. A small and roun-
ded metaconule contacts the labial border of the hypocone
and contacts also the lingual side of the worn metacone. Even
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Figure 1 Bounodus enigmaticus gen. et sp. nov. AMU-CURS 44, holotype. Fragment of right maxillar. A, stereo pair in occlusal view; B, labial
view; C, lingual view; D, drawing in lateral view; E, drawing in occlusal view. Abbreviations: al, alveolus; hy, hypocone; M, upper molars; me,
metacone; mec, metacrista; pa, paracone; pac, paracrista; pas, parastyle; pr, protocone; P, upper premolars. Scale bar = 2 cm.
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though the region of the post metaconular crista is broken, the
outline of the metaconule suggests it was absent. The para-
conule of M1 has been erased by wear, but a wide dentine
surface extends from the anterior broken enamel border of
the protocone through the anterolabial side of the tooth. In
contrast to the metaconule, which is located in the same line
as the hypocone, the paraconule seems to be located much
more anteriorly than the protocone. The presence or absence
of the paraconule crista could not be established. Despite the
anterior position of the paraconule, the bulbous base of the
metaconule delimits a short trigon basin. The labial side of
the tooth is broken, consequently, only the internal border
of the paracone and metacone are present. The M2 (length
13.52 mm antero-posterior by and width 14.34 mm labio-
lingually) is also very broken (Fig. 1), square in outline with
predominantly a labio-lingual diameter. The protocone is
almost destroyed except for a faint portion of enamel that
overlaps the anterior side of the hypocone. The protocone
seems to be proportionally larger than the hypocone and a
little more lingually settled, but little else could be inferred
about it. In contrast to M1, the hypocone shows no wear,
except for showing a very slight dentine surface, which runs
anterior from the apex of the cusp, towards where the labial
side of the protocone should be placed. Even though there
is no strong posterior cingulum, the posteriolabial portion
of the hypocone seems to be connected to a faint rim. The
labial side of the tooth has no trace of the paracone and
metacone. The exact position of the metaconule could not be
inferred, but for the little enamel preserved in the trigon area,
it seems to be located more anteriorly than the hypocone, in
contrast to the situation described for M1. The paraconule is
anteriorly placed and associated with a strong preparaconu-
lar crista, which projects anterolabially. Compared with the
sparse wear of the hypocone, the paraconule shows preco-
cious wear, which could in fact explain the erased paraconule
of M1. The M3 (length 12.68 mm antero-posterior by and
width 16.22 mm labio-lingually) seems not to be fully erupted
(Fig. 1) and is buco-lingually larger than M2. The only pre-
served parts of this tooth are the paracone and the antero-
labial side of the paraconule. What seems to be a short pre-
paraconular crista, contacts the faint anterior by cingulum
(Figs 1D & E). The preparacrista is straight and contacts the
anterior cingulum at 90◦, at the small parastyle. The anterola-
bial side of M3 shows the reduction of the cingulum, which
we infer was absent on the labial margin of the paracone.
The other enamel remnant is the base of the posterolabial
side of the metacone. According to the development of the
postero-labial root, a strong hypocone is inferred.

Discussion

The shape of the molars of Bounodus is similar to that of
the Didolodontidae condylarths, a clade endemic to South
America and apparently restricted to the Palaeogene. In fact,
the majority of younger taxa once referred to this family on
the basis of tooth characters are now considered to be litop-
terns when postcranial remains are known. This is the case
of Megadolodus, to which the taxon described here is most
closely related, and Neodolodus colombianus Hoffstetter &
Soria, 1986, from the Miocene of Colombia. However,
the latter was considered to be a junior synonym of Pro-
thoatherium Ameghino, 1902 by Cifelli & Guerrero Diaz

(1989: but see Soria 2001). Prothoatherium colombianus
shares with Bounodus the absence of strongly lophate cheek
teeth, but differs from it in the general shape and minor size
of the molars, the broadly developed anterior cingulum on
the lingual base of the protocone and the lingual sulcus that
separates the protocone and hypocone. Another taxon, Sal-
ladolodus deuterotheroides Soria & Hoffstetter, 1983, from
the Deseadan (Lower Oligocene) of Bolivia, known from
a left M2–3 and considered to be a Didolodontidae (Soria
& Hoffstetter 1983), differs from Bounodus in its somewhat
smaller size, the peculiar absence of metaconule and the con-
tinuity between hypocone and posterior cingulum. Bounodus
recalls particularly the large-sized Didolodontidae, such as
Paulogervaisia mamma Ameghino, 1901, from the Casamay-
oran (probably Barrancan) of Patagonia. Although this taxon
is known only from fragmentary remains it seems valid
(Simpson 1948; Cifelli 1983a; Soria 2001) and not a syn-
onym of Didolodus Ameghino, 1897 (contra McKenna &
Bell 1997). Paulogervaisia Ameghino, 1901 (MACN 10719)
differs from Bounodus in having M3 with a more rounded
contour and smaller in size compared to M2; the more lin-
gually placed hypocone and the separation of this cusp with
respect to the protocone. The size inferred for Bounodus
based on the inferred P4 suggests it had a greater degree
of molarisation than did Didolodontidae. This is observed
among the Proterotheriidae Megadolodinae. In this sense,
Bounodus shares with Megadolodus molariformis the pres-
ence of a bunodont dentition, hypocone in M3 and the very
anterior position of the paraconule that tends to interrupt
the trajectory of the anterior cingulid. However, it differs
by having a rectangular contour of M1 with a more mesial
antero-lingual root. In addition, the anterior border of the hy-
pocone in M2 shows a lingual margin of enamel interpreted
as the most posterior portion of the protocone; consequently,
the hypocone would be more labial with respect to the proto-
cone in Bounodus rather than posterior as in Megadolodus.

Bounodus enigmaticus represents a new genus and spe-
cies that reinforces the idea that the poorly known Megado-
lodinae represent a lineage developed independently from the
rest of the Proterotheridae represented by the Anisolambd-
inae and Proterotheriinae, sensu Cifelli (1983a). The An-
isolambdinae were diagnosed by the presence of molariform
crown of intermediate height and well-developed paralophids
ending in a large paraconid (Cifelli 1983a). Some of the
taxa included in this group were recognised as the Anisol-
ambdidae (Soria 2001). Some species included in this group
are known only by part of the dentition, but are comparable
to the material described here. Xesmodon langi (Roth 1899:
MLP 12-1481) from the Mustersan of Patagonia has been
referred to both the Didolodontidae and the Proterotheriidae
(Simpson 1948; Odreman Rivas 1969; Soria 2001). Boun-
odus shares with Xesmodon Berg, 1899, a strong hypocone
in M3 (inferred for the former), the anterior location of the
metaconule (a character also seen in Megadolodus) and the
strong labially projected preparaconular crista, which in Xes-
modon joins in the parastyle with the reduced anterior cingu-
lum and the preparacrista. However Xesmodon differs from
Bounodus in having a robust postcingulum that contacts the
hypocone of M2. Furthermore, the slightly crenulate or undu-
late enamel of Xesmodon recalls the rugosities of the enamel
of Megadolodus. Other interesting characters in the M3 of
Xesmodon langi, such as the short postmetaconular crista not
reaching the metastyle and the development of the posterior
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cingulum and robust postmetacrista, or absence of labial cin-
gulum, cannot be compared with Bounodus. Among the other
taxa recognised as Anisolambdinae (Cifelli 1983a) or Anisol-
ambdidae (Soria 2001) and comparable with Bounodus, is
Anisolambda Ameghino, 1901, which includes as synonyms
a number of taxa represented only by isolated teeth (Josepho-
leydia Ameghino, 1901; Ricardolydekkeria Ameghino, 1901;
Heterolambda Ameghino, 1904; Lopholambda Ameghino,
1904; Eulambda Ameghino, 1904; see Simpson 1948; Paula
Couto 1952; Cifelli 1983a; Soria 2001). The molars in An-
isolambda have a very weak or scarcely developed hypo-
cone that tends to fuse at the base of the protocone, con-
trasting with the important development of the hypocone
in Bounodus. Amongst Proterotheriidae the transition from
bunoselenodonty to selenodonty is evident in forms such
as Proterotherium cervioides Ameghino, 1883 from the late
Miocene, whereas within the Megadolodontinae there are
bunodont forms with very thick enamel, with a molar struc-
ture similar to that of Didolodontidae ’condylarthrans’. But,
as Cifelli & Villarroel (1997) stated, beyond this dental pat-
tern which is generally interpreted as primitive, Megadolodus
molariformis shares with other Litopterna the high degree of
molarisation of P4 that shows a subjugal and well separated
paracone and metacone, well developed conules and strong
cingulae. It mainly differs from true molars in the absence of
a hypocone.

In addition, some advanced skeletal characters may
be recognised, such as the presence of a spool-shaped as-
tragalar body, lacking an upper astragalar foramen and pos-
sessing strong tibial and fibular crests, and an anteropos-
teriorly elongate and concave sustentacular facet of the cal-
caneum (Cifelli 1983b; Bergqvist 1996). Unfortunately, we
still have no record of the postcranium of the new taxon.
According to its dentition, it could fit with the supposed diet
of the Laventan species of Colombia, Megadolodus molari-
formis, since the marked bunodonty and the thick enamel
agree with an omnivorous diet including fruits with thick
and strong rinds. In view of the environment that would
have prevailed during the deposition of the Upper Member
of the Urumaco Formation (Aguilera 2004), such a strong
dentition would have been useful for breaking the exo-
skeletons of crustaceans or even molluscs. However, it is
noteworthy that a bunodont dentition such as the one de-
scribed, could not only have been an adaptive feature, but
also a consequence of the persistence of a plesiomorphic
character.
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