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Abstract

A new species of pterosaur, Maaradactylus kellneri gen. nov., sp. nov. (Archosauria: Pterosauria) from the Romualdo For-

mation (Aptian/Albian), is herein described. The specimen (MPSC R 2357) was found at Sítio São Gonçalo, Santana do 

Cariri city (State of Ceará, northeast Brazil) and consists of the skull, atlas and axis, and represents one of the largest skulls 

of the Anhangueridae from the Araripe Basin described. The autapomorphies of the new pterosaur include the following 

characters: a premaxillary sagittal crest that is relatively long and high, beginning at the anterior part of the skull (rostrum) 

and extending to the 22nd pair of alveoli, not covering the nasoantorbital fenestra or the choanaes, and also the presence of 

35 pairs of alveoli; smooth palatal ridge, which starts on the 5th pair of alveoli and ends on the 13th pair; palate is convex 

shaped in the anterior region; choanae not extending laterally; small and convex palatal elevation; the 5th, 6th and 7th alveoli 

smaller than the 4th and 8th; the alveoli decreasing in size from the 9th to the 12th and increasing from the 13th to 18th, and 

from the 18th to the 35th they are arranged in triplets. Furthermore, the lateral surface of the premaxillary crest shows 

grooves and tridimensional structures that may have housed blood vessels.
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Introduction

Pterosaurs are a group of archosaurs well represented in the fossil record of the Araripe Basin (Kellner and Campos 
2002). Since the first description of a pterosaur species from this deposit (Price 1971), several specimens have been 
collected in this region (e.g. Kellner and Tomida 2000; Kellner 2006; Kellner et al. 2013). There are currently 27 
formally described species, showing a wide diversity of pterosaurs from this deposit (Campos and Kellner 1985; 
Witton et al. 2009; Eck et al. 2011); however, the validity and taxonomic assignment of some taxa is controversial 
(Fastnacht 2001; Veldmeijer 2003; Rodrigues and Kellner 2008; Martill and Unwin 2012). The major systematic 
problem within this fauna is the lack of consensus regarding which clades the individual taxa belong to. To date 
these pterosaurs have been attributed to Ornithocheiridae (de Buisonjé 1980), Anhangueridae (Campos and Kellner 
1985), Criorhynchidae (Fastnacht 2001), Tapejaridae (Kellner 1989b) and Ctenochasmatoidea (Unwin 1995).

The Anhangueridae clade, though not restricted to Brazil, has its most significant findings recorded in Araripe 
Basin. This group is defined, according to Kellner (2003), as the immediate common ancestor of Anhanguera

Campos and Kellner, 1985, and Tropeognathus Wellnhofer, 1987, and all its descendants. To date, Anhangueridae 
is comprised of seven genera: Anhanguera, Tropeognathus, Coloborhynchus Owen, 1874, Liaoningopterus Wang 
and Zhou, 2003, Siroccopteryx Mader and Kellner, 1999, Uktenadactylus Rodrigues and Kellner, 2008 and 
Caulkicephalus Steel, Martill, Unwin and Winch, 2005 (Kellner and Tomida 2000; Veldmeijer 2003; Rodrigues 
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relationships shows the importance of proper and thorough preparation of individuals prior to their study, and 
brings new understanding to the the Araripe Basin pterosaurs.

Acknowledgments

We thank CNPq (Conselho Nacional de Desenvolvimento Científico e Tecnológico) for financial support 
(R.A.M.B. # 140555/2013-7; J.M.S. # 401787/2010-9). We are grateful to Msc. Bruno Vila Nova (FFCL/USP) for 
critically reading the manuscript and Dave Hone and an anonymous reviewer for comments, which improve the 
paper. We appreciate the detailed revision of the manuscript by Msc. Rafael Andrade and Msc. Flaviana Lima 
(UFPE). Thanks to Dr. Scott Thomson (MZUSP) for his detailed revision of the English grammar and Maurílio 
Oliveira (MN/UFRJ) and Matheus Barbosa for the reconstruction and specimen illustration. We are grateful Dr. 
Plácido Cidade Nuvens (MPSC) for donating the holotype and encourage him to keep paleontology alive in Cariri 
region. The Willi Hennig Society is thanked for making TNT freely available.

 
References

Andres, B. & Ji, Q. (2008) A new pterosaur from the Liaoning Province of China, the phylogeny of the Pterodactyloidea, and 
convergence in their cervical vertebrae. Palaeontology, 51 (2), 453–469. 
http://dx.doi.org/10.1111/j.1475-4983.2008.00761.x

Assine, M.L. (2007) Bacia do Araripe. Boletim de Geociências, 15 (2), 371–389.
Bantim, R.A.M., Saraiva, A.A.F. & Sayão, J.M. (2014) Skull variation and the shape of the sagittal premaxillary crest in 

anhanguerid pterosaurs (Pterosauria, Pterodactyloidea) from the Araripe Basin, Northeast Brazil. Historical Biology: An 
International Journal of Paleobiology. 
http://dx.doi.org/10.1080/08912963.2014.921818

Barrett, P.M., Butler, R.J., Edwards, N.P. & Milner, A.R. (2008) Pterosaur distribution in time and space: an atlas. Zitteliana B, 
28, 61–107.

Bennett, S.C. (1995) A statistical study of Rhamphorhynchus from the southern limestone of Germany: year classes of a single 
large species. Journal of Vertebrate Paleontology, 69, 569–580.

Bennett, S.C. (1996) The phylogenetic position of the Pterosauria within the Archosauromorpha. Zoological Journal of the 
Linnaean Society, 118, 261–308. 
http://dx.doi.org/10.1111/j.1096-3642.1996.tb01267.x

Bennett, S.C. (2001) The osteology and functional morphology of the Late Cretaceous pterosaur Pteranodon. Part I: general 
description of osteology. Palaeontographica A, 260 (1–6), 1–112.

Bennett, S.C. (2002) Soft tissue preservation of the cranial crest of the pterosaur Germanodactylus from Solnhofen. Journal of 
Vertebrate Paleontology, 22 (1), 43–48. 
http://dx.doi.org/10.1671/0272-4634(2002)022[0043:stpotc]2.0.co;2

Bennett, S.C. (2007) A review of the pterosaur Ctenochasma: taxonomy and ontogeny. Neues Jahrbuch für Geologie und 
Paläontologie—Abhandlungen, 245 (1), 23–31.

Beurlen, K. (1963) Geologia e estratigrafia da chapada do Araripe. 17° Congresso Brasileiro de Geologia-Anais, Rio de 
Janeiro, 47 pp.

Beurlen, K. (1971) As condições ecológicas e faciológicas da Formação Santana na Chapada do Araripe (Nordeste do Brasil). 
Anais da Academia Brasileira de Ciências, 43, 411–415.

Bittencourt, J.S. & Langer, M.C. (2011) Mesozoic dinosaurs from Brazil and their biogeographic implications. Anais da 
Academia Brasileira de Ciências, 83 (1), 23–60. 
http://dx.doi.org/10.1590/s0001-37652011000100003

Bowerbank, J.S. (1851) On the Pterodactyles of the Chalk Formation. Proceedings of the Zoological Society of London, 19 (2), 
14–20. 
http://dx.doi.org/10.1111/j.1096-3642.1851.tb01125.x

Brito, L.S.M. & Perinotto, A.R.C. (2012) Difusão da Ciência no Geopark Araripe, Ceará, Brasil. Anuário do Instituto de 
Geociências—UFRJ, 35 (1), 42–48. 
http://dx.doi.org/10.11137/2012_1_42_48

Butler, R.J., Brusatte, S.L., Andres, B. & Benson, R.B.J. (2011) How do geological sampling biases affect studies of 
morphological evolution in deep time? A case study of pterosaur (Reptilia: Archosauria) disparity. Evolution, 66 (1), 
147–162. 
http://dx.doi.org/10.1111/j.1558-5646.2011.01415.x

Campos, D.A. & Kellner, A.W.A. (1985) Panorama of the flying reptiles study in Brazil and South America (Pterosauria/ 
 Zootaxa 3869 (3)  © 2014 Magnolia Press  ·  213A NEW PTEROSAUR FROM BRAZIL

http://dx.doi.org/10.1671/0272–4634(2002)022[0043:stpotc]2.0.co;2
http://dx.doi.org/10.1671/0272–4634(2002)022[0043:stpotc]2.0.co;2
http://dx.doi.org/10.1017/cbo9780511535512
http://dx.doi.org/10.4072/rbp.2011.1.06
http://dx.doi.org/10.4072/rbp.2011.1.06
http://dx.doi.org/10.4202/app.2010.0057
http://dx.doi.org/10.3897/zookeys.308.5559
http://dx.doi.org/10.11646/zootaxa.3620.2.7
http://dx.doi.org/10.1144/gsl.sp.2003.217.01.21
http://dx.doi.org/10.1144/gsl.sp.2003.217.01.21
http://dx.doi.org/10.1671/0272-4634(2002)022[0043:stpotc]2.0.co;2


Pterodactyloidea/ Anhangueridae). Anais da Acadêmia Brasileira de Ciências, 57, 453–466.
Cavalcanti, V.M.M. & Viana, M.S.S. (1990) Faciologia dos sedimentos não lacustres da Formação Santana (Cretáceo Inferior 

da Bacia do Araripe, Nordeste do Brasil). 1° Simpósio Sobre a Bacia do Araripe e Bacias Interiores do Nordeste–Atas, 
Crato, 207 pp.

Chiappe, L.M. & Chinsamy, A. (1996) Pterodaustro's true teeth. Nature, 379, 211–212. 
http://dx.doi.org/10.1038/379211a0

Costa, F.R. (2010) Biomecânica da postura em Anhanguera piscator Kellner and Tomida, 2000 (Pterosauria, 
Pterodactyloidea) com utilização de animação virtual tridimensional. Museu Nacional—Universidade Federal do Rio de 
Janeiro, Rio de Janeiro, 132 pp.

Cuvier, G. (1801) Extraint dúm ouvrage sur les especes de quadrúpedes. Dont on a trouvé lês ossemens dans l’intérieur de la 
terre, adesse aux savans et aux amateurs des sciences, par. G. Cuvier, member de l’Institut, professeur au Collége de France 
et à l’École Centrale Du Panthéon, etc. Journal de physique, de chimie, d’histoire naturelle et des arts, 1, 253–267.

de Buisonjé, P.H. (1980) Santanadactylus brasilensis nov. gen., nov. sp., a long necked, large pterosaurier from the Aptian of 
Brasil. Proceedings of the Koninklijke Nederlanse Akademie van Wetenschappen, 83, 145–157. [Proceeding B]

Eck, H., Elgin, R.A. & Frey, E. (2011) On the osteology of Tapejara wellnhoferi –Kellner 1989– and the first occurrence of a 
multiple specimen assemblage from the Santana Formation, Araripe Basin, NE–Brazil. Swiss Journal of Palaeontology, 
130 (2), 277–296. 
http://dx.doi.org/10.1007/s13358-011-0024-5

Elgin, R.A. & Frey, E. (2011) A new ornithocheirid, Barbosania gracilirostris gen. et sp. Nov. (Pterosauria, Pterodactyloidea) 
from the Santana Formation (Cretaceous) of NE Brazil, Swiss Journal of Palaeontology, 130 (2), 259–275. 
http://dx.doi.org/10.1007/s13358-011-0017-4

Fara, E., Saraiva, A.A.F., Campos, D.A., Moreira, J.K.R., Siebra, D.C. & Kellner, A.W.A. (2005) Controlled excavations 
in the Romualdo Member of the Santana Formation (Early Cretaceous, Araripe Basin, northeastern Brazil): 
stratigraphic, palaeoenvironmental and palaeoecological implications. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 218, 145–161. 
http://dx.doi.org/10.1016/j.palaeo.2004.12.012

Fastnacht, M. (2001) First record of Coloborhynchus (Pterosauria) from the Santana Formation (Lower Cretaceous) of the 
Chapada do Araripe, Brazil. Paläontologische Zeitschrift, 75 (1), 23–36. 
http://dx.doi.org/10.1007/bf03022595

Frey, E., Martill, D.M. & Buchy, M. (2003) A new crested ornithocheirid from the Lower Cretaceous of northeastern Brazil and 
the unusual death for an unusual pterosaur. In: Buffetaut, E. & Mazin, J.M. (Eds.), Evolution and Paleobiology of 
Pterosaurs. Geological Society Special Publications, Londres, pp. 55–63.

Goloboff, P., Farris, S. & Nixon, K. (2000) TNT (Tree analysis using New Technology) (BETA) ver. 1.0 Published by the 
authors, Tucumán, Argentina.

Heimhofer, U. & Hochuli, P.A. (2010) Early Cretaceous angiosperm pollen from a lowlatitude succession (Araripe Basin, NE 
Brazil). Review of Palaeobotany and Palynology, 161 (3), 105–126. 
http://dx.doi.org/10.1016/j.revpalbo.2010.03.010

Kaup, J. (1834) Versuch einer Eintheilung der Saugethiere in 6 Stämme und der Amphibien in 6 Ordnungen. Isis von Oken, 3, 
311–315.

Kearney, M. & Clark, J. (2003) Problems due to missing data in phylogenetic analyses including fossils: a critical review. 
Journal of Vertebrate Paleontology, 23 (2), 263–274. 
http://dx.doi.org/10.1671/02724634(2003)023[0263:pdtmdi]2.0.co;2

Kellner, A.W.A. (1989a) Os répteis voadores do Cretáceo Brasileiro. Anais do Instituto de Geociências, 1, 86–106.
Kellner, A.W.A. (1989b) A new edentate pterosaur of the Lower Cretaceous from the Araripe Basin, Northeast Brazil. Anais de 

Academia Brasileira de Ciências, 61, 439–446.
Kellner, A.W.A. (1994) Remarks on the Pterosaur Taphonomy and Paleoecology. Acta Geologica Leopoldensia, 39 (1), 

175–189.
Kellner, A.W.A. (1996) Reinterpretation of a remarkably well preserved pterosaur soft tissue from the Early Cretaceous of 

Brazil. Journal of Vertebrate Paleontology, 16 (4), 718–722. 
http://dx.doi.org/10.1080/02724634.1996.10011360

Kellner, A.W.A. (1998) Panorama e Perspectiva do Estudo de Répteis Fósseis No Brasil. Anais da Academia Brasileira de 
Ciências, 70 (3), 647–676.

Kellner, A.W.A. (2002) Membro Romualdo da Formação Santana, Chapada do Araripe, CE, um dos mais importantes 
depósitos fossilíferos do Cretáceo Brasileiro. In: Schobbenhaus, C., Campos, D.A., Queiroz, E.T., Winge, M. & Berbert-
Born, M. (Eds.), Sítios geológicos e paleontológicos do Brasil. DNPM/CPRM/SIGEP, Brasília, pp. 121–130.

Kellner, A.W.A. (2003) Pterosaur phylogeny and comments on the evolutionary history of the group. In: Buffetaut, E. & 
Mazin, J.M. (Eds.), Evolution and Palaeobiology of Pterosaurs. Geological Society, Special Publication, pp. 105–137.

Kellner, A.W.A. (2004) New information on the Tapejaridae (Pterosauria, Pterodactyloidea) and discussion of the relationships 
of this clade. Ameghiniana, (Revista de la Asociacion Paleontológica Argentina), 41 (4), 521–534.

Kellner, A.W.A. (2006) Pterossauros os senhores do céu do Brasil: relato inédito da aventura de importantes descobertas da 
paleontologia. Vieira and Lent, Rio de Janeiro, 175 pp.
BANTIM ET AL.214  ·  Zootaxa 3869 (3)  © 2014 Magnolia Press

http://dx.doi.org/10.1590/s0001
http://dx.doi.org/10.1590/s0001
http://dx.doi.org/10.1671/02724634(2003)023[0263:pdtmdi]2.0.co;2
http://dx.doi.org/10.1038/064645a0
http://dx.doi.org/10.1038/064645a0
http://dx.doi.org/10.1016/j.saa.2013.06.042
http://dx.doi.org/10.1016/j.cretres.2005.03.005
http://dx.doi.org/10.1111/j.1095-8312.2006.00671.x
http://dx.doi.org/10.1002/mmng.4860040112
http://dx.doi.org/10.1002/mmng.4860040112
http://dx.doi.org/10.1144/gsl.sp.2003.217.01.11
http://dx.doi.org/10.1144/gsl.sp.2003.217.01.11
http://dx.doi.org/10.2110/palo.2010.p10-072r
http://dx.doi.org/10.2110/palo.2010.p10-072r
http://dx.doi.org/10.1080/02724634.2013.793694
http://dx.doi.org/10.1038/nature03982
http://dx.doi.org/10.1038/nature03982
http://dx.doi.org/10.1073/pnas.0707728105
http://dx.doi.org/10.1590/s0001-37652009000400016
http://dx.doi.org/10.1590/s0001-37652009000400016
http://dx.doi.org/10.1007/s00114-012-0889-1
http://dx.doi.org/10.1007/s00114-012-0889-1
http://dx.doi.org/10.1671/02724634(2003)023[0263:pdtmdi]2.0.co;2


Kellner, A.W.A. (2012) A new unusual tapejarid (Pterosauria, Pterodactyloidea) from the Early Cretaceous Romualdo 
Formation, Araripe Basin, Brazil. Earth and Environmental Science Transactions of the Royal Society of Edinburgh, 103 
(3), 409–421. 
http://dx.doi.org/10.1017/s1755691013000327

Kellner, A.W.A. & Campos, D.A. (1999) Vertebrate Paleontology in Brazil—a Review. EPISODES, 22 (3), 238–251.
Kellner, A.W.A. & Campos, D.A. (2002) The function of the cranial crest and jaws of a unique pterosaur from the early 

Cretaceous of Brazil. Science, 297 (5580), 389–392. 
http://dx.doi.org/10.1126/science.1073186

Kellner, A.W.A. & Tomida, Y. (2000) Description of a new species of Anhangueridae (Pterodactyloidea) with comments on the 
Pterosaur Fauna from the Santana Formation (Aptian-Albian), Northeastern Brazil. National Science Museum 
Tóquio—Monografhs, 17, 1–135.

Kellner, A.W.A., Campos, D.A., Sayao, J.M., Saraiva, A.A.F., Rodrigues, T., Oliveira, G., Cruz, L.A., Costa, F.R., Silva, H.P. & 
Ferreira, J.S. (2013) The largest flying reptile from Gondwana: a new specimen of Tropeognathus cf. T. mesembrinus
Wellnhofer, 1987 (Pterodactyloidea, Anhangueridae) and other large pterosaurs from the Romualdo Formation, Lower 
Cretaceous, Brazil, Anais da Academia Brasileira de Ciências, 85 (1), 113–135. 
http://dx.doi.org/10.1590/s0001-37652013000100009

Lee, Y.N. (1994) The early Cretaceous pterodactyloid pterosaur Coloborhynchus from North America. Paleontology, 37 (4), 
755–763.

Leonardi, G. & Borgomanero, G. (1985) Cearadactylus atrox nov. gen., nov. sp.: novo Pterosauria (Pterodactyloidea) da 
Chapada do Araripe, Ceara, Brasil. Resumos das communicações do VIII Congresso Brasileiro de Paleontologia e 
Estratigrafia, Rio de Janeiro, 80 pp.

Lima, M.R. (1978) Considerações sobre a subdivisão estratigráfica da Formação Santana, Cretáceo do Nordeste do Brasil. 
Revista Brasileira de Geociências, 43, 411–415. 
http://dx.doi.org/10.5327/z0375-75362012000200005

Lima, F.J., Saraiva, A.A.F. & Sayão, J.M. (2012) Revisão da paleoflora das Formações Missão Velha, Crato e Romualdo, Bacia 
do Araripe, Nordeste do Brasil. Estudos Geológicos, 22 (1), 99–115.

Lima, F. F., Feitosa, J.R.M., Santos, F., Pereira, S.M., Saraiva, A.A.F, Riedl, T., Melo, J.P.P. & Freitas, F.I. (2013) Araripe 
Geopark: Stories of a Land, a Culture and na Enviroment. Ceará State Government Crato, Ceará, 167 pp.

Lu, J., Unwin, D.M., Xu, L. & Zhang, X. (2008) A new azhdarchoid pterosaur from the Lower Cretaceous of China and its 
implications for pterosaur phylogeny and evolution. Naturwissenschaften, 95 (9), 891–898. 
http://dx.doi.org/10.1007/s00114-008-0397-5

Lu, J., Azuma, Y., Dong, Z., Barsbold, R., Kobayashi, Y. & Lee, Y.N. (2009) New material of dsungaripterid pterosaurs 
(Pterosauria: Pterodactyloidea) from western Mongolia and its palaeoecological implications. Geological Magazine, 146
(5), 690–700. 
http://dx.doi.org/10.1017/s0016756809006414

Lü, J., Unwin, D.M., Jin, X., Liu, Y. & Ji, Q. (2010) Evidence for modular evolution in a long tailed pterosaur with a 
pterodactyloid skull. Proceedings of the Royal Society B, 277 (1680), 383–389. 
http://dx.doi.org/10.1098/rspb.2009.1603

Lü, J., Xu, L., Chang, H. & Zhang, X. (2011) A new darwinopterid pterosaur from the Middle Jurassic of western Liaoning, 
northeastern China and its ecological implications. Acta Geologica Sinica, 85 (3), 507–514. 
http://dx.doi.org/10.1111/j.1755-6724.2011.00444.x

Mabesoone, J.M. & Tinoco, I.M. (1973) Paleoecology of Aptian Santana Formation (Northeastern Brazil). Palaeogeography, 
Palaeoclimatology, Paleaeocology, 14 (2), 87–118. 
http://dx.doi.org/10.1016/0031-0182(73)90006-0

Mader, B.J. & Kellner, A.W.A. (1999) A new Anhanguerid pterosaur from the Cretaceous of Morocco, Boletim do Museu 
Nacional Rio de Janeiro (nova série), 45, 1–11.

Maisey, J.G. (1991) Santana Fossils: An Illustrated Atlas. T.F.C. Publications, Neptune, New York, 459 pp.
Marsh, O.C. (1876) Notice of anew sub-order of Pterosauria. American Journal of Science, 3 (11), 507–509. 

http://dx.doi.org/10.2475/ajs.s3-11.66.507
Martill, D.M. (1988) Preservation of fish in the Cretaceous Santana Formation of Brasil, Palaeontology, 31 (1) 1–18.
Martill, D.M. (1993) Fossil of the Santana and Crato formations. Vol. 5. Brazil Palaeontological Association, 159 pp. 
Martill, D.M. (2011) A new pterodactyloid pterosaur from the Santana Formation (Cretaceous) of Brazil. Cretaceous Research, 

32 (2), 236–243.  
http://dx.doi.org/10.1016/j.cretres.2010.12.008

Martill, D.M. & Naish, D. (2006) Cranial crest development in the Azhdarchoid pterosaur Tupuxuara, with a review of the 
Genus and Tapejarid morphology. Palaeontology, 49 (4), 925–941. 
http://dx.doi.org/10.1111/j.1475-4983.2006.00575.x

Martill, D.M., Bechly, G. & Loveridge, R.F. (2007) The Crato Fossil Beds of Brazil: Window into an Ancient World. Cambridge 
University Press, Cambridge, United Kingdom, 524 pp.

Martill, D.M. & Witton, M.P. (2008) Catastrophic failure in a pterosaur skull from the Cretaceous Santana Formation of Brazil. 
Zitteliana B, 28, 177–185.
 Zootaxa 3869 (3)  © 2014 Magnolia Press  ·  215A NEW PTEROSAUR FROM BRAZIL

http://dx.doi.org/10.1671/0272-4634(2003)023%5b0311:meamti%5d2.0.co;2
http://dx.doi.org/10.1671/0272-4634(2003)023%5b0311:meamti%5d2.0.co;2
http://dx.doi.org/10.1111/j.1096-3642.2008.00409.x
http://dx.doi.org/10.1016/j.cretres.2008.12.004
http://dx.doi.org/10.1016/j.cretres.2008.12.004


Martill, D.M. & Unwin, D.M. (2012) The world’s largest toothed pterosaur, NhMuK R481, an incomplete rostrum of 
Coloborhynchus capito (seeley, 1870) from the Cambridge greensand of England. Cretaceous Research, 34, 1–9. 
http://dx.doi.org/10.1016/j.cretres.2011.09.003

Neumann, V.H.M.L. & Cabrera, L. (1999) Una nueva propuesta estratigráfica para latectonosecuencia post-rifte de la cuenca 
de Araripe, noreste de Brasil. Boletim de resumos do Simpósio Cretáceo Brasileiro, Serra Negra, São Paulo, 285 pp.

Oliveira, G.R. & Kellner, A.W.A. (2007) A new side-necked turtle (Pleurodira, Pelomedusoides) from the Santana Formation 
(Early Cretaceous), Araripe Basin, northeastern Brazil. Zootaxa, 1425, 53–61.

Oliveira, G.R., Saraiva, A.A.F., Silva, H.P., Andrade, J.A.F.G. & Kellner, A.W.A. (2011) First turtle from the Ipubi Formation 
(Early Cretaceous), Santana Group, Araripe Basin, Brazil. Revista Brasileira de Paleontologia, 14 (1), 61–66. 
http://dx.doi.org/10.4072/rbp.2011.1.06

Owen, R. (1859) Monograph on the fossil Reptilia of the Cretaceous Formations. Supplement No. 1. Pterosauria 
(Pterodactylus). The Palaeontographical Society, London, 19 pp.

Owen, R. (1874) A Monograph on the Fossil Reptilia of the Mesozoic Formations. 1.. The Palaeontographical Society, London, 
14 pp.

Pinheiro, F.L., Fortier, D.C., Schultz, C.L., De Andrade, J.A.F.G. & Bantim, R.A.M. (2011) New information on Tupandactylus 
imperator, with comments on the relationships of Tapejaridae (Pterosauria). Acta Palaeontologica Polonica, 56 (3), 
567–580. 
http://dx.doi.org/10.4202/app.2010.0057

Plieninger, F. (1901) Beiträge zur Kenntnis der Flugsaurier. Paläontographica, 48, 65–90.
Price, L.I. (1959) Sobre um crocodilídeo Notossuquio do Cretáceo Brasileiro. Departamento Nacional da Produção Mineral/

Divisão de Geologia e Mineralogia, 188, 56.
Price, L.I. (1971) A presença de Pterosauria no Cretáceo Inferior da Chapada do Araripe, Brasil. Anais da Academia Brasileira 

de Ciências, 43, 451–461.
Rodrigues, T. & Kellner, A.W.A. (2008) Review of the pterodactyloid pterosaur Coloborhynchus, 28, 219–228. [Zitteliana B]
Rodrigues, T. & Kellner, A.W.A. (2013). Taxonomic review of the Ornitocheirus complex (Pterosauria) from the Cretaceous of 

England. Zookeys, 308, 1–112. 
http://dx.doi.org/10.3897/zookeys.308.5559

Sales, A.M.F. (2005) Análise tafonômica das ocorrências fossilíferas de Macroinvertebrados do Membro Romualdo (Albiano) 
da Formação Santana, Bacia do Araripe, NE do Brasil: Significado Estratigráfico e Paleoambiental. Universidade de São 
Paulo—Phd thesis, São Paulo, 131 pp.

Santana, W., Pinheiro, A.P., Silva, C.M.R. & Saraiva, A.A.F. (2013) A new fossil caridean shrimp (Crustacea: Decapoda) from 
the Cretaceous (Albian) of the Romualdo Formation, Araripe Basin, northeastern Brazil. Zootaxa, 3620 (2), 293–300. 
http://dx.doi.org/10.11646/zootaxa.3620.2.7

Saraiva, A.A.F., Hessel, M.H., Guerra, N.C. & Fara, E. (2007) Concreções Calcárias da Formação Santana, Bacia do Araripe: 
uma proposta de classificação. Estudos Geológicos, 17 (1), 40–58.

Saraiva, A.A.F., Alcântara, O.A.B., Bantim, R.A.M. & Lima, F.J. (2010) Guia para trabalhos de campo em Paleontologia na 
Bacia do Araripe. Francy Cópias, Crato, Ceará, 88 pp.

Saraiva, A.A.F., Alcântara, O.A.B., Bantim, R.A.M. & Lima, F.J. (2010) Guia para trabalhos de campo em Paleontologia na 
Bacia do Araripe II ed. Expressão Gráfica Editora, Fortaleza, Ceará, 112 pp.

Sayão, J.M. (2003) Histovariability of two pterodactyloid pterosaurs from the Santana Formation, Araripe Basin, Brazil: 
preliminary results. In: Buffetaut, E. & Mazin, J.M. (Eds.), Evolution and Paleobilogy of Pterosaurs. Geological Society 
Special Publications, London, pp. 335–342.

Sayão, J.M. & Kellner, A.W.A. (2000) Description of a pterosaur rostrum from the Crato Member, Santana Formation (Aptian-
Albian) Northeastern, Brazil. Boletim do Museu Nacional, Nova Série Geologia, 54, 1–8.

Sayão, J.M., Saraiva, A.A.F. & Uejima, A.M.K. (2011) New evidence of feathers in the Crato Formation supporting a 
reappraisal on the presence of Aves. Anais da Academia Brasileira de Ciências, 83 (1), 197–210. 
http://dx.doi.org/10.1590/s0001-37652011000100010

Sayão, J.M., Vila Nova, B.C. & Romano, P.S. (2012) Considerações sobre os padrões de distribuição geográfica dos 
Pterodactyloidea (Archosauria, Pterosauria). In: Gallo, V., Silva, H.M.A., Brito, P.M. & Figueiredo, F.J. (Eds.), 
Paleontologia de Vertebrados: Relações entre América do Sul e África. Interciência, Rio de Janeiro, pp. 281–300.

Seeley, H.G. (1901) Dragons of the Air: an account of extinct flying reptiles. Dover Paperback, New York, 240 pp.
Silva, J.H., Freire, P.T.C., Abagaro, B.T.O., Silva, J.A.F., Saraiva, G.D., Lima, F.J., Barros, O.A., Bantim, R.A.M., Saraiva, 

A.A.F. & Viana, B.C. (2013) Spectroscopic studies of wood fossils from the Crato Formation, Cretaceous Period. 
Spectrochimica Acta. Part A, Molecular and Biomolecular Spectroscopy, 115, 324–329. 
http://dx.doi.org/10.1016/j.saa.2013.06.042

Steel, L., Martill, D.M., Unwin, D.M. & Winch, J.D. (2005) A new pterodactyloid pterosaur from the Wessex Roemation 
(Lower Cretaceous) of the Isle of Wight, England. Cretaceous Research, 26 (4), 686–698. 
http://dx.doi.org/10.1016/j.cretres.2005.03.005

Strauss, R.E. & Atanassov, M.N., 2006. Determining best complete subsets of specimens and characters for multivariate 
morphometric studies in the presence of large amounts of missing data. Biological Journal of the Linnean Society, 88 (2), 
309–329. 
http://dx.doi.org/10.1111/j.1095-8312.2006.00671.x
BANTIM ET AL.216  ·  Zootaxa 3869 (3)  © 2014 Magnolia Press



Unwin, D.M. (1995) Preliminary results of a phylogenetic analysis of the Pterosauria (Diapsida: Archosauria). In: Sun, A. & 
Wang, Y. (Eds.), Sixth Symposium on Mesozoic Terrestrial Ecosystems and Biota, Beijin, China, pp. 69–72. 

Unwin, D.M. (2001) An overview of the pterosaur assemblage from the Cambridge Greensand (Cretaceous) of Eastern 
England. Mitteilugen aus dem Museum fur Naturkund in Berlim, Geowissenschaftliche Reihe, 4, 189–222. 
http://dx.doi.org/10.1002/mmng.4860040112

Unwin, D.M. (2003) On the phylogeny and evolutionary history of pterosaurs. In: Buffetaut, E. & Mazin, J.M. (Eds.), 
Evolution and Paleobilogy of Pterosaurs. Geological Society Special Publications, London, pp. 139–190. 

Unwin, D.M. (2006) The Pterosaurs: From Deep Time. Pi Press, New York, 273 pp.
Veldmeijer, A.J. (2003) Description of Coloborhynchus spielbergi sp. nov. (Pterodactyloidea) from the Albian (Lower 

Cretaceous) of Brazil. Scripta Geologica, 125, 35–139.
Veldmeijer, A.J. (2012) Pterosaurs Flying contemporaries of the dinosaurs. Sidestone Press, Netherlands, 133 pp.
Veldmeijer, A.J., Meijer, H.J.M. & Signore, M. (2006) Coloborhynchus from the Lower Cretaceous Santana Formation, Brazil 

(Pterosauria, Pterodactyloidea, Anhangueridae). Vertebrate Palaeontology, 3 (2), 15–19.
Vila Nova, B.C., Saraiva, A.A.F., Moreira, J.K.R. & Sayão, J.M. (2011) Controlled excavations in the Romualdo Formation 

Lagerstatte (Araripe Basin, Brazil) and pterosaur diversity: remarks based on new findings. Palaios, 26 (3), 173–179. 
http://dx.doi.org/10.2110/palo.2010.p10-072r

Vila Nova, B.C., Sayão, J.M., Neumann, V.H.M.L. & Kellner, A.W.A. (2014) Redescription of Cearadactylus atrox
(Pterosauria, Pterosactyloidea) from the Early Cretaceous Romualdo Formation (Santana Group) of the Araripe Basin, 
Brazil. Journal of Vertebrate Paleontology, 34 (1), 126–134. 
http://dx.doi.org/10.1080/02724634.2013.793694

von Meyer C.E.H. (1834) Beiträge zur Petrefactenkunde. Gnathosaurus subulatus, ein Saurus aus dem lithographischen 
Schiefer von Solnhofen. Museum Senckenbergianum, 1 (3), 1–26.

Wang, Z. & Zhou, Z.H. (2003) Two new pterodactyloid pterosaurs from the Early Cretaceous Jiufotang Formation of western 
Liaoning, China. Vertebrata Palasiatica, 41 (1), 34–41.

Wang, X., Kellner, A.W.A., Zou, Z. & Campos, D.A. (2005) Pterosaur diversity and faunal turnover in Cretaceous terrestrial 
ecosystems in China. Nature, 437, 875–879. 
http://dx.doi.org/10.1038/nature03982

Wang, X., Kellner, A.W.A., Zhou, Z. & Campos, D.A., (2008a) Discovery of a rare arboreal forest-dwelling flying reptile 
(Pterosauria, Pterodactyloidea) from China. Proceedings of the National Academy of Sciences of the United States of 
America, 105 (6), 1983–1988. 
http://dx.doi.org/10.1073/pnas.0707728105

Wang, X., Campos, D.A., Zhou, Z.H. & Kellner, A.W.A. (2008b) A primitive istiodactylid pterosaur (Pterodactyloidea) from 
the Jiufotang Formation (Early Cretaceous), northeast China. Zootaxa, 1813, 1–18

Wang, X., Kellner, A.W.A., Jiang, S. & Meng, X. (2009) An unusual long tailed pterosaur with elongated neck from western 
Liaoning of China. Anais da Academia Brasileira de Ciências, 81 (4), 793–812. 
http://dx.doi.org/10.1590/s0001-37652009000400016

Wang, X., Kellner, A.W.A., Jiang, S. & Cheng, X. (2012) New toothed flying reptile from Asia: close similarities between early 
Cretaceous pterosaur faunas from China and Brazil. Naturwissenschaften, 99 (4), 249–257. 
http://dx.doi.org/10.1007/s00114-012-0889-1

Wellnhofer, P. (1985) Neue Pterosaurier aus der Santana Formation (Apt) der Chapada do Araripe, Brasilien, 187, 105–182. 
[Palaeontographica A]

Wellnhofer, P. (1987) New cristated pterosaur from the Lower Cretaceous of Brazil. Mitteillungen der Bayerischen 
Staatsammlung für Paläontologie und Historische Geologie, 27, 175–186.

Wellnhofer, P. (1989) Pterosaur diversity in the Lower Cretaceous Santana Formation, Brazil. Journal of Vertebrate 
Paleontology, 9 (3), 43.

Wellnhofer, P. (1991a) The illustrated encyclopedia of pterosaurs. Salamander Books Ltd, Londres, 192 pp.
Wellnhofer, P. (1991b) Weitere Pterosaurierfunde aus der Santana-Formation (Atp) der Chapada do Araripe, Brasilien, 215 (3), 

43–101. [Palaeontographica A]
Wellnhofer, P. (1996) Historical review of pterosaur research. Journal of Vertebrate Paleontology, 16 (3), 72.
Wellnhofer, P. & Kellner, A.W.A. (1991) The skull of Tapejara wellnhoferi Kellner (Reptilia: Pterosauria) from the Lower 

Cretaceous Santana Formation of the Araripe Basin, Northeastern Brazil. Mitteilugen bayerish Staatsslgung 
Paläontolohgist historiche Geologie, 31, 89–106. 

Wilkinson, M. (2003) Missing entries and multiple trees: instability, relashionships, and support in parsimony analysis. Journal 
of Vertebrate Paleontology, 23 (2), 311–323. 
http://dx.doi.org/10.1671/0272-4634(2003)023[0311:meamti]2.0.co;2

Wilkinson, M.T. (2008) Three dimensional geometry of a pterosaur wing skeleton, and its implications for aerial and terrestrial 
locomotion. Zoological Journal of the Linnean Society, 154 (1), 27–69. 
http://dx.doi.org/10.1111/j.1096-3642.2008.00409.x

Witton, M.P., Martill, D.M. & Green, M. (2009) On pterodactyloid diversity in the British Wealden (Lower Cretaceous) and a 
reappraisal of 'Palaeornis' cliftii Mantell, 1844. Cretaceous Research, 30 (3), 676–686. 
http://dx.doi.org/10.1016/j.cretres.2008.12.004
 Zootaxa 3869 (3)  © 2014 Magnolia Press  ·  217A NEW PTEROSAUR FROM BRAZIL

http://dx.doi.org/10.1671/0272-4634(2003)023[0311:meamti]2.0.co;2
http://dx.doi.org/10.1671/0272-4634(2003)023[0311:meamti]2.0.co;2

	Abstract
	Introduction
	Geological setting
	Material and methods
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




