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Abstract The great diversity of mammals from the Los
Alamitos Formation (Campanian—Maastrichtian) in Rio
Negro Province, Argentina has provided significant infor-
mation about the evolution of South American dryoles-
toids. Among these mammals the alleged dryolestid
Leonardus cuspidatus Bonaparte was described based on a
fragment of maxilla with four molariforms. A right man-
dibular fragment with two molariforms from the same site
as the maxilla is here assigned to L. cuspidatus. The lower
molariforms are compatible in the expected morphology
with those from the holotype. Even though referred to
Dryolestidae, Leonardus shows unique features: (1) the
presence of a huge and dome-like stylocone, disconnected
and more centrally placed from the other cusps than in
other dryolestoids such as Groebertherium, but contacting
the preparacrista in the first preserved molar; (2) the
absence of cingulae in both upper and lower molars, the
latter being similar in shape to the former; (3) the pres-
ence of three roots in at least one of the lower molars,
which has only been documented in the mesungulatid
Coloniatherium for the m1. These characters confirm the
diversity and uniqueness of the South American Mesozoic
mammals.
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Kurzfassung Die grofle Sdugetiervielfalt der Los Ala-
mitos-Formation (Campanium—Maastrichtium, Rio Negro
Provinz, Argentinien) leistet einen erheblichen Beitrag zum
Verstiandnis der Evolution der siidamerikanischen Dryo-
lestoiden. Basierend auf einem Oberkieferfragment mit vier
Molaren, wurde auch der angebliche Dryolestidae Leo-
nardus cuspidatus Bonaparte aus dieser Lokalitédt beschrie-
ben. Ein weiteres Kieferfragment mit zwei Zihnen wird
ebenfalls L. cuspidatus zu geordnet. Die unteren Molaren
zeigen die nach dem Holotypus zu erwartende Morpholo-
gie. Obwohl Leonardus den Dryolestidae zugeschrieben
wird, weist dieser einige einzigartige Merkmale auf: (1) das
Vorhandensein eines prominenten und kuppelformigen
Stylocon, der, verglichen mit dem anderer Dryolestoiden
wie beispielsweise Groebertherium, stirker von den
anderen Hockern isoliert ist und zentraler liegt, obwohl
dennoch beim ersten erhaltenen Molaren ein Kontakt des
Stylocon mit der Priparacrista auftritt; (2) das Fehlen der
Cingulide sowohl in den oberen als auch in den unteren
Molaren, wodurch letztere in der Form den oberen Molaren
dhneln; (3) das Vorhandensein von drei Wurzeln bei
mindestens einem der unteren Molaren, was bisher nur fiir
den m1 des mesungulatiden Dryolestoiden Coloniatherium
beschrieben wurde. Diese besonderen Merkmale unterstei-
chen die Diversitit und Einzigartigkeit der mesozoischen
Saugetierfauna Siidamerikas.

Schliisselworter Dyolestoidea - Siidamerika -
Patagonien - Spitkreide
Introduction

Among the Cretaceous mammalian faunas from South
America, the one from the Los Alamitos Formation (Rio
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Fig. 1 Map of Rio Negro Province showing the location of the Los
Alamitos Formation

Negro Province, Argentina; Andreis 1987) (Fig. 1) pro-
vides significant information about mammalian evolution
and diversity (Bonaparte and Soria 1985; Bonaparte 1986,
1987, 1990, 1992, 1994, 2002). That evolution was sig-
nificantly different from what took place in the Northern
Hemisphere, which shows the existence of dissimilar pat-
terns in both Northern and Southern landmasses and, at the
same time, indicates a strong biogeographic isolation that
may have conditioned this differential evolution (Bona-
parte 1996).

Some of the mammalian taxa represented in the Los
Alamitos Formation may be a derived stock of a larger
Pangean radiation, which had already disappeared in
Laurasia by the beginning of the Late Cretaceous (e.g.,
Dryolestida Prothero 1981; Symmetrodonta Simpson
1925). However, the interpretation of this fauna has been
discussed by several authors through time (see Bonaparte
1986, 1987, 1990, 1994, 2002; Martin 1999; Sigogneau-
Russell and Ensom 1998, among others), because the 17
species that have been currently recognized from this
locality were based primarily on isolated upper
molariforms.

Even though other localities with mammals were found
later in the latest Cretaceous of Argentina (Rougier et al.
2009a, b) and Bolivia (Gayet et al. 2001), the diversity
shown at Los Alamitos is still the highest.

Among the mammals from Los Alamitos, one particular
species is the focus of this paper: Leonardus cuspidatus,
which was originally represented by a fragment of maxilla
including four molariforms, and was attributed to the
family Dryolestidae (Bonaparte 1990).
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Materials and methods

The material belonging to Leonardus cuspidatus was col-
lected in the fieldtrips to Patagonia carried out by a crew of
the Museo Argentino de Ciencias Naturales, Buenos Aires,
between the years 1982 and 1986, with the financial help of
CONICET and a National Geographic Society grant. All of
them were lead by Dr. J.F. Bonaparte.

The cusp nomenclature follows Rougier et al. (2009a,
Figs. 2, 6). In this work, the trigon basin refers to the
“primary trigon,” not homologous with the true trigon basin
of tribosphenic molars (see Kielan-Jaworowska et al. 2004;
p- 374 and literature cited).

Abbreviations: L: length; W: width.

Institutional abbreviations: MACN-RN: material housed
at the Museo Argentino de Ciencias Naturales “Bernardino
Rivadavia,” Rio Negro Province collection.

Systematic paleontology

Mammalia Linnaeus 1758

Holotheria Wible et al. 1995
Cladotheria McKenna 1975
Dryolestoidea Butler 1939
?Dryolestidae Marsh 1879

Leonardus Bonaparte 1990
Leonardus cuspidatus Bonaparte 1990

Holotype MACN-RN 172, a fragment of a left maxilla
with four molariforms, and parts of two pairs of alveoli
(one anterior to the molariforms and the other one posterior)
(Fig. 2a—c).

Referred material MACN-RN 1097, a right mandibular
fragment with two molariforms (Fig. 3a—d).

Provenance Median section of the Los Alamitos Forma-
tion, west slope of the Cerro Cuadrado, Arroyo Verde, Rio
Negro Province, Argentina (see Andreis 1987).

Measurements See Table 1.

Description

The fragment of left maxilla, the holotype (Fig. 2a—d), has
four distinctly separated molariform teeth and alveoli in
both the anterior and posterior ends of the maxilla (the
posterior preserves part of a root of another tooth).
L. cuspidatus had at least five upper molariforms. The
molariforms are set in a labially convex row. All the molars
are affected by wear. The first is more worn than the sec-
ond, the latter is more worn than the third, and finally the
last is the least worn of the row. The main features of the
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Fig. 2 MACN-RN 172
(holotype of Leonardus
cuspidatus). a, c—-d SEM
photographs in a occlusal,

c labial, and d lingual view.

b Line drawing of the occlusal
view. Straight lines in an area
represent breakage

B parastyle metastyle

mesial €4—

stylocone Paracone

2 mm
D

Fig. 3 MACN-RN 1097, protoconid
referred to Leonardus
cuspidatus a, c—e SEM
photographs in a occlusal,

¢ lingual, d posterior, and

e labial view. b Line drawing of
the occlusal view. Straight lines
in an area represent breakage

mesial €—

molar crowns are that they are mesiodistally compressed, = The anterior edge of the molars is oblique to the axis of the
widely separated one from the other, and have a smooth  maxilla, and the posterior edge is essentially perpendicular.
ectoflexus, which is more evident in the last three molars. The molariforms have four cusps, of which the paracone is
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Table 1 Teeth measurements

Specimen Description L (mm) W (mm)
MACN-RN 172 Maxilla w/4 molariforms (holotype) - -

1st molar 1.5 2.15

2nd molar 1.25 2.5

3rd molar 1.1 2.1

4th molar 1 2.3
MACN-RN 1095 Dentary w/2 molariforms - -

st molar 1.5 2.25

2nd molar 1.3 2.15

the highest (Fig. 2). The parastyle is in the mesiolabial
margin, and the metastyle is distolabial. The parastyle is
larger than the metastyle and does not form a parastylar
hook as is usually seen in Laurasian dryolestoids. Between
the para- and metastyle, and occupying most of the trigon
basin, is the large, domelike stylocone (centrocone sensu
Bonaparte 1990). A smooth median ridge runs from the
center of the stylocone to the paracone (Bonaparte 1990).
Both the para- and metacrista are sharp and subequal in
hight.

The first preserved molariform is the shortest and most
strongly affected by wear. It has a small metastyle and a
huge, domelike stylocone connected to the preparacrista. A
parastyle is not evident, and it could be fused with the
stylocone or directly attached to the preparacrista (and
removed by wear). Both the preparacrista and the post-
paracrista are low.

The second preserved molariform in the series is wider
than the first one. Its labiolingual length is twice that of the
mesiodistal. The metastyle and parastyle are subequal in
size. The stylocone is more compressed mesiodistally, but
it has, as in the last molar, a median ridge that ends at the
base of the paracone. Both the preparacrista and the post-
paracrista are low.

The third molariform is similar to the second one, but
markedly wider. The para- and metastylar regions are
subequal in size with the parastyle more lingually placed
than the metastyle. The paracone, with its broken tip, is
noticeably larger than the paracone of the preceding tooth,
and the stylocone is more centrally located in the trigon
basin than in the last molariform. It does not have a median
ridge.

The last preserved molariform is almost unworn, and is
the longest in its mesiodistal diameter. The parastyle is
larger and more labially placed than the metastyle.
Between them but centrally placed is the stylocone, which
has a distinct median ridge.

The new fossil assigned to Leonardus cuspidatus,
MACN-RN 1097 (Fig. 3a—e), is a fragment of a right
mandible preserving two molariforms. Assignment to this
taxon is based mainly on the general aspect of the molars,
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mesiodistally compressed and widely separated from one
to the other, and the general size of both molars and
mandible, although the lower teeth are slightly larger than
those of the holotype. They show no cingulid of any kind,
and the crown morphology is similar to those of the upper
molars in having a central large cusp (the metaconid) and
being almost symmetrical in occlusal view.

The dentary fragment, though broken on its mesial and
distal ends, preserves its dorsoventral extension that forms
a ventral rounded edge, and lacks foramina or a Meckel's
groove. The first preserved molariform is triangular in
occlusal view and somewhat wider than the posterior. It
exhibits a large, labially set protoconid. Lingually, the
paracristid does not end in a paraconid, but instead reaches
the mesioligual corner of the tooth. The dome-like meta-
conid does not reach the metacristid and is more mesially
placed. The metacristid is similar to the paracristid,
reaching the distolingual corner of the tooth. The molari-
form has two roots: a small, mesial one, below the para-
conid, and a much larger distal one below the protoconid
and metaconid. Both roots are extremely compressed
mesiodistally.

The second preserved molariform is more mesiodistally
compressed then the mesial. The crown is damaged, but it
appears that it has no cusps except for the protoconid, and
the cristids do not connect with any cusps lingually. This
molar possesses three mesiodistally compressed roots, the
largest one being the labial, and two lingually placed,
subequal roots.

Comments

The assignment of the mandibular fragment to this taxon
is mainly based on the similar occlusal shape of the
molariforms, as well as their spaced placement. The lower
molariforms, with symmetrical cuspless cristae and a large
central cusp, mimic the form of the upper molars. This
latter pattern and the short diastema between upper and
lower teeth are suggestive of an alternate occlusion. The
worn surfaces of the shearing crests of upper and lower
molars imply an orthal movement during mastication. The
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wear facets on the mesial and distal walls of the upper
molariforms suggest tooth-to-tooth shear. The leading
edges of the shearing surfaces on both upper and lower
molariforms are concave and suggest that this wear is
produced by food particles held during molar occlusion.
Finally, the mesiodistal compression of the molars and the
wide spaces between them suggest the presence of a lateral
component of movement as well, and the rest of the crown
may contact only food during mastication.

It has been argued that the maxillary fragment of Leo-
nardus was originally misinterpreted by Bonaparte (1990)
as being from the left side (Chornogubsky 2003; Paez
Arango 2008), mainly because of a small fragment of the
origin of the zygomatic arch and the orientation of the
transverse axes of the teeth. Paez Arango (2008) based her
conclusions on three observations. If the maxilla is from
the right side, as she pointed out, then: (1) “the major
[buccolabial] axis of the molars is directed anteromedially”
as in other dryolestoids such as Henkelotherium or Dre-
scheratherium (Krebs 1991, 1998); (2) “the wear dimin-
ishes anteriorly if Bonaparte’s interpretation is followed, or
posteriorly if the interpretation proposed here is accepted”;
(3) “[t]he preserved root of the zygomatic arch is difficult
to interpret using Bonaparte’s interpretation, but it appears
to be directed posteriorly according to my interpretation.”
Concerning the first observation, the major axes of the
teeth are preponderately distally oriented, as Paez Arango
argued, however not all four teeth are equally oriented, the
first being more perpendicular to the longitudinal axis of
the maxilla than the last two (Fig. 2). This character could
indicate that the orientation was related to the labial con-
vexity of the maxilla. Nevertheless, the anteromedial
orientation of the transverse axes of the molars are not
universal, being variable among different groups of mam-
mals (see, for example, specimen MACN-RN 166 of the
dryolestoid Barberenia araujoae Bonaparte 1990: p. 71,
Fig. 6). The second argument of Paez Arango (2008) is
mistaken because the wear is exactly opposite to the situ-
ation she described (Fig. 2): on the first molar in Bona-
parte’s interpretation, which is followed here, the tip of the
paracone and the stylocone are broken; however, it can be
seen that it is more worn than the second, and that the least
worn tooth is the last molar of the row. This wear pattern is
the expected one following the eruption of the molars if the
maxilla is interpreted as a left one. Finally, the location of
the zygomatic arch is not conclusive to argue against the
original orientation, since only the mesial part of the arch is
preserved and the orientation of the distal part of the
zygomatic arch cannot be determined from what remains.

Another character cited to falsify the original orientation
is related to the mesiodistal length of the teeth. The first is
shorter than the last in Bonaparte’s interpretation (Chor-
nogubsky 2003). This is, in fact, an exceptional feature of

L. cuspidatus. However, the compressed first molar shows
the common feature of a stylocone that is united to the
preparacrista, as expected for a typical dryolestoid.

Finally, in dryolestoids (and other mammals as well) the
parastyle is usually more labial than the metastyle (e.g.,
Comotherium Prothero 1981), but these cusps may be
aligned on the first molars of the row (as in Dryolestes
leiriensis Martin 1999). This is the case of L. cuspidatus in
which the first and the second preserved molariforms have
an almost aligned para- and metastyle, but the parastyle is
more labially placed in the two last preserved molariforms,
particularly in the last one (Fig. 2a). Moreover, in many
dryolestoid mammals the last molars have the metastyle in
a very lingual position, and it is not present in some (e.g.,
Mesungulatum houssayi Bonaparte and Soria 1985). The
last molar preserved in Leonardus cuspidatus (even not the
last) shows a metastyle more lingually placed, reinforcing
the original interpretation of the orientation of the maxilla
by Bonaparte (1990).

Discussion

Molar pattern of Leonardus cuspidatus as compared
with other dryolestidans

Dryolestid upper molars are triangular in occlusal view and
mesiodistally compressed. The paracone is placed lin-
gually. The stylar cusps are labial: the parastyle (mesial)
generally forms a parastylar hook (Simpson 1929) and the
metastyle (distal), which can be doubled (as in Comothe-
rium Prothero 1981). The stylocone is located at the buccal
end of the preparacrista. The metacrista links the paracone
with a small metacone, while the latter is linked with the
metastyle. When the metacone is not present (as in Don-
odon Sigogneau-Russell 1991, Crusafontia Henkel and
Krebs 1969, and the South American dryolestidans except
for Baberenia araujoae), the crest is, in fact, the post-
metacrista. In Leonardus cuspidatus there is neither a
metacone nor a parastylar hook, and the stylocone is not
linked to the preparacrista. This last trait, though not
common, is present in other dryolestoids such as Laolestes
Simpson 1927, Mesungulatum, and Grobertherium among
others (Bonaparte 1986, 2002).

The general pattern of a typical dryolestid lower molar
is characterized by three main cusps: the protoconid
(labial), and, lingually, the paraconid (mesial) and the
metaconid (distal). The metaconid is of about the same
hight as the paraconid or is even higher (Prothero 1981),
and is in line with the protoconid. This feature and the fact
that the paraconid is projecting mesially outlines the
characteristic occlusal morphology of dryolestoid lower
molars. Another prominent feature in the lower molars is
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the strongly reduced talonid, which bears a single cusp. In
these molars, two roots are observable; they can be sub-
equal, as in the Paurodontidae (Simpson 1929), or strongly
asymmetrical, as in the Dryolestidae, in which the mesial
root is considerably larger than the distal (see Prothero
1981; Ensom and Sigogneau-Russell 1998; Martin 1999,
among others); in turn, in the Mesungulatidae (Bonaparte
1986), and perhaps Donodontidae (Sigogneau-Russell
1991), the distal root is the largest.

In Leonardus cuspidatus, the lower molariforms exhibit
a large, rounded metaconid that is not connected to the
metacristid, the latter running distal to the former. More-
over, the lower molariform has no trace of a talonid. The
roots in the first preserved molariform are uneven, with the
anterior one smaller than the posterior one, as in mesun-
gulatids, Groebertherium, and perhaps Donodon. The distal
lower molar of L. cuspidatus has three roots; this trait is
rare among dryolestoids but also is seen in the ml of
Coloniatherium cilinskii Rougier et al. (2009b).

Relationships of Gondwanan Dryolestoids

When Bonaparte (1986) first described Leonardus cuspid-
atus, he assigned it to the Dryolestidae, and initially
compared it with Groebertherium. He implicitly stated a
closer relationship between both of them than with any
other dryolestid. Martin (1999) went farther, stating that
Leonardus was very similar to Laolestes in having a large
stylocone disconnected from the preparacrista, while also
being more derived than the latter because of the relative
position of that cusp (more lingual in Leonardus than in
any other representative of Dryolestidae). He pointed out
that, in view of the resemblances between these taxa, the
Dryolestidae had a Pangeaic distribution during the Late
Jurassic—Early Cretaceous.

Both Martin (1999) and Bonaparte (2002) noted the
major role that the African dryolestidan radiation must
have played in the South American. No other forms of
dryolestidans were known from Gondwana until Donodon,
from the Lower Cretaceous of Morocco, was described by
Sigogneau-Russell (1991). She established some similari-
ties between the former and Mesungulatum, in which the
stylocone (cusp D according to Sigogneau-Russell 1989)
occupied the same relative position, not linked with the
preparacrista, and the presence of a well-developed median
crest.

Another African form that strongly resembles a dryo-
lestidan from Los Alamitos is Thereuodon Sigogneau-
Russell 1989, first described as a symmetrodont. This form
was compared with “Barberenia” because of their similar
features: molar proportions and “...the presence of a basin
between the parastyle and paracone and another between
the paracone and metastyle separated by a crest.”
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(Sigogneau-Russell and Ensom 1998). Although these
authors pointed out that one could suggest a relationship
between these two forms, they considered these similarities
as the product of parallel or convergent evolution, as the
Los Alamitos fauna is endemic. Martin (1999) regarded the
specimens assigned to both Thereuodon and Barberenia as
deciduous premolars of dryolestidans, a view that was
followed by Bonaparte (2002).

Bonaparte (1992, 1994, 2002) also suggested a rela-
tionship of Donodon with the Los Alamitos Mesungulatum,
and stated that “...the presence of this species [Donodon
prescriptoris] in the Early Cretaceous of Morocco...sug-
gests that the Dryolestida of North Africa were related to
those from the Late Cretaceous Los Alamitos Forma-
tion...” (Bonaparte 1994). He also pointed out that the
differences between Donodon and Mesungulatum (pres-
ence of a parastylar hook and absence of cingula in Don-
odon) represent plesiomorphic features in the former
(Bonaparte 2002).

Originally, L. cuspidatus was assigned to the family
Dryolestidae (Bonaparte 1990). This assignment was
generally accepted in further papers (see McKenna and
Bell 1997; Martin 1999, among others). However, several
features unique to L. cuspidatus were recognized, such as
the absence of a metacone and the presence of widely
separated and mesiodistally short molars. Some of these
features are only shared with other dryolestids from Los
Alamitos, such as the absence of a metacone. Also distinct
characters are the absence of a parastylar hook (a feature
also observed in Groebertherium, Mesungulatum, and
casamiquelids, where the parastylar region is almost
completely reduced) and the presence of a large stylocone,
placed between the parastyle and the metastyle, and iso-
lated from the preparacrista. The new mandibular fragment
with two molariforms shows differences between Leonar-
dus and the Holarctic Dryolestidae. The presence of an
anterior root that is smaller than the posterior, both of them
mesiodistally compressed, has not been observed in Hol-
arctic Dryolestidae. Instead, it is a character always present
in the South American forms (e.g., Mesungulatum houssayi
Bonaparte and Soria 1985; Peligrotherium tropicalis
Bonaparte et al. 1993).

Conclusions

Leonardus cuspidatus was originally assigned to Dryoles-
tidae by Bonaparte (1990). However, it has a unique
combination of features, some of them comparable to those
present in the Holarctic Dryolestidae (e.g., absence of
cingula in the upper molars; see above) and others shared
with other South American dryolestoids (large stylocone
isolated from the preparacrista, absence of parastylar hook
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in the upper molars) (Bonaparte 1990). Leonardus cus-
pidatus has also particular characters, such as the position
of the stylocone in the upper molars, more centrally placed
than in any other dryolestoid, the absence of any kind of
cingulid in the lower molars, and the presence of three
roots in the second lower molariform preserved in the
dentary fragment. The presence of three roots has been
only observed in the m1 of Coloniatherium siliskii (Rou-
gier et al. 2009b). All these characters make the assign-
ment of Leonardus cuspidatus to Dryolestidae doubtful.
This mosaic of features linking L. cuspidatus to the South
American dryolestidan families and also to the Holarctic
Dryolestidae may imply a relationship among these two
apparently different groups of dryolestoids.
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