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¢, Que son los pterosaurios?
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Los primeros vertebrados voladores

» Los pterosaurios fueron los primeros animales que lograron alcanzar el vuelo activo.

* Reptiles como el Coelurosauravusy el Icarosaurus también lograron desplazarse por el medio aéreo, aunque por medio del planeo.
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Santanadactylus manus (Bennett 2008) dorsal view
note: digit 3 was mistakenly illustrated by Bennett above digits 2and 1

Eudimorphodon manus (Peters 2002) dorsal view

B Humerus
I Radius & ulna
B Finger bones
B Thumb
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A new ctenocha
r 0 Liaon

Junchang L0, Qiang

id pterosaur from the Early Cretaceous Yixian Formation

wefang Wel, Yongaing Liu

¢, Fibras?

A nearly completely artic-
ulated rhamphorhynchoid
pterosaur with exceptionally
well-preserved wing mem-
branes and “hairs” from In-
ner Mongolia, northeast
China

WANG Xiaolin, ZHOU Zhenghe, ZHANG Fucheng

» dinosaurfact.net




¢ Plumas?

ARTICLES At :
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Pterosaur integumentary structures with complex
feather-like branching

Zixiao Yang', BaoyuJiang @™, MariaE.McNamara©?, StuartL.Kearns?, Michael Pittman©*,
Thomas G.Kaye ©%, Patrick J. Orré, Xing Xu” and Michael J. Benton ©3*
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¢ Plumas?
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Figure 2: Pterodactylus antiguus (SOEMMERRING, 1812), holotype specimen, from the Late Jurassic Solnhofen lithographic limestone of Eichstitt,
was the first fossil record of pterosaurs. The original copper engraving of the specimen, as it was published by Cosimo Alessandro CoLLINI in
1784. Bavarian State Collection of Palacontology and Geology Munich (BSPG), AS 1739.



Primeros descubrimientos

Figure 2: Prerodactylus antiguus (SOEMMERRING, 1812), holotype specimen, from the Late Jurassic Solnhofen lithographic limestone of Eichstitt,
was the first fossil record of pterosaurs. The original copper engraving of the specimen, as it was published by Cosimo Alessandro CoLLINI in
1784, Bavarian State Collection of Palacontology and Geology Munich (BSPG), AS1739.



Primeros descubrimientos

Figure 2: Pterodactylus antiquus (SOEMMERRING, 1812), holotype specimen, from the Late Jurassic Solnhofen lithographic limestone of Eichstitt,
was the first fossil record of pterosaurs. The original copper engraving of the specimen, as it was published by Cosimo Alessandro CoLLINI in
1784. Bavarian State Collection of Palacontology and Geology Munich (BSPG), AS 1739.

Georges Cuvier (1769 - 1832)



Primeros descubrimientos: Soemmerring
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Primeros hallazgos de pterosaurios en Inglaterra




¢ Mas de un género de pterosaurio?

Enror bed ‘The Osteology of 1910, ontheb the upper Cretaccous

g n B
Niobrara Chalk of West Kansas, USA in the Yale Peabody Muscum in New Haven, CT, USA. His skeletal restoration of this picrosaur with a
wingspan of about 7 meters was the standard for decades.



Dragones del aire

FIG. 50, DIMORFHODON MACKONYX

H. G. Seeley RESTORED FORM OF

THE ANIMATL

FIG. §9. RESTORATION OF THE SKELETON OF FIG. 61, CYCNORHAMPHUS SUEVICUS
’ PTENODRACON BREVIROSTRIS KESTORATION SHOWING THE FORM OF THE BODY AND THE WING MEMERANES




Renacimiento de las investigaciones sobre pterosaurios
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ORIGEN DE LOS
PTEROSAURIOS
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FIGURE 1.  Sharovipteryx mirabilis. Views of the original block, x0.65. Left. Lower block, Right. Top half. (Photos courtesy
of The Paleontological Institute, Moscow.)

Peters (2000) propuso el origen de los pterosaurios entre
los Prolacertiformes (Protorosaurios), grupo de
sauropsidos diapsidos que vivieron durante el Pérmico y
el Triasico.

En particular, Peters propuso similitudes con el género
Sharovipteryx, de forma similar a lo que ya habia
propuesto Halsted (1975) en base a las extensas
membranas ubicadas entre sus extremidades posteriores
(Gans et al. 1987; Alifanov. et al. 2000).

Esta propuesta ubica el origen de los pterosaurios en la
base de Archosauromorpha.

Peters obtuvo estos resultados a partir del analisis de
matrices preexistentes modificadas por él, pero obtuvo
arboles mas pobremente soportados que los originales.







THE EARLY EVOLUTION OF ARCHOSAURS:
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Ornithodira-hypothesis
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Fig 39. Avian-line archosaur femora: A, left femur of Dromomeron romeri (GR 218) in proximal (top),
p dial (middie left), lateral (middle right), and distal (bottom) views: B, left femur of the
Tawa hallac (GR 244) in proximal (top), medial (middle left), lateral (middle right), and distal (bottom)
views; C, left femur of Silesaurus opolensis (ZPAL Ab I 460/1) in proximal (top), posteromedial (middle),
and distal (bottom) views; D, prosimal portion of the right femur of Dimorphodon macronyx (YPM 9182)
in medial view. Amrow indicates anterior direction. Numbers refer to character states. See appendix for
anatomical abbreviations. Scale bars = 1 cm.

Fig. 4. The right pes of avian-line archosaurs in anterioridorsal view: A, Dimorphadon macronyx
(modified from Arthaber, 1919); B, Lagerpeton canarenss (redravn from Sereno and Arcuce, 1994% C.,
left pes of Silesaunss apolensis (red rawn from Dzik, 203); D, He terodoniwsauris tucki (redrawn from Santa.

Luca, 1980); E, Saurnalia iy from L 003); Fy on MNA
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Fig. 46. Proximal ankle elements of avian-line archosaurs: A-E, clements in posterior (left), anterior
(middle), and proximal (right) views. A, right astragalocalcancum of Dromomeron romeri (GR 23); B,
right astragalus of Pseudolagosuchus major (PVL 4629); C, left astragalus and calcaneum of Marasuchus

s 3871); D, left is AbII 361120); E, left
astragalus and calcancum of Coelophysis bawi (30576); F, right astragalocalcancum of Dimorphodon
macronyx (YPM 9182E) in anterior and distal G, views. Arrow indicates anterior direction. Numbers refer

v atomical Scale bars = 1 cm in A-B, D-E, and § mm
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What are pterosaurs?
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CLASIFICACION DE LOS PTEROSAURIOS
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“Rhamphorhynchoidea” y Pterodactyloidea
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Fig. 1. Traditional evolutionary trees for pterosaurs proposed by (a) Young (1964} and (b) Kuhn (1967).
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Loological Journal of the Linnean Society (1986) 88: 307-328. With 12 figures

On the cervical vertebrae of the
Pterodactyloidea (Reptilia: Archosauria) i %?JL;Z‘,’;“.V

Grasnsand long cervical vertebrae
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Figure 11. Cladogram of the plfrndacly]md re!auonsh:pu based only on the morphology of the
cervical vertebrae. Key to d nodes: I, cervicals, rib-bearing and of the same
length throughout the series; 2, mldd]l:-!c’rlc! cervicals, rib-bearing but with variation in length
throughout the series; 3, loss of ribs in middle-series ce'rvlcal.s but equal or subequal length
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the series; 4, and spinous h 5, in tength of middle-series

7 cervicals throughout the series (convergent with 2); 6, presence of postexapophyses on cervicals
A= i_) ', (convergent with 9), completcly fused atlanto-axis; 7, presence of pre-cxapophyses on postaxial
cervicals; 8, elongate middle-series cervicals, with low ntnral spine; 9, presence of postexapophyses
on cervicals (convergent with 6); 10, ncural spine greatly reduced and exaggerated length of
’\ vertebral bedy.
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The Earliest Pterodactyloid
and the Origin of the Group

Brian Andres,’-” James Clark,? and Xing Xu®
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PTEROSAURIA

» Definicion: Owen,1842 sensu Padian, 2004. Se define como el clado mas inclusivo caracterizado por tener un metacarpal IV y un cuarto
digito de la mano hipertrofiados que soportan membranas alares sinapomorficas con la de Pterodactylus antiquus Soemmering, 1812.

B brachium
B antebrachium
W distal wing




EOPTEROSAURIA

» Definicion: Andres et al., 2014 lo define como el clado menos inclusivo que contiene a Preondactylus buffarinii Wild, 1984 y
Eudimorphodon ranzii Zambelli, 1973. Se divide en Preondactylia y Eudimorphodontoidea.

- Eudimorphodon ranzii
Preondactylus buffarinii

Raeticodactylus filisurensis




Eudimorphodontidae

» Definicion: Eudimorphodontidae Wellnhofer 1978 es el clado més inclusivo que contiene a Eudimorphodon ranzii Zambelli 1973, pero no a
Raeticodactylus filisurensis Stecher, 2008.




Raeticodactylidae

» Definicion: Raeticodactylidae Andres et al., 2014 es el clado mas inclusivo que contiene a Raeticodactylus filisurensis Stecher 2008, pero
no a Eudimorphodon ranzii Zambelli 1973.

—
Retroarticular process

-~
Postcoronoid process




MACRONYCHOPTERA

» Definicion: Macronychoptera sensu Unwin, 2003 es el clado menos inclusivo que contiene a Dimorphodon macronyx Buckland, 1829 y
Quetzalcoatlus northropi Lawson, 1975.




DIMORPHODONTIA

» Definicion: Andres et al., (2014) lo definen como el clado mas inclusivo que contiene a Dimorphodon macronyx Buckland, 1829, pero no a
Pterodactylus antiquus Soemmering, 1829.




Dimorphodontidae

« Definicion: Britt et al., (2018) definen este grupo como el clado menos inclusivo que contiene a Dimorphodon macronyx Buckland 1829, y a
Caelestiventus hanseni Britt et al., 2018.




Dimorphodontidae

nature . ARTICLES
ecology & evolution ool arg/101038s4155-018.0627

Caelestiventus hanseni gen. et sp. nov. extends
the desert-dwelling pterosaur record back
65 million years

Brooks B. Britt©'*, Fabio M. Dalla Vecchia®?, Daniel J. Chure?®, George F. Engelmann?,
Michael F. Whiting® and Rodney D. Scheetz'

Pterosaurs are the oldest known powered flying vertebrates. Originating in the Late Triassic, they thrived to the end of the

Cretaceous. Triassic pterosaurs are extraordinarily rare and all but one specimen come from marine deposits in the Alps.

A new comparatively large (wing span >150 cm) pterosaur, Caelestiventus hanseni gen. et sp. nov., from Upper Triassic desert

deposits of western North America preserves delicate structural and pneumatic details not previously known in early ptero-

saurs, and allows a reinterpretation of crushed Triassic specimens. It shows that the earliest pterosaurs were geographically

widely distributed and ecologically diverse, even living in harsh desert environments. It is the only record of desert-dwelling
by A lysis she

itis closely allied with Dimorphodon macronyx from the Early Jurassic of Britain.
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Antéartica: Montafnas Transantarticas centrales, Formacioén Hanson, Jurasico Inferior (Hetangian-
Pliensbachiano)

A Crested Theropod Dinosaur from Antarctica

Weddell

William R. Hammer* and William J. Hickerson Sea

Jurassic fossil vertebrates collected from the Falla Formation in the Central Transantarctic
Mountains included a partial skull and postcranial elements of a crested theropod, Cryo-
lophosaurus ellioti gen. nov. sp. nov. The theropod bears some resemblance to the large
tetanurans of the Middle to Late Jurassic but also has primitive ceratosaurian features.
Elements from a prosauropod, teeth from scavenging theropods, a pterosaur humerus, and
a tritylodont molar were also recovered. The presence of this fauna suggests that a mild
climate existed at high paleolatitude in this area of Gondwana during the Early Jurassic.

Antarctica

+ South Pole

& Mount Kirkpatrick

SCIENCE VOL. 264 * 6 MAY 1994

Ross @
Island

Ross Sea

Fig. 1. Map showing location of Mount Kirk-
patrick where Antarctic Jurassic fauna was
discovered.




NOVIALOIDEA

» Definicion: Sensu Kellner, 2003. Se define como el clado menos inclusivo que contiene a Campylognathoides zitelli Plieninger, 1894, y a
Quetzalcoatlus northropi Lawson, 1975.




Campylognathoididae

» Definicion: Kellner (2003) define Campylognathoididae como todos los pterosaurios mas cercanamente emparentados a
Campylognathoides liasicus Plieninger 1894, que a otros pterosaurios.

TEXT-FIG. 10. Restored skull of Campylognathoides, after
various specimens.




BREVIQUARTOSSA

» Definicion: Sensu Unwin (2003). Es el caldo menos inclusivo que contiene a Rhamphorhynchus muensteri Goldfus, 1831, y Quetzalcoatlus
northropi Lawson, 1975.




Rhamphorhynchidae

Definicion: Nopcsa, 1828, sensu Unwin, 2003. Se define como el clado menos inclusivo que contiene a Rhamphorhynchus muensteri Goldfuss,
1831, y a Dorygnathus banthensis Theodori, 1830.







PTERODACTYLOMORPHA

Definicion: Andres et al., (2014) lo definen como el clado mas inclusivo que contiene a Pterodactylus antiquus Soemmerring, 1812, pero no
a Rhamphorhynchus muensteri Goldfuss, 1831.




MONOFENESTRATA

Definicion: LU et al., 2010. Es el clado mas inclusivo en el que la apertura nasal y la fenestra anteorbital confluyen en una sola, similar al
presente en Pterodactylus antiquus Soemmerring, 1812.
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DARWINOPTERA

» Definicion: Andres et al., (2014) lo definen como el clado menos inclusivo que contiene a Darwinopterus modularis LU et al., 2010, y
Pterorhynchus wellnhoferi Czercas y Ji, 2010.




Wukongopteridae

» Definicion: Wang et al., 2009. Se define como el clado menos inclusivo que contiene a Darwinopterus modularis LU et al., 2010, y
Wukongopterus lit Wang et al., 2009.

! ISSN 0013763

An Egg-Adult Association, Gender, and L
Reproduction in Pterosaurs An unwsusl long-tailed plerossur with clongated neck

from western Lisoning of China

TS Armis d Acadermin iasiins ds Ciéncins (2009) 81(48: 703512
s 057 ] tAnmals of the Bracilian Academy of Seicnces)

Junchang Lii,** David M. Unwin,** D. Charles Deeming,” Xingsheng Jin,* Yongqing Liu,* Qiang Ji*

NIAGLIN WANG!, ALEXANDER W.A. KELLNER?,
SHUNXING JIANG'* aml X MENG!
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Fig. 1. The fossil record of growth stages in Darwinapterus and other pterosaurs. Phylogeny is based on
(20). Open drcle, fossil found or identified during the past decade; solid drcle, older record. Abbreviations
are as follows: adult, A; egg and/or embryo, E; hatchling, H; juvenile, ]; subadult, S.
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Evidence for modular evolution in along-tailed

pterosaur with a pterodactyloid skull
Junchang Lii':*, David M. Unwin2, Xingsheng Jin?,
Yongging Liu! and Qiang Ji!
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PTERODACTYLIFORMES




CAELIDRACONES

» Definicion: Sensu Unwin (2003). Se define como el clado menos inclusivo que contiene a Anurognathus ammoni Ddderlein, 1923 y a
Quetzalcoatlus northropi Lawson, 1975.

“

ﬂnurognatbus ammoni




Anurognathidae

» Definicion: Nopcsa 1928. Se define como el clado que contiene al ancestro comin mas reciente de Anurognathus ammoni Déderlein 1923, y
Batrachognathus volans Ryabinin 1948, mas todos sus descendientes.

Anurognathus ammoni
Daderlein, 1923




PTERODACTYLOIDEA

» Definicion: Plieninger, 1901, sensu Padian (2004). Es el clado més inclusivo cuyos miembros presentan un metacarpal alar cuyo largo es de
al menos el 80 % el largo del himero, como se observa en Pterodactylus antiquus Soemmerring, 1812.
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El pterodactyloideo mas antiguo

The Earliest Pterodactyloid
and the Origin of the Group

Brian Andres,’* James Clark,” and Xing Xu®

Mkl
2

Figure 2. C¢ ison of Three-Di i ing the Cl States of id and Pterod:
tyloid Pterosaurs in Anterior and Proximal Views

(A) Nonpterodactyloid Comodactylus ostromi Galton 1981 (YPM 9150), courtesy of the Yale Peabody Museum of Natural History.

(B) Basal id Kr itor (IVPP V18184).

(C) Derived pter id cf. pricei 1985 (AMNH 22552), courtesy of the American Museum of Natural History.
Abbreviations: da, dorsal articular surface; dc, distal condyles; cs, crescentic sulcus that encircles proximal Mcl-il, I=l1I; pt, proximal
tuberculum; va, ventral articular surface; ve, ventral expansion. Scale bar represents 50 mm.
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LOPHOCRATIA

Definicion: Lophocratia sensu Unwin (2003) se define como el clado menos inclusivo que contiene a Pterodaustro guinazui Bonaparte
(1970) y a Quetzalcoatlus northropi Lawson (1975).




ARCHAEOPTERODACTYLOIDEA

Definicion: Archaeopterodactyloidea Kellner (2003) se define como el clado menos inclusivo que contiene a Ctenochasma elegans Wagner
(1861) y Germanodactylus cristatus Wiman 1925.




Germanodactylidae

+ Definicion: Germanodactylidae Young (1964) se define como el clado menos inclusivo que contiene a Germanodactylus cristatus Wiman
1925, y Normanognathus wellnhoferi Buffetaut et al. 1998.

Journal of Vertebrate Paleontology 26(4):872-878. December 2006
© 2006 by the Society of Vertebrate Paleontology

JUVENILE SPECIMENS OF THE PTEROSAUR GERMANODACTYLUS CRISTATUS,
WITH A REVIEW OF THE GENUS

Journal of Vericbrate Palcantology 22(1):43—48, March 2002
© 2002 o

Society of Veriebrate Paleontology
S. CHRISTOPHER BENNETT

SOFT TISSUE PRESERVATION OF THE CRANIAL CREST OF THE PTEROSAUR
GERMANODACTYLUS FROM SOLNHOFEN

S. CHRISTOPHER BENNETT

FIGURE 2. Life reconstruction of Germanadactylus rhamphastinus in 1eft lateral view based on MCZ 1886. Note that the crest may have been
larger in fully adult individuals

FIGURE 1. A, photograph and B, camera lucida drawing of the skull ' .
and cervical vertebrae of Germanodactylus cristatus, SoS 4593, in rigt  FIGURE 2. A, photograph and B, camera lucida drawing of the skull
lateral view. C, inset shows details of the dentition with tooth numbering. - - ; ¥ P

Skull length i 25.7 mm. Abbreviations: cb. ceratobranchial: fr. froncal:,  O1 and cervical vertebrae of Germanodacty I“S, cristatus, SoS 4006, in right
jugal: la, lacrimal; max, maxilla; ns. tall neural spines (outlines based on  lateral view. Skull length is 26.5 mm. Abbreviations: cb, ceratobranchial;
Wellahofer [1970); pa. parictal; pmy, premaxilla; g. quadrate: ser, scle- 5 jyoq): Ja, lacrimal; np, nasal process; ns, tall neural spines; ser, sclerotic

o lac jug pt mas  op pal — rotic ring; zyg, yses. Hatching in C a calcitic mass. d ! oS
Scale bar for A and B equals 10 mm; scale bar for C equals 5 mm. ring. Hatching represents a calcitic mass. Scale bar equals 10 mm.




EUCTENOCHASMATIA

» Definicion: Euctenochasmatia Unwin (2003) se define como el clado menos inclusivo que contiene a Pterodactylus antiquus Soemmerring
1812, y Pterodaustro guinazui Bonaparte 1970.




Pterodactylidae

» Definicion: Knoll (2000) lo definié como el clado que contiene al ancestro comun de Pterodactylus antiquus y Ctenochasma elegans mas
todos sus descendientes.

On the phylogeny and evolutionary history of pterosaurs

DAVID M. UNWIN

Triassic Jurassic Cretaceous
Mid. [Upper  Lower | Middle [Upper Lower | Upper
Mtalc] No H[ST TTo [T8)BalCalox/ki[Tt ‘BoVapmia] v | A [ColT] [ Cm [Mal




CTENOCHASMATOIDEA

» Definicion: Ctenochasmatoidea Unwin (1995) sensu Unwin (2003) se define como el clado menos inclusivo que contiene a Cycnorhamphus
suevicus Quenstedt (1855) y Pterodaustro guinazui Bonaparte, 1970.




Gallodactylidae

» Definicion: Gallodactylidae (Fabre, 1974) se define como el clado menos inclusivo que incluye al ancestro comun de Gallodactylus y
Cycnorhamphus mas todos sus descendientes.

N. Jb. Geal. Paléont. Abh. 267H, Z3-41
Published oniine December 2012

The morphology and taxonomy of the pterosaur Cycnorhamphus

S. Christopher Bennott




Ctenochasmatidae

» Definicion: Ctenochasmatidae Nopcsa (1928) sensu Unwin (2002) es el clado menos inclusivo que contiene a Gnathosaurus subulatus von
Meyer (1834) y Pterodaustro guinazui Bonaparte (1970).

ROYAL SOCIETY % R S i e . F e
OPEN SCIENCE :

Earliest filter-feeding
pterosaur from the Jurassic
of China and ecological
evolution of
Pterodactyloidea

Chang-Fu Ihou', Ke-Qin Gao?, Hongyu i, Jinzhuang
Xue?, Quanguo Li® and Richard C. Fox®

DEL CRANEQ Y bE STRO
GUISAZUI (FIERODAGTYLOIDEA . FTERODAUSTRIIDAE NOV.], DI
LA FORMACION LAGARCITO, SAN LULS, ARGENTINA

. F. Bonapane

N, Jb. Geol. Palaont, Abh.
2007, vol. 245/1, p. 23-31, Stutigart, July 2007, published online 2007

A review of the pterosaur C:

5. Christopher Bennatt, Hays




ORNITHOCHEIROIDEA

» Definicion: Ornithochiroidea Seeley (1891) sensu Kellner (2003) se define como el clado menos inclusivo que contiene a Anhanguera
blittersdorffi Campos y Kellner 1985, Pteranodon longiceps Marsh 1876, Dsungaripterus weii Young 1964 y Quetzalcoatlus northropi
Lawson 1975.




PTERANODONTIA

» Definicion: Pteranodontia Marsh (1876) sensu Unwin (2003) se define como el clado menos inclusivo que contiene a Pteranodon longiceps
Marsh (1876) y Nyctosaurus gracilis Marsh (1876).




Nyctosauridae

» Definicion: Nyctosauridae Marsh (1876) se define como el clado menos inclusivo que contiene a Nyctosaurus gracilis Marsh (1876) y
Muzquizopteryx cohuilensis Frey et al. 2006.

Nyctossurus
FMNM 25026 FHSMVP 21 UNSM 93000

o

Click to Enlarge

Precanodon FHSMVP 2183 YPM 1175 Prweetyimmature)  NMCA1-358  UALVP 24238



PTERANODONTOIDEA

» Definicion: Pteranodontoidea sensu Kellner (2003) se define como el clado menos inclusivo que contiene a Anhanguera blittersdorffi
Campos y Kellner (1985) y Pteranodon longiceps Marsh (1876).




Pteranodontidae

» Definicion: Kellner (2010) define Pteranodontidae como el clado menos inclusivo que contiene al ancestro comdn Pteranodon longiceps
Marsh 1876, y Dawndraco kanzai Kellner 2010, mas todos sus descendientes.

E :‘\ Anais da Academia Brasileira de Cigneias (2010) 82(4): 10631084

s 7%l (Annals of the Brazilian Academy of Sciences)

LA 188N 00013765
U/ wwwscielo britabe

Comments on the Pteranodontidae (Pterosauria, Pterodactyloidea)
with the description of two new species

ALEXANDER W.A. KELLNER

Fig. 821. — Skull of Pteranodon longiceps. x 1/8 (after Marsh).

nov., holotype 2782 3 L Scale ber: 100 mm.

Fig. 2 - Dawndraco kanza gen. et sp. nov., holotype (KUVP 27821). (s) photograph and (b) drawing of the complete skul; (c) detail of the
preserved tip of the upper jaw; (d) lower jaw. Scale bars: &, b: 500 mm; ¢: 100 mm; d: 30 mm.




Journal of Vertebrate Paleontology 12(4):422-434, December 1992
© 1992 by the Society of Vertebrate Paleontology

SEXUAL DIMORPHISM OF PTERANODON AND OTHER PTEROSAURS,
WITH COMMENTS ON CRANIAL CRESTS

S. CHRISTOPHER BENNETT
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FIGURE 1. Size-freq i of lengths of limb de [1991 and in prep.] for specimen
numbers, measurements, and data). A, coracoid; B, humerus; C, radius; D, ulna; E, metacarpal IV; F, wing phalanx 1; G,
wing phalanx 2; H, wing phalanx 3; I, femur. imens identified using size-i criteria (Bennett, 1991)

are shown in black, and mature and unrated specimens are hatched.

FIGURE 4. Cranial crests of large specimens of Preranodon longiceps. A, FHSM VP 221 (left lateral view reversed); B,
DMNH 1732; C, YPM 2594; D, YPM 2473; E, KUVP 27821. Scale equals 30 cm.

FIGURE 3. Reconstructions of skulls of modal female and
male Pteranodon longiceps (based on YPM 1177 and KUVP
2122; and YPM 2594, respectively). Scale equals 30 cm. e —

FIGURE 5. Cranial crests of large specimens of Preranodon sternbergi and jaws of Pteranodon. A, FHSM VP 339 (left lateral
view reversed). B, UALVP 24238; C, YPM 2489; D, AMNH 1974 (lefi lateral view reversed), E, KUVP 967. A and B are
Pteranodon sternbergi. C and E arc Pteranodon longiceps. and D is Pteranodon sp. indet. Scale equals 30 cm.

FIGURE 6. Pelves of Preranodon in left lateral view. A, FIGURE 7. Skeletal reconstructions of modal female and male Preranodon in dorsal view, superimposed to show the size
female KUVP 993; and B, male YPM 1175. Note that the dimorphism. Scale = 1 m.

puboischiadic plates of KUVP 993 are decper and more

deeply emarginated than those of YPM 1175, The pelvic

canal (shaded) is relatively much larger in the small pelvis

than in the large pelvis. Not drawn 10 scale.



ORNITHOCHEIROMORPHA

Definicion: Ornithocheiromorpha Andres et al. (2014) es el clado mas inclusivo que contiene a Ornithocheirus simus Owen 1861, pero no a
Pteranodon longiceps Marsh 1876.




Istiodactylidae

» Definicion: Istiodactylidae Howse et al. (2001) es el clado menos inclusivo que contiene a Istiodactylus latidens Seeley 1901, y
Nurhachius ignaciobritoi Wang et al. 2005.
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ANHANGUERIA

» Definicion: Anhangueridae Rodrigues y Kellner (1985) se define como el clado méas inclusivo que contiene a Anhanguera blittersdorffi
Campos y Kellner 1985, pero no a Istiodactylus latidens Seeley 1901.




Boreopteridae

Definicion: Lu et al. (2006) lo definen como el clado que contiene el ancestro comin de Boreopterus cuiae LU y Ji 2005 y Guidraco
venator Wang et al. 2012, mas todos sus descendientes.

Naturwissenschaften (2012) 99:249-257
DOI 10.1007/500114-012-0889-1

ORIGINAL PAPER

New toothed flying reptile from Asia: close similarities
between early Cretaceous pterosaur faunas from China
and Brazil

Xiaolin Wang « Alexander W. A. Kellner -
Shunxing Jiang + Xin Cheng

Vol.79 No.2 pp. 157-163 ACTA GEOLOGICA SINICA April 2005

A New Ornithocheirid from the Early Cretaceous
of Liaoning Province, China
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Ornithocheiridae

» Definicion: Ornithocheiridae Seeley (1870) es el clado mas inclusivo que contiene a Ornithocheirus simus 1861, pero no a Anhanguera
blittersdorffi Campos y Kellner (1985).

Description of Coloborhynchus spiclbergi sp. nov.
(Pterodactyloidea) from the Albian (Lower Cretaceous) of Brazil.

André ], Veldmeijer




Anhangueridae

» Definicion: Anhangueridae Campos y Kellner (1985) se define como el clado mas inclusivo que contiene a Anhanguera blittersdorffi
Campos y Kellner (1985), pero no a Ornithocheirus simus Owen (1861).

Skull variation and the shape of the sagittal premaxillary crest in anhanguerid pterosaurs
(Pterosauria, Pterodactyloidea) from the Araripe Basin, Northeast Brazil

R.AM. Bantim®*, A.AF. Saraiva®' and J.M. Saydo™
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Figure 2. PCs graphic showing the arrangement of the specimens analysed in the morphospace. The skulls are not to scale.
Fig. 6. a b-Anhanguera piscator n. sp, (NSM-PV 19892), dorsal view of the skull. Scale bar= 100 mm ( %0.29).



AZHDARCHOIDEA

» Definicion: Azhdarchoidea Unwin 1995, sensu Unwin 2003, es el clado menos inclusivo que contiene a Tapejara wellnhoferi Kellner 1989,
y Quetzalcoatlus northropi Lawson 1975.




TAPEJAROMORPHA

Definicion: Tapejaromorpha Andres et al. 2014 se define como el clado mas inclusivo que contiene a Tapejara wellnhoferi Kellner 1989,
pero no a Quetzalcoatlus northropi Lawson 1975.




Tapejaridae

Definicion: Tapejaridae (1989) sensu Ll
Sinopterus dongi Wang y Zhou 2003.

AMECHINLANA [Bsv. Ascc. Paizoniol. Asgeal) L 14) 520 531 Buence ires, 20 12 2001 155 0002 70

New information on the Tapejaridae (Pterosauria,
Plerodaclyloidea) and discussion of Uhe relalionships
of this clade

lexancier Wilhelm Armin KELLNERL
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A New Crested Pterosaur from the Early Cretaceous of
Spain: The First Pt Tapejarid (| i

Azhdarchoidea)
Bomain Vot " Mavandor W, A Kliar, .
Gormes”, Momtiera do  Fosnte’, Jous J. Moratata®

sq Pfsop

Figure 2. Line drawing of the holotype of Europejara olcadesorum gen. et sp. nov. and life restoration. (A) Interpretative line drawing of
the skull ‘the acid-prepared ®) ion of the skull (based in part on Tapejara) showing preserved parts in red. Life
restoration of the head of Europejara in lateral (C) and frontal (D) views. apj, anterior process of the jugak aprj, anterior process of the right jugal; d,
dentary; ec, ectopterygoid; hy, hyoids; j, jugal: |, lacrimal; Id, left dentary; i, left jugal; Im, left maxilla; Ipo, left postorbital; ly, left quadrate; Isa,
surangular; ksq, left squamosal; Itf, lower temporal fenestra; m, maxilla; naof, nasoantorbital fenestra; o, orbit; pf, postfrontal; po, postorbital; pt,
pterygoid; q, quadrate; rap, retroarticular process; rd, right dentary; m, right maxilla; scd, sagittal crest of the dentary; scp, scleral plates; sq,
squamosal. Scale bar: 50 mm.

doit10.1371/journal pone 0038900 9002




NEOAZHDARCHIA

» Definicion: Neoazhdarchia sensu Unwin (2003) es el clado menos inclusivo que contiene a Tupuxuara longicristatus Kellner y Campos 1988
y Quetzalcoatlus northropi Lawson 1975.




Dsungaripteridae

» Definicion: Kellner (2003) define Dsungaripteridae como el clado menos inclusivo que comprende al ancestro comin de Dsungaripterus
weii Young 1964, y Noripterus complicidens Bakhurina 1982, mas todos sus descendientes.

Geol Mag. 146 (51, 2009, pp. 6907
doi-L0.10175001 67563090004 14

B 2009 Cansbridge University Press
the Vst Kingedom

e New material of dsungaripterid pterosaurs (Pterosauria:
ELSEVIER Gt R T — Pterodactyloidea) from western Mongolia and its
palacoecological implications

CRETACEQUS
WS FARCH

A new dsungaripteroid pterosaur from the Lower JUNCHANG LU*{, YOICHI AZUMA% ZHIMING DONG{. RINCHEN BARSBOLDY.
Cretaceous of the southern Junggar Basin YOSHITSUGU KOBAYASII] & YUONG-NAM LEES

north-west China

Michael W. Maisch®®, Andrens T. Matzke®, Ge Sun”

<t s nov. Kt lateral view of boatype (SGP 200119) from the Lissmusin Formation (Upper Toguls

Fi i gen
Group) of Lishonggou, Xinjang. China

pm+m

Fig. 2. Lonchognathosaurus acutirostris gen. et sp. nov., drawings of the holotype (SGP 2001/19). A, posterior portion of snout in left lateral view. B,
anterior end of snout in left lateral view, C, posterior portion of snout in ventral view. Abbreviations: c. sg, crista sagittalis; [, np.. fenestra
nasopracorhitalis; mx, maxilla; pa, palatine; pmx. premaxilla; 1-8 maxillary alveoki




Chaoyangopteridae

Definicion: LU et al. (2008). Es el clado mas inclusivo que contiene a Chaoyangopterus zhangi Wang y Zhou, 2002, pero no a
Quetzalcoatlus northropi Lawson, 1975.

N. Jb. Geol. Paliont. Abh. 26773, 341350
publahad celi June 2010

New material of Chaoyangopterus (Pterosauria:
Pterodactyloidea) from the Early Cretaceous Jiufotang Formation
of western Liaoning, China

Chang-Fu Znou, Sheryang

prz Cervical vertebrae of an enigmatic pterosaur from
the Crato Formation (Lower Cretaceous,
Araripe Basin, NE Brazil)

MARIA E C. LEAL'*, RODRIGO V. PEGAS®, NIELS BONDE' &
ns ALEXANDER W, A, KELLNER®

poex

Fig. 2. Specimen LP/UFC.CH-721. (a) Drawing with abbreviations, left side. (b) Drawing with abbreviations, right
side. (¢) Reconstruction in a left-lateral view. Abbreviations: c. condyle: ns, neural spine: poex. postexapophysis:
poz, postzygapophysis; prz, prezygapophysis. Scale bars equal 10 mm.




Azhdarchidae

Definicion: Kellner (2003) define Azhdarchidae como el clado que contiene a todos los pterosaurios que estan mas emparentados a
Quetzalcoatlus northropi Lawson 1975 que a otros pterosaurios. Unwin (2003) lo define como el clado que contiene el ancestro comun de
Azhdarcho lancicollis Nessov 1984 y Quetzalcoatlus northropi Lawson 1975 més todos sus descendientes.

Pterossur fram the Latest Cretaceous of West Texas: Discavery of the Largest Flying
Creat:

Authoris): Douglas A Lawson

Source: Science, Mew Series, Vol. 187, Mo, 180 (Mar. 14, 1975), pp. 947-948
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A Reappraisal of Azhdarchid Pterosaur Functional
Morphology and Paleoecology

Mark P. Witton*, Darren Naish
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Figure 7: William BuckLAND, one of the “fathers of British Geology”,
regarded pterosaurs as animals of bat-like appearance living on cliffs by
the Jurassic Sea. This illustration, almost a copy of a life restoration by
Gorpruss (1831), was published in the “Bridgewater Treatises on the
Power Wisdom and Goodness of God” (BuckiLAND 1836).

Naturwissenschaften (2002) 89:180-184
DOI 10.1007/200114-002-0307-1

E. Buffetaut - D. Grigorescu * Z. Csiki

A new giant pterosaur with a robust skull
from the latest Cretaceous of Romania

Fig. 1 Hatzegopteryx thambema, holotype (FGGUB R 1083).
Proximal part of left humerus in ventral view. showing unwarped
deltopectoral crest. Scale bar 50 mm. Insert shows position of the
specimen on an azhdarchid humerus

COMPARISON OF BONES of Querzalcoatlus northropi with those
of smaller, similar pterosaurs found nearby contributed to the recon-
struction of Quetzalcoatlus. The bone at the top s the left humerus of
Q. northropi. It is .54 meter long. The bone below it is the right humer-

us of an animal designated Querzalcoatlus sp. in the absence of proof
that it was the young of the species northropi. The bone is .24 meter
tong. The fossils of Quetzalcoatlus sp. are sufficiently complete for it
to be said that the wingspan of the smaller animal was six meters.
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Quad-launching by a pterodactyloid pterosaur (Nyctosaurus)
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First record of a pterosaur landing trackway

Jean-Michel Mazin, Jean-Paul Billon-Bruyat and Kevin Padian
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¢, Como se desplazaban en tierra?

Were early pterosaurs inept terrestrial
locomotors?
Mark P. Witton

School of Earth and Environmental Sciences, University of Portsmouth, Portsmouth, UK




Were early pterosaurs inept terrestrial
locomotors?
Mark P. Witton

School of Earth and Environmental Sciences, University of Portsmouth, Portsmouth, UK
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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

Kristina Fck + Ross A. Flgin « Eberhard Frey
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CRANIAL REMAINS OF QUETZALCOATLUS (PTEROSAURIA, AZHDARCHIDAE) FROM LATE
CRETACEOUS SEDIMENTS OF BIG BEND NATIONAL PARK, TEXAS

ALEXANDER W. A. KELLNER' and WANN LANGSTON. JR *
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On the presence of an elongated tail in an vndestribed
specimen of Butruchognathus volans (Pterosauria:
Anvrognathidae: Batrachognathinae)

COSTA, Fabiana R.; ALIFANOV, Viedimir®; DALLA VECCHIA,
Fablo Marce? and KELLNER, Alexander W.A'.

Stage | Formasons

Neogene

Geol. Mag. 132 (1), 1995, pp. 31-38. Coppright © 1995 Cambridge Universily Press 31

Pterosaur fossils from the Cretaceous of Chile: evidence for
a pterosaur colony on an inland desert plain

C.M.BELL* & K. PADIANTY
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Discovery of a Rare Pterosaur Bone Bed in a Cretaceous
Desert with Insights on Ontogeny and Behavior of Cromblark
Flying Reptiles

Paulo C. Manzig'?, Alexander W. A. Kellner®*, Luiz C. Weinschiitz', Carlos E. Fragoso®, Cristina S. Vega®,
Gilson B. Guimaraes®, Luiz C. Godoy®, Antonio Liccardo®, Joao H. Z. Ricetti', Camila C. de Moura’
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brief communications

New pterosaur-egg features add to our understanding of these extinct flying reptiles.

ur knowledge of the eggs and

embryos of pterosaurs, the Mesozoic

flying reptiles, is sparse. Until now,
the recent discovery of an ornithocheirid
embryo from 121-million-year-old rocks in
China' constituted the only reliable evi-
dence of an unhatched pterosaur. Here we
describe an embryonic fossil of a different
pterosaur from the Early Cretaceous lacus-
trine deposits of Loma del Pterodaustro
(the Lagarcito Formation, which is about
100 million years old) in central Argentina.
This new fossil provides insight into the
eggshell morphology, early growth and
nesting environments of pterosaurs.

The specimen (MHIN-UNSL-GEO-V
246; see Fig. 1 and supplementary informa-
tion) is split into two slabs, with its articu-
lated bones preserved as an aggregate
(22 X 60 mm) in an oval shape. The porous
appearance of the bone surface, the minimal
ossification of the ends of the limb bones,
and the absence of fusion between the sacral
vertebrae and between the scapula and cora-
coid provide size-independent support of
the specimen’s early ontogenetic age™’. The
skeleton is also preserved in the curled posi-
tion typical of embryos* — forelimbs folded
against the body, hindlimbs flexed and skull
facing caudally, rostrum tucked underawing
— as opposed to the spread-out configura-
tion seen in most preserved pterosaur skele-
tons, including those of early juveniles”.

The proportionally large skull and the
long forelimbs, with their robust meta-
carpals IV carrying elongated phalanges,
identifies the specimen as a pterosaur’.
Within the pterosaur group, the meta-
carpal:humerus ratio of greater than 0.8, the
subequal lengths of the femur and meta-
carpal IV, and the proximally placed, D-
shaped deltopectoral crest of the humerus,
support the specimen’s placement among
the pterodactyloids®’. Pterosaurian fossils
collected so far at Loma del Pterodaustro
belong to the filter-feeding pterodactyloid
Pterodaustro guinazui®. This specimen is
indistinguishable from both juvenile and
mature specimens of Pterodaustro — with
its long, slender snout and evidence of
filament-like mandibular dentition®.

The relative sizes of limb elements of the
specimen, which give an estimated wingspan
of 27 cm, are similar to those of early juvenile
specimens of Pterodaustroand agree well with
allometric observations based on a growth
series of this taxon indicating negative and
positive allometry for the proximal (humerus
and ulna) and distal (metacarpal IV) portions
of the wing, respectively’. The correspon-
dence between the wing proportion of the

Figure 1 Shell around a pterosaurian embryo from the Early
Cretaceous period in Argentina (specimen MHIN-UNSL-GEO-V
246). a,b, Scanning electron micrographs of radial sections of the
eggshell: note the nucleation centres and bladed crystals at the
apex of the V-shaped eggshell units, and micrometre-sized vesi-
cles (ghost protein) on the surfaces. ¢, Detail showing the eggshell
and general preservation of the bones. Abbreviations: bc, bladed
crystals; hum, humerus; mclV, metacarpal IV; nc, eggshell nucle-
ation centres; sh, eggshell; ves, vesicles. For compasite drawing
of the entire specimen, see supplementary information

specimen and those of previously published
juveniles of Pterodaustro’ indicates a near-
hatching stage of the former and a hatchling
state of the latter, and suggests that neonatal
growth rates were minimal.

A smooth, carbonatic material of biotic
origin covers portions of the specimen and
displays features of an eggshell, indicating
that the new fossil is contained within an
elongated egg (Fig. 1). Although the eggshell
is somewhat weathered, it is extremely
thin — about 30 pm in thickness. Scanning
electron microscopy reveals that it consists of
a single layer of calcite, with crystals radiat-
ing from a basal pointand forming V-shaped
eggshell units, similar to the eggshell of

NATURE|VOL 432|2 DECEMBER 2004 | www.nature.com/nature

archosaurs (including birds), whose units
radiate from an organic core'. Preserved
crystals near the nucleation centres also
exhibit the blade shape that is characteristic
of mostarchosaurian lineages.

No information on egg morphology was
recovered with the previously reported
pterosaurian embryo from China'. Our speci-
men, however, shows that pterosaurs shared
with extant archosaurs and chelonians an
eggshell composed of a single layer of juxta-
posed carbonatic crystals'', but they differed
from chelonians in that they laid calcitic eggs
with blade-shaped crystals'’. The new fossil
shows that pterosaurian eggs also differ from
the hard-shelled eggs of squamates (geckosin
particular), which lack nucleation cores and
V-shaped eggshell units'.

At Loma del Pterodaustro, individuals of
P. guinazui vary greatly in size — wingspans
range between 27 and 300 cm. Such a range,
together with the presence of embryonicand
neonate remains’, suggests that a nesting
ground was nearby. Palacoenvironmental
reconstructions, combined with the remark-
ably low diversity of Loma del Pterodaustro
— fish are the only vertebrates other than the
hundreds of Pterodaustro fossils — suggest
that this pterosaur inhabited an environ-
ment unsuitable for most other tetrapods,
in agreement with reconstructions of this
filter-feeding pterosaur as an ecological
analogue of the flamingo. Furthermore, the
association of the specimen with remains of
early juveniles, subadultsand adults of Ptero-
daustro®’ agrees with previous inferences of
parental carein pterosaurs®.
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Neonate morphology and development in pterosaurs: evidence
from a Ctenochasmatid embryo from the Early
Cretaceous of Argentina
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Developmental growth 5 s 7,(\ e
patterns of the filter-feeder
pterosaur, Pterodaustro S S S T

guinazui
A. Chinsamy'*, L. Codorniu® and L. Chiappe®

Figure 1. Bone microstructure of Perodaust. (a) Transverse section of humerus MMP1207 showing the resorptive medullary surface
(arrow). (b) Oblique section of humerus MMP1469 showing the well-developed layer of inner circumferential lamellar (arrow) bone that
lines the medullary cavity (M). (¢) Transverse section of tibia V28. Black arrows indicate periodic interruptons in growth. Note the close
spacing of the outer three growth marks and the gradual decrease in the number of ‘blood vascular’ channels towards the periphery. The
medullary cavity is lined by an inner circumferental layer of bone (white arrow). (d) Longitudinal section of the proximal end of femur
V382 (largest known femur of Prerodaust). A distinct layer of bone lines the ‘articular edge’ of the bone (arrow).

age (years)

Figure 2. Schematic growth curve of Prerodaustro based on the analysis of the bone microstructure. It appears that carly
growth occurred rapidly for about 2 years until approximately 53% of adult size, when sexual maturity occurred. Thereafter,
growth continued at a slower rate for 3—4 years until skeletal maturity was reached.




An Egg-Adult Association, Gender, and
Reproduction in Pterosaurs

Junchang Lii,** David M. Unwin,?* D. Charles Deeming,® Xingsheng Jin,* Yongqing Liu,* Qiang Ji*

SCIENCE VOL 331 21 JANUARY 2011

Fig. 3. Details of the egg preserved in association
with an adult Darwinopterus (ZMNH M8802) from
the Tiaojishan Formation (upper Middle to lower
Upper Jurassic) of Liaoning Province, China. Scale
bar, 10 mm. Abbreviations are as follows: crum-
pled region, cr; folds, f; pitting, p.

¢ Crocodiles
» Turtles

¢ Squamates
+ Birds

Initial Egg Mass(g)

10 10' 10° 10° 10° 10°
Female mass (g)

Fig. 4. Relation between IEM and mature FM for principal extant reptile groups, birds, and pterosaurs.
Plots for Darwinopterus (black circle) and Pterodaustro (red circle) represent maximum likely IEM. Vertical
and horizontal whiskers indicate the range of estimates for IEM and FM, respectively. [See (22) and tables
S3 and S4 for details of regressions, correlation coefficients, and data sources.]
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Egg accumulation with 3D embryos
provides insight into the life
history of a pterosaur

Ghang e Vit ta s ahehiars padouts. Ton Rodeignen’ i Chen,'

Juliana M. Saydo,® Ning Li,' Jialiang Zhang,"? Renan A. M. Bantim,® Xi Meng,"
Xinjun Zhang,"* Rui Qiu,"? Zhonghe Zhou'*

Fig. 2. Eggs preserved with pterosaur bones (IVPP V 18942). (A) Close-up of egg
concentration in Fig. 1; scale bar, 100 mm; (B to F) selected eggs indicated by pink arrows
b to f in Fig. 1, showing different degrees of deformation. The red and yellow arrows indicate
the fissure in the egg and the mudstone pellet, respectively. Scale bar, 20 mm.
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Discovery of a Rare Pterosaur Bone Bed in a Cretaceous
Desert with Insights on Ontogeny and Behavior of CrosMark
Flying Reptiles

Paulo C. Manzig'?, Alexander W. A. Kellner®*, Luiz C. Weinschiitz', Carlos E. Fragoso®, Cristina S. Vega®,
Gilson B. Guimaraes®, Luiz C. Godoy® Antonio Liccardo® Jodo H. Z. Ricetti’, Camila C. de Moura'




4 EXTINCION







@PLOS | BIOLOGY

RESEARCH ARTICLE

Late Maastrichtian pterosaurs from North
Africa and mass extinction of Pterosauria at
the Cretaceous-Paleogene boundary

Nicholas R. Longrich'*, David M. Martill®, Brian Andres*®

1 Department of Biology and Biochemistry and Milner Centre for Evolution, University of Bath, Bath, United
Kingdom, 2 School of Earth and Environmental Sciences, University of Portsmouth, Portsmouth, United
Kingdom, 3 Vertebrate Paleontology Laboratory, The University of Texas at Austin, Austin, Texas, United
States of America
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Pterosaurios en Chile: Cerritos Bayos, region de Antofagasta
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Primer registro de pterosaurios en el Jurasico Superior
(Oxfordiano) de la Formacion Cerritos Bayos, Calama,
Regidn de Antofagasta

Jhonatan Alarcén '*, Sergio Soto-Acufia 22, Rodrigo A. Otero ?, Luis Ossa-Fuentes °y Osvaldo Rojas *

1 Laboratorio de Zoologia de Vertebrados. Departamento de Ciencias Ecolégicas, Facultad de Ciencias, Universidad de Chile. Las
Palmeras 3425, Santiago, Chile.

2 Area de Paleontologia, Museo Nacional de Historia Natural. Casilla 787, Santiago.

3 Red Paleontolégica U-Chile. Laboratorio de Ontogenia y Filogenia, Departamento de Biologia, Facultad de Ciencias, Universidad
de Chile. Las Palmeras 3425, Sanfiago, Chile.
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Pterosaurios en Chile: Quebrada La Carreta, region de Antofagasta

LA PRESENCIA DE PTERODAUSTRO BONAPARTE (PTERODACTYLOIDEA), .
DEL NEOJURASICO (7 ) DE LA'ARGENTINA, EN LOS ANDES DEL Geol. Mag. 137 (1), 2000, pp. 19-25. Printed in the United Kingdom © 2000 Cambridge University Press 19
NORTE DE CHILE
(COMUNICACION)

Reinterpretation of a Chilean pterosaur and the occurrence of
Dsungaripteridae in South America

Rodolfo M, Casamiquela * y Guillermo Chong Diaz **

GENERALIDADES
Durante el invi de 1973 i& isi . . " . . . '
1a CorSETiens e Teeeens. ey eanin o Lacar, s (ssgrote) vistin, o DAVID M. MARTILL®. EBERHARD FREY}. GUILLERMO CHONG DIAZ;
& C. M. BELLS§

asf{ al placer de aceptar la invitacidn, de interds paleontolfgico, efectusda
por el_entonces Director de la Oficina Regional de Antofagasta del Institutode
In"ﬁ;lsecioncs Geolégicas, Licenciado Guillermo Chong Diaz. *School of Earth. Environmental and Physical Sciences, University of Portsmouth, Portsmouth, PO1 3QL. UK
cho con :2Sf:n‘-’:a:l“p::“;f‘yrgi‘;:g;d:’f’e.‘gﬁjg‘“"‘ﬂfﬂ" por el hallazgo -- he- atliches Museum fiir Naturkunde Karlsruhe, D-76133 Karlsruhe, Germany
persos de un pterosauric de buen tmaﬁo_s;‘a }iso:o:;;t:zif;}ﬁ:ngfiﬂhﬁ: i ) ;fil)cvalnwnm de( mgcn.n(icn!( :\,l'||x\c1~|«}:nxlc (';l!(il{f;lxlcl Nn}rlc.(';mllu 1280, .v\|}.(¢||}|g‘|s[;|_(:|‘||]f 7 .
To, cuya siluete se perfilaba dentro de la dura roca envolvente, me convencid §Department of Geography and Geology. Cheltenham and Gloucester College of Higher Education, Cheltenham GL50 2QF, UK
de mquella asignacién a nivel ordinal, pero era necesario rescatar el material
¥y prepararlo para poder atinar un disgnéstico mis preciso.

_A:nbas cosas se consiguieron gracies a le diligencis del colega chileno, y
previa preparacién preliminar de los restos mis significatives del conjunto (Received 25 March 1999: accepted 15 September 1999)
ellos estén en condiciones de ser preliminarmente estudiados. La extraccidn de

zg;z:ii;:; :: ggﬁ:?i:;;:ﬁ:::ifgnﬂ i:;:i::lgzii::d:”":(‘;?df:::x:z-_z:\i]“iz Abstract — A fragmentary specimen of pterosaur originally assigned to the genus Prerodaustro
¥ voluntad de Martfn Vince, con el sndl” salsbosd Bsiduamente Tulice Ino;trn:a. Bonaparte, 1970 is reassessed. The presence of a sagittal dorsal cr: l,.llcll‘\l on a fragment of nasopre-
preparador del Centro de Investigaciones Cientffices de Rfe liegro, encargado ' orbital arcade with lincar vertical trabeculae and the occurrence of alveolar protuberances on the os
de todes los aspectos finales de la limpieza y preparacién. dentale indicate the new specimen has similarities with crested pterodactyloid pterosaurs of the family

Mi sgradecimiento a todos los nombrados ha de proceder, sin embargo, al Ctenochasmatidae. and with members of the Dsungaripteridac. The presence of alveolar protuber-
que me endeuda con el Doctor José Bonaparte, Jefe; del, Eector Falecnto?og{@ Ver ances allows us to assign the specimen to the Dsungaripteridae. It forms the basis of a new genus and
tebrados (Instituto de Geologfa) de la Fundaci6n Miguel Lillo. El facilité 1a species, Dameykodictybis cociliae:

eyuda de sus colaboradores y discutid conmigo, crfticamente, los puntos funda-
mentales de la interpretacién que sigue.
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LAMINA IT

LANINA IV

lzquierda: Himero izquierdo del ejemplar chileno, en vista ventral (Borde supe
Moldes en litex de las lajas 5 y 3. En relieve, los mismos elementos de limina

rior reconstruide). .
Derecha: HOmero derecho de la Coleccifn de la Fundacidn Miguel Lillo, en vista S

ventral.



Pterosaurios en Chile: Cerro La Islay Cerros Bravos, Region de Atacama
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Marco Geologico

Lithology Interpretation
~ Volcanic Rocks Lava flow
Finely-laminated limestone with chalcedony nodules, Saline lake

halite and gypsum pseudomorphs and anhydrite relics

Granule and pebble conglomerate. Abundant volcanic

Alluvial fan or braid plain

clasts S

o Cross and parallel-bedded sandstone and siltstone. . A

EZ : Aliuvial flood plain

22222))) Mudllakes and ripples P

i i - —— |

Y o TS S calcrete 13

5/////”{{/7///;4 Pebbly sandstone and conglomerate. Cross-bedded, faa xS norzontally laminated

A erosion channels. In situ and reworked calcrete. Alluvial fan or braid plain e Mgk s

Z//j//}//////j/j/’# Din?saw footprints. Dinosaur and crocedile bones. Fish il e -

727 ] L

2050757 scales .___y_m_rc‘]

272 2 > ; A

i Cross-bedded fine to medium-grained sandstone Aeoli i g

2 m-gf eolian dune field R uNITe %’
PTEROSAUR HORIZON ; T / b
Coarse pebbly sandstone ard pebble conglomerate. A single flood event, = - msnoos‘\un & »&
Few volcanic clasts, predominantly calcrele, sandstone, | reworking flood plain HORRZ! ( Ve
and mudstone intraclasts. Pterosaur and dinosaur bones | deposits
Predominanily paratlel-bedded, some cross-bedding, i ISl erosiva base
ripples, mudflakes, mudcracks. Fine to medium-gra?ned ‘e‘,','t,“éﬁ‘gﬁgﬁ,"e'i'ﬁ;” i ‘
sandstone, a fitlle siltstone. Dinosaur footprints

horzonially laminaled
medium sand

7

Large scale ¢ross-bedding in medium to fine-grained
sandstone. Some massive, mottled honizons with root

Aeolian dune field with

calceate nodules

W Iraces. Verlebrate footprints and burrows vegetated interdune areas
— B,
M / calcrete no 5
é/////////// cakrele nodules
= stnuciuretéss medium sand
caicrete nadules

Parallel-bedded and rippled mudsicne and fine-grained
sandstone. Rare micite honzens and evaporitic
geodes. Mottled and bioturbated, palaeosols, roots,
mudcracks. Rare channels

' Saline coastal plain with

ephemeral streams

Parallel-laminated gypsum and fine-grained sandstone

Coastal salina

Limestone

Shallow marne

horzontally laminated
line sand wath inlraclasts

coarse sand with intraclasts

Bell y Padian, 1995



Antecedentes Paleontologicos

Geol. Mag. 132 (1), 1995, pp. 31-38. Copyright © 1995 Cambridge University Press 31

Pterosaur fossils from the Cretaceous of Chile: evidence for
a pterosaur colony on an inland desert plain

- Fluvialcurents

e N ) { . ‘ [ B ~ Early Cretaceous
D ="t e ) Td S
P T OCEAN N

Cerro la lsla \ - | Acolian dunes
U/ Jezam ® I\/ \X\ ‘:_/_;/_ ! Allwviel fans
B /J 7/ \\;,V—:_:f |

== Prevaiing winds

C.M.BELL* & K. PADIANY

* Cheltenham and Gloucester College of Higher Education, Cheltenham, GL50 2QF, UK Aa\le go de|
1 Museum of Paleontology, University of California, Berkeley, California 94720, USA Efgo
PN %
(Received | June 1994; accepted 24 August 1994) 7‘ // \‘9
Pferoso:ur
Abstract - A 2-m-thick bed of sandstone and conglomerate in early Cretaceous desert sediments in Coplopo Iocol\w
the Andes of northern Chile contains thousands of scattered pterosaur bones. The bed displays B Pferosaur horizen ARGENTINA
sedimentary features which suggest that it was the product of a single major flood event. It seems Tkm
possible that a large pterosaur colony was overwhelmed by the waters of an exceptional flood Sy Diivable tracks N o

70° w

sweeping across a flat alluvial plain.
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CRETACEOQUS

RESEARCH

ELSEVIER Cretaceous Research 27 (2006) 603—610

www.elsevier.com/locate/CretRes

Ctenochasmatid pterosaurs from Early Cretaceous deposits in Chile

David M. Martill **, Eberhard Frey ®, C.M. Bell ¢, Guillermo Chong Diaz ¢

* School of Earth and Environmental Sciences, University of Portsmouth, Burnaby Building, Burnaby Road, Portsmouth PO1 3QL, UK
 Staatlisches Museum fiir Naturkunde Karisruhe, D-76133 Karlsruhe, Germany
€ University of Gloucestershire, Cheltenham GL50 2QF, UK
4 Departmento de Geologia, Universidad del Norte, Antofagasta, Chile

Received 19 April 2005; accepted in revised form 16 September 2005
Available online 19 June 2006

Abstract

Fragmentary pterosaur remains from the Early Cretaceous Quebrada Monardes Formation of northern Chile are assigned to Ctenochasma-
tidae. Although not immediately referable to recognised genera, they differ from other South American occurrences of ctenochasmids and ap-
pear to share features of the dentition with Crenochasma and Gnathosaurus from Late Jurassic deposits in Europe. A slightly spatulate rostrum
may hint at affinities with the gnathosaurine ctenochasmatid Gnathosaurus. The presence of a possible gnathosaurine in South America is further
evidence for a Hispanic corridor allowing faunal interchange between South America and Eurasia during the Late Jurassic and Early Cretaceous.

E
© 2006 Elsevier Ltd. All rights reserved.
Keywords: Pterosauria; Ctenochasmatidae; Chile; Early Cretaceous
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SGO.PV. 362, 364, 377, 378: Ctenochasmatidae indeterminado de Cerro La Isla




Ctenocasmatidos indeterminados de Cerro La Isla
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SGO.PV.350: Ctenochasmatidae indeterminado de Cerro La Isla

poex
en poz




SGO.PV.351: Ctenochasmatidae indeterminado de Cerro La Isla

prz

2cm



SGO.PV.22800: Ctenochasmatidae indeterminado de Cerros Bravos

prz




SGO0.PV.22801: Ctenochasmatidae indeterminado de Cerros Bravos

en

lcm



SGO.PV.22802, 22804, 22815: Ctenochasmatidae indeterminados de Cerros Bravos

con

prz

* Escalas: 1 cm




SGO0.PV.22811, 22812: Pterodactyloidea indeterminados de Cerros Bravos

B B pte

Ve

fopn —ae

A: Ct idae indet. (Jurasi perior-Cretacico Inferior) C3: Pteranodon sp. (Cretécico Superior)
B: Pterodactyloidea indet. (Cretacico Inferior) C4: Pterodactyloidea indet. (Cretdcico Inferior)
C1: Santanadactylus pricei (Cretacico Inferior) D: Caupedactylus ybaka (Cretacico Inferior)

C2: Araripedactylus dehmi (Cretacico Inferior) E: Alamodactylus byrdi (Cretécico Superior)




SGO0.PV.22805: Pterodactyloidea indeterminado de Cerros Bravos

B

dia

com

A: Puntanipterus globosus (vista anterior)

col

B: Pterodaustro guinazui (Cretacico Inferior)

Sui




SGO0.PV.22805: Archaeopterodactyloidea indeterminado de Cerros Bravos
A B

esc

cor

lcm

A: Pterodaustro guinazui (Cretécico Inferior)

B: Thalassodrominae indet. (Cretécico Inferior)

C: Caupedactylus ybaka (Cretacico Inferior)

D: Tropeognathus cf. T. mesembrinus (Cretécico Inferior)

E1: Peteinosaurus zambelli (Tridsico Superior)

E2: C ides liasicus (

E3: Cy

E4: Anhanguera santanae (Brasil)




SGO.PV.22806, 22807, 22808: Archaeopterodactyloidea indeterminados de Cerros Bravos




SGO.PV.22814: Archaeopterodactyloidea indeterminado de Cerros Bravos

caf

A: Pterodaustro guinazui (Cretacico Inferior) D: Noripterus sp. (Cretécico Inferior)
Pteranodon femur

B: Herbstosaurus pigmaeus (Jurésico Superior) E: Azhdarcho lancicollis (Cretécico Superior)
C: Ardeadactylus cf. longicollum (Jurasico Superior) F: cf. Ardeadactylus sp. (Jurasico Superior)

Anhanguera femur

e ——




“No-Pterodactyloidea”




B: Santanadactylus pricei (Cretacico Inferior)
C: Barbosania gracilirostris (Cretacico Inferior)
D: Coloborhynchus piscator (Cretacico Inferior)
E: Pteranodon sp. (Cretacico Superior)

F: “Rhamphorhynchus sp.” (Jurasico Superior)

G y H: Dsungaripterus weii (Cretacico Inferior)

M

A: Santanadactylus araripensis (Cretacico Inferior) |: Tupuxuara longicristata (Cretacico Inferior)

J: Dermodactylus montanus (Jurasico Superior)

K: Azhdarcho lanciciollis (Cretacico Superior)

L: Tapejara wellnhoferi (juvenil, Cretacico Inferior)
M: Cycnorhamphus suevicus (Jurasico Superior)

N: Pterodaustro guinazui (Cretacico Inferior)



« Arbol de consenso a partir de
15 AMP. NMP: 467; IC:
0.243; IR: 0.590.

« No fue posible resolver la
posicion filogenética de los
pterosaurios de Cerro La Islay

Cerros Bravos en base a

rasgos de las vértebras
cervicales.
 Resultado consistente con

otros intentos que utilizaron
vértebras cervicales de
ctenocasmatidos en analisis
filogenéticos (e.g. Andres et

al., 2014).

Analisis filogenético

Outgroup
Preondacty lus
Pete inosaurus
D imorphodon
Dendrorhyncho ides
Batrachognathus
Jeho lopterus
Anurognathus
Eud imorphodon
Caml{.)y logna tho ides
ae ticodacty lus

Austriadacty lus
Sordes
Scaphognathus
Pterorhynchus
Fenghuangop terus
Cacibupteryx
Dorygnathus
Rhamphorhynchus
Nesodacty lus

Darw inopterus
— Changchengopterus

SGOPV22815

SGOPV22804
SGOPV22802
SGOPV22801
SGOPV22800
SGOPV351
SGOPV350
Pterodaustro
Ctenochasma
Gegepterus
Eos ipterus
Gnathosaurus
P__long ico lum
Pterofiltrus
G ladocepha lo ideus
Pterodacty lus
Cycnorhamphus
Cathayopterus
Tha lassodromeus
Tupuxuara
Chaoyangop terus
Shenzhoup terus
Huax iap terus
S inop terus
Tupandacty lus
Tapejara
Lonchodectes
Azhdarcho
Zhej iangop terus
Quetza lcoat lus
E lanodacty lus
Be ip iaopterus
Fe ilongus
Moganop terus

Gfrhamﬁhast inus
oripterus
2] G_cristatus
Tatal pterosaur

Dsungaripterus
Zhenyuanopterus
Boreopterus
Pteranodon
Muzqu izopteryx
Nyctosaurus
Nurhach ius
Haopterus
Istiodacty lus

Ludodactc?/ lus
;: Cearadacty lus
Guidraco
Co loborhynchus
Anhanguera
Orn ithoche irus

Monofenestrata

[TTTTTTTTTETTETETT

Pterodactyloidea

i

Pteranodontia



« Arbol de consenso a partir
de 53 AMP. NMP: 467,
IC: 0.285; IR: 0.667.

 Se obtuvo un arbol un poco
mas resuelto, pero no fue
posible determinar la
posicion filogenética del
conjunto de materiales de

Cerros Bravos.

 Causa principal: carencia
de suficientes caracteres

con valor filogenético.

Analisis filogenético

Outgroup
Preondacty lus

Pete inosaurus
D imorphodon
— Jeholopterus
— Dendrorhyncho ides
— Batrachognathus
— Anurognathus
Eud imorphodon
T — Campy ]_orgnatho ides
Raeticodacty lus
Austriadacty lus

Monofenestrata

Sordes
Scaphognathus
— Pterorhynchus
Fenghuangopterus
Cac ibupteryx
Dorygnathus
hamphorhynchus

Nesodacty lus
—— Darwinopterus
Changchengop terus
— CBtaxon
Gnathosaurus
P_ long ico lum
Pterodacty lus
Cycnorhamphus
Cathayop terus
Huax iapterus
S inop terus
Tupandacty lus
Tapejara
— Pterodaustro
C tenochasma
Gegepterus
Eosipterus
G_rhamphastinus

Noripterus
G_cristatus
Tatal_pterosaur
Dsungar ipterus

Pterofiltrus
o1 — G ladocepha lo ideus

[TTTHTTT

1

?

1

E lanodacty lus
Be ip iaopterus
’ ﬂ—E Fe ilongus
Pterodactyloidea

Moganopterus
- Lonchhoii:cbeds
Tha lassodromeus
o1 gapuxuara
rfO— aoyangop terus
o - Shenbz,ho(,\p terus
Azhdarcho
i‘E Zhej iangopterus
Quetza lcoatlus
Zhenyuanopterus
Boreopterus
Pteranodon
Muzqu izop teryx
Nyctosaurus
Haop terus
—[TI-E Nurhach ius
Istiodacty lus
—— Ludodac lus

Cearadacty lus
Pteranodontia =1 jl_: Gu idraco

Co loborhynchus
—%l'E Anhanguera

Orn ithoche irus



« Arbol de consenso a partir

de 46 AMP. NMP: 467;
1C: 0.346; IR: 0.749.

Al afadir los materiales
mandibulares y un cambio
en un rasgo vertebral al
analisis se obtiene un

arbol mucho mas resuelto.

Se recupera el “taxon de
la Formacion Quebrada
Monardes” dentro de la

familia Ctenochasmatidae.

Analisis filogenético

Outgroup

Preondacty lus
Pete inosaurus
D imorphodon

Monofenestrata

Archaeopterodactyloidea

Ctenochasmatoidea

e

Ctenochasmatidae

Pterodactyloidea

Pteranodontia

— Jeholopterus

— Dendrorhyncho ides
—— Batrachognathus
—— Anurognathus
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Distribucion geografica de los hallazgos de ctenocasmatidos
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1) Gegepterus changae, 2) Eosipterus yangi, 3) Pterofiltrus qiui, 4) Elanodactylus prolatus, 5) Beipiaopterus chenianus, 6) Feilongus youngi, 7)
Moganopterus zhuiana, 8) Cathayopterus grabaui, 9) Liaodactylus primus, 10) Gladocephaloideus jingangshanensis, 11) Forfexopterus
jeholensis, 12) Plataleorhynchus streptophorodon, 13) Gnathosaurus macrurus, 14) Ctenochasmatidae indet., 15) Ctenochasma roemeri, 16)
Ctenochasma elegans, 17) Gnathosaurus subulatus, 18) Gnathosaurus sp., 19) Gnathosaurinae indet., 20) Ctenochasma taqueti, 21)
Ctenochasmatidae indet., 22) Pterodaustro guinazui, 23) Ctenochasmatidae indet.
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