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ABSTRACT

An isolated bone from the late Campanian-aged Kaiparowits Formation of southern
Utah is tentatively identified as the terminal wing phalanx (manual phalanx IV-4) from a
pterosaur, representing the first report of this clade from the formation. The specimen is
60 mm long and hollow, with thin and delicate walls and expanded ?proximal and ?distal
ends. This is consistent with anatomy reported for equivalent elements in pterodactyloid
pterosaurs. Although the specimen cannot be more precisely identified, it is consistent
with occurrences of pterosaurs in penecontemporaneous terrestrial depositional envi-
ronments throughout western North America.

Introduction

The Kaiparowits Formation of southern Utah,
dated to the late Campanian (Roberts et al., In
Press, 2005), preserves a rich assemblage of
archosaurs, including crocodyliforms (Irmis
et al, In Press), non-avian dinosaurs (Gates et
al., In Press; DeCourten & Russell, 1985; Zanno
& Sampson, 2005; Gates & Sampson, 2007;
Sampson et al., 2010; Zanno et al.,, 2011), and

birds (Farke & Patel, 2012). To date, no ptero-
saurs have been described from the Kaiparowits
Formation, even though they are known from
penecontemporaneous strata representing ter-
restrial environments throughout the Western
Interior of North America (Currie & Russell,
1982; Currie & Padian, 1983; Padian, 1984; Cur-
rie & Jacobsen, 1995; McGowen et al., 2002;
Godfrey & Currie, 2005; Sullivan & Fowler,
2011). Here, we describe an isolated bone from
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the Kaiparowits Formation, tentatively identi-
fied as a pterosaur wing phalanx. Although the
material is scrappy, the rarity of pterosaurs in
the Kaiparowits Formation encourages the de-
scription of even incomplete material.

Institutional abbreviations

RAM, Raymond M. Alf Museum of Paleontol-
ogy, Claremont, California, U.S.A.

UNSM, University of Nebraska State Museum,
Lincoln, U.S.A.

Methods

The specimen RAM 15445 was serendipitous-
ly discovered at locality RAM V200810, while
trenching around a skull roof of the hadrosaur
Gryposaurus sp. (RAM 12065). Thus, one end
of RAM 15445 was unfortunately destroyed
before recovery. The bone and surrounding
matrix were stabilized with polyvinal acetate
dissolved in acetone, and loose fragments were
reattached using cyanoacrylate glue. Some of
the matrix was removed mechanically with
dental picks and similar tools, although most of
the rock was left in place to support the delicate
specimen.

Prior to its reattachment, a portion of the
bone was digitally photographed with a scale
bar. Measurements of the cross section were
then obtained in Image] 1.46 (Rasband, 1997).
Additional measurements of the specimen were
taken directly from the specimen using digital
calipers.

Systematic Paleontology

Pterosauria Kaup, 1834
Pterosauria genus et species indet.

Referred specimen — RAM 15445, tenta-
tively identified as manual phalanx IV-4.

Locality and horizon — RAM V200810,
Grand Staircase-Escalante National Monument,
Garfield County, Utah, U.S.A. The locality is
within the Kaiparowits Formation, above a
bentonite tentatively correlated with bentonite
KBC-144, which was dated at 75.51+0.15 Ma
(late Campanian; Roberts et al., In Press; 2005).
Thus, RAM V200810 is most likely within the
uppermost part of the middle unit, or perhaps
even the very base of the upper unit, of the Kai-
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parowits Formation. Precise locality data are ar-
chived at the RAM and are available to qualified
investigators upon request.

Description

The single element preserved in RAM 15445
is hollow, with very thin and delicate walls. At
a broken portion of the bone (figure 1A), the
bone is oval in cross-section (4.7 mm by 2.7
mm in external dimensions) with a wall thick-
ness ranging between 0.27 and 0.43 mm. The
specimen is not crushed, but retains its original
three-dimensional shape.

Including the impression that represents
the missing end of the bone, RAM 15445 is 59.9
mm in length and 4.1 mm in maximum width
at its midpoint. We tentatively identify one end
(at the left side of figure 1A, B) as the proximal
end, because it is expanded in what appears to
be an articular surface. This end is slightly ex-
panded relative to the shaft of the bone, mea-
suring 7.2 mm in maximum width and 3.6 mm
in minimum width.

The distal end is missing but preserved as an
impression. This shows that the bone is slightly
curved distally. Furthermore, a bilateral sul-
cus along the distal third of the shaft creates a
slightly dumbbell-shaped cross section. As mea-
sured approximately 57 mm from the proximal
end of the bone, the shaft is 2.2 mm in mini-
mum width and 4.3 mm in maximum width.

Discussion

Identification and Comparison

Specimen RAM 15445 is tentatively identified
as manual phalanx IV-4 of a pterosaur, based on
the bone’s overall shape as well as the extreme
thinness of its walls. Although avian and non-
avian theropod limb bones are also hollow, they
are generally thicker-walled than seen in RAM
15445. Furthermore, the lack of torsion along
the shaft of RAM 15445, as well as the overall
profile and cross sectional shape of the bone,
are inconsistent with possibilities such as a ther-
opod ulna, radius, or metacarpal. We thus con-
sider an identification of pterosaur as the most
parsimonious of possibilities.

In overall morphology, RAM 15445 is most
similar to phalanges I'V-4 illustrated for several
pterodactyloids, including the tapejarid Sinop-
terus dongi and the ornithocheirid Anhanguera
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Figure 1. Possible manual phalanx from a pterosaur, RAM 15445. A) Cross section of bone at point indicated by line to B;
B) Photograph of bone; C) interpretive line drawing of bone. Abbreviations: i, impression; s, sulcus. Upper scale bar, for A,
equals 1 mm. Lower scale bar, for B and C, equals 5 cm. Figure by the authors.

spielbergi (Veldmeijer, 2003; Wang & Zhou,
2003). As in the interpreted anatomy of RAM
15445, both S. dongi and A. spielbergi show a
slight distal curve and expanded proximal and
distal ends in their equivalent phalanges

Some other pterosaurs also exhibit a manual
phalanx IV-4 with distal curvature, although
they thin distally rather than expand, in con-
trast with RAM 15445. These include Arthur-
dactylus conandoylei (Frey & Martill, 1994),
Anhanguera ligabuei (Dalla Vecchia, 1993) and
Hauxiapterus corollatus (Lii et al., 2006). A spec-
imen of Nyctosaurus gracilis (UNSM 93000),
also has a curved distal phalanx that tapers to a
point, as well as some Pteranodon spp. with the
appropriate anatomy preserved (Eaton, 1910).
Unfortunately, comparable material for North
American pterosaurs from terrestrial environ-
ments is not known. In general, it seems likely
that phalangeal anatomy similar to that of RAM

15445 is probably quite widespread and not of
major taxonomic significance.

Pterosaurs from Campanian Terrestrial Assem-
blages of North America

Many of the pterosaur bones described from
Late Campanian terrestrial sites in North
American sites are not identifiable to species,
and none are elements directly comparable to
RAM 15445. From the Dinosaur Park Forma-
tion, azhdarchid fossils include parts of several
individuals of various sizes (Currie & Russell,
1982; Currie & Padian, 1983; Godfrey & Currie,
2005), most of them relatively large (estimated
wingspans between 2.5 and 13 m; Godfrey &
Currie, 2005). The Two Medicine Formation has
also yielded azhdarchids, including Montanazh-
darcho minor (Padian, 1984; Padian et al,, 1995;
McGowen et al., 2002), and material from the
Kirtland Formation of New Mexico and the Di-
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nosaur Park Formation of Alberta was referred
to a possible azhdarchid, Navajodactylus boerei
(Sullivan & Fowler, 2011).

Despite the paucity of material, all of these
specimens indicate the distribution of ptero-
saurs throughout terrestrial environments of
western North America during the late Cam-
panian. The newly described specimen, RAM
15445, is not particularly remarkable within
this context, nor does it offer much in the way
of anatomical information. Nonetheless, this
specimen is important in establishing the pres-
ence of pterosaurs within the Kaiparowits For-
mation of southern Utah. Additional work is
needed to discover, collect, and interpret more
complete specimens that will better establish
the identity of Kaiparowits pterosaurs.

Acknowledgments

We thank student volunteers from The Webb
Schools for assistance in collecting this and oth-
er specimens from the Kaiparowits Formation,
as well as Don Lofgren for his leadership in the
field and his discovery of the original locality.
Discussions with Ron Carrera, Rutger Jansma,
Denver Fowler, John Foster, Nick Gardner, Alan
Titus, Mike Habib, Mark Witton, Anthony Mal-
tese, Robin O’Keefe, Hans Sues, and Doug Shore
helped to establish the identity of the specimen,
and Eric Roberts helped to place the specimen
into the stratigraphic section. Ashley Fragome-
ni is acknowledged for her curatorial assistance,
and Scott Foss and Alan Titus are thanked for
assistance with permitting and field logistics.
The fieldwork supporting this project was con-
ducted under Utah Bureau of Land Manage-
ment Paleontological Resources Use Permit
UTob6-0018.

Cited Literature

Currie, P.J. & D.A. Russell. 1982. A giant ptero-
saur (Reptilia: Archosauria) from the Judith
River (Oldman)Formationof Alberta.—Can-
adian Journal of Earth Sciences 19: 894-
897.

Currie, PJ. & K. Padian. 1983. A new pterosaur
record from the Judith River (Oldman) For-
mation of Alberta. — Journal of Paleontology
57: 599-600.

Currie, PJ. & A.R. Jacobsen. 1995. An azhdar-
chid pterosaur eaten by a velociraptorine

PalArch’s Journal of Vertebrate Palaeontology, 10(2) (2013)

theropod. — Canadian Journal of Earth Sci-
ences 32: 922-925.

Dalla Vecchia, FM. 1993. Cearadactylus? liga-
buei nov. sp., a new early Cretaceous (Ap-
tian) pterosaur from Chapada do Araripe
(Northeastern Brazil). — Bollettino Della So-
cieta Paleontologica Italiana 32: 401-409.

DeCourten, F.L. & D.A. Russell. 1985. A speci-
men of Ornithomimus velox (Theropoda,
Ornithomimidae) from the terminal Creta-
ceous Kaiparowits Formation of southern
Utah. — Journal of Paleontology 59: 1091-
1099.

Eaton, G.F. 1910. Osteology of Pteranodon. —
Memoirs of the Connecticut Academy of
Arts and Sciences 2: 1-38.

Farke, A.A. & P.P. Patel. 2012. An enantiorni-
thine bird from the Campanian Kaiparowits
Formation of Utah, USA. — Cretaceous Re-
search 37: 227-230.

Frey, E. & D.M. Martill. 1994. A new pterosaur
from the Crato Formation (Lower Creta-
ceous, Aptian) of Brazil. — Neues Jahrbuch
Fiir Geologie Und Paldontologie Abhandlun-
gen 194: 379-412.

Gates, T.A. & S.D. Sampson. 2007. A new spe-
cies of Gryposaurus (Dinosauria: Hadro-
sauridae) from the late Campanian Kaip-
arowits Formation, southern Utah, USA.
— Zoological Journal of the Linnean Society
151: 351-376.

Gates, T.A., EX. Lund, C.A. Boyd, M. Getty, D.D.
DeBlieux, J.I. Kirkland, & D.C. Evans. In
Press. The role of Grand Staircase-Escalante
National Monument in macroevolutionary
and paleobiogeographic studies of ornitho-
pod dinosaurs. In: Titus A.L. & M.A. Loewen.
Eds. Advances in Late Cretaceous Western
Interior Basin Paleontology and Geology. —
Bloomington, Indiana University Press.

Godfrey, S.J. & P.J. Currie. 2005. Pterosaurs. In:
Currie, PJ. & E.B. Koppelhus. Eds. Dinosaur
Provincial Park. A Spectacular Ancient Eco-
system Revealed. — Bloomington, Indiana
University Press: 292—311.

Irmis, R.B., ].H. Hutchison, J.J.W. Sertich & A.L.
Titus. In Press. Crocodyliforms from the
Late Cretaceous of Grand Staircase-Escalante
National Monument and vicinity, southern
Utah, U.S.A. In: Titus, A.L. & M.A. Loewen.
Eds. Advances in Late Cretaceous Western
Interior Basin Paleontology and Geology. —
Bloomington, Indiana University Press.

© PalArch Foundation



Farke & Wilridge, Pterosaur Wing Phalanx from Utah

Kaup, J.J. 1834. Versuch einer Eintheilung der
Saugethiere in 6 Stamme und der Amphi-
bien in 6 Ordnungen. — Isis 3: 311-315.

L4, J, X. Jin, D.M. Unwin, L. Zhao, Y. Azuma,
& Q. Ji. 2006. A new species of Huaxiapter-
us (Pterosauria: Pterodactyloidea) from
the Lower Cretaceous of western Liaoning,
China with comments on the systematics of
tapejarid pterosaurs. — Acta Geologica Sinica
80: 315-326.

McGowen, M.R., K. Padian, M.A.D. Sosa, & R.].
Harmon. 2002. Description of Montanahdar-
cho minor, an azhdarchid pterosaur from the
Two Medicine Formation (Campanian) of
Montana. — PaleoBios 22: 1-9.

Padian, K. 1984. A large pterodactyloid ptero-
saur from the Two Medicine Formation
(Campanian) of Montana. — Journal of Ver-
tebrate Paleontology 4: 516-524.

Padian, K., A.]. de Ricqles, & J.R. Horner. 1995.
Bone histology determines identification
of a new fossil taxon of pterosaur (Rep-
tilia: Archosauria). — Comptes Rendus De
I’Académie Des Sciences. Série 2. Sciences
De La Terre Et Des Planétes 320: 77-84.

Rasband, W.S. 1997. Image]. — U.S. National In-
stitutes of Health, Bethesda, Maryland

Roberts, E.M., A.L. Deino & M.A. Chan. 2005.
40Ar/39Ar age of the Kaiparowits Forma-
tion, southern Utah, and correlation of
contemporaneous Campanian strata and
vertebrate faunas along the margin of the
Western Interior Basin. — Cretaceous Re-
search 26: 307-318.

Roberts, E.M., S.D. Sampson, A. Deino, S.
Bowring & R. Buchwaldt. In Press. The
Kaiparowits Formation: A remarkable
record of Late Cretaceous terrestrial en-
vironments, ecosystems and evolution in
Western North America. In: Titus, A.L &
M.A. Loewen. Eds. Advances in Late Cre-
taceous Western Interior Basin Paleontol-
ogy and Geology. — Bloomington, Indiana
University Press.

Sampson, S.D., M.A. Loewen, A.A. Farke, E.M.
Roberts, C.A. Forster, J.A. Smith & A.L. Titus.
2010. New horned dinosaurs from Utah pro-
vide evidence for intracontinental dinosaur
endemism. — PLOS ONE 5: e12292.

Sullivan, R.M. & D.W. Fowler. 2011. Navajodac-
tylus boerei, n. gen., n. sp., (Pterosauria, ?Azh-
darchidae) from the Upper Cretaceous Kirt-
land Formation (Upper Campanian) of New

PalArch’s Journal of Vertebrate Palaeontology, 10(2) (2013)

Mexico. — New Mexico Museum of Nature
and Science Bulletin 53: 393-404.

Veldmeijer, A.]. 2003. Coloborhynchus spielbergi
sp. nov. (Pterodactyloidea) from the Albian
(Lower Cretaceous) of Brazil. — Scripta Geo-
logica 125: 35-139.

Wang, X. & Z. Zhou. 2003. A new pterosaur
(Pterodactyloidea, Tapejaridae) from the
Early Cretaceous Jiufotang Formation of
western Liaoning, China and its implica-
tions for biostratigraphy. — Chinese Science
Bulletin 48: 16-23.

Zanno, L.E., & S.D. Sampson. 2005. A new ovi-
raptorosaur (Theropoda, Maniraptora) from
the Late Cretaceous (Campanian) of Utah. —
Journal of Vertebrate Paleontology 25: 897-
904.

Zanno, L.E., D.J. Varricchio, PM. O’Connor, A.L.
Titus & M.J. Knell. 2011. A new troodontid
theropod, Talos sampsoni gen. et sp. nov.,
from the Upper Cretaceous Western Inte-
rior Basin of North America. — PLOS ONE

6: €24487.

Submitted: 17 December 2012
Published: 20 April 2013

Copyright: © 2013 Farke and Wilridge. This
is an open-access article distributed under the
terms of the Creative Commons Attribution Li-
cense, which permits unrestricted use, distribu-
tion, and reproduction in any medium, provid-
ed the original author and source are credited.

This publication is deposited as hard copy in
four archival libraries and the archive of the
PalArch Foundation. All of PalArch’s publica-
tions are stored in the e-depot of The National
Library, The Hague, The Netherlands (www.
kb.nl).

Het Natuurhistorisch
Westzeedijk 345
3015 AA Rotterdam
The Netherlands

Royal Belgian Institute of Natural Sciences Li-
brary

rue Vautier 29 B- 1000

Brussels

Belgium

© PalArch Foundation



Farke & Wilridge, Pterosaur Wing Phalanx from Utah

Library Naturalis

National Museum of Natural History
P.O. Box 9517

2300 RA Leiden

The Netherlands

PalArch Foundation
Mezquitalaan 23
1064 NS Amsterdam
The Netherlands

Vrije Universiteit
UBVU-Library of Earth Sciences
De Boelelaan 1079

1081 HV Amsterdam

The Netherlands

PalArch’s Journal of Vertebrate Palaeontology, 10(2) (2013)

© PalArch Foundation



