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Abstract. Abelisaurids were a group of mostly Gondwanan theropod dinosaurs, whose
anatomy and phylogeny are well known. However, this is not the case for some
paleobiological aspects such as postcranial pneumaticity. In this work, postcranial
pneumaticity patterns were analyzed in three abelisaurids: Tralkasaurus cuyi,
Skorpiovenator bustingorryi, and Carnotaurus sastrei, which were compared with other
abelisaurids and closely related groups (e.g., noasaurids). For this purpose, both naked-
eye observations and CT scans of vertebral material (dorsal and caudal), as well as
cervical and dorsal ribs were considered. The results obtained show that Tralkasaurus
and Skorpiovenator have pneumatized dorsal vertebrae, like almost all the analyzed taxa
(e.g., Majungasaurus crenatissimus). The same occurs with the ribs of both
Skorpiovenator and Carnotaurus and other taxa (e.g., Niebla antiqua). In the case of

Carnotaurus, only the cervical ribs were scanned, which showed camerae, while the
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dorsal ribs of Skorpiovenator showed a possible pneumatic space. The greatest variation
is found in the caudal vertebrae, where Skorpiovenator presents pneumatization in the
neural arches, while most abelisaurids have apneumatic caudal vertebrae, with the
exception of Aucasaurus garridoi and an undetermined abelisaurid from Chubut. These
results are unexpected, since the caudal vertebrae of abelisaurids were historically
considered apneumatic, and highlight the need to delve deeper into this type of studies
within this fascinating group of theropods.

Keywords. Ceratosauria, camellated tissue, ribs, presacral vertebrae, caudal vertebrae,
CT scans, Cretaceous, Patagonia

Resumen. NEUMATICIDAD POSTCRANEANA EN ABELISAURIDOS
(DINOSAURIA: THEROPODA): LOS CASOS DE TRALKASAURUS CUY]I,
SKORPIOVENATOR BUSTINGORRYIY CARNOTAURUS SASTREI. Los abelisauridos
fueron un grupo de teropodos, principalmente gondwanicos, cuya anatomia y filogenia
son bien conocidas. Sin embargo, este no es el caso de algunos aspectos
paleobioldgicos, como la neumaticidad postcraneana. En este trabajo se analizaron los
patrones de neumaticidad postcraneal en tres abelisauridos: Tralkasaurus cuyi,
Skorpiovenator bustingorryi y Carnotaurus sastrei, los cuales fueron comparados con
otros abelisauridos y grupos relacionados (p. €j., noasauridos). Para este proposito, se
consideraron tanto observaciones a 0jo desnudo como tomografias computadas de
material vertebral (dorsal y caudal) asi como de costillas cervicales y dorsales. Los
resultados obtenidos muestran que Tralkasaurus y Skorpiovenator presentan vértebras
dorsales neumatizadas, como casi todos los taxones analizados (p. €j., Majungasaurus
crenatissimus) y 1o mismo ocurre con las costillas de Skorpiovenator, Carnotaurus y
otros taxones (p. €j., Niebla antiqua). La mayor variacion fue hallada en las vértebras

caudales, donde Skorpiovenator presenta arcos neurales neumatizados, mientras que la
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mayoria de los abelisauridos presentan vértebras caudales aneumaticas, con la
excepcion de Aucasaurus garridoi y un abelisdurido indeterminado de Chubut. Estos
resultados son inesperados, dado que las vértebras caudales de los abelisduridos se
consideraban historicamente aneumaticas, por lo cual resalta la necesidad de
profundizar en este tipo de estudios dentro de este fascinante grupo de terépodos.
Palabras clave. Ceratosauria, tejido camelado, costillas, vértebras presacras, vértebras

caudales, tomografias computadas, Cretacico, Patagonia

INTRODUCTION

Abelisaurids are a group of non-avian theropods, which inhabited mostly Gondwanan
landscapes and whose records date back from the Valanginian (lower Cretaceous) until
the Maastrichtian (upper Cretaceous), with the most abundant record of Argentinean
Patagonia (Bonaparte 1991; Carrano and Sampson 2008; Novas 2009; Novas et al.
2013; Zaher et al. 2020). Abelisaurids present various sizes (from about 4 meters to
about 8-9 meters) (Novas et al. 2013; Canale et al. 2016) and have some particular
characteristics such as highly sculptured skulls with high snouts and extremely small
forelimbs (Bonaparte and Novas 1985; Bonaparte 1991; Novas 1997; Coria et al. 2002;
Canale et al. 2009, 2016; Carrano and Sampson 2008; Pol and Rauhut 2012). To this
day, both anatomy and phylogenetic relationships of abelisaurids are well known and
have been widely discussed (Bonaparte 1985; Sampson et al. 1998; Coria et al. 2002;
Canale et al. 2009; Farke and Sertich 2013; Filippi et al. 2016; Zaher et al. 2020; Baiano
et al. 2023; Pol et al. 2024), little is known about some of their paleobiological aspects,
particularly those related to postcranial pneumaticity (PSP).

Postcranial pneumaticity is currently present only in birds (Duncker 1971, O’Connor

2006), but has spread within the clade Ornithodira, being found in both pterosaurs and
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saurischian dinosaurs (Britt 1993; Wedel 2009; Benson et al. 2011). PSP is the invasion
of epithelial extensions called pneumatic diverticula within bones, whose origin came
from the air sacs connected to the lungs (King 1966; Duncker 1971). This invasion
occurs through foramina that connect to internal cavities called camerae or camellae
(Britt 1993; Wedel 2003a,b; O’Connor 2006).

Although PSP is widely distributed within Saurischia, it has been studied much more in
sauropods than in non-avian theropods (Britt 1993; O’Connor 2007; Sereno et al. 2008;
Benson et al. 2011; Watanabe et al. 2015; Aranciaga-Rolando et al. 2020; Gianechini
and Zurriaguz 2021; Aureliano et al. 2024; Windholz et al. 2025).

This study aims to describe the postcranial pneumaticity (PSP) of three distinct
abelisaurid theropods (Tralkasaurus cuyi Cerroni et al. 2020, Skorpiovenator
bustingorryi Canale et al. 2009 and Carnotaurus sastrei Bonaparte 1985). These results
will expand not only the knowledge about PSP in theropods generally, and particularly
the Abelisauridae, a group for which the distribution of this characteristic remains

barely documented.

Institutional Abreviations. CPP, Centro de Pesquisas Paleontoldgicas “Llewellyn Ivor
Price,” Peiropolis, Brazil; DGM, Departamento Nacional da Produgao Mineral, Museu
de Cencias da Terra, Rio de Janeiro, Brazil; FMNH Field Museum of Natural History,
Chicago; United States of America; FSAC, Faculté des Sciences Ain Chock, Université
Hassan II, Casablanca, Morocco; MACN-Pv-CH, Museo Argentino de Ciencias
Naturales “Bernardino Rivadavia”, Coleccion Chubut, Ciudad Auténoma de Buenos
Aires, Argentina; MCF, Museo “Carmen Funes”, Plaza Huincul, Argentina; MCT,
Museo de Ciencias da Terra, Rio de Janeiro, Brazil; MEB (MMCH), Museo “Ernesto

Bachmann”, El Chocon, Argentina; MEF, Museo Egidio Feruglio, Trelew, Argentina;
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MHNA, Muséum d’Histoire Naturelle d’ Aix-en-Provence, France; MHNH, Muséum
d’histoire naturelle du Havre, Havre, France; MN, Museu Nacional, Universidade
Federal do Rio de Janeiro, Rio de Janeiro, Brazil; MPCA, Museo Provincial “Carlos
Ameghino”, Cipolletti, Argentina; MPCN, Museo Patagonico de Ciencias Naturales,
General Roca, Argentina; MPM, Museo Padre Manuel Molina, Rio Gallegos, Santa
Cruz, Argentina; MPMA, Museu de Paleontologia de Monte Alto, Sao Paulo, Brazil;
MUCPv, Museo de la Universidad Nacional del Comahue, Neuquén, Argentina; NMYV,
National Museum of Victoria, Melbourne, Australia; PIN, Borissiak Paleontological
Institute of the Russian Academy of Sciences, Moscov, Russia; UA, University of
Antananarivo, Antananarivo, Madagascar; UNPSJBPV, Universidad Nacional de la

Patagonia San Juan Bosco, Coleccion Paleovertebrados, Chubut, Argentina

MATERIALS AND METHODS

Materials

The materials examined in this study include one posterior dorsal vertebra and three
dorsal transverse process of Tralkasaurus cuyi (MPCA Pv-815; see Cerroni et al., 2020),
two posterior dorsal vertebrae (10th and 11th), two anterior caudal vertebrae (1st and
3rd), four dorsal ribs of Skorpiovenator bustingorryi (MMCH-PV 48; see Canale et al.,
2008) and three cervical (5th, 8th and 10th) and seven dorsal ribs of Carnotaurus sastrei
(MACN-Pv-CH 894; see Bonaparte et al. 1990).

Methods

Pneumatic characters were described first-hand encompassing both external
observations and internal morphology. The internal structure was described according to
the terminologies of Britt (1993) and Wedel (2003a,b). Two of the three taxa were

tomographed in Neuquén city: Skorpiovenator and Tralkasaurus. The CT scans were
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performed in Policlinico de Neuquén, using a tomograph GE® BrightSpeed. In both
cases, the slices presented 0.625 mm of separation and 120 kV. In the case of
Carnotaurus, the CT scans were performed at Maimonides University, with a slice
thickness of 0.8 mm and 130 kV. The digital work of the CT scans was carried out with
the following software: 3D Slicer v5.8 (Fedorov et al. 2012) to obtain improved and
visualize three-dimensional models (exported as .stl files) and Adobe PS 2018 for image
creation.

Also, comparisons were made with other abelisaurids by analyzing its dorsal and caudal
vertebrae, as well ascervical and dorsal ribs in order to compare it with the three taxa

studied here

DESCRIPTION

Dorsal vertebrae of Tralkasaurus cuyi

In these vertebrae, only small portions of the vertebral centra and neural arches have
been preserved, which present a high degree of pneumatization (Fig 1). Due to the
extreme deterioration of the material, external pneumatic features cannot be observed
(e.g., foramina with visible connection to the interior of the vertebra), while the internal
structure present is of camellated type and extends throughout all preserved parts of the
neural arch reaching the distal ends of the diapophyses and parapophyses. As for the
structure of the camellated tissue, the camellae are of considerable size and can be seen
only in the parasagittal axis, in which the camellae exhibit an arrangement that is
sometimes quadrangular (i.e., base of the arch) and sometimes triangular or
subtriangular (i.e., diapophysis and parapophysis, especially on their ends) (Fig. 1.4;
1.5; 1.6; 1.7).

Dorsal vertebrae of Skorpiovenator bustingorryi
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Because most dorsal vertebrae are articulated, only the 10™ and 11" dorsal vertebrae
could be CT scanned (Fig 2.1, 2.2, 2.3 and 2.4). In this case, and possibly due to the
poor preservation of the material, it was not possible to appreciate any pneumatic
feature, beyond some structures that could have formed part of the small chambers,
called camellated tissue. In this case, it can be observed that the camellated tissue has
collapsed, preventing the recognition of camellae (Fig 2.1, 2.2, 2.3 and 2.4).

Caudal Vertebrae of Skorpiovenator bustingorryi

These caudal vertebrae show, in general terms, apneumatic centra and pneumatized
neural arches (Fig 2.5; 2.6; 2.7 and 2.8). The neural arches are completely pneumatized,
especially in the transverse processes (Fig 2.5; 2.7 and 2.8). The pneumatization of the
neural arches is composed of small chambers that correspond to a camellated tissue
pattern. Due to wind erosion and root invasion, the material has been deteriorated,
which affected the material, preventing the identification of the precise shape of this
tissue. For the same reason, it was also not possible to observe pneumatic foramina that
would serve as a connection to the internal camellated tissue.

Cervical and dorsal ribs of Carnotaurus sastrei

Both cervical and dorsal ribs, whether anterior, middle, or posterior, have a foramen
located between the tubercle and the capitulum. In this taxon, this foramen is oval and
of considerable size (approximately 3 cm), especially in the cervical ribs, where the
separation between tubercle and capitulum is higher. These foramina are usually, placed
deep inside the rib, and pneumatic camerae have been observed. (Fig 3.1;3.2;3,3;3.4
and 3.5)

External and internal structure of dorsal ribs of Skorpiovenator bustingorryi

All the ribs analyzed have a small foramen, varying in size and shape from circular to

oval, located between the tubercle and the capitulum (Fig 3.6; 3.7; 3.8 and 3.9)
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In the CT scans it can be observed that there is camellated tissue possibly collapsed due
to poor preservation, similar to the situation of the dorsal vertebra. This camellated
tissue is observed near the foramen present near the tubercle and the capitulum and its
extension covers the most proximal portion of the rib, disappearing as the shaft becomes

distally laminar (Fig 3.6; 3.7; 3.8 and 3.9).

DISCUSSION

Analyzed specimens: Tralkasaurus, Skorpiovenator and Carnotaurus

In all of them it was possible to trace pneumatic characters distributed in the different
portions of the analyzed body, which coincide, in part, with what was expected for this
group (O’Connor 2007; Benson et al. 2012; Méndez 2014). PSP was recorded
unambiguously in the dorsal vertebrae of Tralkasaurus cuyi. For Skorpiovenator
bustingorryi it was recorded ambiguously in the dorsal vertebrae, unambiguously in the
neural arches of the caudal vertebrae and unambiguously in the proximal end of the
dorsal ribs, while Carnotaurus sastrei showed internal (cervical ribs) and external
(dorsal ribs) pneumatic features. The most striking result is the presence of pneumaticity
in the caudal vertebrae of Skorpiovenator, since for abelisaurids the tail region is usually
considered as apneumatic (Benson et al. 2011; Méndez 2014)

Comparison with other abelisaurids, noasaurids and Ceratosaurus

Analyzing the presence of pneumaticity in the dorsal vertebrae, we have recorded its
unambiguous presence in Tralkasaurus and, doubtfully, in Skorpiovenator. Previously
reported taxa showing pneumaticity in their dorsal vertebrae were Niebla antiqua where
camellated tissue can be seen on an isolated dorsal vertebra (Aranciaga-Rolando et al.
2021; Fig 4.1), Dahalokely tokana (UA 9855), Xenotarsosaurus bonapartei (UNPSJB

PV 184) and Ekrixinatosaurus novasi (Martinez et al. 1987; Ibiricu et al. 2021; Farke
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and Sertich 2013; Calvo et al. 2004, MUCPv-294, Fig 4.2). In the last three taxa, the
internal pneumatic structure of the camellate type can be seen at first hand observation
and there are mentions to possible osteological correlates of pneumaticity, such as deep
fossae, which are apparently connected to the interior of the vertebrae. This was also
observed for various indeterminate abelisaurid remains [CPP 893, Novas et al. 2008;
MPCN-Pv 69, Gianechini et al. 2015 (Fig 4.3)]. The first unambiguous evidence of
pneumaticity comes from Majungasaurus crenatissimus Déperet 1896 (UA 8678;
FMNH PR 2100), where, due to natural fragmentation of the material, it is possible to
see its internal structure, which results in the presence of camellated tissue up to the last
dorsal vertebrae except for the last one (O’ Connor 2007). This article was recently
supplemented by CT scans of the dorsal vertebrae of Majungasaurus (Aureliano et al.
2024), but unfortunately it is not possible to clearly see the structure and extent of
pneumaticity within the vertebrae due to the technique used to colorize the images by
such authors.

Regarding caudal vertebrae, those from Skorpiovenator showed apneumatic centra and
pneumatized neural arches. According to comparisons made with other abelisaurid taxa,
the situation of Skorpiovenator it is uncommon, and in fact, it does not match with any
of the analyzed taxa. The most common pattern found in several abelisaurids is the
occurrence of apneumatic caudal vertebrae, which is present in Majungasaurus (O’
Connor 2007), Kurupi itaata (Iori et al. 2021) (MPMA 27-0001/02), Pycnonemosaurus
nevesi Kellner and Campos 2002 (see in Delcourt 2017) (DGM 859-R), Arcovenator
escotae (Tortosa et al. 2013) (MHNA.PV.2011.12.5; MHNA.PV.2011.12.198 and .213)
and some remains of an undetermined abelisaurid from Cerro Barcino Formation
(Rauhut et al. 2003). The only abelisaurid material showing pneumatic features in a

mid-caudal vertebra, corresponds to an indeterminate abelisaurid from Bajo Barreal
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Formation in the northern of Santa Cruz Province (MPM-99) (Martinez et al. 2004, see
Baiano et al. 2023), where camellated tissue is observed in the vertebral centrum due to
fragmentation of the material. Further, Aucasaurus garridoi Coria et al. 2002 (MCF-
PVPH-236) shows caudal pneumaticity, which affected vertebral centra and neural
arches, extending at least up to the 13th caudal vertebra (Baiano et al. 2023). Although
Skorpiovenator also presents pneumaticity on its caudal vertebrae, this only affects the
neural arches and this pattern was not recorded in the sample of analyzed abelisaurids.
Finally, considering both the cervical and dorsal ribs, it is possible to see that in both
Carnotaurus and Skorpiovenator, there are foramina closely placed to the proximal rib
area, mostly over the lamina between the tubercle and the capitulum. Unfortunately, the
poor preservation of Skorpiovenator prevented the pneumatic pattern from being
properly recognized. A similar situation exists for Carnotaurus whose current
preservation prevents tomography. Of all taxa analyzed, only Niebla preserves dorsal
ribs where it is possible to visualize a pattern of large spaces within the tubercle and
capitulum area (fig 8 in Aranciaga-Rolando et al. 2021), with a camerate structure.
Dahalokely was also analyzed, but its dorsal ribs are apparently apneumatic (Farke and

Sertich 2013).

Regarding the related taxa analyzed, only Masiakasaurus knopfleri Sampson et al. 2001
(FMNH PR 2837, FMNH PR 2481, FMNH PR 2485, Berthasaura leopoldinae de
Souza et al. 2021 (MN 7821-V) and Ceratosaurus Marsh 1884 provide comparable
material, including dorsal and caudal vertebrae, as well as ribs. Of these, internal
pneumatic structures are known only for Ceratosaurus.Its dorsal vertebrae exhibit an

internal pneumatization pattern intermediate between camellate and camerate structures,
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with non-pneumatized patches (e.g., neural spine) (see fig 16 in Britt 1993). This does
not match to that observed in Tralkasaurus and, possibly, in Skorpiovenator.

Both Masiakasaurus and Berthasaura have deep foramina of possible pneumatic origin
in their presacral vertebrae; however, because their internal structure remains unknown,
we do not deem it necessary to discuss this in further detail.

Unlike that observed in the caudal vertebrae of Skorpiovenator, the caudal elements of
Ceratosaurus are apneumatic, although a single camera is strikingly present in the
central portion of the vertebral centra, which was described as apneumatic because it
lacks connection to the exterior through foramina (Britt 1993).

Regarding the ribs, as in Carnotaurus, Masiakasaurus has a foramen (see fig 17 in
Carrano et al. 2011) and, as in Carnotaurus and Skorpiovenator, the dorsal ribs of
Ceratosaurus have a large foramen (fig 15.3 in Britt 1993) in the same position as the
taxa analyzed here. Furthermore, as to the internal structure, the dorsal ribs are
pneumatized with a camerae structure (see fig 74 and 75 in Reid 1996).

Along with Ceratosaurus, noasaurids remains were also compared, although it was not
possible to obtain overlapping material for comparison. These materials show that
pneumatic tissue is already present in cervical vertebrae (Brum et al. 2018; Smyth et al.
2019; Poropat et al. 2020 in NMV P252004; Averianov et al. 2024 in Kiyacursor
longipes (PIN 329/16), consistent with a symmetrical camerae pattern (Brum et al.
2018; Smyth et al. 2019) or camellated tissue (Poropat et al. 2020; Averianov et al.
2024).

Some considerations on the pneumaticity of abelisaurids

Abelisaurids form a diverse clade for which anatomical studies are the most common
(Carrano and Sampson, 2008; Novas et al., 2013, and references therein), but even

though certain aspects of their biology have been addressed (e.g., neuroanatomy,
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Paulina-Carabajal et al., 2023, and references therein) some other aspects of their
paleobiology have not been studied very frequently, an example of this is the case of the
PSP (e.g., O’ Connor 2007). The analysis carried out here show the variations present in
different species of abelisaurids and other theropods phylogenetically linked to them.
According to the sample analyzed, we can affirm that the cervical vertebrae of
abelisaurids are pneumatized and the same occurs for indeterminate noasaurids from
Adamantina Formation, Brazil (Brum et al. 2016, 2018) and Ifezouane Formation,
Morocco (Smyth et al. 2019) and Ceratosaurus (Britt, 1993). However, the pnemautic
pattern varies among these taxa, with abelisaurids typically showing a camellated tissue
characteristic of late-branching forms, whereas noasaurids and early branching taxa
such as Ceratosaurus, tend to display a camerate condition . All these species show the
"common pattern" of pneumatization, since their presacral vertebrae are generally
pneumatized (Benson et al. 2011; this work).

The greatest variation in pneumaticity occurs in the caudal vertebrae. Depending on the
species examined, caudal pneumaticity may be absent (as in most abelisaurids),
restricted to the neural arch (e.g., Skorpiovenator), or developed in both the centra and
neural arch (e.g., Aucasaurus), although the latter condition is comparatively rare.
Moreover, taxa that are generally considered apneumatic can exhibit apparently
pneumatic structures, such as the presence of camerae in Ceratosaurus.

Moving away from the analysis of the diversity of pneumatization in caudal vertebrae, it
is interesting to highlight the case of an ilium of an indeterminate abelisaurid from
Adamantina Formation, Brazil (DGM 927-R) (Brum et al. 2016) that was CT-scanned
and showed pneumaticity with a camellate structure, and the transverse processes of
sacral vertebrae in the French abelisaurid Caletodraco cottardi (Buffetaut et al. 2024)

(MHNH 2024.1.1). In Majungasaurus (O’ Connor 2007), external pneumatic features
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were also reported on its sacral vertebrae. The most striking feature about this taxon is
that the last dorsal vertebra and all caudal vertebrae are apneumatic, which could
indicate that it is possible within this theropod group the presence of "hiatuses",
described as an erratic pattern of pneumatization recorded only in sauropods (Wedel and
Taylor 2013). Given the high disparity in pneumaticity patterns, it is important to
emphasize the need to deepen this type of studies in order to better understand the
variation and distribution of postcranial PSP this diverse group of theropods. However,
these results only apply for late Cretaceous abelisaurids, and it will be interesting in the
near future to compare its PSP pattern with that of early branching abelisaurids from
Jurassic period (e.g., Eoabelisaurus; Pol and Rauhut, 2012) or those from the lower

Cretaceous (e.g., Spectrovenator; Zaher et al., 2020).

CONCLUSIONS

Postcranial pneumaticity (PSP) is a little-studied aspect within abelisaurids, so a
comparative analysis of these features was carried out in several members of the clade,
using Tralkasaurus cuyi, Skorpiovenator bustingorryi and Carnotaurus sastrei as the
main case studies .

The dorsal vertebrae of Tralkasaurus shows unambiguous pneumaticity, consistent with
all other taxa included in our comparison, namely abelisaurids, noasaurids, and
Ceratosaurus. In Skorpiovenator, however, the internal structure of its dorsal vertebrae
is too distorted to confidently confirm pneumaticity.. Regarding the caudal vertebrae,
Skorpiovenator showed pneumatized neural arches, a condition that does not coincide
with any of the compared taxa, since most of them have apneumatic caudal vertebrae,

except for Aucasaurus garridoi and an undetermined abelisaurid from Chubut province.
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Ribs across the sampled taxa usually show both external and internal pneumatic
features, with the exception of Dahalokely, which lacks such traits.

Abelisaurids display their greatest variation in the pneumaticity of the caudal series, a
region traditionally regarded as apneumatic. This variability underscores the importance
of expanding PSP studies to better understand in depth this aspect and the functional

implications of pneumaticity in this remarkable group of theropods.
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Appendices

Figure captions.

Figure 1. Dorsal vertebra and three transverse processes of Tralkasaurus cuyi (MPCA
Pv-815). In 1, lateral view; 2, reconstruction of the vertebrae in lateral view, the dotted
line represents how the vertebrae looked; 3, dorsal view with reconstruction of the
material (dot line and gray color), the straight line represents the level of the section at
which the CT scans were made in the following figures: 4, 5,6 and 7; 4,5, 6 and 7, CT
scans at the level of the solid line indicated at 3 showing the camellated tissue present
within the vertebra and the transverse processes. Abbreviations: tp, transverse process.
Blue arrows: camellated tissue. Scale bar equals: 10 cm.

Figure 2. Dorsal and caudal vertebrae of Skorpiovenator bustingorryi (MMCH-PV 48)
and their respective CT scans. In 1, right lateral view of 10th dorsal vertebra; 2, anterior
view of 10th dorsal vertebra and its respective CT scan (below), showing the collapsed
internal structure; 3 and 4, right lateral and anterior views (above) of 11th dorsal
vertebra and its respective CT scan (below), showing the collapsed internal structure; S,
6, 7 and 8 1st and 3rd caudal vertebrae in right lateral and anterior views (above) and
their respective CT scans (below) showing the apneumatic vertebral centra and the
pneumatized neural arches. Abbreviations: ne, neural canal. Blue arrows: camellated
tissue. Scale bar equals: 5 cm.

Figure 3. Cervical ribs and their CT scans in dorsomedial views (1-3) and dorsal ribs in

dorsomedial views (4 and 5) of Carnotaurus sastrei (MACN-CH-894) and dorsal ribs
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in medial view (6-9) of Skorpiovenator bustingorryi (MMCH-PV 48). In 1,2 and 3
Sth, 8th and 10th cervical ribs respectively showing a large foramen in the medial area
of the tubercle and capitulum; 1st and 2nd dorsal ribs showing a large foramen in the
medial area of the tubercle and capitulum. Blue arrows: camellated tissue. Scale bar
equals: 5 cm.

In6,7,8and9, 2", 8" 9™ and 10" dorsal ribs showing their CT scans, where the
colored area represents the pneumatic space coinciding with the region where the
foramen is located. Scale bar equals; 10 cm.

Figure 4. Dorsal vertebrae of Niebla antiqua (MPCN-Pv-796), Ekrixinatosaurus
novasi (MUC-Pv-294) and Abelisauridae indet. of Anacleto Formation (MPCN-Pv-69)
in Gianechini et al. 2015. In 1, lateral view of dorsal vertebral centrum of Niebla
antiqua showing camellated tissue; 2, lateral view of 1st dorsal vertebra of
Ekrixinatosaurus novasi showing two lateral foramina; 3, Dorsal view of dorsal
vertebral centrum of Abelisauridae indet. showing camellated tissue. In 1 and 3 the
sediment in the camellate tissue has been digitally modified to enhance contrast.

Abbreviations: ct, camellated tissue; f, foramen. Scale bar equals: 5 cm
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