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The Unenlagiinae is a clade of Gondwanan dromaeosaurid theropods mainly known from incomplete skeletal material.
The group includes two recently discovered theropods, Buitreraptor and Austroraptor, from which cranial remains are
available with in situ maxillary and dentary teeth, thus allowing the study of tooth morphology. Among the derived traits
that diagnose the dentition of unenlagiines are: (i) high tooth count, (ii) small size of individual teeth when compared with
skull height, (iii) absence of denticles and carinae, and (iv) presence of longitudinal grooves on the tooth crown. This suite
of dental characteristics, shared between Buitreraptor and Austroraptor, can be considered as diagnostic of the
Unenlagiinae or, at least, a more exclusive clade within the group. The teeth of Buitreraptor exhibit a remarkable
labiolingual compression, whereas Austroraptor possesses more conical teeth, probably respective autapomorphic fea-
tures. On one hand, these dental morphologies differ from those observed in most Laurasian dromaeosaurids and, for in-
stance, could be considered as further proof of the purported vicariant evolution of the lineage on the southern continents.
On the other hand, the morphological similarities (e.g., absence of denticles) between the teeth of unenlagiines and other
theropod lineages, including Mesozoic birds and ornithomimosaurs, can be considered as the result of parallel trends re-
lated to dental reduction.
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Introduction

Dinosaur teeth of both herbivorous and carnivorous species
are useful biogeographical tools. They permit the recognition
of lineages in regions or strata that lack other well preserved
skeletal records (e.g., Rauhut and Werner 1995; Rauhut
1999; Sankey 2001; De Valais et al. 2003; Amiot et al. 2004;
Vullo et al. 2007; Casal et al. 2009; Ezcurra 2009). Further-
more, even among the relatively uniform dentitions of thero-
pod dinosaurs, peculiar morphological features allow the
recognition of not only major clades, but also of new species
(although sometimes of questionable taxonomic validity),
particularly within deinonychosaurs (e.g., Richardoestesia
gilmorei, Currie et al. 1990).

In recent years, our knowledge on the morphology of
deinonychosaurs has increased substantially, not only through
the discovery of new Laurasian taxa (e.g., Xu et al. 2002, 2003;
Norell et al. 2006; Turner et al. 2007; Turner et al. 2007b), but
also after the discovery and recognition of a monophyletic
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group of Gondwanan dromaeosaurids, the unenlagiines
(Bonaparte 1999; Makovicky et al. 2005; Novas et al. 2009).
Furthermore, this new evidence provided new insights into the
anatomical and ecological disparity of these theropods. In this
regard, unenlagiines display a wide range of sizes, from the
small-sized purported unenlagiine Rahonavis (Forster et al.
1998) to the 5-meter-long Austroraptor (Novas et al. 2009).
These taxa also show a remarkable disparity in relative arm
lengths, with possibly volant or gliding long-armed forms
(Rahonavis, Buitreraptor) to short-armed gigantic forms (for
deinonychosaur standards) such as Austroraptor.

Until 2005, the Gondwanan deinonychosaur record con-
sisted of fragmentary taxa based on skeletal remains without
preserved dentition, including Unenlagia comahuensis (No-
vas and Puerta 1997), U. paynemili (Calvo et al. 2004), and
Neuquenraptor argentinus (Novas and Pol 2005). The record
also includes unassociated isolated teeth (e.g., Rauhut and
Werner 1995; Poblete and Calvo 2003; Fanti and Therrien
2007; Casal et al. 2009; Ezcurra 2009). Nevertheless, the re-
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Fig. 1. Geographic provenance of all unenlagiine theropods. The localities which yielded the holotypes of each taxa are indicated by a star and a number.
Buitreraptor came from “La Buitrera”, a locality situated about 80 km from Cipoletti, close to the south shore of the Ezequiel Ramos-Mexia Lake, north-
western Rio Negro Province, Argentina. A. South American localities: 1, Futalognko site, Centro Paleontolgico Lago Barreales, Portezuelo Formation
(Turonian—early Coniacian): Unenlagia paynemili; 2, Sierra del Portezuelo, Portezuelo Formation:Unenlagia comahuensis; 3, La Buitrera, Candeleros For-
mation (Cenomanian—Turonian): Buitreraptor gonzalezorum; 4, Bajo de Santa Rosa. Allen Formation (Campanian—Maastrichtian): Austroraptor cabazai.
B. African locality: 5, Majunga, Maevarano Formation (Campanian): Rahonavis ostromi.

cent discovery of Buitreraptor and Austroraptor (Makovicky
et al. 2005; Novas et al. 2009), both with in situ teeth, permits
the comparison of tooth morphology of both taxa. Among
them, Buitreraptor gonzalezorum is the most complete and
better preserved unenlagiine to date. B. gonzalezorum was
found in beds of the Upper Member of the Candeleros Forma-
tion (Cenomanian—Turonian; Corbella et al. 2004) of Rio Ne-
gro Province, Argentina (Figs. 1, 2). This taxon was briefly
described (Makovicky et al. 2005) and a longer description is
in preparation. In the meantime, the anatomical information
provided by its dentition merits its own description.

Institutional abbreviations—MACN, Museo Argentino de
Ciencias Naturales “Bernardino Rivadavia”, Buenos Aires,
Argentina; MPCA, Museo Provincial Carlos Ameghino, Ci-
polletti, Rio Negro, Argentina.

Other abbreviations—CH, crown height; CBL, crown base
length; CBW, crown base width; CA, crown angle; CBR,
crown base ratio: CBW/CBL; CHR, crown height ratio:
CH/CBL; DSDI, denticles size difference index.

Materials and methods

The following description is based on the teeth preserved in
the skull of the holotype of Buitreraptor gonzalezorum
(MPCA 245). Five teeth are preserved in the right maxilla
and eight in the lower jaw (Fig. 3, Table 1) all of them in
situ. Additionally, five isolated teeth devoid of roots were
found associated with that specimen: MPCA 245 (A1-AS).
These associated teeth preserve the same morphology of
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Fig. 2. Stratigraphic provenance of unenlagiine taxa, including Buitre-
raptor. The different taxa silhouettes are in scale each to other.

those in situ and are considered as part of the holotype
(Figs. 4, 5). Observations were made with a stereo-micro-
scope and a Philips model XL30 TMP New Look SEM at
the MACN. Measurements and ratios proposed by Smith et
al. (2005) were taken with a digital caliper.

Systematic palaeontology

Dinosauria Owen, 1842

Theropoda Marsh, 1881

Maniraptora Gauthier, 1986
Dromaeosauridae Matthew and Brown, 1922
Unenlagiinae Bonaparte, 1999

Genus Buitreraptor Makovicky, Apesteguia, and
Agnolin, 2005

Type species: Buitreraptor gonzalezorum, “La Buitrera”, northwestern
Rio Negro Province, Argentina, Candeleros Formation, Cenomanian—
Turonian, Upper Cretaceous.

Buitreraptor gonzalezorum Makovicky, Apesteguia,
and Agnolin, 2005
Figs. 3-5.

Holotype: MPCA 245, consisting of an almost complete adult skeleton,
including a partial, articulated skull, with both incomplete maxillae with
teeth in situ, left jugal, both postorbitals, both quadrates, right squa-
mosal, both incomplete nasals, both frontals, both parietals, the occipital
condyle, and mandibular bones, including both dentaries with in situ
teeth, both splenials, left angular, and left surangular. The holotype also
includes several isolated teeth. The postcranium includes cervical, dor-

sal, sacral, and caudal vertebrae, cervical and dorsal ribs, chevrons, both
scapulocoracoids, furcula, both ilia, right ischium, both humeri, right ra-
dius and ulna, metacarpals and manual phalanges, both femora, right
tibia and fibula, left incomplete tibia and fibula, metatarsals, several
pedal phalanges, and undetermined fragments of bone.

Type locality: “La Buitrera”, situated about 80 km southwest from
Cipolletti, close to the south shore of the Ezequiel Ramos-Mexia Lake,
northwestern Rio Negro Province, Argentina.

Type horizon: Candeleros Formation, Cenomanian—Turonian, Upper
Cretaceous.

Referred material—MPCA 238, consisting of an incom-
plete sacrum, right ilium and pubis, right hindlimb (femur,
tibia, astragalus, metatarsals, and phalanges), all preserved in
articulation.

Description—The holotype skull of Buitreraptor gonzale-
zorum bears six alveoli in the preserved part of the right
maxilla and five more are located on its posterior section (Fig.
3A, D). The preserved part of the right dentary bears at least
twenty alveoli, with three teeth in their sockets in the anterior
region, and three more in the mid-region (Fig. 3A—C). The left
dentary has traces of around fifteen alveoli and only preserves
two teeth in situ at the rostral tip (Fig. 3E-G). The exact num-
ber of alveoli is difficult to establish due to breakage, but be-

Table 1. Quantitative characters of the teeth of the unenlagiine theropod
Buitreraptor gonzalezorum from the Upper Cretaceous of La Buitrera,
northwestern Rio Negro, Argentina. D, dentary teeth. Numbers do not
refer to exact positions in the tooth row, but its position with respect to
the other teeth in situ, i.e., Mx right 1 refer to the first tooth preserved in
the right maxilla, Mx right 2 refer to the second tooth preserved poste-
rior to the first, and so on. All measurements are in millimeters.

Isolated teeth
Collection number | CH |[CBW|CBL | AL | CA |CBR | CHR
MPCA 245 Al 46 | 0.8 | 24 | 63 | 404 |0.33 | 192
MPCA 245 A2 25102 | 0.8 | 22 |589 025 3.13
MPCA 245 A3 2.7 1.2 | 1.6 | 48.6 2.25
MPCA 245 A4 36 | 0.1 1.3 | 39 | 46.2 | 0.08 | 2.77
MPCA 245 A5 42 |1 09 | 1.8 | 35 |53.6|0.50 | 233
In situ teeth
Position CH CBL | AL | CA CHR
Mx right 1 1.1 0.7 | 22 | 36.8 1.57
MX right 2 0.9 0.7 | 1.7 | 35.7 1.29
Mx right 3 1.5 0.7 2 | 49.8 2.14
Mx right 4 1.1 0.7 | 1.3 | 50.1 1.57
Mx right 5 0.8 0.6 | 09 | 283 1.33
D right 1 1.1
D right 2 24 1.3 | 2.5 | 66.3 1.85
D right 3 3.1 2 34 1599 1.55
D right 4 1.2 09 | 1.4 | 41.6 1.33
D right 5 0.6 04 | 0.7 | 492 1.50
D right 6 0.9 0.8 | 1.1 | 54.6 1.13
D left 1 2.6 1.8 | 2.7 | 544 1.44
D left 2 34 1.9 | 3.7 | 62.2 1.79
Average measurements of teeth

CH |CBW|CBL| AL | CA |CBR |CHR

2.19 | 0.50 | 1.17 | 2.42 149.21| 0.29 | 1.82

doi:10.4202/app.2009.0127



282

ACTA PALAEONTOLOGICA POLONICA 56 (2), 2011

Fig. 3. In situ teeth of the unenlagiine theropod Buitreraptor gonzalezorum Makovicky, Apesteguia, and Agnolin, 2005 (MPCA 245) from the Upper Creta-
ceous of La Buitrera, northwestern Rio Negro, Argentina. A. Right side of skull, showing the zones of the mandible and maxilla with preserved teeth.
B. Second and third tooth preserved in the right mandible (the first tooth is very poorly preserved). In the second tooth the central groove is visible on the lat-
eral side of the crown flanked by shallow ridges. C. Fourth, fifth and sixth teeth preserved in the right mandible. D. First to fourth tooth preserved in the right
maxilla. Here the central grooves also are visible on the lateral side of the crowns, like B. E. Left side of the skull, showing the zone with preserved teeth.
F. First and second teeth preserved on the left mandible. Also visible are the grooves and the ridges of the lateral sides of the crown. G. Posterior view of F.
The arrow shows the broken zone of the mandible, where is visible the root of the second tooth.

cause of the length of the dentaries, the extension of the dental
row and the size of the alveoli it is estimated that about twenty
five alveoli were present in the jaw. Although the articulation
of the lower jaw precludes the observation of the lingual side
of the maxillary teeth, this surface is available in five isolated
teeth found associated with the skeleton during preparation.

Buitreraptor teeth are small when compared to skull
height, ranging from 0.6 to 4.6 millimeters (mean CH: 2.19
mm; ratio between the height of the crown and the height of
the lower jaw: 0.29) (Table 1). They are distally curved and
labiolingually compressed (CBR medium: 0.29), with a very
acute end (Fig. 4). All teeth, those in situ and those isolated,
present the same morphology, differing only in their size.
The latter becomes evident in the right dentary, where the an-
terior teeth are slightly larger than those from the mid-denta-
ry (Fig. 3A—C, Table 1). The preserved teeth are in different
stages of eruption, with some completely erupted and others
barely so. It is evident that continuous tooth replacement oc-
curred in this species.

All crowns are straight in mesial and distal views, without
any lateral deflection (Fig. 4B, D). In side view, the crowns
are often moderately recurved distally along their full length.
However, in some teeth, especially the largest, the base of the
crown is quite straight while the apex shows a strong curva-
ture toward the tip (Fig. 4A, C).

The second preserved tooth of the left dentary (MPCA 245
D8) is situated in an alveolus with a broken posterior rim. This
reveals that the distal base of the crown is continuous with the

root, without any constriction (Fig. 3G), and contrasting with
troodontids and other groups of non avian coelurosaurs (e.g.,
ornithomimosaurs, Pérez-Moreno et al. 1994; oviraptoro-
saurs, Balanoff et al. 2009; therizinosaurs, Kirkland and Wolfe
2001; Clark et al. 1994). The curvature of the distal border of
the crown changes at this point and the distal border of the root
continues fully straight. Both mesial and distal borders of the
crown are slightly rounded and devoid of carina and denticles
in all preserved teeth (Figs. 4B, D, 5A).

The labial and lingual sides of the crowns are very similar
to each other, and it is difficult to observe any difference in
their convexity that could allow us to distinguish between these
sides, especially in the isolated teeth. An important feature in
all the observed teeth is an elongated longitudinal depression
on both labial and lingual surfaces, which confers a figure-
eight cross-section to the crown (Figs. 3B-D, F, 4A, C, E). In
some teeth, a groove arises from this depression and extends
toward the apex without reaching it (Fig. 4A). This median
groove is flanked by shallow ridges in some teeth (Fig. 3B, F).

Another distinctive feature is the presence of a system of
parallel longitudinal ridges and grooves, at both sides of the
central depression (Figs. 3B, F, 4A, C, 5B). In some teeth these
grooves and ridges are located closer to the distal border, dis-
tally with respect to the central depression (Fig. 5B). These
ridges and grooves do not follow a defined pattern and their
number is not constant, being sometimes asymmetrical in both
sides of the same crown, and differing in their depth. They ex-
tend from the base of the crown almost to the apex (Fig. 5B) or
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Fig. 4. Isolated tooth associated with the holo-
type of the unenlagiine theropod Buitreraptor
gonzalezorum Makovicky, Apesteguia, and
Agnolin, 2005 from the Upper Cretaceous of
La Buitrera, northwestern Rio Negro, Argen-
tina (MPCA 245 Al), in lateral (A, C), mesial
(B), distal (D), and basal (E) views. In lateral
view, note the basal lateral depression (BD).
Visible in the apical half is one central ridge
flanked by two grooves. Note the absence of
carinae and denticles in both mesial and distal
edges. In basal view, note the figure-eight
shaped form.

can be also restricted to the apical half of the crown (Fig. 4A,
C). In several teeth there are two grooves on each side of the
crown, framed by a ridge of the same extension on both sides
(Fig. 4A, C). To summarize, the complete topographical sys-
tem of B. gonzalezorum teeth is composed by a median ridge,
two framing grooves, a ridge on the mesial side, and one on the
distal side. In other cases, three or more grooves and ridges are
restricted to only the distal region, close to the edge (Fig. 5B).
Some teeth do not have these features, except for the central
depression on each side (Fig. 5SA). The recognition of a pattern
between the number and distribution of grooves and ridges and
the position of the teeth in the tooth row is hampered due to a
lack of more complete dental series (Fig. 3A, E).

Stratigraphic and geographic range—Candeleros Formation
(Cenomanian—Turonian), basal unit of the Neuquén Group,
Rio Limay Subgroup, Rio Negro province, Argentina.

Discussion

The characterization of the dromaeosaurid dentition has been
mainly based on the dental morphology exhibited by the
Laurasian taxa, where the record of the group is still better
than in southern continents. This greater diversity of Laur-
asian dromaeosaurids responds to continuous discoveries
and research of new taxa in the last eighty years in Laurasian
territories. Conversely in Gondwana (mainly in South Amer-
ica), only since the late 1990s have new forms of this group
of theropods been discovered.

Teeth in Laurasian dromaeosaurids are generally charac-
terized by the presence of laterally compressed and distally
curved crowns, with serrated carinae on both mesial and distal
borders. Some dromaeosaurids from Liaoning are the excep-
tion because they do not have serrations on the mesial or both
mesial and distal borders, like Sinornithosaurus and Micro-
raptor (Xu et al. 1999, 2000; Xu and Wu 2001; Xu 2002).
Conversely, Gondwanan dromaeosaurid remains with teeth in
situ (i.e., Buitreraptor and Austroraptor) demonstrate a sub-
stantially different dental morphology than that of Laurasian

forms. In this respect, each dental feature characterizing the
Unenlagiinae will be considered separately, adding compari-
sons with dental morphology of other dromaeosaurids.

High tooth count.—Laurasian dromaeosaurid dentaries com-
monly bear among 11 to 16 teeth (Norell and Makovicky
2004), whereas in Buitreraptor the full content can be esti-
mated at approximately 25 teeth (Fig. 3A, E), a condition simi-
lar to that of Austroraptor, in which at least 25 teeth are present
(Novas et al. 2009). Furthermore, Austroraptor has a maxillary
count of 24 teeth, differing from the low count of 9 to 15
maxillary teeth in other dromaeosaurids (Norell and Mako-
vicky 2004; Novas et al. 2009). However, it must be noted that
a very high tooth count is also found in troodontids, ornitho-
mimosaurs (Pelecanimimus), and alvarezsaurids (Shuuvuia)
(Pérez-Moreno et al. 1994; Chiappe et al. 1998; Makovicky
and Norell 2004). In this way, a high tooth count could be con-
sidered as a homoplasy in the Unenlagiinae and the other
mentioned taxa (see Supplementary Online Material [SOM] at
http://app.pan.pl/SOM/app56-Gianechini_etal_SOM.pdf).

Small tooth size.—This character is evaluated as the ratio
between the largest tooth of the maxilla (or the dentary if it is
the case) with respect to the height of the maxilla at level of
the anterior rim of the antorbital fenestra (see SOM). Bui-
treraptor shows a ratio of 0.18 (Fig. 3A, E, Table 1), being
comparatively small in relation with Laurasian dromaeo-
saurids. The latter commonly show larger teeth, in which the
ratio is over 0.25, reaching in some cases values close to 0.40
(e.g., Colbert and Russel 1969; Ostrom 1969; Sues 1977;
Currie 1995; Xu and Wu 2001; Currie and Varricchio 2004).
According to the phylogenetic analysis the smaller teeth of
the Unenlagiinae are interpreted as a reversal from the large
teeth observed in Laurasian dromaeosaurids. Further, in Bui-
treraptor the teeth are even smaller and thus this character is
considered as autapomorphic (see SOM). Taking into ac-
count a wider phylogenetic point of view, this ratio can reach
comparatively low values in other Maniraptoriformes. In
troodontids, for example, these values can be lower than 0.20
(e.g., Sinornithoides: 0.15; Russel and Dong 1993; Currie

doi:10.4202/app.2009.0127
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Fig. 5. SEM micrographs of isolated teeth associated with the holotype of the unenlagiine theropod Buitreraptor gonzalezorum Makovicky, Apesteguia,
and Agnolin, 2005 from the Upper Cretaceous of La Buitrera, northwestern Rio Negro, Argentina. A. Mesio-lateral view of one isolated tooth (MPCA 245
A2). Note the total absence of carinae and denticles on the mesial edge, and the central depression of the lateral side. B. Lateral side of one isolated tooth
(MPCA 245 AS). Note the grooves and the ridges located near of the distal edge of the crown, to the left of the image (grooves are marked with arrows).

and Dong 2001; Sinovenator: 0.18; Xu 2002; Xu et al. 2002)
or even lower than 0.10 (e.g., Mei, Xu and Norell 2004). In
avialans, the value also can be lower than 0.20 and 0.10 (in
Archaeopteryx and Jeholornis respectively; Elzanowski and
Wellnhofer 1996; Zhou and Zhang 2002), similar to that of
therizinosauroids such as Erlikosaurus (Clark et al. 1994)
and Incisivosaurus (Balanoff et al. 2009), with ratios lower
than 0.20 and 0.10 respectively. Some alvarezsaurids (i.e.,
Shuvuuia, Chiappe et al. 1998) and ornithomimosaurs (i.e.,
Pelecanimimus, Pérez-Moreno et al. 1994) show ratios lower
than 0.10. Therefore, a low crown high appears to have a
widespread distribution and, in this way, could be considered
as a homoplastic condition.

Absence of serrated carinae.—In northern dromaeosaurids,
tooth denticles are present in both carinae (despite being com-

monly absent in the proximal part of the mesial border). How-
ever, the two known unenlagiines with in situ teeth share a
complete absence of denticles in both borders of the crown.
This feature varies within the Dromaeosauridae; the primitive
condition, present in Dromaeosaurus (Colbert and Russell
1969; Currie et al. 1990), shows mesial and distal denticles
similar in shape and size, whereas in most velociraptorine
dromaeosaurids the mesial carina has smaller denticles, quite
different in morphology from those of the distal carina (e.g.,
Deinonychus, Velociraptor, Saurornitholestes; Ostrom 1969;
Sues 1977; Currie at al 1990). Nevertheless, Saurornitholestes
shows a wide range of variation in the presence or absence of
mesial denticles, even within the same specimen (Currie et al.
1990). The complete absence of denticles is not exclusive of
the Unenlagiinae, since it is also present in other dromaeo-
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saurids, such as Microraptor zhaoianus, Tsaagan, Bambi-
raptor, and Shanag (Xu et al. 2000; Hwang et al. 2002;
Burnham 2004; Hwang 2005; Norell et al. 2006; Turner et al.
2007a). In this regard, the premaxillary and anterior dentary
teeth of Microraptor lack denticles, whereas Shanag and
Tsaagan lack mesial denticles. In Sinornithosaurus millenii,
the premaxillary, first maxillary, and anterior dentary teeth do
not have denticles, whereas posterior teeth have denticles re-
stricted to the distal carina. Conversely, the mesial carina
shows a wider variation (Xu and Wu 2001). Recently, Knoll
and Ruiz-Omefiaca (2009) described isolated teeth from the
Early Cretaceous of Morocco, assigning them to the Manirap-
tora, Dromaeosauridae indet. or even Velociraptorinae indet.
Most of these teeth have no mesial denticles and some also
lack distal ones. However, on one hand such taxonomic identi-
fication is doubtful, as expressed by the authors given the iso-
lated condition of the material. On the other hand, the record
of teeth from Europe with purported dromaeosaurid affinities
(e.g., Antunes and Sigogneau 1992; Ruiz-Omefaca et al.
1996; Zinke 1998; Rauhut 2002; Sweetman 2004; Lubbe et al.
2009) generally includes teeth with serrated mesial and distal
borders, or at least with a serrated distal border.

Some troodontids also bear teeth devoid of mesial and dis-
tal denticles, like Byronosaurus (Norell et al. 2000; Mako-
vicky et al. 2003) and Urbacodon (Averianov and Sues 2007).
The same feature can be observed in compsognathids (e.g.,
Compsognathus, Ostrom 1978), alvarezsaurids (e.g., Mono-
nykus olecranus, Perle et al. 1993a, b, 1994; Shuvuuia deserti,
Chiappe et al. 1998), ornithomimosaurs (e.g., Pelecanimimus
polyodon, Pérez-Moreno et al. 1994; Makovicky et al. 2003,
2004; Padian 2004; Shenzhousaurus orientalis, Ji et al. 2003),
and the incertae sedis Paronychodon (Currie et al. 1990;
Sankey et al. 2002).

Among tetanuran theropods the presence of mesial and
distal serrated carinae is plesiomorphic (see supplementary
information). For their part, the Maniraptoriformes and Un-
enlagiinae show the absence of denticles in maxillary and
dentary teeth and therefore this is a synapomorphic feature of
both groups (see supplementary information). However, the
Deinonychosauria (except the Unenlagiinae) have acquired
mesial denticles in some teeth, thus reversing to the ancestral
condition of non-Maniraptoriformes. Novas et al. (2009;
SOM) regarded the absence of mesial serrations in some
teeth as synapomorphic of the Deinonychosauria, and con-
sider the total absence of denticles as synapomorphic of the
Unenlagiinae, a position that we follow.

Grooves on the surface of the crown.—A distinctive fea-
ture of the Unenlagiinae is the presence of longitudinal
grooves in the tooth crown. These grooves are present in the
teeth of Buitreraptor and Austroraptor, and have a vague re-
semblance to the grooves present in basal tetanurans, such as
the Spinosauridae and also ceratosaurs such as Ceratosaurus
(Madsen and Welles 2000). Among Late Cretaceous south-
ern theropods, a single grooved crown was found in the La
Bajada sector of the El Anfiteatro locality (Canudo et al.

2004; Salgado et al. 2009). This tooth crown, Endemas-Pv 6,
was interpreted by the authors as belonging to a spinosaurid
after its ornamentation, composed of longitudinal crests and
large denticles inclined toward the apex. However, the pres-
ence of two defined crests with three main grooves in the lin-
gual side of the crown, a series of second order grooves, and
distal inclination of the crown are features shown by noa-
saurid teeth, as observed in the dentary of Masiakasaurus
knopffleri (Sampson et al. 2001: fig. 2b—d). An additional
isolated tooth from the same El Anfiteatro area at Parrita site,
regarded as Endemas-Pv 15 (Salgado et al. 2009), was as-
signed to Maniraptoriformes indet. cf. Unenlagiinae. It effec-
tively shows the diagnostic absence of denticles, a strongly
distally curved crown, and a figure-eight shaped basal cross
section. Furthermore, it is interesting to note that the authors
pointed out the enamel folds slightly parallel and mesiodistal
in orientation, a trait that they interpreted as related to onto-
genetic variation. We consider that these folds are very simi-
lar to the ridges and grooves that we describe here for
Buitreraptor. Nevertheless, this tooth, having a crown height
of 19 mm, is much larger than those of Buitreraptor, with a
largest tooth crown height of 4.6 mm. It is conceivable that
this tooth does not necessarily belong to Buitreraptor but to a
larger unenlagiine, perhaps related to Austroraptor. In sum-
mary, we agree with Salgado et al. (2009) in the assignment,
although tentative, of Endemas-Pv 15 to the Unenlagiinae.
Other isolated ornamented teeth potentially assigned to the
Dromaeosauridae with grooves and ridges on both sides
were reported from Morocco (SA mecm 158; Knoll and
Ruiz-Omeifiaca 2009: fig. 4b), Spain (Ruiz-Omeiaca et al.
1996; Rauhut 2002), France (Vullo et al. 2007), Hungary
(Osi et al. 2010), and Canada (Sankey et al. 2002). However,
they differ from the teeth of Buitreraptor in bearing denticled
carinae. Furthermore, they also lack the degree of labio-
lingual compression present in the South American taxon.

A grooved dental crown is, conversely, mostly absent
among Laurasian dromaeosaurid taxa, except for some iso-
lated teeth assigned with doubts to Dromaeosaurus (Sankey et
al. 2002). Additionally, in the teeth of Sinornithosaurus single
grooves are present over the lingual side, posterior to the
mesial carina, both in the premaxillary and anterior dentary
teeth (Xu and Wu 2001; Xu 2002). However, the grooves
present in these teeth are unlike those of Buitreraptor, both in
morphology, density and location. In Buitreraptor, two or
more grooves are present on both sides of the crown.

As previously mentioned, the incertae sedis Paronychodon
also shows dental grooves and longitudinal ridges on one or
both sides of the crown (Currie at al. 1990; Sankey et al. 2002).
However, its morphology departs from that of Buitreraptor in
that these features are more abundant and narrow. Further-
more, contrasting with Buitreraptor, the grooves are not paral-
lel to each other (Currie et al. 1990; Sankey et al. 2002). Addi-
tionally, the tooth crown of Paronychodon has an oval base
with more convex lateral sides (Currie et al. 1990 ; Sankey et
al. 2002), a trait substantially different from the characteristic
figure-eight shaped base of the teeth of Buitreraptor.
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Some non-unenlagiine taxa show a fluted crown (e.g.,
Mononykus); however, the phylogenetic analysis (SOM) dem-
onstrates that this character is, at this level, synapomorphic of
the Unenlagiinae.

Dental features characterizing Buitreraptor—Differ-
ences also arise within unenlagiines. Buitreraptor differs
from Austroraptor in having a remarkable lateral compres-
sion of the crown (Fig. 4B, D, E, Table 1). This lateral com-
pression is, actually, a feature also seen in other Gondwanan
theropods, like the Carcharodontosauridae and Abelisauri-
dae (e.g., Veralli and Calvo 2004; Smith et al. 2005; Can-
deiro et al. 2006; Coria and Currie 2006; Smith and Dalla
Vecchia 2006; Smith 2007), where the CBR ratio is around
0.4 to 0.5 (see Smith et al. 2005: appendix A). Within the
Dromaeosauridae, the ratio is commonly about 0.5, with
some exceptions of 0.4 or 0.3 in Bambiraptor and Velo-
ciraptor (see Smith et al. 2005: appendix A). However, no
other dromaeosaurid with preserved teeth in situ other than
Buitreraptor exhibits a CBR ratio of 0.29 (Table 1).

Another relevant feature is the figure-eight shaped tooth
base of Buitreraptor (Fig. 4E). This trait is related to the pres-
ence of longitudinal depressions in the central zone of the
crown, on both sides and close to the base. In most dromaeo-
saurids, the basal section is oval to flattened, either symmet-
rical or asymmetrical with one side more convex than the
other, as in the premaxillary teeth of some taxa (Colbert and
Russell 1969; Ostrom 1969; Sues 1977; Currie et al. 1990;
Sankey et al. 2002).

However, a figure-eight shaped crown cross-section has
been also recorded in Saurornitholestes (Currie et al. 1990;
Sankey et al. 2002), Tsaagan (Norell et al. 2006), and Pyro-
raptor (Allain and Taquet 2000; SA personal observation). In
the latter form, some teeth show a mid-depression in the lateral
sides of the crown that is longitudinally extended and framed
by strong ridges. However, Buitreraptor differs from Pyro-
raptor in having a more compressed tooth crown and in the
presence of shallow ridges framing the observed depression
(Fig. 3B, F). Additionally, it also differs from Saurornitho-
lestes in having a narrower central region (see Fig. 4E). Austro-
raptor, for its part, differs in having a conical tooth crown, a
rounded base section, and a moderate lateral compression.

Therefore, although Buitreraptor and Austroraptor share
dental features that could be synapomorphic for the Un-
enlagiinae, they also differ in several traits, such as the coni-
cal tooth and rounded basal section of the crowns of Austro-
raptor, and a remarkable lateral compression and a fig-
ure-eight shaped base in the teeth of Buitreraptor. From a
phylogenetic point of view, a figure-eight shaped crown sec-
tion is autopomorphic of Buitreraptor, also considering that
in the remaining dromaeosaurids (except the examples al-
ready considered) the crown section is generally oval.

Gondwanan record of dromaeosaurid teeth and paleobio-
geographical considerations.—The presence of dromaeo-
saurids in Gondwana is documented based on a few but elo-
quent skeletal remains, but also after numerous isolated teeth
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assigned to this group of theropods. Most of the purported
Gondwanan dromaeosaurid isolated teeth come from Brazil
(e.g., Elias et al. 2004, 2005, 2006, 2007), Argentina (e.g.,
Poblete and Calvo 2003; Canale et al. 2005; Casal et al. 2009;
Salgado et al. 2009), Colombia (e.g., Ezcurra 2009), Africa and
Madagascar (e.g., Rauhut and Werner 1995; Rauhut 1999;
Amiot et al. 2004; Fanti and Therrien 2007; Knoll and Ruiz-
Omeiiaca 2009). Many of these assignments to the Dromaeo-
sauridae are based on the strong distal curvature of the crown
and on the absence or strong reduction of mesial denticles or
even the total absence of serrations. The difference in size be-
tween mesial and distal denticles, measured as the ratio be-
tween the number of denticles over a certain distance of the an-
terior and posterior carinae (denticles size difference index:
DSDI), has been considered as a very good parameter to distin-
guish dromaeosaurid teeth (Rauhut and Werner 1995). DSDI
has a characteristic value especially in velociraptorine dro-
maeosaurids, and has been taken as diagnostic for them (Rau-
hut and Werner 1995). Regarding the absence of serrations, it
must be noted, however, that diverse groups of the Mani-
raptoriformes like troodontids, alvarezsaurids and ornithomi-
mosaurs, show examples of teeth without serrations, and
mesial denticles are absent for example in compsognathids
(Ostrom 1978; Currie and Chen 2001; Hwang et al. 2004). On
the other hand, the teeth of the carcharodontosaurian Orko-
raptor burkei from the Campanian—Maastrichtian of Patagonia
(Novas et al. 2008) are strongly curved distally and devoid of
mesial denticles. Therefore, only the absence of denticles in re-
curved teeth cannot be taken as a definitive character to allow
the assignment of isolated teeth to the Dromaeosauridae, being
an ambiguous character present in other tetanurans (Ezcurra
2009). Taking into account the record of theropod teeth and the
large number of homoplastic appearances in the features asso-
ciated with these elements, the taxonomic assignment of iso-
lated teeth must be made cautiously (Canale et al. 2007).
Purported dromaeosaurid teeth from Argentina include
specimens from the Portezuelo Formation (Turonian—Conia-
cian) in Neuquén Province (Poblete and Calvo 2003), from
the Huincul Formation (Turonian) in Neuquén Province
(Canale et al. 2005), from the Bajo Barreal Formation (Ceno-
manian—Turonian) in Chubut Province (Casal et al. 2009),
and from the Plottier Formation (Coniacian—Santonian), at
the Anfiteatro Area in Rio Negro Province (Salgado et al.
2009). Those of Portezuelo, Huincul and Bajo Barreal For-
mations are characterized by the absence of mesial denticles,
among other features. However, as previously said, a non-
serrated mesial border is a widespread character among teta-
nurans and it is not enough to be considered a diagnostic
character of dromaeosaurid teeth. Nevertheless, it is interest-
ing that the teeth of these localities have features that differ
from those observed in the unenlagiine teeth. This could
mean that: (i) these teeth belong to other groups of theropods
for which there already exist records in South America (e.g.,
neovenatorids or alvarezsaurids), (ii) the teeth belong to
other groups of theropods or other lineages of dromaeo-
saurids for which skeletal remains have not yet been found,
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or (iii) teeth belong to other unenlagiines, which would mean
that the dental morphology of this group is much more vari-
able than that proposed here. An interesting case already
commented on above is the proposed unenlagiine tooth from
the Anfiteatro Area (Salgado et al. 2009).

For its part, those teeth from Brazil for which a certain af-
finity with dromaeosaurids has been proposed (e.g., Elias et al.
2004, 2005, 2006, 2007) are generally small, labiolingually
compressed, and with denticles on both the mesial and distal
carinae, only on the distal carina or completely lacking den-
ticles. Again, these characters are observed in many other
maniraptoran taxa and their presence do not provide enough
evidence to unambiguously refer them to dromaeosaurids.

A recently described isolated tooth from Maastrichtian
beds of Colombia (Ezcurra 2009) has features resembling
those of unenlagiines, mainly a strong distal curvature, a
labiolingual compression of the crown, and the complete ab-
sence of denticles. However, this tooth differs from those of
Buitreraptor and Austroraptor in lacking lateral grooves on
the crown, and neither possessing the marked labiolingual
compression and the figure-eight basal cross section ob-
served in the teeth of Buitreraptor or the conical shape seen
in Austroraptor. Therefore, although this shed tooth has fea-
tures reminiscent of unenlagiines, we agree with Ezcurra
(2009) in this assignment is so far only tentative.

Among the teeth from the Early Cretaceous of Morocco
assigned to Maniraptora indet. and Velociraptorinae indet. by
Knoll and Ruiz-Omeifiaca (2009), there are some similarities
with unenlagiine teeth in the absence of denticles (those in-
cluded in Maniraptora indet.) and the presence of grooves and
ridges in the tooth crown (that included in Velociraptorinae
indet.). However, the morphology of these teeth and other Af-
rican and Malagasy teeth assigned to the Dromaeosauridae
(Rauhut and Werner 1995; Rauhut 1999; Amiot et al. 2004;
Fanti and Therrien 2007) has more affinities to that of Laur-
asian dromaeosaurid teeth, whereas a great morphological dis-
crepancy is observed between African and Malagasy teeth and
those of the unenlagiines. In this respect, Knoll and Ruiz-
Omeinaca (2009) have invoked a land corridor between Laur-
asia and Gondwana permiting a faunal interchange during the
Late Jurassic—Early Cretaceous, to explain similarities with
Laurasian forms. Moreover, a connection between Europe and
Africa for these times already has been proposed by previous
authors (e.g., Galton and Taquet 1982; Milner and Norman
1984). According to this hypothesis the dromaeosaurid tooth
record can be explained as a migratory model previous to the
fragmentation of Gondwana (Rauhut and Werner 1995; Knoll
and Ruiz-Omeifiaca 2009). Thus, dromaeosaurids would have
migrated from Europe to Africa during Late Jurassic—Early
Cretaceous, and then would have spread to Madagascar and
South America. Nevertheless, dromaeosaurids and other non-
avian maniraptorans (such as alvarezsaurids), would have
reached a global distribution before the break-up of Pangea
(Makovicky et al. 2005; Novas and Pol 2005). Subsequently,
the separation of Laurasia and Gondwana produced vicariant
lineages in both continents (Novas and Pol 2005). This idea

represents a most parsimonious interpretation of the distribu-
tion of dromaeosaurids, than an origin on Laurasian territories
in the Middle to Late Jurassic and a later spread to Gondwana.
Thus, the isolation would have generated in Laurasia the di-
versification of velociraptorines, dromaeosaurines and micro-
raptorines, and in Gondwana the diversification of unenlagi-
ines (Makovicky et al. 2005; Novas and Pol 2005; Fanti and
Therrien 2007; Vullo et al. 2007; Gianechini et al. 2009; No-
vas et al. 2009).

Presence of avian dental features and evolutionary impli-
cations.—It is interesting, from an evolutionary point of view,
that some traits present in the unenlagiine teeth share several
features with Mesozoic birds. Mesozoic bird teeth are numer-
ous, small in size, mostly conical, slightly recurved distally,
with a faint constriction between the crown and the root, and
devoid of denticles (Martin and Stewart 1977; Martin et al.
1980; Elzanowski and Wellnhofer 1996; Martin and Zhou
1997; Zhang and Zhou 2000; Zhang et al. 2001; Chiappe and
Walker 2002; Sereno et al. 2002; Zhou and Hou 2002). Some
of these features, such as the absence of denticles and the con-
striction between the crown and the root are also shared by
ornithomimosaurs, alvarezsaurids, therizinosaurids, and troo-
dontids and are synplesiomorphic characters of the Mani-
raptoriformes and Maniraptora, respectively (see SOM). Also,
several of these bird dental features are shared with unenla-
giines, such as the absence of denticles, small size, and conical
shape (the latter only with Austroraptor). However, the con-
striction between crown and root is absent in all known un-
enlagiines, and the grooves and ridges are unknown in birds.
Except for Microraptor (Xu et al. 2000; Hwang et al. 2002),
no dromaeosaurid bears a constriction between crown and
root. The dental features shared by unenlagiines and birds, and
also by some Laurasian dromaeosaurids and troodontids,
probably respond to a same general trend that included dental
reduction and simplification.

The presence in birds of several deinonychosaurian den-
tal features has been highlighted by several authors (e.g.,
Martin et al. 1980; Feduccia 2002). Nevertheless, the repet-
itive appearance in troodontids, unenlagiines and birds of
the homogenization, minimization, and simplification of
dentition (now exemplified by extant birds), is remarkable.
Moreover, other groups of the Maniraptoriformes, such as
ornithomimosaurs, alvarezsaurids, and oviraptorosaurs
also show a trend towards the minimization and simplifica-
tion of the teeth, arriving in some cases at the total disap-
pearance of the dentition. Since numerous taxa within the
Maniraptoriformes present a reduction of the dentition (see
SOM), this general trend explains the condition of
unenlagiines and also that of the Avialae.

Conclusions

The morphological study of the unenlagiine dentition shows
that several of its traits can be found in other dromaeosaurids,
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as well as in some troodontids, in non-deinonychosaurian
theropods, and even in birds. However, the studied combina-
tion of features characterizes the Unenlagiinae very well.
The lack of serrations and the presence of grooves and ridges
on the crown, together with the high tooth count and the
small size of the crowns, can be considered as synapo-
morphic features of the Unenlagiinae. Further, the presence
of grooves and ridges should be included as a new character.

The presence of teeth in position in dromaeosaurid skele-
tons is a key finding because it permits association of the array
of isolated teeth to a particular taxon. Furthermore, the pecu-
liar morphological features of the teeth presented here, added
to the derived traits recognized in the cranial and postcranial
skeletons of Buitreraptor and Austroraptor (Makovicky et al.
2005; Novas et al. 2009), provide further character support for
the monophyly of the Unenlagiinae as an endemic Gond-
wanan clade of dromaeosaurids. Among these features the
presence of grooves and ridges on the crown can be consid-
ered as a new important character of this group.

Conversely, the presence of similarities between some
dental features of unenlagiines and some Laurasian dromaeo-
saurids allows recognition of some plesiomorphic traits, such
as the presence of a median groove in the lateral sides of the
crowns of Pyroraptor (SA personal observation), Tsaagan,
and Buitreraptor that creates a figure-eight shaped cross-
section.

Under a paleobiological point of view, it is interesting to
note that grooved teeth are common in purported piscivorous
tetrapods, both aquatic (e.g., mosasaurs, plesiosaurs) as ter-
restrial (e.g., spinosaurs, noasaurids) and flying forms (e.g.,
pterosaurs). Both Buitreraptor and Austroraptor, despite ter-
restrial forms, inhabited the proximity of fluvial deposits as
evidenced by the abundant fish remains that were also found
(Apesteguia et al. 2007). A fishing behavior should be in the
scope of a paleobiological study of these forms.

The finding of southern dromaeosaurids with evidence of
teeth in position allows discussion of peculiar morphological
features that can be added to their already recognized anatomi-
cal peculiarities. This ensemble of data, especially in the skele-
tons of Buitreraptor and Austroraptor (Makovicky et al. 2005;
Novas et al. 2009), provides extra support to recognize the
Unenlagiinae as a vicariant Gondwanan dromaeosaurid clade.
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