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Review of the pterodactyloid pterosaur Coloborbynchus
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Abstract

The genus Coloborhynchus (Pterosauria, Pterodactyloi-
dea), previously thought to be present in Cretaceous strata of
England, Brazil and the United States of America is reviewed.
Despite the fragmentary nature of the type material, it shows
several distinctive features leading us to restrict Coloborhyn-
chus to the type species, Coloborhynchus clavirostris OWEN,
1874 from the Hastings Beds Group (East Sussex). “Colo-
borbynchus” wadleighi LEE, 1994 of the Paw Paw Formation
(Texas) lacks the diagnostic features of the English material
and is therefore relocated to a new genus (Uktenadactylus
wadleighi comb. nov.). The occurrence of Coloborbynchus in
the Santana Formation of Brazil was not corroborated.

Key words: Pterosauria, Anhangueridae, Coloborbynchus,
taxonomy

Zusammenfassung

Die Gattung Coloborhynchus (Pterosauria, Pterodactyloi-
dea), die in den kretazischen Schichten von England, Brasilien
und Vereinigten Staaten registriert wurde, wird hier neu bew-
erted. Obwohl der Holotyp der Art Coloborhynchus claviro-
stris OWEN, 1874 von den Hastings Beds Group (East Sussex)
sehr unvollstindig ist, kann man einige unterscheidende Merk-
male erkennen so dass wir die Gattung Coloborhynchus auf die
Typspecies begrenzen konnen. “Coloborbynchus” wadleighi
LEE, 1994 von der Paw Paw Formation (Texas) besitzt nicht
die diagnostischen Merkmale des englisches Material un wird
deshalb einer neuen Gattung zugestellt (Uktenadactylus wadle-
ighi comb. nov.). Das Vorkommen von Coloborhynchus in der
Santana Formation wurde nicht bestitigt.

Schliisselworter: Pterosauria, Anhangueridae, Coloborhyn-
chus, Taxonomie

Resumo

O género Coloborhynchus, que antes se acreditava estar
presente em depsitos creticeos da Inglaterra, Brasil e Estados
Unidos, é revisto. Apesar da natureza fragmentaria de seu
material tipo, ele possui varias caracteristicas distintivas, o
que nos levou a restringir Coloborhynchus i sua espécie-tipo,
Coloborbynchus clavirostris OWEN, 1874 do Grupo Hastings
Beds (East Sussex). “Coloborhynchus” wadleighi LEE, 1994
da Formagio Paw Paw (Texas) ndo apresenta as caracteristicas
diagnésticas do material inglés e, deste modo, é realocada a
um novo género (Uktenadactylus wadleighi comb. nov.). A
ocorréncia de Coloborhynchus na Formagao Santana, Brasil,
nio foi corroborada.

Palavras chave: Pterosauria, Anhangueridae, Coloborhyn-
chus, taxonomia

1. Introduction

The Aptian-Albian (Pons et al. 1990; MAISEY 1991; MARTILL
2007 and references therein) Santana Formation of the Araripe
Basin has yielded some of the best preserved pterosaur material
in the world. Divided into the Crato, Ipubi and Romualdo
Members (BEURLEN 1971), pterosaurs have been first collec-
ted in the calcareous nodules of the Romualdo Member (e.g.,
Price 1971; WELLNHOFER 1985, 1991b; Camros & KELLNER
1985; KELLNER & Tomipa 2000) but later were also found in
the laminated calcareous limestone of the Crato Member (e.g.,
FREY & MARTILL 1994; Camros & KELLNER 1997; FRrEY et al.
2003; SayAo & KELLNER 2006).

Since the first descriptions, pterosaur specimens from the
Araripe Basin have been compared to those from the Cambridge
Greensand of eastern England. Several species, for instance,
were referred to the Ornithocheiridae or “Criorhynchidae” at
the time of their descriptions, such as Araripesaurus castilbot,

Author for correspondence and reprint requests; E-mail: taissa.rodrigues@gmail.com
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Santanadactylus brasilensis (first classified in the “Criorhyn-
chidae” by Buisonjt 1980, and then in the Ornithocheiridae by
WELLNHOFER 1985), Brasileodactylus araripensis, Anhanguera
araripensis, Santanadactylus pricei, “Santanadactylus” spixi
(now regarded as a possible tapejarid, KELLNER 1995, 2004),
Anhanguera santanae, Tropeognathus mesembrinus, Anhan-
guera robustus, Arthurdactylus conandoylei and Ludodactylus
sibbicki (PrRICE 1971; KELLNER 1984; WELLNHOFER 1985, 1987;
FrEY & MARTILL 1994; FreY et al. 2003). All those species,
despite being referred to groups known from the Cambridge
Greensand, were classified in new genera.

KELLNER & Tomipa (2000) have made a broad review of
the Santana Formation pterosaur fauna, with the exception
of the Tapejaridae. In their work, no species were classified in
the Ornithocheiridae; Anbanguera blittersdorffi, Anhanguera
araripensis, Anhanguera santanae, Anhanguera robustus,
Anhanguera piscator and Tropeognathus mesembrinus were
referred to the Anhangueridae. However, since then some
species of Anhanguera have been relocated to Coloborhynchus
(FasTNAcCHT 2001; UNwiIN 2001; FREY et al. 2003; VELDMEIER
2003). The latter was first recorded in the Cretaceous of the
Wealden Supergroup (OwEN 1874) and then supposedly in
Albian deposits of Texas, USA (LEE 1994).

As has been pointed out numerous times in the literature,
pterosaur specimens from the Cambridge Greensand consist
of fragments of bones, the systematic assignment of which is
controversial (e.g., HOOLEY 1914; WELLNHOFER 1978; KELLNER
1990, 2006; UNwIN 2001). This unit comprises marine deposits
formed in the Cenomanian and all pterosaur material known
so far consists of disarticulated, abraded and usually incom-
plete elements. It is likely that the fossils were exhumed and
reworked from Albian deposits (WELLNHOFER 1991a; UNWIN
2001).

Here we review all species referred to Coloborhynchus
and discuss the evidence used to establish the presence of this
genus in the Santana Formation. A more extensive discussion
of the issues regarding the Anhangueridae, Ornithocheiridae
and “Criorhynchidae” will be presented elsewhere (RODRIGUES
& KELLNER 2 prep.).

Institutional abbreviations:

AMNH: American Museum of Natural History, New York, The
United States

MN: Museu Nacional / Universidade Federal do Rio de Janeiro,
Rio de Janeiro, Brazil
BMNH: The Natural History Museum, London, England

LINHM: Long Island Natural History Museum, New York, The
United States

SMNK: Staatliches Museum fiir Naturkunde, Karlsruhe, Germany
SMU:  Southern Methodist University, Dallas, The United States

UERJ:  Universidade do Estado do Rio de Janeiro, Rio de Janeiro,

Brazil

2. Systematic Paleontology

Pterosauria Kaup, 1834
Pterodactyloidea PLIENINGER, 1901
Anhangueridae Camros & KELLNER, 1985

Genus: Coloborhynchus OWEN, 1874
Type species: Coloborbynchus clavirostris OWEN, 1874

Type locality and horizon: Wealden Supergroup
(Cretaceous), Hastings Beds Group, St.-Leonards-on-Sea,
East Sussex, England.

Diagnosis: the same as for the type species.

Coloborhynchus clavirostris OWEN, 1874
(Figs 1.1, 2.1, 3.1)

Holotype: anterior portion of the upper jaw, consisting
of premaxillae and possibly part of the maxillae (BMNH R
1822, cast MN 7058-V).

Revised diagnosis: anhanguerid pterosaur with an oval
depression beneath the first pair of dental alveoli; second, third
and fourth pairs of premaxillary alveoli located laterally; fifth
and sixth premaxillary alveoli located more medially than the
preceding alveoli on the base of the palatal ridge; anterior part
of the palatal ridge bordered by two shallow longitudinally
elongated depressions.

Genus: Uktenadactylus gen. nov.
Type species: Uktenadactylus wadleighi (LEE, 1994)
comb. nov.

Etymology: Uktena, from the native American Chero-
kee mythology, is a great deadly snake with horns on its head
and a bright blazing crest; dactylus, from the Greek language,
means finger.

Type locality and horizon: Paw Paw Formation (Al-
bian, Lower Cretaceous), Tarrant County, Texas, USA.

Diagnosis: the same as for the type species.

Uktenadactylus wadleighi (LEE, 1994) comb. nov.
= Coloborbynchus wadleighi LeE, 1994
(Figs 1.2,3,2.2,3,3.2)

Holotype: anterior portion of the upper jaw, consisting
of premaxillae and possibly part of the maxillae (SMU 73058,
cast MN 7052-V).

Revised diagnosis: anhanguerid pterosaur with an oval
depression above the first pair of alveoli and presence of a
ventral medial depression between the second pair of upper
alveoli.

3. Taxonomic history of
Coloborbynchus clavirostris

The genus Coloborhynchus was described by R. OWEN, in
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Figure 1: Left lateral view of 1, holotype of Coloborhynchus clavirostris(BMNH R 1822; Cretaceous Wealden Supergroup, Hastings Beds Group,
St.-Leonards-on-Sea, East Sussex, England); 2, cast of the holotype and 3, drawing of Uktenadactylus wadleighi (cast MN 7052-V; Albian, Lower

Cretaceous Paw Paw Formation, Tarrant County, Texas, USA). Scale bar = 10 mm. Coloborhynchus clavirostris photo courtesy of The Natural

History Museum.

1874, and diagnosed by the following combination of charac-
ters: anterior end of the upper jaw truncated with the foremost
pair of dental alveoli of the upper jaw projecting forward and
positioned at a higher level than the alveolar border (OweN
1874: 6). He referred to this genus the species “Ornithocheirus”
cuvieri (BOWERBANK, 1851) and “Ornithocheirus” sedgwickii
(OWEN, 1859), species that, in their original descriptions, had
been referred to Prerodactylus (BOWERBANK 1851; OWEN 1859)
and later referred to Ornithocheirus by SEELEY (1870). OWEN
also added a new species, Coloborbynchus clavirostris, based on
the anterior fragment of the upper jaw, mostly formed by the
premaxillae (no suture between premaxilla and maxilla is visib-
le). No type species was originally designated for this genus.

While reviewing part of the Cambridge Greensand ptero-
saur fauna, HOOLEY (1914: 537-538) argued that the unusual
position of the first pair of dental alveoli of Coloborhynchus
clavirostris resulted from a heavy abrasion of the tip of the
premaxilla. Therefore he regarded Coloborhynchus clavirost-
7is as a junior synonym of “Criorbynchus” simus. HOOLEY
(1914) further disregarded the assignment of “Ornithochei-
rus” cuvieri and “Ornithocheirus” sedgwickii to the genus
Coloborbynchus.

KunN (1967) regarded Coloborbynchus clavirostris as the
type species of the genus (which can be considered a valid
subsequent designation) but agreed with HOOLEY (1914) that
this taxon was synonymous with “Criorhynchus” simus. This
was followed by later workers (e.g., WELLNHOFER 1978).

While describing a new pterosaur specimen from the Paw
Paw Formation of the United States, LEE (1994) re-validated
the genus Coloborhynchus (with the type species C. claviro-

stris), regarding it distinct from “Criorhynchus” simus. This
was subsequently accepted by other workers (e.g., KELLNER
& Towmipa 2000; FastNacHT 2001; UNwiN 2001; VELDMEIJER
2003).

Examination of the holotype of Coloborhynchus clavirostris
(BMNH R 1822; cast MN 7058-V) shows that the anterior
margin is flattened, with a relatively deep (ca. 2.5 mm) medial
depression beneath the first pair of alveoli. Only the first six
pairs of tooth sockets are preserved. As pointed out previ-
ously (e.g., OWEN 1874), the first pair faces anteriorly and is
positioned higher than the second one. The second, third and
fourth pairs of alveoli have a lateral orientation, thus forming
a high alveolar row (Fig. 1). Itis not clear if those are the result
of weathering or a true anatomical feature. The two subsequent
pairs of alveoli face ventrally. In ventral view, a quadrangular
anterior expansion can be observed. The palatal ridge does not
reach the tip of the snout, starting at the level of the second
alveoli, bordered by two shallow, longitudinally elongated
depressions. Posteriorly, this ridge becomes more prominent.
The fifth and sixth alveoli are closer to the midline than the
others and there is no depressed area showing a clear limit
between the palatal ridge and the alveolar row, contrary to the
condition observed in other toothed taxa (e.g., Anhanguera,
Tropeognathus). Coloborbynchus clavirostris also differs in
this respect from Uktenadactylus wadleighi: in the latter
taxon, this region is broader although not showing a marked
depressed area.

The premaxillary crest of Coloborhynchus clavirostris,
which begins at the tip of the rostrum, is robust but thins from
base to top. In lateral view, the anterior-most margin of the
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Figure 2: Anterior view of 1, holotype of Coloborhynchus clavirostris(BMNH R 1822; Cretaceous Wealden Supergroup, Hastings Beds Group,

St.-Leonards-on-Sea, East Sussex, England); 2, cast of the holotype and 3, drawing of Uktenadactylus wadleighi (cast MN 7052-V; Albian, Lower

Cretaceous Paw Paw Formation, Tarrant County, Texas, USA). Scale bar = 10 mm. Coloborhynchus clavirostris photo courtesy of The Natural

History Museum.

crest is straight. To our knowledge, the combination of those
features has not been reported in any pterodactyloid before.
According to NaisH (personal communication 2007), a second
specimen of Coloborhynchus clavirostris shows all the main
features of this taxon.

With the description of the species Uktenadactylus wad-
leighi (originally regarded as Coloborbynchus), LEE (1994: 756)
modified the diagnosis of the genus Coloborhynchus, as made
by OwEeN (1874), pointing out the following characters:

1. Flattened and triangular anterior margin of the prema-
xilla;

2. One pair of teeth projecting anteriorly and located above
the subsequent teeth;

3. Presence of an anterior median depression;

4. Premaxillary crest beginning near the tip of the skull.

Regarding character 1, both Coloborhynchus clavirostris
and Uktenadactylus wadleighi have a flattened anterior mar-
gin of the skull, a character which suggests that these taxa are
closely related. This feature is not present in Anhanguera,
such as Anhanguera blittersdorffi (Camros & KELLNER 1985;
LEE 1994: 761). The holotype of Anhanguera spielbergi does
not have the tip of the rostrum preserved and therefore its
shape cannot be observed accurately. In MN 4735-V, referred
to Anhanguera araripensis (KELLNER & TomiDA 2000), the
anterior portion of the snout is slightly rounded, thus differing
from Coloborhynchus clavirostris. In Anhanguera piscator,
there is a flattened margin just above the first pair of teeth,
but not to the extent observed in Coloborhynchus clavirostris.
An approximately triangular anterior margin is also absent in
Anbangunera, being present in both Coloborbynchus clavirostris
and Uktenadactylus wadleighi.

The placement of the first pair of alveoli in a higher level
than the second one (character 2) is common in most toothed
pterosaurs from the Santana Formation, including the species
of Anhanguera, Tropeognathus mesembrinus and Ludodacty-
lus sibbicki (pers. observation). This feature is also present in
species from the Cambridge Greensand, such as “Ornithoch-
etrus” sedgwickii (OWEN 1859) and “Ornithocheirus” cuvieri
(BowERBANK 1851), in Caulkicephalus trimicrodon from the
Isle of Wight (STEEL et al. 2005), and Siroccopteryx moroccensis
from Morocco (MADER & KELLNER 1999). Since this feature
is present in several genera, we conclude that the position of
the first pair of alveoli at a higher level than the others is more
widespread in the group (the unnamed clade at node 25 in
KELLNER 2003), rather than diagnostic for a single genus.

An anteriorly located depression (character 3) is present in
both Coloborbynchus clavirostris and Uktenadactylus wad-
leighi. However, it is located in different places relative to the
position of the first pair of teeth (it is ventral to them on the
former and dorsal to them on the later) and therefore does not
appear to be homologous but rather different in these taxa.

Coloborbynchus clavirostris has a crest that begins at the
tip of the rostrum (character 4 of LEE 1994). A crest in such a
position is also present in Tropeognathus mesembrinus, where
the shape of this structure is convex, differing from the straight
anterior margin as preserved on Coloborhynchus clavirostris.
The crest begins more posteriorly in Siroccopteryx moroccensis,
Uktenadactylus wadleighi (contra LEr 1994) and Anhanguera
(Anbanguera blittersdorffi, Anbanguera piscator and MN 4735-
V) (LEE 1994; MADER & KELLNER 1999).

An additional character that LEE (1994) described but did
not include in the proposed diagnosis for Coloborbynchus
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Figure 3: Ventral view of 1, holotype of Coloborhynchus clavirostris(BMNH R 1822; Cretaceous Wealden Supergroup, Hastings Beds Group,
St.-Leonards-on-Sea, East Sussex, England); 2, cast of the holotype of Uktenadactylus wadleighi (cast MN 7052-V; Albian, Lower Cretaceous

Paw Paw Formation, Tarrant County, Texas, USA). Scale bar = 10 mm. Coloborhynchus clavirostris photo courtesy of The Natural History

Museum.

regards the thickness of the premaxillary crest. In Colobo-
rhynchus clavirostris and Uktenadactylus wadleighi, it gets
thinner gradually from base to top. Meanwhile, in all species
of Anhanguera and in Tropeognathus mesembrinus (contra
WELLNHOFER 1987) it is very thin, even at the base.

FastNAcHT (2001: 24) added the following characters to the
generic diagnosis proposed by LEE (1994):

1. Skull with a lateral spoon-shaped expansion from the
second to the fourth pairs of alveol;

2. Mandibular crest beginning anteriorly;

3. Mandible with a lateral spoon-shaped expansion from
the first to the third pairs of alveoli;

4. Second and third pairs of upper and lower alveoli rela-
tively larger than the others.

The presence of an anterior expansion of the premaxilla
(character 1) is observed in several pterosaur species from the
Araripe Basin (and in some from the Cambridge Greensand)
regarded as belonging to different genera (e.g., WELLNHOFER
1991b; KELLNER & Tomipa 2000; FastNacHT 2001). Fur-
thermore, this feature has been considered diagnostic for the
Anhangueridae by Camros & KELLNER (1985) and KELLNER
& Tomipa (2000) (or the Ornithocheiridae, BAKHURINA &
UNWIN 1995) and is present in Anhanguera, Coloborhynchus
and Tropeognathus. FASTNACHT (2001: 24) pointed out that
the posterior limit of this expansion in Coloborhynchus is
the fourth alveolus, but our examination of Coloborhynchus
clavirostris (the type species of this genus) showed that the
expansion goes up to the fifth alveolus. Although it is not
easy to establish the limits of this expansion, Uktenadactylus
wadleight, Anhanguera piscator and Anhanguera araripensis
(referred specimen MN 4735-V) also show the posterior end
of this expansion up to the fifth alveolus. Therefore we do not
regard this feature as diagnostic at a generic level.

The supposed diagnostic features found in the lower jaw
(characters 2 and 3) are problematic since the holotype of Co-
loborbynchus clavirostris lacks the mandible and we regard this

genus as restricted to the type species (see above). Furthermore,
regarding character 2, it is worthy of note that all anhanguerid
mandibles bear dentary crests that begin at the tip of the jaw
(e.g., Anbanguera robustus, Anhanguera piscator, Anhanguera
spielbergi and Tropeognathus mesembrinus), indicating that it
is widely distributed within this group. The same is true for
the distal expansion of the mandible (character 3), that can
also be found in Brasileodactylus araripensis (KELLNER 1984;
KELLNER & TomIipA 2000).

Second and third pairs of alveoli significantly larger than the
subsequent ones (character 4 of FastnachT 2001) is a feature
present in the upper jaw of both Coloborhynchus clavirostris
and Uktenadactylus wadleighi. There is some variation in these
sizes among the species of Anhanguera of the Santana Forma-
tion. In Anhanguera blittersdorffi (holotype), the second and
third alveoli appear to be the largest ones while in Pz-DBAV-
UER] 40 (KELLNER & TomIiDA 2000; RODRIGUES & KELLNER
in prep.), AMNH 22555 (referred to Anhanguera santanae by
WELLNHOFER 1991b, mistakenly regarded as the holotype of
the species by FastnacHT 2001: 31) and Anhanguera spielbergi
(VELDMEIER 2003), the largest ones are the third and fourth.
Furthermore, this size pattern of the anterior teeth can be also
observed in Caulkicephalus trimicrodon (second and third
are the largest, STEEL et al. 2005). On neither of those species,
however, are the size differences as much as those observed in
Coloborbynchus clavirostris and Uktenadactylus wadleighi.

UNWIN (2001: 205-206), while reviewing the Cambridge
Greensand pterosaur species, although not providing a dia-
gnosis for Coloborhynchus, pointed out some characters for
the genus:

1. Anterodorsal margin of the premaxillary crest concave
in lateral view;

2.Second and third upper pairs of alveoli directed forwards
and outwards.

Coloborhynchus clavirostris does not possess a concave
premaxillary crest (character 1). The alveoli of this species
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are indeed directed laterally (character 2), but this is not the
condition observed in Uktenadactylus wadleighi.

The last researcher to comment on Coloborhynchus was
VELDMEIJER (2003), who also cited some characters as diagnostic
of this genus:

1. Maxillae slightly raised in relation to the palate;

2. Presence of a robust distal expansion.

It is not quite clear what is meant by the first feature (cha-
racter 1). There is no visible suture between the premaxilla and
the maxilla in the holotype of Coloborbynchus clavirostris,
which is also the case in most anhanguerids (e.g., Anhanguera,
Uktenadactylus wadleighi). The alveolar row is placed more
laterally (and higher in the skull) in Coloborbynchus clavirostris
while the palatal ridge is deeper and is visible in lateral view.
In Uktenadactylus wadleighi, the alveolar row lies ventrally
and only a small part of the palatal ridge can be observed in
the preserved posterior region.

Both Coloborbynchus clavirostris and Uktenadactylus
wadleighi have a robust quadrangular expansion (VELDMEIJER
2003: 45, 96) (character 2). Species of Anhanguera have a slight
distal expansion (VELDMEIER 2003), and in Tropeognathus it
is even more discrete, but still present (KELLNER & TOMIDA
2000 and personal observation, contra WELLNHOFER 1987;
FastnacHT 2001).

Based on the observations above, Coloborhynchus clavi-
rostris and Uktenadactylus wadleighi display features that
are regarded as synapomorphies of the Anhangueridae (e.g.,
Campros & KELLNER 1985; KELLNER 2003; WANG et al. 2005)
such as the laterally expanded anterior end of the upper jaw,
the presence of a premaxillary sagittal crest, and the compara-
tively large premaxillary teeth. They share some characters
that appear not to be present in other anhanguerids such as the
large second and third pairs of upper alveoli, which are larger
relative to the remaining alveoli than in other anhanguerids.
They further share some features with Siroccopteryx moroc-
censis (LINHM 016), such as the thickness of the premaxillary
crest, the anteriorly-flattened rostrum and the quadrangular
anterior expansion of the premaxillae, suggesting that those
three taxa are more closely related to one another than to
other anhanguerids. They also display features widespread
within anhanguerids such as the first pair of teeth projecting
anteriorly and located above the subsequent teeth.

Notwithstanding those similarities, each of those taxa pre-
sents unique characters. Coloborhynchus clavirostris possesses
an oval depression ventral to the first pair of alveoli. This
species further shows the second, third and fourth pairs of
alveoli oriented laterally to a degree not reported in any other
anhanguerid. Besides those features, Coloborhynchus clavirost-
7is has some alveoli (the fifth and sixth) located on the base of
the palatal ridge and very close to the midline of the upper jaw.
Lastly, there are two shallow longitudinally elongated depres-
sions bordering the anterior part of the palatal ridge.

Uktenadactylus wadleighi lacks the above mentioned fea-
tures. This species also shows an oval depression dorsal to the
first pair of alveoli that, due to its position, is not regarded as
homologous with the more ventrally located depression obser-
ved in Coloborhynchus clavirostris. Furthermore, Uktenadac-
tylus wadleighi displays an unusual ventral medial depression
between the second pair of alveoli, a feature regarded by LEE
(1994) as a pneumatic foramen.

Although both specimens are quite incomplete, they sur-
prisingly show many distinct anatomical features, among them
the position of the premaxillary crest. They further were found
in deposits of distinct geographical regions and different age.
Therefore we restrict the genus Coloborhynchus to the type
species (Coloborhynchus clavirostris) and erect a new genus for
the Paw Paw specimen, Uktenadactylus wadleighi gen. nov.

4. Other species referred
to Coloborbynchus

FAasTNACHT (2001) described a specimen from the Romual-
do Member (SMNK PAL 2302), comprising the anterior
portions of an associated skull and mandible, and referred it
to Coloborhynchus based essentially on LEE’s diagnosis (FasT-
NACHT 2001: 27). He regarded this material as representing a
previously described species which he relocated to this genus
(Coloborbynchus robustus).

Although FastnachT (2001) did not explicitly discuss each
feature shared by SMNK PAL 2302 and Coloborhynchus
clavirostris, he provided a comparative table showing several
anatomical characteristics and some other pterosaur species.
Since a detailed analysis of those features and species is bey-
ond the scope of this paper, we will restrain our discussion
below to the comparisons between SMNK PAL 2302 and
Coloborhynchus clavirostris.

Four features common to SMNK PAL 2302 and Colo-
borbynchus clavirostris (and Uktenadactylus wadleighi, which
he regarded as Coloborhynchus) were cited by FastnacHT
(2001): “heterodonty”, anterior expansion of the upper jaw,
shape (size?) of the first three pairs of alveoli, and the orienta-
tion of the first pair of alveoli. The size pattern of the anterior
teeth (“heterodonty”) is present in other anhanguerids (KELL-
NER & Tomipa 2000) and not exclusive to SMNK PAL 2302
and Coloborbynchus clavirostris. As pointed out previously,
the expansion of the upper jaw varies and there is no particu-
lar detail of this region that could be regarded as exclusive to
SMNK PAL 2302 and Coloborhynchus clavirostris. On the
contrary, Coloborhynchus clavirostris has a quadrangular ex-
pansion while SMNK PAL 2302 has a more rounded expansion
more similar to Anhanguera (e.g., Anhanguera blittersdorffi).
FasTNACHT (2001) pointed out a particular difference in size
of the diameter of the first alveolus relative to the second and
third. However, this feature has to be measured in a larger
sample, including more species before its significance can be
properly assessed. Our measurements of Coloborhynchus
clavirostris indicate larger differences from the first to the
second and third pairs than indicated by FasrnacuT (2001).
The last feature listed is the position of the first pair of alveoli,
which, however, is more widespread among anhanguerids and
related taxa and not exclusive to the genus Coloborhynchus
(see discussion above).

There are several differences between SMNK PAL 2302 and
Coloborbynchus clavirostris, some of which have been pointed
out by FAsTNACHT (2001: 32). One of the main differences is
the height of the rostrum, which in SMNK PAL 2302 is wider
than high, while the reverse is observed in Coloborhynchus
clavirostris (FAsTNACHT 2001). The premaxillary crest of the



latter has a thick base while in SMINK PAL 2302 (and in An-
hanguera) the base is very thin.

Based on the comparisons above, we could not find clear
unique features that allow the assignment of SMNK PAL
2302 to Coloborhynchus. The configuration of the crest and
the comparatively low anterior end of the premaxillae suggest
that SMNK PAL 2302 represents a species of Anhanguera.
The assignment of this specimen to a particular species will be
addressed elsewhere (RODRIGUES & KELLNER, 72 prep.).

FastNacHT (2001) has referred Anhangunera robustus,
which is based on a lower jaw, to Coloborbynchus (known
only from upper jaws) only due to the assignment of SMNK
PAL 2302 to that genus. Since we restrict the genus to the
type species (Coloborbynchus clavirostris), there is no reason
to refer Anhanguera robustus to Coloborhynchus, as both lack
comparable elements. We follow KELLNER & Campos (1988)
and KELLNER & TomIDA (2000) in classifying this species in
the genus Anhanguera.

UNWIN (2002) referred Anhanguera piscator to Colo-
borbynchus, as a synonym of Anhanguera robustus, using the
terminology Coloborhynchus robustus. Anhanguera piscator
presents a rounded anterior expansion of the premaxillae and
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a thin rounded premaxillary crest that does not begin at the tip
of the rostrum (KELLNER & Tomipa 2000), differing in those
aspects from Coloborhynchus clavirostris. It also does not
present the laterally oriented teeth observed in Coloborhyn-
chus clavirostris. We therefore regard Anhanguera piscator not
referable to the genus Coloborhynchus. Its validity as a different
species from Anhanguera robustus will be discussed elsewhere
(RODRIGUES & KELLNER, 172 prep.).

VELDMEIER (2003) described a pterosaur taxon from the
Romualdo Member, naming it “Coloborhynchus” spielbergi.
This assignment was based on the flat anterior surface of the
rostrum and the “raised maxillae”, both of which, as discussed
above, are problematic. According to the original description,
the anterior part of the skull is not very well preserved and
the first pair of alveoli was only observed using CT-scanning
(VELDMEIJER 2003: 43, 50-51). Therefore it is not certain how
“flat” this anterior portion of the skull is. Nevertheless, alt-
hough these features might distinguish this species from others,
it is widespread within anhanguerids and closely related taxa
(see discussion above) and is not unique to Coloborhynchus.
It is not clear what VELDMEIER (2003) means by “raised ma-
xillae”. In any case, the alveolar margin in the type species

Figure 4: 1, Right lateral view of the holotype of “Ornithocheirus” capito; 2, left lateral view of the holotype of “Ornithocheirus” sedgwickii;

3, ventral view of the holotype of “Ornithocheirus” capito (CAMSM B 54625; Cenomanian, Cambridge Greensand, Cambridge, England.); 4,
ventral view of the holotype of “Ornithocheirus” sedgwickii (CAMSM B 54422; Cenomanian, Cambridge Greensand, Cambridge, England).

Scale bar = 10 mm.



226

of Coloborhynchus is positioned higher with respect to the
ventral margin, exposing the palate in lateral view, which is
not the case in “Coloborhynchus” spielbergi. This species has
a premaxillary crest that is very thin, and a slight, rather than
quadrangular, distal expansion of the skull (contra VELDMEIER
2003), more similar to the condition reported in Anhanguera.
KELLNER (2006) relocated this species in the genus Anhanguera,
a decision which will be discussed elsewhere (RODRIGUES &
KELLNER, 7 prep.).

VELDMEIER (2003) further referred Anbanguera robustus
and Anhanguera piscator to Coloborbynchus (see above) and
also included Anhanguera araripensis in this genus. Concerning
Anhanguera araripensis, its holotype lacks elements compa-
rable with the holotype of Coloborhynchus clavirostris and its
classification in Coloborhynchus was based on MN 4735-V
(VELDMEIJER 2003: 99), referred to Anhanguera araripensis
by KELLNER & Tomipa (2000). The premaxillary crest of MN
4735-V, despite being affected by diagenetic processes, is thin
from base to top, differing from Coloborhynchus clavirostris.
MN 4735-V has a rounded, rather than quadrangular, distal
expansion of the skull and does not have much larger second
and third pairs of alveoli in relation to subsequent ones, as
seen in Coloborbynchus clavirostris. It also lacks the diagnostic
characters of the latter (see above) and is therefore excluded
from this genus.

UNWIN (2001: 206) referred Siroccopteryx moroccensis
from the Albian/Cenomanian of Morocco to the genus Colo-
borbynchus, based on the supposed resemblance of this taxon
with Uktenadactylus wadleighi (then considered in the genus
Coloborbynchus, LEE 1994), which was followed by FrEy et
al. (2003). However, no features supporting this relationship
were presented by these authors. As pointed out by MADER
& KELLNER (1999), Siroccopteryx moroccensis differs from
Uktenadactylus wadleighi in its straight anterior-most mar-
gin of the premaxillary crest and the anterior portion of the
rostrum, which is narrower than in Uktenadactylus, among
other differences. Siroccopteryx moroccensis still differs from
Coloborhynchus clavirostris by the location and angle of
the crest, and lacks the unique features of Coloborhynchus
clavirostris (see diagnosis above). We consider Siroccopteryx
moroccensis a valid taxon, a view that has also been supported
by FastNacHT (2001).

UNWIN (2001) referred two species from the Cambridge
Greensand, “Ornithocheirus” capito and “Ornithocheirus”
sedgwickii to Coloborhynchus. “Ornithocheirus” capito is
represented by a fragmentary anterior portion of the right
side of an upper jaw that includes three alveoli (CAMSM B
54625) (Fig. 4.1,3). There is a large sagittal crest but its anterior
or dorsal margin is not complete. In the most anterior alveolus
there is the base of a tooth showing strong striations. Other
than that, there is not much that one can get from this speci-
men and its classification in Coloborhynchus (or any genus)
is open to debate.

The holotype of “Ornithocheirus” sedgwickii comprises two
fragments, one of the anterior part of the mandible (CAMSM
B 54421) and the other of the skull (CAMSM B 54422) (Fig.
4.1,4), both without crests (WELLNHOFER 1978; UNwIN 2001).
None of the diagnostic features of Coloborhynchus clavirostris
can be observed. Therefore we do not regard this species as
referable to Coloborbynchus. If it represents Ornithocheirus,

as thought by other authors (e.g., HOOLEY 1914; WELLNHOFER
1978; LEE 1994), it is beyond the scope of this paper and will
be addressed elsewhere.

5. Final remarks

Working with fragmentary material is a difficult task. It is
even more challenging to compare and refer more complete
specimens to fragmentary type material. Several authors have
approached the taxonomy of the Cambridge Greensand ptero-
saurs (e.g., SEELEY 1870; OWEN 1874; HOOLEY 1914; KELLNER
1990; FasTnacHT 2001; UNwIN 2001) in order to identify cha-
racters that could help sort them out into more inclusive groups
(i.e., genera, families). As pointed out recently by FastnacHT
(2001), Coloborhynchus clavirostris has several features that
distinguish this taxon from other pterosaurs, which he regards
as variation within the same species. However, those differences
seem remarkable in such a small fragmentary specimen, and
therefore we consider it of taxonomic value. Those characters
seem to be replicated in an unpublished specimen referable to
Coloborbynchus clavirostris (NAIsH, personal communication
2007). Therefore we restrict the genus Coloborhynchus to the
type species (C. clavirostris).

The species “Coloborbynchus” wadleighi also possesses
unique features (an oval depression dorsal to the first pair of
alveoli and a ventral medial depression between the second
pair of upper alveoli), besides a particular combination of
characters, that distinguish it from all other pterosaurs. Ac-
cordingly, we regard it as a representative of a new genus,
Uktenadactylus gen. nov.

The phylogenetic relationships of the Anhangueridae and
related taxa (e.g., Ornithocheiridae, Lonchodectidae) are cur-
rently the subject of extensive work (RODRIGUES, 72 prep.). We
expect that a cladistic analysis of those species may help further
untangle the group’s taxonomy and systematics.
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