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a b s t r a c t

Several remains of an abelisaurid theropod including a nearly complete sacral complex articulated with
both ilia, the distal boot of the pubes, the furcula, teeth, and fragments of transverse processes of caudal
vertebrae was discovered in the La Invernada fossil site, northern Patagonia from the Bajo de la Carpa
Formation (Santonian). The sacrum exhibit features typical of abelisauroids as narrowing of the middle
sacral centra, fused neural spines forming a continuous sheet and ventral bow of the sacrum, in lateral
view. The furcula represents de first mention of this bone for a South American abelisaurid. The
morphology observed in the transverse processes with distal end projected forward and sagittal ridge on
the ventral surface allows its taxonomic assignment to the clade Brachyrostra.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The vertebrate fossil record of the Bajo de la Carpa Formation,
where outcrops appear scattered throughout different areas of
northern Patagonia, consists of crocodyliforms (Woodward, 1896;
Gasparini, 1982; Bonaparte, 1991; Fiorelli and Calvo, 2007;
Martinelli et al., 2012), snakes (Woodward, 1901; Caldwell and
Albino, 2002), turtles (Lapparent de Broin and De la Fuente,
2001), non avian dinosaurs (Bonaparte, 1996; Apesteguía, 2004;
Porfiri and Calvo, 2006; Martinelli and Vera, 2007; Porfiri et al.,
2008; Ezcurra and M�endez, 2009; Filippi et al., 2014, 2016;
M�endez et al., 2015), and birds (Alvarenga and Bonaparte, 1992;
Chiappe and Calvo, 1994).

Among the theropod fauna, four different small-sized theropod
taxa were described, the basal abelisauroid Velocisaurus unicus
.H. M�endez), lsfilippi@gmail.
echini), rubendjuarez@gmail.

.H., et al., New brachyrostran r
ous), northern Patagonia,
(Bonaparte, 1996), the alvarezsaurid Alvarezsaurus calvoi
(Bonaparte, 1996), the enantiornithine Neuquenornis volans
(Bonaparte, 1996) and the basal bird Patagopteryx deferrariisi
(Alvarenga and Bonaparte, 1992). In this regard, medium-large
sized theropod remains correspond to abelisaurids (Porfiri and
Calvo, 2006; Ezcurra and M�endez, 2009; Filippi et al., 2014, 2016;
M�endez et al., 2015), and tetanurans (Porfiri et al., 2008; M�endez
et al., 2015). In this manner, the specimen described here consti-
tutes the second record of abelisaurid theropod recovered from the
Bajo de la Carpa Formation in the La Invernada area (Fig. 1). The
materials described here were found in an area of 4 m2 (Fig. 2), and
do not overlap with those from the holotype of Viavenator, so that
cannot be assigned to this taxon.

Abelisaurid theropods are the best known carnivorous di-
nosaurs of Gondwana with more than a dozen species nominated
(Bonaparte, 1985; Bonaparte and Novas, 1985; Martínez et al., 1986;
Coria and Salgado, 1998; Sampson et al., 1998; Coria et al., 2002;
Kellner and Campos, 2002; Wilson et al., 2003; Calvo et al., 2004;
Coria, 2001; Sereno and Brusatte, 2008; Canale et al., 2009; Novas
et al., 2010; Tortosa et al., 2013; Filippi et al., 2016). However, the
sacrum is only well known in Carnotaurus (Bonaparte et al., 1990;
emains (Theropoda, Abelisauridae) from La Invernada fossil site (Bajo
Argentina, Cretaceous Research (2017), https://doi.org/10.1016/

mailto:arielhmendez@yahoo.com.ar
mailto:lsfilippi@gmail.com
mailto:lsfilippi@gmail.com
mailto:smilodon.80@gmail.com
mailto:rubendjuarez@gmail.com
mailto:rubendjuarez@gmail.com
www.sciencedirect.com/science/journal/01956671
http://www.elsevier.com/locate/CretRes
https://doi.org/10.1016/j.cretres.2017.07.024
https://doi.org/10.1016/j.cretres.2017.07.024
https://doi.org/10.1016/j.cretres.2017.07.024


Fig. 1. Map showing the La Invernada fossil site, Northern Patagonia (Bajo de la Carpa Formation) where the specimen MAU Pv LI 547.
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M�endez, 2010) and partially in Majungasaurus (O'Connor, 2007),
Rajasaurus (Wilson et al., 2003) and MCF-PVPH-237 (Coria et al.,
2006), and the furcula is only known in Majungasaurus (Burch
and Carrano, 2012). These new findings allow find out more
details of the anatomy that so far is poorly understood.
Fig. 2. Quarry map showing the spatial arrangement of the specimen MAU Pv LI 547.
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The studied material is deposited at the Museo Municipal
“Argentino Urquiza” (MAU), Rinc�on de los Sauces, Neuqu�en,
Argentina.
2. Systematic paleontology

Theropoda Marsh, 1881
Ceratosauria Marsh, 1884
Abelisauridae Bonaparte and Novas, 1985
Brachyrostra Canale et al., 2009
Brachyrostra gen. et sp. indet.

Material. MAU Pv LI 547/5 furcula, MAU Pv LI 547/8 proximal third
of ceratobranchial bone, MAU Pv LI 547/1 sacrum plus ilia, MAU Pv
LI 547/2 distal half of fused pubes, MAU Pv LI 547/6-7 two isolated
teeth, MAU Pv LI 547/10-14 distal end of caudal transverse pro-
cesses. MuseoMunicipal “Argentino Urquiza”, Rinc�on de los Sauces,
Neuqu�en, Argentina.
Horizon and locality. Bajo de la Carpa Formation (Santonian, Upper
Cretaceous), Río Colorado Subgroup, Neuquen Group (Garrido,
2010). La Invernada fossil site, located 50 km southwest of the
Rincon de los Sauces City, Neuqu�en Province, Patagonia,
Argentina.
3. Description

Furcula (Fig. 3). This element lacks the left proximal end. It was
recovered together with the carrier sediment in which the mate-
rial impression was marked, whereby its shape and full size is
known.
emains (Theropoda, Abelisauridae) from La Invernada fossil site (Bajo
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Fig. 4. Sacral complex of MAU Pv LI 547. (A) left lateral, (B) dorsal, and (C) ventral
views. Abbreviations: Scale 10 cm.

Fig. 3. Furcula of (A) MAU Pv LI 547 and (B) Majungasaurus crenatissimus (modified
from Burch and Carrano, 2012) in anterior view. Abbreviations: ep, epicleideal process;
af, acromial facet. Scale 5 cm.
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The furcula has a semilunar shapewith recurved rami and differs
markedly from the morphology displayed in the furcula of Majun-
gasaurus (Burch and Carrano, 2012) which is boomerang-like sha-
ped, with the rami nearly straight. This gives it a shape similar to a
wide U, instead of a V, but without being so curved as in some
tyrannosaurids or deinonychosaurs (Nesbitt et al., 2009). The length
between both ends of epicleideal processes is 11.2 cm, with an
interclavicular angle of 120�. The dorsoventral height is 1.8 cm,
notably greater than the 0.5 cm that the bon�e presents in ante-
roposterior direction. The symphysis does not present any type of
hypocleideal process or bulging. The anterior surface is convex,with
the center of curvaturepositionedmoredorsally,while the posterior
surface is concave. On the proximal end of the preserved epicleideal
process there is a series of striations that correspond to the
anchoring of themusculature that links the furculawith the scapula.
Transversally, it can be seen that the ventral part is slightly wider
than the dorsal one and that it is constituted by massive bone.

Sacrum (Fig. 4). Four vertebral elements have been preserved,
probably from s2 to s5, and a part of s6 which are firmly fused
together. This fusion is observed both in the vertebral bodies and
in the neural arches. In lateral view, the vertebral bodies form a
ventrally concave arch, less marked than in Carnotaurus
(Bonaparte et al., 1990) but present in other abelisauroids like
Skorpiovenator (Canale et al., 2009), Eoabelisaurus (Pol and
Rauhut, 2012), Rajasaurus (Wilson et al., 2003), Rahiolisaurus
(Novas et al., 2010) and Masiakasaurus (Carrano et al., 2002,
2011). The sacrum is transversely narrow as in Skorpiovenator,
Eoabelisaurus, and Rajasaurus, although it is less so than in
Aucasaurus (Coria et al., 2002), Carnotaurus, MCF-237 (Coria
et al., 2006) or Majungasaurus. In ventral view, the sacral
centra 3 and 4 are transversely narrower and shorter than the
more external elements of the sacrum, a condition observed in
Carnotaurus, MCF-237, Rajasaurus, and Rahiolisaurus. There is no
evidence of pneumatic openings in any of the vertebral centra.

Themain connection between the sacrum and the ilia is through
the transverse processes, which are laterally oriented. The neural
arches are characterized by the fusion of the neural spines forming
a spinal lamina that presents a straight dorsal margin, similar
to observed in Carnotaurus and Majungasaurus. The preserved
Please cite this article in press as: M�endez, A.H., et al., New brachyrostran r
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transverse processes are all located almost at the same height and
have the same inclination. The state of preservation of the material
does not allow a correct recognition of the possible location of the
intervertebral foramina.

Ilia (Fig. 4). The left ilium is almost complete while the right
ilium lacks the anterior and posterior ends. The ilium is low
(12 cm in the preacetabular area) and elongated (51 cm). In lateral
view, it is observed that the dorsal edge is almost straight, as in
Carnotaurus, Aucasaurus, Rahiolisaurus, MCF-237 and Masiakasau-
rus and contrary to the dorsal convexity exhibited in the iliac blade
of Eoabelisaurus, Skorpiovenator and to a lesser extent in Majun-
gasaurus. The preacetabular portion of the iliac lamina shows a
characteristic ventral elongation observed in Masiakasaurus, Eoa-
belisaurus, Skorpiovenator, Majungasaurus, Rahiolisaurus and Car-
notaurus. The postacetabular process is not observed, due to the
preservation of the material. The pubic pedicel is very broad in
relation to the ischiadic pedicel, similar to that observed in Car-
notaurus, Majungasaurus and Skorpiovenator.

Pubes (Fig. 5). The distal ends of partially fused pubes were
preserved. The distal boot is about 10 cm wide. The morphology of
emains (Theropoda, Abelisauridae) from La Invernada fossil site (Bajo
Argentina, Cretaceous Research (2017), https://doi.org/10.1016/



Fig. 5. Pubes of MAU Pv LI 547 in (A) anterior, (B) lateral, and (C) posterior views. Abbreviation: db, distal boot. Scale 10 cm.
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the preserved part is very similar to that of Carnotaurus and
Aucasaurus, and differs, in distal view, from the form exhibited in
Masiakasaurus. The fusion of the bones is observed more firmly in
the posterodistal sector of the distal boot and the pubic shaft,
exhibiting a sector with an unfused space between both pubes as in
Carnotaurus (Bonaparte et al., 1990).

Ceratobranchial bone (Fig 6). The proximal end of one of the
ceratobranchial bones that are part of the hyoid apparatus was
recovered. This is similar to that described for Carnotaurus
(Bonaparte et al., 1990) and Viavenator (Filippi et al., 2016). It pre-
sents the kidney-shaped joint surface and a series of striations
Fig. 6. Ceratobranchial of MAU Pv LI 547 in (A) dorsal, (B) l
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crowning this portion of the bone. Also a marked ridge on the
dorsal surface is observed.

Teeth (Fig. 7). Two isolated teeth were recovered. The largest
tooth presents a poor state of preservation, with several fractures
and lacking the apical end, while the smaller tooth is better pre-
served. They only preserve the dental crown, lacking the roots, and
thus they most likely correspond to shed teeth. Both teeth have a
basal part of the crown poorly preserved, and the smaller tooth
presents one of the sides of the base much fractured. Besides these
conditions the general form of the crowns seems not to be altered
by taphonomic processes. Both crowns are distally curved,
ateral, (C) ventral, and (D) proximal views. Scale 2 cm.

emains (Theropoda, Abelisauridae) from La Invernada fossil site (Bajo
Argentina, Cretaceous Research (2017), https://doi.org/10.1016/



Fig. 7. Teeth of MAU Pv LI 547. Scale 1 cm.

Fig. 8. Transverse processes of MAU Pv LI 547 in (A) ventral, and (B) dorsal views.
Abbreviation: ap, anterior projection of transverse process; cdl, centrodiapophysial
lamina; sr, sagittal ridge. Scale 2 cm.
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although the distal margin is nearly straight, so the apex of the
crown not exceeds the most distal point of the base in lateral view.
Unfortunately, the distal carina of both teeth has not preserved its
basal portion, because fracture. Mesial and distal carinae present
denticles in all their extension. The smaller tooth has sub-
quadrangular distocentral mesial denticles (sensu the terminology
proposed by Hendrickx et al., 2015), without a significant change in
the morphology along the carina. The mesial carina bears 14 den-
ticles per 5 mm at the tip, and 13 at the mid-crown and near the
cervix (MAVG¼ 13.33). The denticles of the distal carina areweakly
apically hooked and they are 14 per 5 mm at the tip and 12 per
5 mm at the mid-crown. Although the basal portion of the distal
carina is not preserved likely the denticle count at this part was
approximately 13 per 5 mm, taking into account the scarce varia-
tion in size along the carina. Thus it can be estimated a DAVG of 13.
In this way the DSDI is around 1. The larger tooth has sub-
quadrangular distocentral and proximodistally subrectangular
distocentral mesial and distal denticles, respectively. The mesial
carina bears 12 denticles per 5mm at the tip and 11 per 5mm at the
mid-crown and near the cervix (MAVG ¼ 11.33). The distal carina
has 11 denticles per 5 mm at the tip and the mid-crown, and
possibly the same was near the cervix, so DAVG likely is 11. Thus,
the DSDI for this tooth is also around 1. Interdenticular sulci are
observed between the distal denticles of the smaller tooth, which
are short and without apical or basal inclination. In the larger tooth
also seems to be interdenticular sulci, although the poor preser-
vation precludes corroborating this. The larger tooth has labial and
lingual surfaces equally convex and the crown base is lenticular in
cross-section (sensu the terminology of Hendrickx et al., 2015). On
the other hand, the smaller tooth has one side with concave zones
near the carinae, which is interpreted as the lingual side. This
interpretation is also based in the displacement of the mesial ca-
rina, which commonly is lingually displaced in theropod teeth
(Hendrickx et al., 2015). The cross-section of the crown base is
parlinon-shaped (sensu Hendrickx et al., 2015), with a more
marked concavity close to the mesial carina. The degree of curva-
ture of the apex of the crown and the contour of the base of the
crown, would position the smaller tooth as more rostral and the
larger as more caudal.
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Based on the observed features of the teeth, i.e., straight distal
margin, mesial and distal carinae completely serrated from base to
tip, denticles with interdenticular sulci, distal denticles apically
pointed, and a DSDI close to 1, these teeth can be assigned to
Abelisauridae (Hendrickx and Mateus, 2014).

Transverse processes (Fig. 8). Several fragments belonging to the
transverse processes of the caudal vertebrae were recovered. They
exhibit the typical morphology of abelisaurids (e.g., Aucasaurus,
Carnotaurus, Viavenator, Ekrixinatosaurus, Skorpiovenator, Pycnone-
mosaurus), as the presence of conspicuous centrodiapophyseal
lamina on the ventral surface of transverses processes and the
expanded distal end with an anterior projection. A sagittal ridge is
also observed in the ventral side of the transverse process, which is
present in brachyrostrans like Aucasaurus, Carnotaurus, Viavenator
and Ekrixinatosaurus (Ezcurra and M�endez, 2009; M�endez, 2014;
Filippi et al., 2016).

4. Discussion

Several authors have recognized diagnostic characters of
Abelisauroidea (Rowe, 1989; Bonaparte, 1991; Coria and Salgado,
1998; Sereno, 1999; Rauhut et al., 2003; Ezcurra and M�endez,
2009) that are present in the materials described here to
perform an unequivocal taxonomic assignment of this specimen.
Moreover features belonging to less inclusive clades (e.g., Abe-
lisauridae, Brachyrostra) can be observed in the recovered bones
of MAU Pv LI 547.

The furcula is the only element thatmakes it difficult to compare
since only this bone is known inMajungasaurus, and between both,
they present notable differences, something that coincides with the
current view that the majungasaurin abelisaurids and the bra-
chyrostran abelisaurids followed different evolutionary paths
possibly from the separation of Africa and South America during
the fragmentation of Gondwana.

The morphology of the sacrum is typical of the members of
Abelisauridae. The narrowing of the complex sacrum in its middle
as well as the ventral arch of the sacral series are characters that are
present in several members of Abelisauroidea, whereas the nar-
rowing and shortening of the middle sacral centra seems to be
present only in members of the family Abelisauridae. The strong
fusion of sacral neural spines forming a continuous lamina is also an
abelisauroid feature.
emains (Theropoda, Abelisauridae) from La Invernada fossil site (Bajo
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Themorphology of the ilia is variablewithin Abelisauroidea, and
MAU Pv LI 547 shares characters observed in members of Abeli-
sauridae as well as of Noasauridae.

The shape of the pubic foot is very similar to that of derived
brachyrostrans like Aucasaurus and Carnotaurus.

Dental morphology with straight distal margin, mesial and
distal carinae serrated from base to tip, denticles with inter-
denticular sulci, and distal denticles apically pointed are features
shared by members of the family Abelisauridae.

The presence of a marked centrodiapophyseal lamina on the
ventral surface of the transverse processes in the anterior caudal
vertebrae is characteristic of members of Brachyrostra although
this feature seems to be present also in Majungasaurus but much
less marked. The anterior projection of the distal end of the
transverse processes and the presence of the sagittal ridge on the
ventral surface of the distal end of the transverse process are fea-
tures documented in several South American members of Abeli-
sauridae, particularly in those that belong to the Brachyrostra clade.
5. Conclusions

It is noteworthy that for the first time, a brachyrostran furcula is
documented, being the second record for the family Abelisauridae,
which provides a better knowledge of the anatomy of this group of
South American abelisaurids and their differences with the
majungasaurin abelisaurids.

Based on the morphological evidence of the material described
here, it can be assigned without doubt to the family Abelisauridae
and most likely to the Brachyrostra clade. No autapomorphies were
identified in the available elements that might allow us to diagnose
a new genus and species within Abelisauridae.
Acknowledgments

We thank to ExxonMobil for funding fieldworks that led to the
discovery and recovery of this materials; to the “Argentino Urquiza”
Municipal Museum technicians, S. Palomo and C. Fuentes, for
finding the specimen andmaterials preparation, to Proactiva for the
logistic provided in the field and finally to the Town Hall of Rincon
de los Sauces for providing significant support that allowed the
development of paleontological project in the La Invernada area.
We thank Juan I. Canale and Ignacio Cerda for the useful comments
they made that improved the quality of this paper. AHM thanks to
CONICET and ANPCyT for financial support (PICT 2011-1989 and
PICT 2015-0920).
References

Alvarenga, H.M.F., Bonaparte, J.F., 1992. A new flightless landbird from the Creta-
ceous of Patagonia. Natural History Museum of Los Angeles County, Science
Series 36, 51e64.

Apesteguía, S., 2004. Bonitasaura salgadoi gen. et sp. nov.: a beaked sauropod from
the Late Cretaceous of Patagonia. Naturwissenschaften 91, 493e497.

Bonaparte, J.F., 1985. A horned Cretaceous carnosaur from Patagonia. National
Geographic Research 1, 140e151.

Bonaparte, J.F., 1991. Los vertebrados f�osiles de la Formaci�on Río Colorado, de la
Ciudad de Neuqu�en y cercanías, Cret�acico Superior, Argentina. Revista del
Museo Argentino de Paleontología “Bernardino Rivadavia” e Paleontología 4,
17e123.

Bonaparte, J.F., 1996. Cretaceous tetrapods of Argentina. In: Arratia, G. (Ed.),
Contribution of Southern South America to Vertebrate Paleontology. Münchner
Geowissenschaftliche, Abhandlungen (A) 30, pp. 73e130.

Bonaparte, J.F., Novas, F.E., 1985. Abelisaurus comahuensis, n. g., n. sp., Carnosauria
del Cret�acico tardío de Patagonia. Ameghiniana 21, 259e265.

Bonaparte, J.F., Novas, F.E., Coria, R.A., 1990. Carnotaurus sastrei Bonaparte, the
horned, lightly built carnosaur from the Middle Cretaceous of Patagonia.
Contribution in Science, Natural History Museum of Los Angeles Country 416,
1e42.
Please cite this article in press as: M�endez, A.H., et al., New brachyrostran r
de la Carpa Formation, Upper Cretaceous), northern Patagonia,
j.cretres.2017.07.024
Burch, S.H., Carrano, M.T., 2012. An articulated pectoral girdle and forelimb of the
abelisaurid theropod Majungasaurus crenatissimus from the Late Cretaceous of
Madagascar. Journal of Vertebrate Paleontology 32 (1), 1e16.

Caldwell, M.W., Albino, A.A., 2002. Exceptionally preserved skeletons of the
Cretaceous snake Dinilysia patagonica, Woodward, 1901. Journal of Vertebrate
Paleontology 22, 861e866.

Calvo, J.O., Rubilar-Roger, D., Moreno, K., 2004. A new Abelisauridae (Dinosauria:
Theropoda) from northwest Patagonia. Ameghiniana 41 (4), 555e563.

Canale, J.I., Scanferla, C.A., Agnolín, F.L., Novas, F.E., 2009. New carnivorous dinosaur
from the Late Cretaceous of NW Patagonia and the evolution of abelisaurid
theropods. Naturwissenschaften 96, 409e414.

Carrano, M.T., Sampson, S.D., Forster, C.A., 2002. The osteology of Masiakasaurus
knopfleri, a small abelisauroid (Dinosauria: Theropoda) from the Late Creta-
ceous of Madagascar. Journal of Vertebrate Paleontology 22, 510e534.

Carrano, M.T., Loewen, M.A., Sertich, J.J.W., 2011. New materials of Masiakasaurus
knopfleri Sampson, Carrano, and Forster, 2001, and implications for the
morphology of the Noasauridae (Theropoda: Ceratosauria). Smithsonian Con-
tributions to Paleobiology 95, 1e53.

Chiappe, L.M., Calvo, J.O., 1994. Neuquenornis volans, a new Late Cretaceous bird
(Enantiornithes: Avisauridae) from Patagonia, Argentina. Journal of Vertebrate
Paleontology 14 (2), 230e246.

Coria, R.A., 2001. A new theropod from the Late Cretaceous of Patagonia. In:
Tanke, D.H., Carpenter, K. (Eds.), Mesozoic Vertebrate Life. Indiana University
Press, pp. 3e9.

Coria, R.A., Salgado, L., 1998. A basal Abelisauria Novas, 1992 (Theropoda-Cerato-
sauria) from the Cretaceous of Patagonia, Argentina. Gaia 15, 89e102.

Coria, R.A., Chiappe, L.M., Dingus, L., 2002. A new close relative of Carnotaurus
sastrei Bonaparte 1985 (Theropoda: Abelisauridae) from the Late Cretaceous of
Patagonia. Journal of Vertebrate Paleontology 22, 460e465.

Coria, R.A., Currie, P.J., Carabajal, A.P., 2006. A new abelisauroid theropod from
northwestern Patagonia. Canadian Journal of Earth Sciences 43 (9), 1283e1289.

Ezcurra, M.D., M�endez, A.H., 2009. First report of a derived abelisaurid theropod
from the Bajo de la Carpa Formation (Late Cretaceous), Patagonia, Argentina.
Bulletin of Geosciences 84 (3), 547e554.

Filippi, L.S., Ju�arez Valieri, R.D., Garrido, C.A., 2014. A new derived abelisaurid taxon
from the Bajo de la Carpa Formation, Late Cretaceous of the Neuqu�en Basin,
Argentina. XXVIII Jornadas Argentinas de Paleontología de Vertebrados. Zapala,
Neuqu�en. Ameghiniana 51 (6), 9R.

Filippi, L.S., M�endez, A.H., Ju�arez Valieri, R.D., Garrido, C.A., 2016. A new brachyr-
ostran with hypertrophied axial structures reveals an unexpected radiation of
latest Cretaceous abelisaurids. Cretaceous Research 61, 209e219.

Fiorelli, L.E., Calvo, J.O., 2007. New remains of Notosuchus terrestris Woodward,
1896 (Crocodyliformes: Mesoeucrocodylia) from Late Cretaceous of Neuqu�en,
Patagonia, Argentina. Arquivos do Museu Nacional Río de Janeiro: Museu
Nacional 1e42.

Garrido, A.C., 2010. Estratigrafía del Grupo Neuqu�en, Cret�acico Superior de la
Cuenca Neuquina (Argentina): nueva propuesta de ordenamiento litoestra-
tigr�afico. Revista del Museo Argentino de Ciencias Naturales 12 (2), 121e177.

Gasparini, Z., 1982. Una nueva familia de cocodrilos zifodontes cret�acicos de
Am�erica del Sur. Actas V Congreso Latinoamericano de Geologia 4, 317e329.

Kellner, A.W.A., Campos, D.A., 2002. On a theropod dinosaur (Abelisauria) from the
continental Cretaceous of Brazil. Arquivos do Museu Nacional 60 (3), 163e170.

Lapparent de Broin, F., De la Fuente, M.S., 2001. Oldest world Chelidae (Chelonii,
Pleurodira), from the Cretaceous of Patagonia, Argentina. Comptes Rendus des
s�eances de l’Acad�emie des Sciences 333, 463e470.

Marsh, O.C., 1881. Principle characters of American Jurassic dinosaurs. Part V.
American Journal of Science 21, 418e423.

Marsh, O.C., 1884. Principle characters of American Jurassic dinosaurs. Part VIII. The
order Theropoda. American Journal of Science 27, 329e340.

Martinelli, A.G., Vera, E.I., 2007. Achillesaurus manazzonei, a new alvarezsaurid
theropod (Dinosauria) from the Late Cretaceous Bajo de la Carpa Formation, Río
Negro Province, Argentina. Zootaxa 1582, 1e17.

Martinelli, A.G., Sertich, J.J.W., Garrido, A.C., Praderio, A.M., 2012. A new peirosaurid
from the Late Cretaceous of Argentina: implications for specimens referred to
Peirosaurus torminni Price (Crocodyliformes: Peirosauridae). Cretaceous
Research 37, 191e200.

Martínez, R., Gimen�ez, O., Rodríguez, J., Bochatey, G., 1986. Xenotarsosaurus bona-
partei nov. gen. et sp. (Carnosauria, Abelisauridae), un nuevo Theropoda de la
Formaci�on Bajo Barreal Chubut, Argentina. IV Congreso Argentino de Paleon-
tología y Bioestratigrafía 1, 23e31.

M�endez, A.H., 2010. Estudio anat�omico, filogen�etico y funcional de la columna
vertebral de los ter�opodos abelis�auridos (Dinosauria, Theropoda, Ceratosauria),
423 pp. Unpublished Ph.D. thesis, Universidad de Buenos Aires, Argentina.

M�endez, A.H., 2014. The caudal vertebral series in abelisaurid dinosaurs. Acta
Palaeontologica Polonica 59 (1), 99e107.

M�endez, A.H., Filippi, L.S., Garrido, C.A., 2015. Nuevos hallazgos de dinosaurios
ter�opodos provenientes del sitio La Invernada (Formaci�on Bajo de la Carpa),
Rinc�on de los Sauces, Neuqu�en”. XXIX Jornadas Argentinas de Paleontología de
Vertebrados. Diamante, Entre Ríos. Ameghiniana 52 (4), 28R.

Nesbitt, S.J., Turner, A.H., Spaulding, M., Conrad, J.L., Norell, M.A., 2009. The
theropod furcula. Journal of Morphology 270, 856e879.

Novas, F.E., Chatterjee, S., Rudra, D.K., Datta, P.M., 2010. Rahiolisaurus gujaratensis, n.
gen. n. sp., a new abelisaurid theropod from the Late Cretaceous of India. In:
Bandyopadhyay, S. (Ed.), New Aspects of Mesozoic Biodiversity. Springer, Berlin/
Heidelberg, pp. 45e62.
emains (Theropoda, Abelisauridae) from La Invernada fossil site (Bajo
Argentina, Cretaceous Research (2017), https://doi.org/10.1016/

http://refhub.elsevier.com/S0195-6671(17)30153-2/sref1
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref1
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref1
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref1
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref2
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref2
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref2
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref3
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref3
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref3
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref4
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref4
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref4
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref4
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref4
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref4
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref4
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref4
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref4
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref4
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref5
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref5
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref5
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref5
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref6
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref6
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref6
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref6
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref7
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref7
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref7
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref7
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref7
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref8
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref8
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref8
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref8
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref9
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref9
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref9
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref9
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref10
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref10
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref10
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref11
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref11
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref11
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref11
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref12
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref12
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref12
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref12
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref13
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref13
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref13
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref13
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref13
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref14
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref14
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref14
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref14
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref15
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref15
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref15
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref15
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref16
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref16
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref16
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref17
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref17
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref17
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref17
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref18
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref18
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref18
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref19
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref19
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref19
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref19
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref19
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref20
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref20
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref20
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref20
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref20
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref20
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref20
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref21
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref21
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref21
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref21
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref21
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref21
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref22
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref22
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref22
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref22
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref22
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref22
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref23
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref23
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref23
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref23
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref23
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref23
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref23
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref24
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref24
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref24
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref24
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref24
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref25
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref25
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref25
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref26
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref26
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref26
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref26
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref26
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref26
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref27
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref27
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref27
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref28
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref28
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref28
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref29
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref29
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref29
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref29
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref30
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref30
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref30
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref30
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref30
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref31
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref31
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref31
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref31
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref31
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref31
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref31
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref32
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref32
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref32
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref32
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref32
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref32
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref32
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref32
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref33
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref33
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref33
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref33
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref34
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref34
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref34
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref34
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref34
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref34
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref34
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref34
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref34
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref35
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref35
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref35
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref36
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref36
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref36
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref36
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref36


A.H. M�endez et al. / Cretaceous Research xxx (2017) 1e7 7
O'Connor, P.M., 2007. The postcranial axial skeleton of Majungasaurus crenatissimus
(Theropoda: Abelisauridae) from the Late Cretaceous of Madagascar. Society of
Vertebrate Paleontology, Memoir 8, 127e162.

Pol, D., Rauhut, O.W.M., 2012. A Middle Jurassic abelisaurid from Patagonia and the
Early diversification of theropod dinosaurs. Proceedings of the Royal Society B
279, 3170e3175.

Porfiri, J.D., Calvo, J.O., 2006. A new record of Carnotaurinae (Theropoda Abeli-
sauridae) from the Upper Cretaceous of Neuqu�en, Patagonia. Journal of Verte-
brate Paleontology. Abstract 26 (3), 111.

Porfiri, J.D., Calvo, J.O., Ju�arez Valieri, R.D., Santos, D.D., 2008. A new large theropod
dinosaur from the Bajo de la Carpa Formation (Late Cretaceous) of Neuqu�en,
Patagonia. III Congreso Latinoamericano de Paleontología de Vertebrados e

Neuqu�en, Patagonia, Argentina, Resúmenes: 202.
Rauhut, O.W.M., Cladera, G., Vickers-Rich, P., Rich, T.H., 2003. Dinosaur remains

from the Lower Cretaceous of the Chubut Group, Argentina. Cretaceous
Research 24, 487e497.

Rowe, T.,1989. A new species of the theropod dinosaur Syntarsus from the Early Jurassic
Kayenta Formation of Arizona. Journal of Vertebrate Paleontology 9 (2), 125e136.

Sampson, S.D., Witmer, L.M., Forster, C.A., Krause, D.W., O'Connor, P.M., Dodson, P.,
Ravoavy, F., 1998. Predatory dinosaur remains from Madagascar: implications
for the Cretaceous biogeography of Gondwana. Science 280, 1048e1051.
Please cite this article in press as: M�endez, A.H., et al., New brachyrostran r
de la Carpa Formation, Upper Cretaceous), northern Patagonia,
j.cretres.2017.07.024
Sereno, P.C., 1999. The evolution of dinosaurs. Science 284, 2137e2147.
Sereno, P.C., Brusatte, S.L., 2008. Basal abelisaurid and carcharodontosaurid thero-

pods from the Lower Cretaceous Elrhaz Formation of Niger. Acta Palae-
ontologica Polonica 53 (1), 15e46.

Tortosa, T., Buffetaut, E., Vialle, N., Dutour, Y., Turini, E., Cheylan, G., 2013. A new
abelisaurid dinosaur from the Late Cretaceous of southern France: palae-
obiogeographical implications. Annales de Pal�eontologie 100 (1), 63e86.

Wilson, J.A., Sereno, P.C., Srivasta, S., Bhatt, D.K., Koshla, A., Sahni, A., 2003. A new
abelisaurid (Dinosauria, Theropoda) from the Lameta Formation (Cretaceous,
Maastrichtian) of India. Contributions from the Museum of Paleontology, Uni-
versity of Michigan 31 (1), 1e42.

Woodward, A.S., 1896. On two mesozoic crocodilians Notosuchus (genus novum)
and Cynodontosuchus (genus novum) from the red sandstone of the territory of
Neuquen (Argentine Republic). Anales del Museo de la Plata, Paleontologia
Argentina 6, 1e20.

Woodward, A.S., 1901. On some extinct reptiles from Patagonia, of the genera
Miolania, Dinilysia and Genyodectes. Proceedings of the Zoological Society of
London 1, 169e184.
emains (Theropoda, Abelisauridae) from La Invernada fossil site (Bajo
Argentina, Cretaceous Research (2017), https://doi.org/10.1016/

http://refhub.elsevier.com/S0195-6671(17)30153-2/sref37
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref37
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref37
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref37
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref38
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref38
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref38
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref38
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref39
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref39
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref39
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref39
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref40
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref40
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref40
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref40
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref40
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref40
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref40
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref41
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref41
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref41
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref41
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref42
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref42
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref42
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref43
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref43
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref43
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref43
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref44
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref44
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref45
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref45
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref45
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref45
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref46
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref46
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref46
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref46
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref46
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref47
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref47
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref47
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref47
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref47
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref48
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref48
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref48
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref48
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref48
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref49
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref49
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref49
http://refhub.elsevier.com/S0195-6671(17)30153-2/sref49

	New brachyrostran remains (Theropoda, Abelisauridae) from La Invernada fossil site (Bajo de la Carpa Formation, Upper Creta ...
	1. Introduction
	2. Systematic paleontology
	3. Description
	4. Discussion
	5. Conclusions
	Acknowledgments
	References


