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Resumen. Se describe la porcion proximal de una ulna izquierda de un pterosaurio. El ejemplar
procede de la Formaciéon Candeleros (Cenomaniano), Grupo Neuquén, en Cabo Alarcén, provincia
de Neuquén, Argentina. El analisis de este nuevo ejemplar permite la reinterpretacion de una tibia
de pterosaurio previamente descrita, hallada en la localidad de Los Catutos, Neuquén (MOZ 2280
P) como un proximal de ulna. El nuevo material pertenece a un pterosaurio de tamafio medio,
considerablemente mas grande que los pterosaurios previamente registrados de esta unidad
geologica. El analisis de la correlacion entre la longitud de la ulna-longitud del pié en pterosaurios
pterodactyloideos bien conocidos muestra que la nueva ulna se corresponde bien con el tamafo
inferido para el productor de Pteraichnus isp. registrado en la misma formacion.

Palabras clave. Pterosauria, Cretacico, Grupo Neuquén, Formaciéon Candeleros, Argentina.

Abstract. The proximal portion of the left ulna of a pterosaur is described. The specimen comes from
the Candeleros Formation (Cenomanian), Neuquén Group, at Cabo Alarcén, Neuquén province,
Argentina. The analysis of this new specimen allows the re-interpretation of a previously described
pterosaur tibia founded at Los Catutos locality, Neuquén (MOZ 2280 P) as a proximal ulna. The
new material belongs to a medium-sized pterosaur, considerably larger than previously recorded
pterosaurs from this geological unit. The analysis of correlation between ulnar length-pes length in
well-known pterodactyloid pterosaurs shows that the new ulna matches well with the inferred size
of the Pteraichnus isp. trackmaker recorded from the same formation.

Key words. Pterosauria, Cretaceous, Neuquén Group, Candeleros Formation, Argentina.
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INTRODUCTION

Pterosaur remains from the Cretaceous
of South America are well represented
only in the Early Cretaceous Crato and Ro-
mualdo formations of northeastern Brazil
(Kellner, 1990; Kellner and Tomida, 2000;
Martill, 1993; Price, 1971; Wellnhofer, 1985;
Wellnhofer, 1991a; Wellnhofer 1991b), and
Lagarcito Formation of western Argenti-
na (Bonaparte, 1970; Chiappe, et al., 1995;
Chiappe et al., 1998a, b). Otherwise, only
a few Cretaceous units in South America
have yielded fragmentary pterosaur re-
mains. Pterosaurs are scarce in the Neu-
quén Group but some discoveries have
been made in recent years. These records
include a distal right ulna and partially
preserved right wing from the “La Buitre-
ra” locality (Candeleros Formation: Early
Cenomanian) of Rio Negro Province (Ha-
luza et al., 2007), a proximal right ulna
from the “Los Barreales” locality (Port-
ezuelo Formation: Late Turonian-Early
Coniacian) of Neuquén Province (Kellner

et al., 2007) and a phalanx I of manual dig-
it IV from the “La Bonita” locality (Bajo
de La Carpa Formation: Late Santonian-
Early Campanian) of Rio Negro Province
(Apesteguia pers. comm.).

Here we describe a new record of a pte-
rosaur proximal left ulna collected from
the lower levels of the Candeleros Forma-
tion at Cabo Alarcon, northwestern coast
of Lake Ezequiel Ramos Mexia, Neuquén
Province, Argentina (Figure 1).

Institutional abbreviations. BSP, Bay-
erische Staatssammlung fiir Paldontologie
und historische Geologie, Munich, Ger-
many. MMCH-PV, Museo Municipal “Er-
nesto Bachmann”, Villa El Chocon, Neu-
quén, Argentina. MOZ, Museo Provin-
cial “Juan Olsacher”, Zapala, Neuquen,
Argentina. MPCN, Museo Patagdnico
de Ciencias Naturales, General Roca, Rio
Negro, Argentina. MUCPv. Museo de la
Universidad Nacional del Comahue, Pa-
leontologia de Vertebrados, Neuquén, Ar-
gentina.
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Figure 1. Map of Argentina showing the Cabo Alarcon fossil locality. The black arrow indicates the fossil site.
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SYSTEMATIC PALEONTOLOGY

Pterosauria Kaup, 1834
Pterodactyloidea Plieninger, 1901
Genus and species indeterminate

Referred material. MMCH-Pv 53, proximal
part of a left ulna.

Locality and horizon. The material was col-
lected at Cabo Alarcon (S 39° 24" 16,4”- W
68° 58" 27,6”) between Villa El Chocén and
Pictn Leufu (Fig. 1), from the lower levels
of the Candeleros Formation (Early Cenom-
anian), Neuquén Group (Garrido, 2010).
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DESCRIPTION AND COMPARISONS

The ulna is anteroposteriorly crushed
and deformed, mainly in the proximal end,
and the distal portion of the bone is lost
(Figure 2). The bone is thin-walled (about 1
mm thick) as seen in all other pterosaurs. In
anterior view the dorsal margin is straight,
and the ventral margin is concave due to a
ventral expansion of the proximal end. Be-
low this expansion there is a prominence,
the tuberculum musculi bicipitis (TMB),
which is more ventrally displaced than in
the ulna of Santanadactylus pricei (AMNH
22552: Wellnhofer, 1985, 1991a; Kellner

Figure 2 - MMCH-Pv 53
Pterosaur proximal ulna
found at Cabo Alarcon

in AF, proximal, B,G,
anterior, G,H, dorsal, D,I,
posterior, and E,J, ventral
views. Abbreviations:
csr: contact surface
with radius; cc: capitular
cotyle; tc: trochlear
cotyle; ol: olecranon; pd:
posterior depression;
tmb: tuberculum musculi
bicipitis.
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and Tomida, 2000; BSP 1980 I 122: Welln-
hofer, 1985). A small pneumatic foramen is
present proximal to the TMB of the above-
mentioned species, but the preservation of
MMCH-Pv 53 does not allow observation
of this foramen. The preserved portion of
the shaft shows in its anterior face two lon-
gitudinal low ridges that suggest the con-
tact area with the radius (Figure 2 B, G).
In proximal view there are two concave,
anteroproximally facing articular surfaces:
a dorsal one, the capitular cotyle (sensu
Bennett, 2001), and the ventrally located
trochlear cotyle (sensu Bennett, 2001), sepa-
rated by a sharp prominence. Posterior to
this small prominence is a dorsoventrally
elongated depression. The posterior mar-
gin of the proximal end shows an over-
hanging rounded and dorsoventrally elon-
gated prominence, the olecranon process:
that corresponds to the insertion area for
the M. triceps brachii (Figure 2 A, F). Dorsal
to this prominence is a wide, posteriorly
orientated depression, also present in BSP
1982193 (Wellnhofer, 1985).

DISCUSSION

The analysis of the specimen presented
here allowed the re-interpretation of pre-
viously published material. Wellnhofer
(1985) described several associated pte-
rosaur bones from the Early Cretaceous
Romualdo Formation of Brazil, including
some incomplete femora, tibiae and fibu-
lae (BSP 1982 I 93) that were assigned to
Araripesaurus sp. Later Wellnhofer (1988)
reinterpreted this material, considering
them to be the humeri, ulnae and radiae
(see also Kellner 1990). Gasparini et al.
(1987) described an incomplete pterosaur
right tibia (P 2280 MOZ) from the Upper
Jurassic (Tithonian) of Los Catutos, Neu-
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quén, Argentina, (see also Codorniu and
Gasparini, 2007); following the description
of Araripesaurus sp. given by Wellnhofer
(1985). The proximal end of pterodactyloid
ulna presents a sub-triangular outline, with
two anteriorly facing concave surfaces and
a posterior prominence. This morphology
is clearly seen in both MMCH-PV 53 and
P 2280 MOZ. Following the considerations
given by Wellnhofer (1988), Kellner (1990),
and taking in count the anatomical features
observed in Los Catutos material; we re-in-
terpret P 2280 MOZ as an incomplete prox-
imal ulna of an undetermined pterosaur.
The estimation of total ulnar lenght of
MMCH-Pv 53 can be inferred using a cor-
relation between the dorso-ventral ulnar
shaft length/total ulnar lenght. This analy-
sis derives from the methodologies used
by Wellnhofer (1985); Wiffen and Mol-
nar (1988) and Frey and Martill (1994) for
other incomplete pterosaurian ulnae. The
dorso-ventral ulna shaft length of the Cabo
Alarcén material is about 13 mm. Thus the
complete ulna length can be estimated at
about 169-182 mm. It's important to note
that the ulnar shaft might be a little narrow-
er at its middle section, so the estimations
based on this measurement should corre-
spond to slightly lower values. Neverthe-
less, the inferred lengths can be considered
as maxima and show that MMCH-Pv 53
represents a medium sized pterosaur. This
new specimen is considerably bigger than
pterosaur material previously recovered at
Candeleros Formation (Haluza et al., 2007),
which were considered as an adult given
the fusion of the extensor tendon process
of the first wing phalanx and fusion of the
proximal and distal syncarpal elements.
The Candeleros Formation has yielded
small fossil tracks that were assigned to
Pteraichnus isp. (Calvo and Moratalla, 1998;
Calvo, 1999; Calvo and Lockley, 2001). The
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pes track was described as plantigrade,
elongate (three times longer than wider),
with a total length of 10 cm. To establish
if MMCH-Pv 53 might correspond to the
Pteraichnus isp. trackmaker of the Candel-
eros Formation an analysis of the correla-
tion between the ulnar length and the pes
length of well preserved pterodactyloid
pterosaurs (where both measurements can
be taken) was made (Figure 3; Table 1).
There is a clear correlation between both
measurements (R? = 0,8945), even when
some variability wihitin the data can be
explained by phylogenetic biases. The re-
sults show that the inferred size matches
well with the maker of the pterosaurian

ichnites Pteraichnus isp., recovered from
the same geological unit.

CONCLUSIONS

The analysis of the material presented
here allows a re-interpretation of MOZ 2280
P as a proximal pterosaur ulna, rather than a
tibia, as previously described (Gasparini et al.
1987; Codorniti and Gasparini, 2007). Estima-
tions of size made on MMCH Pv 53, suggests
that this new osteological record matches
well with the putative Pteraichnus isp. track-
maker of the Candeleros Formation. This
bone belonged to a medium-sized pterosaur,

200

180 - R®=0,8945

Pes length (mm

y=05376x+6,07

Figure 3 - Scatter plot of ulnar
length versus pes length of well-

. preserved pterosaurs (black
squares) showing the correlation
line between the variables. The grey
circle shows the estimated ulnar
length of MMCH-Pv 53, plotted to
estimate its probable pes length.

0 T T T T T T
0 50 100 150 200 250 300 350
Ulnar length (mm)
Taxon Data Source Ulnar length (mm)| Pes length (mm) Table 1. Ulnar
Beipiaopterus chenianus Lu, 2003 75 555
Boreopterus cuiae L and Ji, 2005 110 301 a?d pﬁS lengths d
Ctenochasma gracile Buisonjé, 1981 BS 41 o1 well-preserve
Eosipterus yangi Ji and Ji, 1997 95 555 pterosaurs. Data
Huanhepterus quinyangensis Dong Zhiming, 1982 138 723 source of these
Huaxiapterus corollatus Li et 5/ 2006 118 76
MOZ 3625P Codorniu et a/., 2006 88 49 measurements are
Nemicolopterus cripticus Wang et al., 2008 20 87 qltEd- The estima-
Norpterus complicidens Young, 1973 288 174 tion of the pes
Pteranodon longiceps Bennett, 2001 331 168 |ength of MMCH-
Pterodactylus antiquus Wellnhofer, 1970 47 33 Pv 53 b d
Plerodactylus kochi Wellnhofer, 1968 2 27 v ased on
Pterodaustro guinazui Bonaparte 1970 146 118 the correlation
Shenzhoupterus chaoyangensis Lii et af , 2008 104 89 function between
Sinopterus dongi Wang and Zhou, 2003 875 41 i H
Zhefiangopterus linhalensis Cai and Wei, 1994 234 128 both varlqbles IS
MMCH-Py 53 This paper 1755 00,4168 also provided.
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considerably larger than previously recorded
pterosaurs from this formation (Apesteguia
et al., 2007; Haluza et al., 2007).

ACKNOWLEDGMENTS

We would like to acknowledge the many
people who participated in this study. MMr
Ratl Tierno lent the ship for the lake trip to
Capo Alarcon, and Pedro Lucero drove it to
the place. Andres Moretti, Christian Albor-
noz, Javier Ochoa, Carlos Corral are thanked
for their participation during fieldwork, es-
pecially AM. who discovered the specimen.
Domingo Altasierra permitted us to enter
to his property. We also thank Taissa Rodri-
gues for her comments that improved the
quality of the manuscript. We are grate-
ful to the Municipalidad de Villa El Chocén
for economic support.

REFERENCES

Apesteguia, S., Osi, A., and Haluza, A. 2007. New
pterosaur remains from the Late Cretaceous of
Argentina and an evaluation of the Late Cre-
taceous South American record. In: Hone D.
(Ed.), Flugsaurier-the Wellnhofer pterosaur meet-
ing. Bavarian State Collection for Palaeontology
(Munich), unpaginated.

Bennett, S.C. 2001. The osteology and funtional
morphology of the Late Cretaceous pterosaur
Pteranodon. Palaeontographica A, 260: 1-112.

Bonaparte, J.F. 1970. Pterodaustro guifiazui gen. et.
sp. nov. Pterosaurio de la formacién Lagarcito,
Provincia de San Luis, Argentina y su signifi-
cado en la geologia regional (Pterodactylidae).
Acta Geoldgica Lilloana, 10: 207-226.

Buisonjé, P.H. 1981. Ctenochasma porocristata nov.
sp. from the Solnhofen Limestone, with some
remarks on the other Ctenochasmatidae. Pro-
ceedings of the Royal Society of London B, 84: 411-
436.

Cai, Z. and Wei, F. 1994. Zheijiangopterus lin-
haiensis (Pterosauria) from the Upper Creta-
ceous of Linhai, Zhejiang, China. Vertebrata
PalAsiatica, 32: 181-194.

HISTORIA NATURAL | Tercera Serie

Calvo, J. O.1999. Dinosaurs and other vertebrades
of the lake Exequiel Ramos Mexia Area, Neu-
quén-Patagonia, Argentina. In: Tomida, Y.,
Rich, T.H., and Vickers-Rich, P. (eds.), Proceed-
ings of the Second Gondwanan Dinosaurs Sympo-
sium, Monograph, 15: 13-45.

Calvo, J.O. and Lockley, M.G. 2001. The first pte-
rosaur tracks from Gondwana. Cretaceous Re-
search, 22: 585-590.

Calvo, J.O. and Moratalla, J. 1998. First record
of pterosaur tracks in southern continents. III
Reunion Argentina de Icnologia y I Reunién de Ic-
nologia del MERCOSUR, Restmenes: 8.

Codornit, L. and Gasparini, Z. 2007. Pterosauria.
En: Gasparini, Z., Salgado, L., and Coria, R.A.
(Eds.), Patagonian Mesozioc Reptiles. Indiana
University Press, Bloomington, Indiana, pp.
143-166.

Codornit, L., Gasparini, Z., and Paulina Caraba-
jal, A. 2006. A late Jurassic pterosaur (Reptilia,
Pterodactyloidea) from Northwestern Patago-
nia, Argentina. Journal of South American Earth
Science, 20: 383-389.

Chiappe, L.M.,, Rivarola, D., Cione, A., Fregenal,
M., Buscalioni, A., Sozzi, H., Buatois, L., Gal-
lego, O., Romero, E. Lopez-Arbarello, A,
McGehee, S., Marsicano, C., Adamonis, S.,
Laza, O., Ortega, P., and Di Iorio, O. 1995. In-
land biota from a Lower Cretaceous lagerstétte
of Central Argentina. En: Second International
Symposium on lithographic Limestones. Spain:
Lleida-Cuenca, pp. 57-69.

Chiappe, L.M., Rivarola, D., Romero, E., Davila,
S., and Codorniu, L.S. 1998a. Recent advances
in the paleontology of the Lower Cretaceous
Lagarcito Formation (Parque Nacional Sierra
de Las Quijadas, San Luis, Argentina). New
Mexico Museum of Natural History and Sciences
Bulletin, 14: 187-192.

Chiappe, L.M., Rivarola, D., Cione, A., Fregenal,
M., Sozzi, H., Buatois, L., Gallego, Laza, O.,
Romero, E., Lopez Arbarello, A., Buscalioni,
A., Marsicano, C., Adamonis, S., Ortega, P.,
McGehee, S., and Di Iorio, O. 1998b. Biotic
association and paleonviromental reconstruc-
tion of the “Loma del Pterodaustro” fossil site
(Lagarcito Formation, Early Cretaceous, San
Luis, Argentina). Geobios, 31: 349-369.

Dong, Z.1982. On a new Pterosauria (Huanhepter-
us quinyangensis gen. et sp. nov.) from Ordos,
China. Vertebrata PalAsiatica, 20: 115-121.

Frey, E., and Martill, D.M. 1994. A new pterosaur
from the Crato Formation (Lower Cretaceous,
Aptian) of Brazil. Neues Jahrbuch fur Geologie

Volumen 3 (1) | 2013/5-12



HALUZA A.AND CANALE]J.I.

und Palaontology Abhanlungen, 194: 379-412.

Garrido, A.C. 2010. Estratigrafia del Grupo
Neuquén, Cretacico Superior de la Cuenca
Neuquina (Argentina): nueva propuesta de
ordenamiento litoestratigrafico. Revista del
Museo Argentino de Ciencias Naturales, 12: 121-
177.

Gasparini, Z., Leanza, H. and Garate Zubillaga, I.
1987. Un pterosaurio de las calizas litograficas
tithonianas del area de Los Catutos, Neuquen,
Argentina. Ameghiniana, 24: 141-143.

Haluza, A., Apesteguia, S. and Makovicky, P.J.
2007. Pterosaur remains (Archosauria, Orni-
thodira) from the early Late Cretaceous of “La
Buitrera”, Rio Negro, Argentina. Ameghiniana,
44:22R.

Ji, S. and Ji, Q. 1997. The first discovery of a pte-
rosaur from western Liaoning Province (Eo-
sipterus yangi gen. et sp. nov.). Acta Geologica
Sinica, 71: 1-6.

Kaup, J.J. 1834. Versuch einer Eintheilung der
Saugethiere in 6 stimme und der Amphibien
in 6 Ordnungen. Isis, 3: 311-315.

Kellner, A.W.A. 1990. Os répteis voadores do
Cretaceo Brasileiro. Anudrio do Instituto de Geo-
ciéncias, 1989: 86-106.

Kellner, A.W.A. and Tomida, Y. 2000. Description
of a New Species of Anhangueridae (Ptero-
dactyloidea) with Comments on the Pterosaur
Fauna from the Santana Formation (Aptian-
Albian), Northeastern Brazil. Natural Science
Museum of Tokyo Monographs, 17: 1-135.

Kellner, AW.A., Calvo, J.O., Sayao, ].M., and
Porfiri, J.D. 2007. Pterosaur bones from the
Portezuelo Formation (Cretaceous), Neuquen
Group, Patagonia, Argentina. Arquivos do Mu-
seu Nacional, 64: 369-375.

L, J. 2003. A new pterosaur: Beipaiopterus che-
nianus, gen. et sp. nov. (Reptilia: Pterosauria)
from western Liaoning province of China.
Memoirs of the Fukui Prefecture Dinosaur Mu-
seum, 2: 153-160.

L, J. and Ji, Q. 2005. A New Ornithocheirid from
the Early Cretaceous of Liaoning Province,
China. Acta Geologica Sinica, 79: 157-163.

L4, ], Jin, X, Unwin, D.M., Zhao, L., Azuma,
Y., and Ji, Q. 2006. A New Species of Huaxi-
apterus (Pterosauria: Pterodactyloidea) from
the Lower Cretaceous of Western Liaoning,
China with Comments on the Systematics of
Tapejarid Pterosaurs. Acta Geologica Sinica, 80:
315-323.

Li, ], Unwin, D.M,, Xu, L., and Zhang, X. 2008.
A new azhdarchoid pterosaur from the Lower

HISTORIA NATURAL

Tercera Serie

Cretaceous of China and its implications for
pterosaur phylogeny and evolution. Naturwis-
senschaften, 95:891-897.

Martill, D.M. 1993. Fossils of the Santana and
Crato Formations, Brazil. Palaeontological As-
sociation, Field Guides to Fossils, 5:1-159.

Plieninger, F. 1901. Beitrage zur Kenntnis der
Flugsaurier. Paldontographica, 48: 65-90.

Price, L.I. 1971. A presenca de Pterosauria no Cre-
taceo Inferior da Chapada do Araripe, Brasil.
Anais da Academia Brasileira de Ciéncias, 43, 451-
461.

Wang, X. and Zhou, Z. 2003. A new pterosaur
(Pterdactyloidea, Tapejaridae) from the Early
Cretaceous Jiufotang Formation of western
Liaoning, China and its implications for bio-
stratigraphy. Chinese Science Bulletin, 48: 16-23.

Wang, X., Kellner, AAW.A,, Zhou, Z., and Cam-
pos, D. 2008. Discovery of a rare arboreal
forest-dwelling flying reptile (Pterosauria,
Pterdactyliodea) from China. Proceedings of the
National Acadeny of Sciences, 105: 1983-1987.

Wellnhofer, P. 1968. Uber Pterodactylus kochi
(Wagner 1837). Neues Jahrbuch fur Geologie und
Palaontology Abhanlungen, 132: 97-126.

Wellnhofer, P. 1970. Die Pterodactyloidea (Ptero-
sauria) der Oberjura-Plattenkalke Stiddeustch-
lands. Bayerische Akademie der Wissenschaften
Mathematisch-Naturwissenschaftliche Klasse Ab-
handlungen, 141: 1-133.

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

Wellnhofer, P. 1988. Terrestrial locomotion in pte-
rosaurs. Historical Biology, 1: 3-16.

Wellnhofer, P. 1991a. Weitere Pterosaurierfunde
aus der Santana-Formation (Apt) der Chapa-
da do Araripe, Brasilien. Palaeontographica A,
215: 43-101.

Wellnhofer, P. 1991b. The Illustrated Encyclopedia
of Pterosaurs. Salamander, London, United
Kingdom, 192 pp.

Wiffen, J. and Molnar, R.E. 1988. First pterosaur
from New Zealand. Alcheringa, 12: 53-59.

Young, C.C. 1973. Pterosaurian fauna from
Wuerho, Sinkiang. Special Publications of the
Institute of Vertebrate Palaeontology and Palae-
oanthropology, 11: 18-34.

Recibido: 28/1/2013 - Aceptado: 29/4/2013

Volumen 3 (1) | 2013/5-12



