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Abstract. Abelisaurids are a group of mostly Gondwanan theropod dinosaurs, whose 

anatomy and phylogenetics relationships are well known. However, this is not the case 

for some paleobiological aspects such as postcranial pneumaticity. In this work, the 

pneumaticity of the fifth cervical vertebra of Viavenator exxoni was analyzed. This was 

done using CT scans and comparing their results with other abelisauroids. Furthermore, 

in order to obtain a more precise result regarding pneumaticity, an analysis was 

performed of air space proportion (ASP) of the fifth cervical vertebra of Viavenator 

exxoni. Viavenator has a polycamerate internal structure, similar to that of some 

noasaurids from Brazil and Majungasaurus crenatissimus. However, in Viavenator, 

unlike other analyzed taxa, a ventral pneumatic foramen was found, a unique 

characteristic among abelisaurids and even theropods. Regarding the ASP, it was found 

that the vertebra is more pneumatized in the anterior portion than in the posterior 

portion. This is the first ASP study on an abelisaurid vertebra, making it extremely 

important to expand this type of analysis in the future across this fascinating group of 

theropods. 

Keywords. Abelisaurids, Pneumaticity, Air Space Proportion, Paleobiology, 

Polycamerate structure. 

Resumen. ESTRUCTURAS NEUMÁTICAS EN UNA VÉRTEBRA CERVICAL DE 

VIAVENATOR EXXONI (DINOSAURIA: THEROPODA). Los abelisáuridos son un 

grupo de dinosaurios terópodos, principalmente gondwánicos, cuya anatomía y 



relaciones filogenéticas son bien conocidas. Sin embargo, éste no es el caso de algunos 

aspectos paleobiológicos como la neumaticidad postcraneal. En este trabajo se analizó 

la neumaticidad de la quinta vértebra cervical de Viavenator exxoni. Esto se realizó 

mediante tomografías computadas, comparando los resultados con otros abelisáuridos. 

Además, para obtener un resultado más preciso con respecto a la neumaticidad, se 

realizó un análisis de la proporción del espacio aéreo (ASP) de la quinta vértebra 

cervical de Viavenator exxoni. Viavenator tiene una estructura interna policamerada, 

similar a la de algunos noasaurios de Brasil y a Majungasaurus crenatissimus. Sin 

embargo, en Viavenator, a diferencia de otros taxones analizados, se encontró un 

foramen neumático de posición ventral, lo que ofrece una característica única dentro de 

los abelisaurios e incluso los terópodos. Con respecto a los resultados de ASP, se 

encontró que la vértebra está más neumatizada en la porción anterior que en la porción 

posterior. Este es el primer estudio ASP sobre una vértebra de abelisáurido, por lo que es 

extremadamente importante ampliar este tipo de análisis en el futuro dentro de este 

fascinante grupo de terópodos. 

Palabras clave. Abelisáuridos, Neumaticidad, Proporción de Espacio Aéreo, 

Paleobiología, Estructura policamerada 

 

 

INTRODUCTION 

ABELISAURIDS ARE A GROUP of non-avian theropods that mostly inhabited 

Gondwana during the Cretaceous (Bonaparte, 1991; Carrano & Sampson, 2008; Novas, 

2009; Novas et al., 2013; Zaher et al., 2020). Abelisaurids are characterized by a 

medium to large body size, highly ornamented skulls, and extremely reduced forelimbs 

(Bonaparte & Novas, 1985; Bonaparte 1991; Novas 1997; Coria et al., 2002; Carrano & 



Sampson, 2008; Pol & Rauhut 2012; Novas et al., 2013; Canale et al., 2016). Their 

anatomical and phylogenetic aspects of this group of theropods are widely known 

(Bonaparte 1985; Sampson et al., 1998; Coria et al., 2002; Canale et al., 2009; Farke & 

Sertich 2013; Filippi et al., 2016; Aranciaga Rolando et al., 2020; Gianechini et al., 

2020; Zaher et al., 2020; Agnolin et al., 2021; Baiano et al., 2022, 2023; Pol et al., 

2024), but not their paleobiological aspects, especially those related to postcranial 

pneumaticity (PSP). 

Currently, PSP is only present in birds, but in the past, it was distributed throughout 

almost the entire Saurischiaclade (Duncker, 1971; Britt, 1993; O´Connor, 2006; Wedel, 

2009; Benson et al., 2011). The PSP is the invasion of epithelial extensions called 

pneumatic diverticula within bones, whose origin from the air sacs connected to the 

lungs (King, 1966; Duncker, 1971). This invasion occurs through foramina that connect 

to internal cavities of the bones, which can be called camerae or camellae (Britt, 1993; 

Wedel, 2003a,b; O’Connor, 2006). 

Despite its wide distribution, the PSP has been much more studied in sauropodomorphs 

than in theropods, with some exceptions (Britt, 1993; O’Connor, 2007; Sereno et al., 

2008; Benson et al., 2011; Watanabe et al., 2015; Aranciaga-Rolando et al., 2020; 

Gianechini & Zurriaguz, 2021; Aureliano et al., 2024; Windholz et al., 2025). 

The aim of this study is to analyze the external and internal pneumaticity of a single 

cervical vertebra of the abelisaurid Viavenator exxoni (Filippi et al., 2016), which is an 

abelisaurid from the Bajo de la Carpa Formation (Santonian), whose remains were 

found in La Inveranda locality, near to Rincón de los Sauces, in the north of the 

province of Neuquén, Argentina and compare its pneumaticity with related taxa. 

 



Institutional Abbreviations. FMNH Field Museum of Natural History, Chicago; 
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Sauces, Neuquén, Argentina; MN, Museu Nacional, Universidade Federal do Rio de 

Janeiro, Rio de Janeiro, Brazil; NMV, National Museum of Victoria, Melbourne, 

Australia; PIN, Borissiak Paleontological Institute of the Russian Academy of Sciences, 

Moscov, Russia. 

 

MATERIALS AND METHODS 

Materials 

The material analyzed firsthand corresponds to the 5th cervical vertebra of the holotype 

specimen of Viavenator exxoni (MAU-Pv- LI-530). This vertebra is complete and 

presents a good state of preservation, with minimal deformation. 

 

Methods 

Naked-eye observations of the vertebra were performed to identify external pneumatic 

features, and, in addition, a CT scan of the vertebra was performed on a tomograph 

GE® BrightSpeed in Policlínico de Neuquén, Neuquén City, Argentina. The scan was 

made with 120 kV and the slices presented 0.625 mm of separation between them. The 

digital work of the tomographies was carried out with the following software: 3D Slicer 

v5.8 (Fedorov et al., 2012). 

To complement the CT scans, an ASP (Air Space Proportion) calculation was 

performed, in order to obtain a numerical value that allows quantifying the degree of 

pneumaticity of this vertebral element. This methodology was proposed by Wedel 

(2005) and consists to measure the area of a pneumatized bone that is occupied by 

pneumatic spaces. After performing the CT scans, the cross-section is taken and the 



corresponding calculation is performed using the software Image J (Rasband, 2003). All 

images were obtained using Adobe PS 2018. 

To identify the regions of the vertebra, the Romerian nomenclature was used (Romer, 

1956) for the nomenclature of the fossae, the classification proposed by Wilson (2012) 

was followed, while the terminology of pneumatic spaces followed that proposed by 

Britt (1993) and Wedel (2003 a, b) 

 

RESULTS 

External and internal pneumaticity 

The vertebral centrum is elongated and low, with one small lateral pneumatic foramina 

on each lateral surfaces, while the neural arch has three pairs of well-developed and 

deep fossae: the centroprezygapophyseal fossa (cprf), the centrodiapophyseal fossa 

(cdf), and the parapophyseal-centrodiapophyseal fossa (pacdf), all of which are visible 

in anterior view (Fig 1.A).  

However, the most striking feature of this material is found on its ventral side, a circular 

foramen of considerable size (0.5 cm length x 0.9 cm width), which penetrates the 

interior of the vertebral centrum (Fig 1.B). It is important to consider that this ventrally 

positioned foramen is the only one present in the cervical vertebrae of Viavenator; even 

in other vertebral regions of the same species. 

Both the foramen on the ventral face and the fossae that contains it, are of a pneumatic 

nature. This can be corroborated because a, mostly, polycamerate structure can be 

observed inside this vertebra (Fig 2).  

Regarding the internal structure provided by the CT scans (Fig 2.A), it is observed that  

the entire length of all these spaces coincide with small camerae, presenting a 

polycamerate structure. The vertebral centrum, small, mostly irregularly shaped 



pneumatic spaces can be observed.  In the anterior portion of the centrum, these spaces 

are irregular in shape and small in size at the base of the centrum and near the 

parapophyses, and as they approach the neural canal, they progressively increase in size 

(Fig 2.B). The connection of the foramen present on the ventral surface with the interior 

of the vertebral center can also be clearly seen (Fig 2.B). In the mid-section of the 

vertebral centrum, the pneumatic spaces increase in size compared to those observed in 

the anterior portion. Their shape remains mostly irregular, but with a tendency towards a 

quadrangular shape (Fig 2.C).  In the posterior portion, the pneumatic spaces again 

become small, and spaces containing bone become more prominent. The pneumatic 

spaces are mostly quadrangular in shape (Fig 2.D).  

In contrast, the neural arch exhibits large pneumatic spaces corresponding to a 

polycamerate structure. These camerae range in shape from subtriangular to 

quadrangular, including irregular forms and are distributed throughout all anatomical 

structures, varying in size and shape depending on whether the anterior, middle, or 

posterior portion of the vertebra is analyzed (Fig 2). Both the anterior and middle 

sections show large, mostly quadrangular camerae, with a greater tendency towards a 

quadrangular shape in the anterior portion and a more rectangular shape in the middle 

(Fig 2.B.C). Conversely, in the posterior section, the camerae decrease in size and 

become mostly irregular in shape (Fig 2.D). 

 

 

 

ASP 

The ASP was calculated in three different vertebral cross sections—anterior, mid-

centrum, and posterior—by taking the transverse planes from each region (Fig 2.A).  



The results obtained were follows: 0.73 (73%), 0.69 (69%) and 0.56 (56%) in the 

anterior, mid-centrum, and posterior sections respectively, showing a decrease in the 

degree of pneumaticity along the element. 

 

DISCUSSION 

Comparison with other abelisaurids, noasaurids and Ceratosaurus: 

Although Viavenator exhibits a polycamerate pneumaticity pattern, this may not be the 

case in other abelisaurids or related taxa such as noasaurids and Ceratosaurus. 

Therefore, comparisons were made with the available material, showing a preference 

for taxa where the internal structure is visible. 

In the case of abelisaurids, pneumaticity in cervical vertebrae has only been recorded in 

Majungasaurus crenatissimus (Déperet, 1896) Lavocat 1955, where O'Connor (2007) 

describes foramina and a camerate internal structure within the vertebral centra, 

consistent with that recorded in Viavenator.  

With respect to other related taxa, Britt (1993) describes few foramina in an axis of 

Ceratosaurus Marsh 1884, (Britt, 1993, fig 15) although there is no record of CT scans 

or breakage of the material. These foramina are present on the lateral faces of the 

centrum (lpf) and on the neural arch (Britt, 1993, fig.15.1). However, there is no record 

of them on the ventral face of the centrum of the axis or on any other described cervical 

vertebra. 

Within noasaurids, postcranial pneumaticity has been more thoroughly documented. For 

example, pneumatic foramina in cervical vertebrae are described in Berthasaura 

leopoldinae de Souza et al., 2021 and Masiakasaurus knopfleri Sampson et al., 2001, 

although there are no descriptions of the internal structure in either of these two taxa. 



Regarding the description of the internal structure, there are cases such as those of Brum 

et al., 2018, Poropat et al., 2020 and Averianov et al., 2024. A cervical vertebra of the 

Bauru Group (Brazil) described by Brum et al. (2018) presents, like Viavenator, a 

polycamerate structure (Brum et al. 2018, fig 2), while some noasaurids (Poropat et al., 

2020, fig.4) from Victoria (Australia) and Kiyacursor longipes (Averianov et al., 2024, 

fig.S2), present camellated tissue . These results show that the internal structure is 

variable among abelisauroids which invites further exploration of what kind of structure 

other abelisaurids and noasaurids may have. Despite the existence of CT scans of the 

mentioned taxa above, no ASP calculation was performed on them, so this is the first 

time this proportion has been calculated in an abelisauroid, obtaining a result greater 

than 50%, which indicates that the cervical vertebrae were highly pneumatized.  

Furthermore, despite unambiguous evidence of pneumaticity, a ventral foramen like that 

of Viavenator is not recorded in any abelisauroid to date, although its presence in was 

documented in some sauropods (Wedel, 2003). The causes of the presence of this 

ventral foramen in Viavenator are unclear, although it appears to be related to the 

irregular distribution of pneumatic features. In this case, pneumatic diverticula 

originating from the cervical air sac penetrated through the ventral surface, generating 

this foramen. This suggests that it is important to conduct studies of this nature, not only 

on abelisauroids, but on theropods in general, in order to establish whether it is possible 

to define distribution patterns of pneumatic foramina, expanding the paleobiological 

knowledge of past species. 

 

CONCLUSION 

Postcranial pneumaticity (PSP) is a poorly understood aspect of theropods, especially 

abelisaurids, a group in which anatomical and phylogenetic aspects are well known. 



Using a cervical vertebra from Viavenator exxoni as an example, an analysis of this 

feature was performed. 

Viavenator showed a polycamerate internal structure and an Air Space Proportion (ASP) 

between 56% in the posterior region and 73% in the anterior region of the vertebra, 

which shows an advanced degree of pneumaticity. 

Viavenator also showed the same cervical polycamerate structure as Majungasaurus 

crenatissimus and the cervical vertebra of a noasaurid from Brazil. 

This interesting and little-known aspect of this fascinating group of theropods deserves 

greater attention in the future, and new and promising analysis will be carried out 

accordingly. 

 

ACKNOWLEDGMENTS 

The authors of this manuscript would like to thank the staff of the imaging department 

at the Neuquén Polyclinic for allowing access to the tomograph, especially Dr. Graciela 

Bianchi, Dr. Gustavo Cuevas the technician Ángeles Antiao and Eliana Guareschi. We 

would also like to express our sincere gratitude to the reviewers of this manuscript, 

Arthur Brum and Mattia Baiano, for their suggestions that allowed us to improve the 

work. Furthermore, we thank the Ameghinana editorial team, especially Mauricio 

Cerroni, for his editorial work and for providing suggestions to improve the manuscript.  

 

REFERENCES 

Agnolín, F. L., Cerroni, M. A., Scanferla, A., Goswami, A., Paulina Carabajal, A., 

Thomas Halliday, T., Cuff, A. R. & Reuil, S. (2022). First definitive abelisaurid 

theropod from the Late Cretaceous of Northwestern Argentina, Journal of Vertebrate 

Paleontology 41(4), e2002348. 



Aranciaga Rolando, A.M., Garcia-Marsá, J. A., & Novas, F. E. (2020). Histology and 

pneumaticity of Aoniraptor libertatem (Dinosauria, Theropoda), an enigmatic mid-sized 

megaraptoran from Patagonia. Journal of Anatomy, 237, 741–756. 

Aranciaga Rolando, M. A., Cerroni, M. A., García-Marsà, J. A., Motta, M. J., Rozadilla, 

S., Brisson Egli, F., & Novas, F. E. (2021). A new medium-sized abelisaurid 

(Theropoda, Dinosauria) from the late cretaceous (Maastrichtian) Allen Formation of 

Northern Patagonia, Argentina. Journal of South American Earth Sciences, 105, 

102915. 

Aureliano, T., Almeida, W., Rasaona, M., & Ghilardi, A. (2024). The evolution of the air 

sac system in theropod dinosaurs: Evidence from the Upper Cretaceous of Madagascar. 

Journal of Anatomy. DOI: 10.1111/joa.14113 

Averianov, A. O., Skutschas, P. P., Atuchin, A. A., Slobodin, D. A., Feofanova, O. A., 

&Vladimirova, O. N. (2024). The last ceratosaur of Asia: a new noasaurid from the 

Early Cretaceous Great Siberian Refugium. Proceedings of the Royal Society Biological 

Sciences, 291https://doi.org/10.1098/rspb.2024.0537 

Baiano, M. A., Pol, D., Bellardini, F., Windholz, G. J., Cerda, I. A., Garrido, A. C., & 

Coria, R.A. (2022). Elemgasem nubilus: a new brachyrostran abelisaurid (Theropoda, 

Ceratosauria) from the Portezuelo formation (Upper Cretaceous) of Patagonia, 

Argentina. Papers in Palaeontology, 8(5), e1462. 

Baiano, M. A., Coria, R. A., Chiappe, L. M., Zurriaguz, V., & Coria, L. (2023). 

Osteology of the axial skeleton of Aucasaurus garridoi: phylogenetic and 

paleobiological inferences. PeerJ 11e16236 DOI 10.7717/peerj.16236 

Benson, R. B. J., Butler, R. J., Carrano, M. T., & O’Connor, P. M. (2011). Air-filled 

postcranial bones in theropod dinosaurs: physiological implications and the “reptile”–

bird transition. Biological Reviews, 87(1) 168–193 



Bonaparte, J. F., & Novas, F. E. (1985). Abelisaurus comahuensis, n.g., n.sp., 

Carnosauria del Cretácico Tardío de Patagonia. Ameghiniana, 29 259–265 

Bonaparte, J. F. (1991). The Gondwanan theropod families Abelisauridae and 

Noasauridae. Historical Biology, 5, 1–25. 

Britt, B. B. (1993). Pneumatic postcranial bones in dinosaurs and other archosaurs. 

PhD. Thesis, University of Calgary. 

Brum A. S., Machado, E. B., De Almeida Campos, D., & Kellner, A. W. A. (2018). 

Description of uncommon pneumatic structures of a noasaurid (Theropoda, Dinosauria) 

cervical vertebra from the Bauru Group (Upper Cretaceous), Brazil. Cretaceous 

Research, 85, 193–206. 

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, 409–414. 

Canale, J. I., Cerda I. A., Novas, F. E., & Haluza, A. (2016). Small-sized abelisaurid 

(Theropoda: Ceratosauria) remains from the Upper Cretaceous of northwest Patagonia, 

Argentina. Cretaceous Research, 62, 18–28. 

Carrano, M. T., & Sampson, S. (2008). The phylogeny of Ceratosauria (Dinosauria: 

Theropoda). Journal of Systematic Palaeontology, 6, 183–236. 

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, 460–465. 

de Souza, G. A., Soares, M. B., Weinschütz, L. C., Wilner, E., Lopes, R. T., de Araújo, 

O. M., & Kellner, A. W. (2021). The first edentulous ceratosaur from South America. 

Scientific Reports, 11 (1) doi:10.1038/s41598-021-01312-4 



Depéret, C. (1896). Sur l’existence de dinosauriens sauropodes et théropodes dans le 

Crétacé supérieur de Madagascar. Comptes Rendus de l’Academie des Sciences, 122, 

483–485. 

Duncker, H. (1971). Structure of avian lungs. Respiration Physiology, 14, 44–63 

Farke, A. A., & Sertich, J. J. W. (2013). An abelisauroid theropod dinosaur from the 

Turonian of Madagascar. PLoS One, 8 (4) https://doi.org/10.1371/journal.pone.0062047  

Fedorov, A., Beichel, R., Kalpathy-Cramer, J., Finet J., Fillion-Robin, J. C., Pujol, S., & 

Buatti, J. (2012). 3D Slicer as an image computing platform for the Quantitative 

Imaging Network. Magnetic Resonance Imaging, 30, 1323–1341 

Filippi, L. S., Méndez, A. H., Juárez Valieri, R. D., & Garrido, A. C. (2016). A new 

brachyrostran with hypertrophied axial structures reveals an unexpected radiation of 

latest Cretaceous abelisaurids. Cretaceous Research, 61, 209–219 

Gianechini, F. A., Méndez, A. H., Filippi, L. S., Paulina-Carabajal, A., Juárez Valieri, R.  

D., & Garrido, A. C. (2020). A new furileusaurian abelisaurid from La Invernada (Upper 

Cretaceous, Santonian, Bajo de la Carpa Formation), northern Patagonia, Argentina. 

Journal of Vertebrate Paleontology, 40(6), e1877151. 

Gianechini, F. A., & Zurriaguz, V. L. (2021). Vertebral pneumaticity of the paravian 

theropod Unenlagia comahuensis, from the Upper Cretaceous of Patagonia. Argentina. 

Cretaceous Research, 127, 1–14 

King, A. S. (1966). Structural and functional aspects of the aviang lungs and air sacs. 

International Review of General and Experimental Zoology, 2, 171–267. 

Marsh, O.C. (1884). On the united metatarsal bones of Ceratosaurus. American Journal 

of Science, 28 (164), 161–162. 

Novas, F. E. (1997). South American dinosaurs. In Currie, P.J., & Currie, P.J. (Eds.). 

Encyclopedia of dinosaurs (pp. 678–689). Academic Press. 



Novas, F. E. (2009). The age of dinosaurs in South America. Indiana University Press, 

Bloomington. Pp. 452. 

Novas F. E., Agnolín, F. L., Ezcurra, M. D., Porfiri, J. D., & Canale, J. I. (2013). 

Evolution of the carnivorous dinosaurs during the Cretaceous: the evidence from the 

Patagonia. Cretaceous Research, 45, 174–215. 

O’Connor, P. M. (2006). Postcranial pneumaticity: an evaluation of soft tissue 

influences on the postcranial skeleton and the reconstruction of pulmonary anatomy in 

archosaurs. Journal of Morphology, 267(10), 1199–1226. 

O’Connor, P. M. (2007). The postcranial axial skeleton of Majungasaurus crenatissimus 

(Theropoda: Abelisauridae) from the Late Cretaceous of Madagascar. Journal of 

Vertebrate Paleontology, 27(8), 127–162. 

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 

Biological Sciences, 279, 3170–3175. 

Pol, D., Baiano, M. A., Cerný, D., Novas, F. E., Cerda, I., & Pittman, M. (2024). A new 

abelisaurid dinosaur from the end Cretaceous of Patagonia and evolutionary rates 

among the Ceratosauria. Cladistics, 40(3), 307–356 

Poropat, S. F., Pentland, A. H., Duncan, R. J., Bevitt, J. J., Vickers-Rich, P., & Rich, T. 

H. (2020). First elaphrosaurine theropod dinosaur (Ceratosauria: Noasauridae) from 

Australia, a cervical vertebra from the Early Cretaceous of Victoria. Gondwana 

Research, 84, 284–295. 

Rasband, W. (2003) Image J. National Institutes of Health, Bethesda, MD. 

http://rsb.info.nih.gov/ij/ 

Romer, A. S. (1956). Osteology of the Reptiles. Chicago: University of Chicago Press. 

http://rsb.info.nih.gov/ij/


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, 1048–1051. 

Sampson, S. D., M. T. Carrano, and C. A. Forster. (2001). A Bizarre Predatory Dinosaur 

from the Late Cretaceous of Madagascar. Nature, 409, 504–506. 

Sereno, P. C., Martínez, R. N., Wilson, J. A., Varricchio, D. J., Alcober, O. A., & 

Larsson, H. C. E. (2008). Evidence for avian intrathoracic air sacs in a new predatory 

dinosaur from Argentina. PLoS ONE, 3, https://doi.org/10.1371/journal.pone.0003303 

Watanabe, A., Leone Gold, M. E., Brusatte, S. L., Benson, R. B. J., Choiniere J., 

Davidson, A., Norell, & M. A. (2015). Vertebral pneumaticity in the ornithomimosaur 

Archaeornithomimus (Dinosauria: Theropoda) revealed by computed tomography 

imaging and reappraisal of axial pneumaticity in Ornithomimosauria. PLoS ONE, 

10(12), https://doi.org/10.1371/journal.pone.0145168 

Wedel, M. J. (2003). The evolution of vertebral pneumaticity in sauropod dinosaurs. 

Journal of Vertebrate Paleontology, 23, 344–357. 

Wedel, M. J. (2003). Vertebral pneumaticity, air sacs, and the physiology of sauropod 

dinosaurs. Paleobiology, 29, 243–255. 

Wedel, M. J. (2005). Postcranial skeletal pneumaticity in sauropods and its implications 

for mass estimates. The sauropods: evolution and paleobiology, 201–228. 

Wedel, M. J. (2009). Evidence for bird-like air sacs in saurischian dinosaurs. Journal of 

Experimental Zoology, 311A, 611–628. 

Wilson, J. A., D'Emic, M. D., Ikejiri, T., Moacdieh, E. M., Whitlock, J. A. (2011). 

A nomenclature for vertebral fossae in sauropods and other saurischian dinosaurs. 

PloS One, 6 (2), e17114. https://doi.org/10.1371/journal.pone.0017114. 

https://doi.org/10.1371/journal.pone.0003303


Windholz, G. J., Meso, J. G., Wedel, M. J., & Pittman, M. (2025) First unambiguous 

record of pneumaticity in the axial skeleton of alvarezsaurians (Theropoda: 

Coelurosauria). PLoS ONE, 20(4), e0320121.https://doi. 

org/10.1371/journal.pone.0320121 

Zaher, H., Pol, D., Navarro, B. A., Delcourt, R., & Carvalho, A. B. (2020). An Early 

Cretaceous theropod dinosaur from Brazil sheds light on the cranial evolution of the 

Abelisauridae. Comptes Rendus Palevol, 19 (6), 101–115. 

 

 

Appendices 

Figure captions. 

Figure 1. Fifth cervical vertebrae of Viavenator exxoni (MAU-Pv-LI-530). A, 

Diagram and photograph in anterior view of the 5th cervical vertebra showing various 

anatomical structures; B. Diagram and ventral view of the 5th cervical vertebra, 

showing anatomical structures and the ventral pneumatic foramen. Abbreviations: cdf, 

centrodiapophyseal fossa; cprf, centroprezygapophyseal fossa; d, diapophysis; ep, 

epipophysis; nc, neural canal; ns, neural spine; pa, parapophysis; pacdf, parapphyseal-

centrodiapophyseal fossa; pf, pneumatic foramen; pocdf, postzygapophyseal 

centrodiapophyseal fossa; pr, prezygapophysis; sprf, spinoprezygapofiseal fossa. Scale 

bar equals 5 cm. 

Figure 2. CT scans of the fifht cervical vertebra of Viavenator exxoni (MAU-Pv-LI-

530). A. Sections from where the CT scans were taken. B, C and D. Anterior, middle, 

and posterior cross sections, respectively, showing the pneumatic structures and its 

progression along the vertebra. Abbreviations: cam, camera; d, diapophysis; ep, 



epipophysis; nc, neural canal; ns, neural spine; pa, parapophysis; pf, pneumatic 

foramen. Scale bars equals 5 cm 

 

 

 

 

 

 

 

 

 

 

 

 

 






