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ABSTRACT
The fossil record of Australian pterosaurs is sparse, consisting of only a small number
of isolated and fragmentary remains from the Cretaceous of Queensland, Western
Australia and Victoria. Here, we describe two isolated pterosaur teeth from the Lower
Cretaceous (middle Albian) Griman Creek Formation at Lightning Ridge (New South
Wales) and identify them as indeterminate members of the pterodactyloid clade
Anhangueria. This represents the first formal description of pterosaur material from
New South Wales. The presence of one or more anhanguerian pterosaurs at Lightning
Ridge correlates with the presence of ‘ornithocheirid’ and Anhanguera-like pterosaurs
from the contemporaneous Toolebuc Formation of central Queensland and the global
distribution attained by ornithocheiroids during the Early Cretaceous. Themorphology
of the teeth and their presence in the estuarine- and lacustrine-influencedGrimanCreek
Formation is likely indicative of similar life habits of the tooth bearer to other members
of Anhangueria.

Subjects Paleontology, Taxonomy
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INTRODUCTION
Pterosaurs first appeared in the Late Triassic and diversified rapidly into the Jurassic.
At the peak of their diversity in the Cretaceous, pterosaurs where present on all
continents, including Antarctica (Barrett et al., 2008; Upchurch et al., 2015). During the
Early Cretaceous, ornithocheiroid pterosaurs in particular achieved an essentially global
distribution and are known from remarkably complete specimens discovered from
Lagerstätten in South America and China (Upchurch et al., 2015).

By contrast, the fossil record of pterosaurs in Australia is very sparse and composed
solely of isolated and fragmentary remains from the Cretaceous of Queensland, Victoria
and Western Australia (Fig. 1). The taxonomic status of Australia’s record of Cretaceous
pterosaurs has been reviewed recently and comprehensively by Fletcher & Salisbury (2010),
and also byKellner, Rodrigues & Costa (2011). Following the pterosaur phylogeny ofAndres,
Clark & Xu (2014), material representative of three clades of pterodactyloid pterosaurs
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Figure 1 Australian Cretaceous pterosaur occurrences. The extent of Cretaceous Eromanga and Surat
basins in the early to middle Albian is represented by the grey area separated by dashed line, and the epi-
continental Eromanga Sea is represented by the area in blue. Locations of pterosaur occurrences (marked
by circles) represent: (1) Giralia Range (Miria Formation, Maastrichtian); (2) Gingin (Molecap Green-
sand; Cenomanian–Turonian); (3) Hughenden (Mackunda and Toolebuc formations; Albian); (4) Bou-
lia (Toolebuc Formation; Albian); (5) Dinosaur Cove (Otway Group; Aptian–Albian); and (6) Light-
ning Ridge (Griman Creek Formation, Albian). The inset map shows the area in the vicinity of Lightning
Ridge (location 6) and the locations of the two new Australian pterosaur occurrences (marked by trian-
gles). Australia coastline from GEODATA COAST 100K 2004 (http://www.ga.gov.au/metadata-gateway/
metadata/record/61395); basin extents data from Australian Geological Provinces, 2013.01 edition (http://
www.ga.gov.au/metadata-gateway/metadata/record/74371/); both released by Geoscience Australia under
CC BY 4.0 licence (https://creativecommons.org/licenses/by/4.0/). Eromanga Sea extent uses data taken
from the palaeoshoreline shapefiles of Heine, Yeo & Müller (2015) (https://github.com/chhei/Heine_AJES_
15_GlobalPaleoshorelines), released under CC BY 4.0 licence (https://creativecommons.org/licenses/by/4.
0/).

has been identified from Australia: pteranodontoids (Molnar & Thulborn, 1980; Molnar
& Thulborn, 2007; Molnar, 1987; Kellner et al., 2010; Kellner, Rodrigues & Costa, 2011);
ctenochasmatoids (Fletcher & Salisbury, 2010); and azhdarchids (Bennett & Long, 1991; see
Fig. 2). The pteranodontoid-dominated horizons of the Albian Toolebuc Formation near
Boulia and Hughenden in central-western Queensland have been the most productive sites
for Australian pterosaurs to date (Fig. 1). The only known Australian ctenochasmatoid
was found in the slightly younger Mackunda Formation near Hughenden. Late Cretaceous
pterosaur occurrences are restricted to the Perth andCarnarvon basins ofWesternAustralia,
the latter of which is the source of the only known azhdarchid remains from Australia.
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Figure 2 Chrono- and lithostratigraphic context of Australian pterosaur occurrences. Formally
documented pterosaur occurrences within Australia are restricted to the Albian of Queensland and New
South Wales (anhanguerians and ctenochasmatids) and the Cenomanian-Turonian and Maastrichtian
of Western Australia (anhanguerians and azhdarchids). Australian basin lithostratigraphic data from the
Geoscience Australia Datapack for TimeScale Creator (http://data.gov.au/dataset/dec45071-11a4-4d28-
92a6- 5d8dc9e5d978). Silhouettes provided courtesy of Phylopic (http://phylopic.org); Azhdarchidae
by Darren Naish (vectorised by T Michael Keesey), Ctenochasmatidae courtesy of Jaime Headden,
both released under CC BY 3.0 licence (http://creativecommons.org/licenses/by/3.0/); Silhouette for
Anhangueria modified from Claessens, O’Connor & Unwin (2009, fig. 3d).

A purported pterosaur tibiotarsus from the Lower Cretaceous Otway Group of southern
Victoria (Rich & Rich, 1989), and reinterpreted by Bennett & Long (1991) as a metatarsus,
has been mentioned but not described.

Pterosaur teeth in Australia are known only from those that remained within the jaw
of the probable pteranodontoid Mythunga camara (Molnar & Thulborn, 2007, fig. 2), and
from an isolated tooth associated with an ‘ornithocheirid’ mandible (Fletcher & Salisbury,
2010, figs. 3I–3J). No pterosaur material fromNew SouthWales has to date been described.
Smith (1999) figured two purported pterosaur long bones from the Lower Cretaceous
Griman Creek Formation at Lightning Ridge, but was provided without a systematic
description. Here, we describe two isolated pterosaur teeth from the same location, which
constitute the first formal identification of material belonging to this clade of reptiles from
New South Wales.
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LOCALITY AND GEOLOGICAL SETTING
The teeth were excavated from underground opal mines in the vicinity of Lightning Ridge,
central-northern New South Wales, Australia (Fig. 1). Fossil- and opal-bearing rocks in
the Lightning Ridge area are confined to the Lower Cretaceous Griman Creek Formation,
situated in the Surat Basin that extends over parts of south-eastern Queensland and
northern New South Wales. Together with the neighbouring Eromanga Basin, these form
the majority of the present day Great Artesian Basin (GAB). The Griman Creek Formation
is composed of thinly laminated and interbedded fine- to medium-grained sandstones,
siltstones and mudstones, with carbonate cements, intraformational conglomerate beds
and coal deposits (Burger, 1980; Green et al., 1997). Within the Griman Creek Formation,
opal and fossils occur within interbedded siltstone and mudstone layers, often referred to
as the Finch clay facies (Byrnes, 1977). Palynological evidence indicates that the Griman
Creek Formation is associated with the Coptospora paradoxa Zone and correlates to the
middle Albian (Burger, 1980). Apatite fission-track analyses on grains derived from core
samples of the Queensland extent of the Griman Creek Formation indicate an upper age
boundary of approximately 107 Mya (Raza, Hill & Korsch, 2009).

The depositional environment of the Griman Creek Formation is interpreted as a
lacustrine to estuarine coastal floodplain with fluvial and deltaic influences (Bell et al.,
2015). The area in the vicinity of Lightning Ridge was located at the south-eastern edge of
the epicontinental Eromanga Sea that extended over much of central Australia during the
Aptian and Albian (Frakes et al., 1987;Dettmann et al., 1992; Fig. 1). The Eromanga Sea was
poorly connected to the open ocean as indicated by an invertebrate fauna composed almost
entirely of species adapted to fresh water (Byrnes, 1977; Hocknull, 2000), coquina beds in
the lower section of the Griman Creek Formation dominated by brackish and freshwater
taxa (Green et al., 1997) and the lack of carbonate sediments (Rey, 2013). Cessation of
sedimentation in and the onset of uplifting of the Surat and Eromanga Basins in the
late Early Cretaceous is currently hypothesised to have led to the formation of opal beds
in many areas of the GAB through erosion and oxidation of volcaniclastic sediments
deposited between 130-95 Mya into in a cold, oxygen-deprived fluvial-deltaic environment
(Rey, 2013).

The Griman Creek Formation at Lightning Ridge arguably contains the most abundant
fossil record of Cretaceous terrestrial fauna in Australia (Dettmann et al., 1992), with
crocodylomorphs (Etheridge, 1917; Molnar, 1980; Molnar & Willis, 2000), australospheni-
dian mammals (Archer et al., 1985; Rich, Flannery & Archer, 1989; Flannery et al., 1995),
ornithopod dinosaurs (Molnar & Galton, 1986), megaraptoran theropods (White et al.,
2013; Bell et al., 2015), enantiornithine birds (Molnar, 1999), plesiosaurs (Kear, 2006a),
turtles (Smith, 2010; Smith & Kear, 2013), dipnoan lungfish (Kemp &Molnar, 1981; Kemp,
1993; Kemp, 1997) and a possible synapsid (Clemens, Wilson & Molnar, 2003) in addition
to numerous species of non-marine macro-invertebrates (Byrnes, 1977; Hocknull, 2000;
Kear & Godthelp, 2008; Hamilton-Bruce & Kear, 2010) and plants. Preservation of fossils
at Lightning Ridge—including those specimens described here—is commonly in the
form of natural casts, or pseudomorphs, in non-precious opal (e.g., Molnar & Willis,
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2000; Clemens, Wilson & Molnar, 2003; Bell et al., 2015). The opalisation of both vertebrate
and invertebrate fossils appears to have been a secondary process that occurred after
initial permineralisation (Pewkliang, Pring & Brugger, 2008; Rey, 2013); however, fine-scale
microstructural features of vertebrate bone such as trabeculae are sometimes observed in
opalised specimens (TB, ES & PB, pers. obs., 2016).

SYSTEMATIC PALAEONTOLOGY
The following descriptions and discussion of pterosaur taxa follow the comprehensive
pterosaur phylogeny of Andres, Clark & Xu (2014). This analysis differs most noticeably
from another recent pterosaur phylogeny (Lü et al., 2012) in the presence of amonophyletic
Archaeopterodactyloidea (sensu Kellner, 2003) and the inclusion of Ornithocheirus,
Pteranodon and other closely related taxa within Lophocratia (sensu Unwin, 2003).
Anatomical terminology for orientation of teeth follows that of Smith & Dodson (2003).
Terminology for crown morphometrics follows that of Smith, Vann & Dodson (2005),
whereas terminology for tooth enamel ornamentation follows that outlined by Hendrickx,
Mateus & Araújo (2015) for theropods.

Pterosauria Kaup 1834
Pterodactyloidea Plieninger 1901
Ornithocheiroidea Seeley 1870
Anhangueria Rodrigues & Kellner, 2013

Material
The teeth (LRF 759 and LRF 3142) are preserved as isolated crowns, missing the roots

and with eroded distal tips.
Locality

LRF 759 was excavated in the 1970s from an underground mineral claim at ‘Holden’s
Four Mile’ opal field, approximately 4 km south west of Lightning Ridge (Fig. 1). LRF
3142 was excavated in 2015 from an underground mineral claim at ‘Dead Cat’ opal field,
an extension of ‘Grannys Flat’ on the Coocoran opal fields, approximately 24 km west of
Lightning Ridge (Fig. 1).
Preservation

Both LRF 759 and LRF 3142 are isolated tooth crowns with eroded apices; LRF 759 is
also missing a portion of the distal part of the crown near the base. Both teeth are preserved
as translucent potch, a form of non-precious opal; in LRF 759 the potch displays mauve
play of opal colour, whereas LRF 3142 contains areas of dark grey within honey-coloured
potch. In LRF 759, the translucency of the potch reveals a thin-walled basal cavity that has
been infilled with a body of purple opal and buff-coloured mudstone (Fig. 3); the same
area of LRF 3142 is infilled with white mudstone. These infills likely represent the extent of
the tooth’s pulp cavity in each specimen. The preserved apex of LRF 3142 is gently rounded
and forms a ‘cap’ that is delineated from the rest of the crown by a groove on the lingual
surface (Fig. 4C) and by a ridge on the labial surface (Fig. 4E). This is unlikely to reflect the
morphology of the original tooth considering the otherwise gentle tapering of the crown
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a b c d
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Figure 3 Tooth of Anhangueria indet. LRF 759. (A, C) lateral, (B) mesial, (D) distal and (E) basal views.
Scale bar equals 10 mm. Photo credit: Phil Bell.

a b c d e

f

Figure 4 Tooth of Anhangueria indet. LRF 3142. (A) lingual view in reflected light and (B) transmitted
light, (C) mesial, (D) labial, (E) distal and (F) basal views. Scale bar equals 10 mm. Photo credits: (A, C–F)
by Tom Brougham; (B) by Robert A. Smith.

in both mesial-distal and labial-lingual planes. Taphonomic erosion and distortion of the
apex through breakage or fracture prior to opalisation may be the cause of this feature, and
its presence does not impact upon the preferred taxonomic placement of LRF 3142.
Description

LRF 759 (Fig. 3) has an elongate crown and oval basal cross-section as described below for
LRF 3142 (Table 1). The lateral surfaces are evenly convex; it is not possible to distinguish
labial and lingual surfaces. The crown also has a slight distal recurvature although it is less
marked in comparison to that of LRF 3142; the distal margin is almost straight in lateral
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Table 1 Dimensions of the Lightning Ridge pterosaur teeth.

Sample Crown height
(mm)

Crown base length
(mm)

Crown base width
(mm)

LRF 759 18.2 5.9 4.3
LRF 3142 20.6 7.0 5.2

view and there is no lateral deflection of the crown towards the apex. There are no carinae
on either the mesial or distal surfaces of the crown. The distal surface is flatter than the
mesial surface.

Unlike LRF 3142, in LRF 759 the tooth crown is ornamented by longitudinal grooves
extending essentially apicobasally along the surface (Fig. 5). A series of pits and shorter
longitudinal grooves form a transverse band near the preserved base of the crown on
one side (Fig. 5A), while weak and discontinuous striae narrower and shorter than the
longitudinal grooves are present towards the apex. On the other surface (Fig. 5B), a faint
longitudinal groove extends along almost the entire length of the preserved crown, with
additional grooves constrained to the apical portion of the crown and approaching the
mesial surface. The grooves and ridges all become more pronounced towards the apical
end of the crown. On the same side, two deeply incised grooves extend almost parallel to
each other from the preserved base of the crown, becoming deeper apically and converging
at approximately one third of the way from the preserved apical end.

LRF 3142 (Fig. 4) is a gently recurved and elongated crown with a preserved height
at least four times that of the width at the base. It is slightly longer mesiodistally than
labiolingually wide at the base (Table 1; Fig. 4F) . The crown is slightly deflected apically
such that one lateral surface is slightly convex in mesial view while the other is slightly
concave (Fig. 4C). These surfaces are interpreted to be labial and lingual respectively
following previous reports of isolated anhanguerian teeth (e.g., Wellnhofer & Buffetaut,
1999). The labial and lingual surfaces are convex, the labial slightly more so than the lingual,
and meet mesially and distally to form carinae. The mesial carina is more clearly defined
than the distal carina, and is slightly displaced lingually. The distal carina transitions from
an acute point on the apical half of the crown to a gently curved edge on the more basal
portion of the crown. No denticles are present on either the mesial or distal carinae. The
tooth crown is smooth and ornamented by very fine irregularly-spaced apicobasal striae
that are more clearly visible in transmitted light (Fig. 4B).

DISCUSSION
Taxonomic identification
Elongate, conical teeth similar inmorphology to those described above have been previously
reported from Lightning Ridge, and include plesiosaurs (Kear, 2006b), ichthyosaurs (Kear,
Boles & Smith, 2003), theropods (Bell et al., 2015) and crocodylians (Molnar, 1980). Other
contemporaneous vertebrates that have been reported elsewhere from Australia that
also bear similar teeth include pterosaurs (Molnar & Thulborn, 2007), teleost fish (Lees &
Bartholomai, 1987; Berrell et al., 2014) and ichthyosaurs (Kear, Boles & Smith, 2003). The
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Figure 5 A cast of LRF 759 coated with ammonium chloride in lateral views. lg, longitudinal groove; p,
pits; s, striae. Scale bar equals 10 mm. Photo credit: Tom Brougham.

dental morphology of these groups is reviewed in brief below and compared with LRF 759
and 3142 to establish the basis for their assignment to Pterosauria.

Exclusion from Teleostei
The ichthyodectiform actinopterygians Cooyoo australis (Lees & Bartholomai, 1987) and
Cladocyclus geddes (Berrell et al., 2014), both from the Albian of central Queensland have
simple, conical and elongate teeth averaging only a few millimetres in height, with the
dentary teeth of Cladocyclus also displaying a slight distal recurvature. The teeth are
unornamented and do not bear any carinae on either the mesial or distal surfaces of
the crown, unlike the condition in LRF 3142. The teeth of saurodontids have short,
labiolingually-compressed triangular crowns and serrated carinae and have previously been
mistaken for those of pterosaurs, particularly istiodactylids (e.g.,Mkhitaryan & Averianov,
2011; Vullo, Buffetaut & Everhart, 2012). The Lightning Ridge teeth contrast strongly
with those of saurodontids in their tall, elongate and slightly distally recurved crowns.
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Exclusion from Plesiosauria
Plesiosaurs were ubiquitous in marine and marginal marine environments in Australia
during the Lower Cretaceous (Kear, 2005a;Kear, 2005c; Kear, 2006b;Kear, 2006a). LRF 759
and LRF 3142 differ from previously described Australian plesiosaur teeth in the overall
morphology of the tooth crown, development of carinae and enamel ornamentation.
Plesiosaur teeth are typically elongate, lingually curved cones with a circular to ovoid
basal cross-section. The mesial and distal surfaces of the crown lack carinae and have an
apicobasally fluted enamel texture restricted to the lingual side of the crown, with flutes
often bifurcating towards the base (Kear, 2005a, fig. 3f and 4b, Kear, 2005c; Kear, 2006b,
figs. 2a–2g), although isolated teeth ofOpallionectes lack any form of surface ornamentation
(Kear, 2006a, text-fig. 2a).

Exclusion from Ichthyosauria
Only one valid species of ichthyosaur from Australia is presently recognised: Platypterygius
longmani from the Albian Toolebuc Formation of central Queensland (Wade, 1990). P.
longmani is known from an exceptionally preserved and articulated skull, complete with
dentition. The teeth of P. longmani, and ichthyosaurs in general, differ from LRF 759 and
LRF 3142 in the more robust and distally unrecurved crown with little or no labiolingual
compression, a subcircular basal cross section and the presence of a fluted enamel texture
that extends from near the tip of the crown down towards the base (Kear, 2005b, fig. 16).

Exclusion from Theropoda
The majority of unambiguous theropod remains from Australia have been referred to the
recently diagnosed clade Megaraptora (Benson, Carrano & Brusatte, 2010). The dentition
of megaraptorans is known in Australia from in situ and isolated teeth of the early Late
Cretaceous Queensland theropod Australovenator wintonensis (Hocknull et al., 2009;White
et al., 2015), as well as isolated teeth from the Aptian–Albian of the south coast of Victoria
(Benson et al., 2012) and undescribed teeth from the Albian of Lightning Ridge (Smith,
1999; TB, ES & PB, pers. obs., 2016). These teeth are of the ziphodont type (sensu Hendrickx,
Mateus & Araújo, 2015), that is strongly labiolingually-compressed, distally recurved and
bearing denticulate distal carinae. Megaraptoran dentition is further characterised by
pronounced labial and lingual depressions on the roots that extend onto the basal portion
of the crown, such that the cross-section of the base of the crown has a ‘figure-eight’ shape
(Novas, Ezcurra & Lecuona, 2008; Porfiri et al., 2014; White et al., 2015; Coria & Currie,
2016).

Teeth described as ‘conidont’ (sensu Hendrickx, Mateus & Araújo, 2015), similar to LRF
759 and LRF 3142, are presentwithin theropods,most notably in spinosaurids. Spinosaurids
are purportedly represented in Australia by a cervical vertebra from the Aptian–Albian
Eumerella Formation (Barrett et al., 2011) but teeth are as yet unknown. The basal cross-
section of baryonychine teeth is subcircular (e.g., Baryonyx ; Charig & Milner, 1997) and
differs from the oval basal cross-section typical of spinosaurine teeth (Richter, Mudroch &
Buckley, 2012); however, in Spinosaurus, the shapes of the dentary alveoli transition from
circular at the anterior end to more mesiodistally elongate and ovoid posteriorly (Stromer,
1915). Spinosaurid crowns often display a slight lingual curvature of the crown (Kellner &
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Mader, 1997; Richter, Mudroch & Buckley, 2012). Mesial and distal carinae in baryonychine
teeth are ornamented by very fine serrations (e.g., Baryonyx, Suchomimus; Charig & Milner,
1997; Sereno et al., 1998) whereas the carinae of spinosaurines lack serrations entirely
(e.g., Spinosaurus, Irritator ; Stromer, 1915; Sues et al., 2002). The enamel of the crown
in spinosaurid teeth appears granular and finely wrinkled with apicobasal fluting (see
Hendrickx, Mateus & Araújo, 2015, fig. 4H, 6C–6D) that is usually more deeply impressed
in baryonychines compared to spinosaurines (Stromer, 1915; Charig & Milner, 1997).
However, baryonychine teeth have been reported with smooth enamel that is devoid of
apicobasal flutes (Hone, Xu &Wang, 2010).

LRF 759 and LRF 3142 are distinct from megaraptorid teeth, and from ziphodont
theropod teeth in general, in the oval basal cross-section of the crown, the slight degree of
labiolingual compression of the crown, the apicobasal elongation of the crown, the lack
of denticulated carinae and the absence of lingual or labial depressions at the base of the
crown. LRF 759 and LRF 3142 are similar to spinosaurid teeth in their conical, elongate and
slightly distally recurved crowns, and in the case of LRF 3142, the slight lingual curvature
of the crown. However, they differ from the teeth of spinosaurines and baryonychines
in lacking distinct fluting on either the labial or lingual surfaces. LRF 3142 has only very
weak enamel ornamentation, but it is not certain if this is representative of the original
enamel surface or a taphonomic artefact. The fine, discontinuous and irregularly-spaced
longitudinal grooves of LRF 759 are unlike the enamel ornamentation of any known
spinosaurid. In summary, the combination of features presented above for LRF 759 and LRF
3142 are inconsistent with spinosaurid dentition, and theropod dentition more broadly.

Exclusion from Crocodyliformes
Cretaceous crocodyliforms in Australia are rare and known only from an almost complete
and articulated specimen of the neosuchian Isisfordia duncani from the upper Albian of
central Queensland (Salisbury et al., 2006) and isolated skeletal material, including teeth,
from Lightning Ridge (Etheridge, 1917; Molnar, 1980; Molnar & Willis, 2000). The teeth
of Isisfordia are labiolingually compressed and distally unrecurved with distinct flutes
extending along the crown (Salisbury et al., 2006, fig. 4F), whereas those from Lightning
Ridge are conical and distally unrecurved with weak carinae (Molnar, 1980; Molnar &
Willis, 2000).

The morphology of crocodyliform teeth, particularly those from the Mesozoic, displays
considerable variation in terms of the degree of apicobasal elongation, mesiodistal
curvature, acuteness of the apex, labiolingual compression, basal cross-sectional shape,
presence and mode of development of carinae and denticles, and the presence and form
of enamel ornamentation (Prasad & De Broin, 2002). In addition, many crocodyliform
taxa display variation in tooth morphology along the premaxillary-maxillary and dentary
tooth rows, while others retain a homodont dentition with variation, if any, only in
the relative size of the tooth crowns. A homodont dentition of simple conical teeth
appears in protosuchids, tethysuchians, paralligatorids, atoposaurids, and teleosaurs (e.g.,
Michard et al., 1990; Pol & Norell, 2004; Jouve, 2005; Young et al., 2014b; Tennant, Mannion
& Upchurch, 2016). Thalattosuchian and some goniopholid teeth display a slight distal
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recurvature of the crown (e.g., Eutretauranosuchus, Machimosuchus; Smith et al., 2010;
Young et al., 2014b). The remaining crocodyliform groups are heterodont to some degree.
This may take the form of simple anterior-posterior morphological differentiation (e.g.,
Wannchampsus; Adams, 2014). More complex heterodonty occurs in notosuchians such
as Notosuchus and Araripesuchus and the neosuchian Theriosuchus, in which at least three
distinct tooth morphologies are present (Lecuona & Pol, 2008; Sereno & Larsson, 2009;
Young et al., 2016).

Carinae are widely present on the dentition of crocodyliforms, with only a few
exceptions (e.g., Eutretauranosuchus, Smith et al., 2010). Serrated carinae characterises
the notosuchians, peirosaurids, Theriosuchus, paralligatorids, basal tethysuchians and
thalattosuchians (e.g., Gasparini, Chiappe & Fernandez, 1991; De Lapparent De Broin,
2002; Schwarz & Salisbury, 2005; Sereno & Larsson, 2009; Andrade et al., 2010; Adams,
2014). Enamel ornamentation in crocodyliforms is typically in the form of flutes, and is
present most notably in notosuchians, paralligatorids, goniopholids, Theriosuchus, basal
eusuchians, tethysuchians and teleosaurids (e.g., Salisbury et al., 1999; Jouve, 2005; Schwarz
& Salisbury, 2005; Delfino et al., 2008; Sereno & Larsson, 2009; Adams, 2014; Young et al.,
2014b). In addition to or in place of flutes, fine anastomosing enamel textures are present
in some tethysuchians, goniopholids and teleosaurs (e.g., De Lapparent De Broin, 2002;
Andrade et al., 2011; Young et al., 2014a).

Some characteristics of crocodyliform teeth as reviewed above can be observed in LRF
759 and LRF 3142, such as the presence of unserrated carinae and slight labiolingual
compression and distal recurvature of the crown. However, the confluence of the above
characters is rarely present in any one crocodyliform taxon, and the comparatively smooth
surface of LRF 3142 is unlike that seen in any of the aforementioned crocodyliform groups.
Therefore, the possibility of crocodyliform affinities for LRF 759 and LRF 3142 is excluded
here in favour of a group of terrestrial vertebrates whose teeth more closely match their
distinct characteristics (see below).

Inclusion within Pterosauria
Australian pterosaur teeth are known only from in situ dentary and maxillary teeth of
Mythunga camara (Molnar & Thulborn, 2007, fig. 2) and an isolated tooth associated with
the rostral portion of an ornithocheiroid mandible (Fletcher & Salisbury, 2010, figs. 3I–3J),
both from the Lower Cretaceous of central Queensland. All teeth have elongated conical
crowns with heights averaging approximately 20 mm and an oval basal cross-section. The
teeth ofMythunga camara are slightly distally recurved and bear an enamel ornamentation
of irregularly-spaced longitudinal grooves on the basal two thirds of the crown. The single
tooth described by Fletcher & Salisbury (2010) is devoid of any enamel ornamentation.

Pterosaur teeth are infrequently preserved with cranial material and readily dislodge
from the alveoli post mortem. Isolated teeth are more common, but comprise a relatively
small proportion of the terrestrial vertebrate fossil record during the Mesozoic. The
overwhelming majority of pre-Cretaceous pterosaurs had toothed jaws, but during the
Cretaceous a number of pterosaur lineages independently lost dentition either partially or
completely. Among these clades are the nyctosaurids, pteranodontids, chaoyangopterids,
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tapejarids and azhdarchids, and as such they cannot be considered as candidates for the
Lightning Ridge teeth.

Ctenochasmatidae is the only clade of archaeopterodactyloids to have survived into the
Cretaceous. The dentition of ctenochasmatids consists of a large number of recurved,
elongated, needle-like teeth in both the upper and lower jaws (e.g., Huanhepterus,
Gegepterus, Moganopterus; Dong, 1982; Wang et al., 2007; Lü et al., 2012). This dental
morphology is taken to an extreme byPterodaustro inwhich approximately 1,000 bristle-like
teeth lined the jaws (Chiappe & Chinsamy, 1996). Among ornithocheiroids, istiodactylids
have ‘lancet-shaped’, or triangular, labiolingually-compressed crowns (Witton, 2012).
Carinae may either be present mesially and/or distally (e.g., Nurhachius, Istiodactylus
sinensis; Wang et al., 2005; Andres & Ji, 2006) or absent entirely (e.g., Hongshanopterus,
Wang et al., 2008). Dsungaripterids are the only azhdarchoid pterosaurs that are not
edentulous. Dsungaripterid dentition consists of apicobasally-short crowns with obtusely-
pointed apices, restricted to the posterior part of the upper and lower jaws (Young, 1964;
Unwin, 2003).

The teeth of anhanguerians (Rodrigues & Kellner, 2013) are typically slightly
labiolingually-compressed with an elliptical basal cross section. The posterior dentition
in some taxa is characterised by low, labiolingually triangular crowns (e.g., Cearadactylus
atrox, Guidraco venator ; Wang et al., 2012; Vila Nova et al., 2014). The crowns are slender
and elongate, though not to the extent seen in ctenochasmatids. A slight distal recurvature
of the crown is common to most anhanguerians (e.g., Anhanguera araripensis, A. piscator,
Siroccopteryx, Ludodactylus; Wellnhofer, 1985; Mader & Kellner, 1999; Kellner & Tomida,
2000; Frey, Martill & Buchy, 2003) although in some taxa the crowns are recurved only
apically or not at all (e.g., Cearadactylus atrox ; Vila Nova et al., 2014). A slight lingual
curvature is also present in some anhanguerian teeth (e.g., Wellnhofer & Buffetaut, 1999;
Averianov, 2007) but can become very strong as in the posterior dentition of A. araripensis
in which the apices can point directly lingually (Wellnhofer, 1985, fig. 7). Both mesial
and distal carinae are present in some taxa (e.g., A. santanae; Wellnhofer, 1985) but are
absent in others (e.g., A. robustus, Siroccopteryx ; Wellnhofer, 1987; Wellnhofer & Buffetaut,
1999). The enamel on the crowns is typically ornamented by longitudinal grooves (e.g.,
A. robustus, A. piscator, Mythunga, Guidraco; Wellnhofer, 1987; Kellner & Tomida, 2000;
Molnar & Thulborn, 2007; Wang et al., 2012). The teeth of A. araripensis appear to lack
any longitudinal grooves (Wellnhofer, 1985); however, only the posterior dentition of this
taxon is currently known and it is possible that its anterior teeth were similar to those of
its congenerics.

LRF 759 and LRF 3142 bear little resemblance to the needle-like dentition of
ctenochasmatids, the ‘lancet-like’ dentition of istiodactylids, or the blunt triangular
dentition of dsungaripterids. However, a comparison of anhanguerian dentition to the
Lightning Ridge teeth demonstrates a compelling similarity. The teeth of the probable
anhanguerian Mythunga camara are similar in size and shape to the Lightning Ridge
teeth, and in the case of LRF 759 have a similar enamel ornamentation of discontinuous
longitudinal grooves (Molnar & Thulborn, 2007). The longitudinal grooves on the crown
of LRF 759 are not as deeply impressed as in some species of Anhanguera (e.g., A. robustus,
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A. piscator ; Wellnhofer, 1987; Kellner & Tomida, 2000) and are more similar to those
described from other anhanguerians (e.g., Guidraco; Wang et al., 2012). The small degree
of lingual curvature of the crowns is also observed in the anterior dentition of some species
of Anhanguera (e.g., A. araripensis, A. santanae; Wellnhofer, 1985).

Isolated anhanguerian-like teeth described asMorphotype III fromMorocco (Wellnhofer
& Buffetaut, 1999, fig. 8), Morphotype 3 from Spain (Sánchez-Hernández, Benton & Naish,
2007, fig. 5) and ZIN PH no. 41/43 of Averianov (2007, figs. 1d–1f) share with LRF 3142
elongate and slightly labiolingually-compressed crowns with an oval basal cross-section,
very slight distal recurvature, and unserrated carinae on both mesial and distal edges.
Pterosaur teeth recovered from the middle Cretaceous Alcântara Formation and the Lower
Cretaceous Recôncavo Basin, both in Brazil (Elias, Bertini & Medeiros, 2007; Rodrigues &
Kellner, 2010), are morphologically similar in comparison to LRF 3142 with the exception
of the absence of carinae. The distribution and phylogenetic significance of carinae in
pterosaur dentition has yet to be examined in detail (Rodrigues & Kellner, 2010). It is
uncertain whether the absence of characteristic pterosaurian surface ornamentation in LRF
3142 is genuine or a result of taphonomic processes. However, isolated pterosaur teeth
without observable longitudinal grooves have been documented (e.g., Rodrigues & Kellner,
2010, fig. 3). Previously reported isolated anhanguerian-like teeth appear to be much
longer than either LRF 759 or LRF 3142 (e.g., Wellnhofer & Buffetaut, 1999; Averianov,
2007). The morphology of both teeth appears to indicate that they were positioned towards
the anterior end of their respective tooth rows, where the crowns are longer and more
elongate in comparison to the more posterior crowns. However, the apical ends of both
teeth are eroded, and the gentle degree of curvature of the mesial and distal margins in
lateral perspective indicates that the apices would have been much longer prior to their
taphonomic loss. Furthermore, the teeth are of a similar length to those preserved in the
jaws of Mythunga camara (Molnar & Thulborn, 2007, figs. 2, 4).

Despite recent revisions of taxa and specimens that have historically been referred to
Ornithocheirus and closely-related taxa (Unwin, 2001; Rodrigues & Kellner, 2008; Rodrigues
& Kellner, 2013), many ‘ornithocheirids’ are still known from only partial and fragmentary
remains and which lack diagnostic cranial material, including teeth. The continuing
uncertainly surrounding the affinities of these remains hinders a comprehensive assessment
of anhanguerian phylogeny, and in lieu of such assessments the isolated teeth cannot
presently be referred to a clade less inclusive than Anhangueria.

Significance for Australian pterosaur diversity
This account represents the first description of pterosaur material from New South Wales,
and permits the recognition of a new occurrence of this group of otherwise rare and poorly-
known reptiles in Australia. Two pteranodontoid pterosaur taxa are currently recognised
in Australia: Mythunga camara (QM F18896); and Aussiedraco molnari (QM F10613),
both from the Lower Cretaceous of central Queensland. The jaw fragment WAM 68.5.11
(Kear, Deacon & Siverson, 2010) and partial mandible QM F44423 (Fletcher & Salisbury,
2010) possibly represent distinct ornithocheiroid taxa—the former based on its temporal
separation from the aforementioned Queensland taxa and the latter from the distinct
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morphology of the mandibular symphysis (Kellner, Rodrigues & Costa, 2011). In addition,
the azhdarchid ulna (WAM 60.57) from the Late Maastrichtian of Western Australia
(Bennett & Long, 1991), and the ctenochasmatoid humeral fragment (QM F42739)
(Fletcher & Salisbury, 2010) most likely represent distinct Australian pterosaur taxa. The
remainder of the partial pterosaur material from Queensland and Western Australia may
pertain to one or more of the aforementioned Early Cretaceous pterosaur taxa, or may
represent new taxa that cannot be confidently identified. Thus it would seem reasonable
to assume that at least six pterosaur taxa were present in Australia during the Cretaceous.

Although dentition may be diagnostic for particular pterosaur clades (see above), in
the absence of articulated or associated skeletal material they typically are insufficient for
identification of the tooth-bearer to a specific or generic level. In Australia, this problem is
exacerbated by the scarcity of pterosaur remains to which the teeth described here can be
compared. It is currently not possible to determine with certainty whether the Lightning
Ridge teeth belong to one of the named or unnamed but potential Australian pterosaur
taxa, or whether they constituted the dentition of a taxon that is yet to be discovered.
Furthermore, given the subtle observed morphological differences between the two teeth
(e.g., degree of recurvature, presence of carinae, enamel ornamentation, etc.) it is also
uncertain whether the two teeth are derived from a single taxon or separate taxa. Further
finds are needed in order to evaluate whether these differences are indicative of the presence
of more than one pterosaur taxon, or whether taphonomic or other processes have affected
the appearance of the tooth crowns.

The identification of anhanguerian teeth from the Griman Creek Formation is consistent
with the reports of anhanguerid-like and ‘ornithocheirid’ skeletal material from the Early
Cretaceous of Queensland (Molnar & Thulborn, 1980; Molnar & Thulborn, 2007; Fletcher
& Salisbury, 2010) and the cosmopolitan distribution of ornithocheiroids at this time
(Upchurch et al., 2015). The similarities in morphology are further supported by the
similarities in palaeoenvironments. The Queensland pterosaur material from the Toolebuc
andMackunda formations of the Eromanga Basin were deposited in shallowwaters near the
central part of the Eromanga Sea during the early to middle Albian (Fletcher & Salisbury,
2010). Similar conditions prevailed during the middle Albian in the vicinity of present day
Lightning Ridge. The occurrence of anhanguerid-like pterosaurs in near-shore and shallow
water environments in Australia appears to correlate with the presumed diet of fish and
other aquatic organisms that has been inferred for some anhanguerids (Kellner & Tomida,
2000), and which is evident from the slender, elongate and apically acute tooth crowns.

CONCLUSION
Isolated teeth excavated from the Lower Cretaceous Griman Creek Formation at Lightning
Ridge, New South Wales, are identified as pertaining to pterosaurs. The oval basal
cross-section, slight distal recurvature, irregularly-striated enamel ornamentation, and
slender crowns bear a striking similarity to those of anhanguerian pterosaurs. This
represents the first description of pterosaurs from New South Wales and contributes
to the growing diversity of vertebrates from the Griman Creek Formation. The isolated
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remains cannot be conclusively assigned to any known pterosaur taxon, although their
presence is consistent with the known record of anhanguerid-like pterosaurs from
the contemporaneous Toolebuc Formation of central Queensland. The simultaneous
presence in New South Wales and Queensland of anhanguerian pterosaur remains in
sediments displaying characteristics of shallow-water lagoonal and lacustrine depositional
environments indicates likely similarities in life habits of these pterosaurs. Further finds
and descriptions of Australian pterosaurs are necessary to further characterise the diversity
of this poorly understood group of reptiles both locally and in Australia as a whole.

Institutional abbreviations

LRF (Australian Opal Centre, Lightning Ridge)
QM (Queensland Museum, Brisbane)
WAM (Western Australian Museum, Perth)
ZIN (Zoological Institute of the Russian Academy of Sciences, St. Petersburg)

ACKNOWLEDGEMENTS
Our thanks to Graeme and Christine Thomson for donating LRF 759, and TonyMorris and
Gary Roberts for donating LRF 3142, to the Australian Opal Centre through the Australian
Government’s Cultural Gifts Program. Jenni Brammall, Manager of the Australian Opal
Centre, is also thanked for allowing access to the specimens and providing resources to
facilitate their study while in Lightning Ridge. Detailed reviews by Alexander Kellner and
Taissa Rodrigues improved the quality of the manuscript and we thank them for their
efforts.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
TB was funded by an Australian Postgraduate Award. PRB was funded under an Australian
Research Council Discovery Early Career Researcher Award (project ID: DE170101325).
The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Australian Postgraduate Award.
Australian Research Council Discovery Early Career Researcher Award: DE170101325.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Tom Brougham conceived and designed the experiments, analyzed the data, wrote the
paper, prepared figures and/or tables.

Brougham et al. (2017), PeerJ, DOI 10.7717/peerj.3256 15/24

https://peerj.com
http://dx.doi.org/10.7717/peerj.3256


• Elizabeth T. Smith reviewed drafts of the paper.
• Phil R. Bell conceived and designed the experiments, reviewed drafts of the paper.

Data Availability
The following information was supplied regarding data availability:

The raw data is included in Table 1.

REFERENCES
Adams TL. 2014. Small crocodyliform from the Lower Cretaceous (Late Aptian) of

central Texas and its systematic relationship to the evolution of Eusuchia. Journal
of Paleontology 88:1031–1049 DOI 10.1017/S0022336000057632.

AndradeMBD, Edmonds R, BentonMJ, Schouten R. 2011. A new Berriasian
species of Goniopholis (Mesoeucrocodylia, Neosuchia) from England, and a
review of the genus. Zoological Journal of the Linnean Society 163:S66–S108
DOI 10.1111/j.1096-3642.2011.00709.x.

AndradeMBD, YoungMT, Desojo JB, Brusatte SL. 2010. The evolution of extreme
hypercarnivory in Metriorhynchidae (Mesoeucrocodylia: Thalattosuchia) based on
evidence from microscopic denticle morphology. Journal of Vertebrate Paleontology
30:1451–1465 DOI 10.1080/02724634.2010.501442.

Andres B, Clark J, Xu X. 2014. The earliest pterodactyloid and the origin of the group.
Current Biology 24:1011–1016 DOI 10.1016/j.cub.2014.03.030.

Andres B, Ji Q. 2006. A new species of Istiodactylus (Pterosauria, Pterodactyloidea)
from the Lower Cretaceous of Liaoning, China. Journal of Vertebrate Paleontology
26:70–78 DOI 10.1671/0272-4634(2006)26[70:ANSOIP]2.0.CO;2.

Archer M, Flannery TF, Ritchie A, Molnar RE. 1985. First Mesozoic mammal from
Australia—an early Cretaceous monotreme. Nature 318:363–366
DOI 10.1038/318363a0.

Averianov AO. 2007.Mid-cretaceous ornithocheirids (Pterosauria, Ornithocheiridae)
from Russia and Uzbekistan. Paleontological Journal 41:79–86
DOI 10.1134/S003103010701008X.

Barrett PM, Benson RBJ, Rich TH, Vickers-Rich P. 2011. First spinosaurid dinosaur
from Australia and the cosmopolitanism of Cretaceous dinosaur faunas. Biology
Letters 7:933–936 DOI 10.1098/rsbl.2011.0466.

Barrett PM, Butler RJ, Edwards NP, Milner AC. 2008. Pterosaur distribution in time and
space: An atlas. Zitteliana B28:61–107.

Bell PR, Cau A, Fanti F, Smith ET. 2015. A large-clawed theropod (Dinosauria: Tetanu-
rae) from the Lower Cretaceous of Australia and the Gondwanan origin of megarap-
torid theropods. Gondwana Research 36:473–487 DOI 10.1016/j.gr.2015.08.004.

Bennett SC, Long JA. 1991. A large pterodactyloid pterosaur from the Late Cretaceous
(Late Maastrichtian) of Western Australia. Records of the Western Australian Museum
15:435–443.

Brougham et al. (2017), PeerJ, DOI 10.7717/peerj.3256 16/24

https://peerj.com
http://dx.doi.org/10.1017/S0022336000057632
http://dx.doi.org/10.1111/j.1096-3642.2011.00709.x
http://dx.doi.org/10.1080/02724634.2010.501442
http://dx.doi.org/10.1016/j.cub.2014.03.030
http://dx.doi.org/10.1671/0272-4634(2006)26[70:ANSOIP]2.0.CO;2
http://dx.doi.org/10.1038/318363a0
http://dx.doi.org/10.1134/S003103010701008X
http://dx.doi.org/10.1098/rsbl.2011.0466
http://dx.doi.org/10.1016/j.gr.2015.08.004
http://dx.doi.org/10.7717/peerj.3256


Benson RBJ, CarranoMT, Brusatte SL. 2010. A new clade of archaic large-bodied
predatory dinosaurs (Theropoda: Allosauroidea) that survived to the latest Mesozoic.
Naturwissenschaften 97:71–78 DOI 10.1007/s00114-009-0614-x.

Benson RBJ, Rich TH, Vickers-Rich P, Hall M. 2012. Theropod fauna from southern
Australia indicates high polar diversity and climate-driven dinosaur provinciality.
PLOS ONE 7:e37122 DOI 10.1371/journal.pone.0037122.

Berrell RW, Alvarado-Ortega J, Yabumoto Y, Salisbury SW. 2014. The first record
of the ichthyodectiform fish Cladocyclus from eastern Gondwana: a new species
from the Lower Cretaceous of Queensland, Australia. Acta Palaeontologica Polonica
59:903–920 DOI 10.4202/app.2012.0019.

Burger D. 1980. Palynology of the Lower Cretaceous in the Surat Basin. Bureau of
Mineral Resources, Geology and Geophysics, Australia, Bulletin 189:1–106.

Byrnes JG. 1977. Notes on the rolling downs group in the milparinka, white cliffs
and angledool 1:250,000 sheet areas. Geological Survey of New South Wales Report
GS1977/005:1–17.

Charig AJ, Milner AC. 1997. Baryonyx walkeri, a fish-eating dinosaur from the Wealden
of Surrey. Bulletin of the Natural History Museum London 53:11–70.

Chiappe LM, Chinsamy A. 1996. Pterodaustro’s true teeth. Nature 379:211–212
DOI 10.1038/379211a0.

Claessens LPAM, O’Connor PM, Unwin DM. 2009. Respiratory evolution facili-
tated the origin of pterosaur flight and aerial gigantism. PLOS ONE 4:e4497
DOI 10.1371/journal.pone.0004497.

ClemensWA,Wilson GP, Molnar RE. 2003. An enigmatic (synapsid?) tooth from the
Early Cretaceous of New South Wales, Australia. Journal of Vertebrate Paleontology
23:232–237 DOI 10.1671/0272-4634(2003)23.

Coria RA, Currie PJ. 2016. A new megaraptoran dinosaur (Dinosauria, Theropoda,
Megaraptoridae) from the Late Cretaceous of Patagonia. PLOS ONE 11:e0157973
DOI 10.1371/journal.pone.0157973.

De Lapparent De Broin F. 2002. Elosuchus, a new genus of crocodile from the
Lower Cretaceous of the North of Africa. Comptes Rendus. Palévol 1:275–285
DOI 10.1016/S1631-0683(02)00049-0.

DelfinoM, Codrea V, Folie A, Dica P, Godefroit P, Smith T. 2008. A complete skull
of Allodaposuchus precedens Nopcsa, 1928 (Eusuchia) and a reassessment of the
morphology of the taxon based on the Romanian remains. Journal of Vertebrate
Paleontology 28:111–122 DOI 10.1671/0272-4634(2008)28.

DettmannME, Molnar RE, Douglas JG, Burger D, Fielding C, Clifford HT, Francis
J, Jell P, Rich TH,WadeM, Vickers-Rich P, Pledge NS, Kemp A, Rozfelds A.
1992. Australian Cretaceous terrestrial faunas and floras: biostratigraphic and
biogeographic implications. Cretaceous Research 13:207–262
DOI 10.1016/0195-6671(92)90001-7.

Dong Z. 1982. A new pterosaur (Huanhepterus quingyangensis gen. et sp. nov.) from
Ordos, China. Vertebrata Palasiatica 20:115–121.

Brougham et al. (2017), PeerJ, DOI 10.7717/peerj.3256 17/24

https://peerj.com
http://dx.doi.org/10.1007/s00114-009-0614-x
http://dx.doi.org/10.1371/journal.pone.0037122
http://dx.doi.org/10.4202/app.2012.0019
http://dx.doi.org/10.1038/379211a0
http://dx.doi.org/10.1371/journal.pone.0004497
http://dx.doi.org/10.1671/0272-4634(2003)23
http://dx.doi.org/10.1371/journal.pone.0157973
http://dx.doi.org/10.1016/S1631-0683(02)00049-0
http://dx.doi.org/10.1671/0272-4634(2008)28
http://dx.doi.org/10.1016/0195-6671(92)90001-7
http://dx.doi.org/10.7717/peerj.3256


Elias FA, Bertini RJ, Medeiros MA. 2007. Pterosaur teeth from the Laje do Coringa,
middle Cretaceous, São Luís-Grajaú basin, Maranhão state, Northern-Northeastern
Brazil. Revista Brasileira de Geociências 37:668–676.

Etheridge R. 1917. Reptilian notes:Megalania prisca Owen and Notiosaurus dentatus
Owen; lacertilian dermal armour; opalized remains from Lightning Ridge. Proceed-
ings of the Royal Society of Victoria 29:128–133.

Flannery TF, Archer M, Rich TH, Jones R. 1995. A new family of monotremes feom the
Creataceous of Australia. Nature 377:418–420 DOI 10.1038/377418a0.

Fletcher TL, Salisbury SW. 2010. New pterosaur fossils from the Early Cretaceous
(Albian) of Queensland, Australia. Journal of Vertebrate Paleontology 30:1747–1759
DOI 10.1080/02724634.2010.521929.

Frakes LA, Burger D, ApthorpeM,Wiseman J, DettmannM, Alley N, Flint R, Grave-
stock D, Ludbrook N, Backhouse J, Skwarko S, Scheibnerova V, McMinn A, Moore
PS, Bolton BR, Douglas JG, Christ R, WadeM,Molnar RE, McGowran B, Balme
BE, Day RA. 1987. Australian Cretaceous shorelines, stage by stage. Palaeogeography,
Palaeoclimatology, Palaeoecology 59:31–48 DOI 10.1016/0031-0182(87)90072-1.

Frey E, Martill DM, BuchyM-C. 2003. A new crested ornithocheirid from the Lower
Cretaceous of northeastern Brazil and the unusual death of an unusual pterosaur.
Geological Society, London, Special Publications 217:55–63
DOI 10.1144/GSL.SP.2003.217.01.05.

Gasparini Z, Chiappe LM, FernandezM. 1991. A new Senonian peirosaurid (Crocody-
lomorpha) from Argentina and a synopsis of the South American Cretaceous
crocodilians. Journal of Vertebrate Paleontology 11:316–333
DOI 10.1080/02724634.1991.10011401.

Green PM, Carmichael DC, Brain TJ, Murray CG, KcKellar JL, Beeston JW, Gray ARG.
1997. Lithostratigraphic units in the Bowen and Surat basins, Queensland. In: The
Surat and Bowen Basins of South-east Queensland. Queensland minerals and energy
review series. Queensland Department of Natural Resources and Mines, 41–108.

Hamilton-Bruce RJ, Kear BP. 2010. A possible succineid land snail from the Lower
Cretaceous non-marine deposits of the Griman Creek Formation at Lightning Ridge,
New South Wales. Alcheringa: An Australasian Journal of Palaeontology 34:325–331
DOI 10.1080/03115511003723279.

Heine C, Yeo LG, Müller RD. 2015. Evaluating global paleoshoreline models for the
Cretaceous and Cenozoic. Australian Journal of Earth Sciences 62:275–287
DOI 10.1080/08120099.2015.1018321.

Hendrickx C, Mateus O, Araújo R. 2015. A proposed terminology of theropod
teeth (Dinosauria, Saurischia). Journal of Vertebrate Paleontology 35:e982797
DOI 10.1080/02724634.2015.982797.

Hocknull SA. 2000.Mesozoic freshwater and estuarine bivalves from Australia.Memoirs
of the Queensland Museum 45:405–426.

Hocknull SA,White MA, Tischler TR, Cook AG, Calleja ND, Sloan T, Elliott DA. 2009.
New mid-Cretaceous (latest Albian) dinosaurs fromWinton, Queensland, Australia.
PLOS ONE 4:e6190 DOI 10.1371/journal.pone.0006190.

Brougham et al. (2017), PeerJ, DOI 10.7717/peerj.3256 18/24

https://peerj.com
http://dx.doi.org/10.1038/377418a0
http://dx.doi.org/10.1080/02724634.2010.521929
http://dx.doi.org/10.1016/0031-0182(87)90072-1
http://dx.doi.org/10.1144/GSL.SP.2003.217.01.05
http://dx.doi.org/10.1080/02724634.1991.10011401
http://dx.doi.org/10.1080/03115511003723279
http://dx.doi.org/10.1080/08120099.2015.1018321
http://dx.doi.org/10.1080/02724634.2015.982797
http://dx.doi.org/10.1371/journal.pone.0006190
http://dx.doi.org/10.7717/peerj.3256


Hone DWE, Xu X,Wang D-Y. 2010. A probable baryonychine (Theropoda: Spinosauri-
dae) tooth from the Upper Cretaceous of Henan Province, China. Vertebrata
PalAsiatica 48:19–26.

Jouve S. 2005. A new description of the skull of Dyrosaurus phosphaticus (Thomas,
1893) (Mesoeucrocodylia: Dyrosauridae) from the Lower Eocene of North Africa.
Canadian Journal of Earth Sciences 42:323–337 DOI 10.1139/e05-008.

Kear BP. 2005a.Marine reptiles from the Lower Cretaceous (Aptian) deposits of White
Cliffs, southeastern Australia: implications of a high latitude, cold water assemblage.
Cretaceous Research 26:769–782 DOI 10.1016/j.cretres.2005.04.006.

Kear BP. 2005b. A new elasmosaurid plesiosaur from the Lower Cretaceous of Queens-
land, Australia. Journal of Vertebrate Paleontology 25:792–805
DOI 10.1671/0272-4634(2005)025[0792:ANEPFT]2.0.CO;2.

Kear BP. 2005c. Cranial morphology of Platypterygius longmani Wade, 1990 (Reptilia:
Ichthyosauria) from the Lower Cretaceous of Australia. Zoological Journal of the
Linnean Society 145:583–622 DOI 10.1111/j.1096-3642.2005.00199.x.

Kear BP. 2006a. Plesiosaur remains from Cretaceous high-latitude non-marine de-
posits in southeastern Australia. Journal of Vertebrate Paleontology 26:196–199
DOI 10.1671/0272-4634(2006)26[196:PRFCHN]2.0.CO;2.

Kear BP. 2006b.Marine reptiles from the Lower Cretaceous of South Australia:
elements of a high-latitde cold-water assemblage. Palaeontology 49:837–856
DOI 10.1111/j.1475-4983.2006.00569.x.

Kear BP, BolesWE, Smith ET. 2003. Unusual gut contents in a Cretaceous ichthyosaur.
Proceedings of the Royal Society of London B: Biological Sciences 270:S206–S208
DOI 10.1098/rsbl.2003.0050.

Kear BP, Deacon GL, SiversonM. 2010. Remains of a Late Cretaceous pterosaur from
the Molecap Greensand of Western Australia. Alcheringa: An Australasian Journal of
Palaeontology 34:273–279 DOI 10.1080/03115511003661651.

Kear BP, Godthelp H. 2008. Inferred vertebrate bite marks on an Early Cretaceous
unionoid bivalve from Lightning Ridge, New South Wales, Australia. Alcheringa: An
Australasian Journal of Palaeontology 32:65–71 DOI 10.1080/03115510701757498.

Kellner AWA. 2003. Pterosaur phylogeny and comments on the evolutionary his-
tory of the group. Geological Society, London, Special Publications 217:105–137
DOI 10.1144/GSL.SP.2003.217.01.10.

Kellner AWA,Mader BJ. 1997. Archosaur teeth from the Cretaceous of Morocco. Journal
of Paleontology 71:525–527 DOI 10.1017/S0022336000039548.

Kellner AWA, Rich TH, Costa FR, Vickers-Rich P, Kear BP,Walters M, Kool L.
2010. New isolated pterodactyloid bones from the Albian Toolebuc Formation
(western Queensland, Australia) with comments on the Australian pterosaur fauna.
Alcheringa: An Australasian Journal of Palaeontology 34:219–230
DOI 10.1080/03115511003656552.

Kellner AWA, Rodrigues T, Costa FR. 2011. Short note on a pteranodontid pterosaur
(Pterodactyloidea) from western Queensland, Australia. Anais da Academia Brasileira
de Ciências 83:301–308 DOI 10.1590/S0001-37652011000100018.

Brougham et al. (2017), PeerJ, DOI 10.7717/peerj.3256 19/24

https://peerj.com
http://dx.doi.org/10.1139/e05-008
http://dx.doi.org/10.1016/j.cretres.2005.04.006
http://dx.doi.org/10.1671/0272-4634(2005)025[0792:ANEPFT]2.0.CO;2
http://dx.doi.org/10.1111/j.1096-3642.2005.00199.x
http://dx.doi.org/10.1671/0272-4634(2006)26[196:PRFCHN]2.0.CO;2
http://dx.doi.org/10.1111/j.1475-4983.2006.00569.x
http://dx.doi.org/10.1098/rsbl.2003.0050
http://dx.doi.org/10.1080/03115511003661651
http://dx.doi.org/10.1080/03115510701757498
http://dx.doi.org/10.1144/GSL.SP.2003.217.01.10
http://dx.doi.org/10.1017/S0022336000039548
http://dx.doi.org/10.1080/03115511003656552
http://dx.doi.org/10.1590/S0001-37652011000100018
http://dx.doi.org/10.7717/peerj.3256


Kellner AWA, 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. National Science Museum Monographs
17:1–137 DOI 10.1159/000061634.

Kemp A. 1993. Ceratodus diutinus, a new ceratodont from Cretaceous and Late
Oligocene—Medial Miocene deposits in Australia. Journal of Paleontology
67:883–888 DOI 10.1017/S0022336000037148.

Kemp A. 1997. A revision of Australian Mesozoic and Cenozoic lungfish of the family
Neoceratodontidae (Osteichthyes: Dipnoi), with a description of four new species.
Journal of Paleontology 71:713–733 DOI 10.1017/S0022336000040166.

Kemp A, Molnar RE. 1981. Neoceratodus forsteri from the Lower Cretaceous of New
South Wales, Australia. Journal of Paleontology 55:211–217.

Lecuona A, Pol D. 2008. Tooth morphology of Notosuchus terrestris (Notosuchia:
Mesoeucrocodylia): new evidence and implications. Comptes Rendus Palevol
7:407–417 DOI 10.1016/j.crpv.2008.07.001.

Lees T, Bartholomai A. 1987. Study of a Lower Cretaceous actinopterygian (Class Pisces)
Cooyoo australis from Queensland, Australia.Memoirs of the Queensland Museum
25:177–192.

Lü J, Pu H, Xu L,Wu Y,Wei X. 2012. Largest toothed pterosaur skull from the Early
Cretaceous Yixian formation of Western Liaoning, China, with comments on
the family boreopteridae. Acta Geologica Sinica–English Edition 86:287–293
DOI 10.1111/j.1755-6724.2012.00658.x.

Mader BJ, Kellner AWA. 1999. A new anhanguerid pterosaur from the Cretaceous of
Morocco. Boletim Do Museu Nacional Rio de Janeiro 45:1–11.

Michard J-G, De Broin FDL, Brunet M, Hell J. 1990. The oldest specialized neosuchian
crocodile from Africa (Early Cretaceous, Cameroon), with ‘‘eusuchian’’ characters.
Comptes Rendus de l’Académie des Sciences. Série II 311:365–371.

Mkhitaryan TG, Averianov AO. 2011. New material and phylogenetic position of
Aidachar paludalis Nessov, 1981 (Actinopterygii, Ichthyodectiformes) from the Late
Cretaceous of Uzbekistan. Proceedings of the Zoological Institute RAS 315:181–192.

Molnar RE. 1980. Procoelous crocodile from the Lower Cretaceous of Lightning Ridge.
Memoirs of the Queensland Museum 20:65–75.

Molnar RE. 1987. A pterosaur pelvis from western Queensland, Australia. Alcheringa: An
Australasian Journal of Palaeontology 11:87–94 DOI 10.1080/03115518708618981.

Molnar RE. 1999. Avian tibiotarsi from the Early Cretaceous of Lightning Ridge,
New South Wales. In: Tomida Y, Rich TH, Vickers-Rich P, eds. Proceedings of the
Second Gondwana Dinosaur Symposium. National Science Museum Monographs, 15,
197–209.

Molnar RE, Galton PM. 1986.Hypsilophodontid dinosaurs from Lightning Ridge, New
South Wales, Australia. Geobios 19:231–239 DOI 10.1016/S0016-6995(86)80046-8.

Molnar RE, Thulborn RA. 1980. First pterosaur from Australia. Nature 288:361–363
DOI 10.1038/288361a0.

Brougham et al. (2017), PeerJ, DOI 10.7717/peerj.3256 20/24

https://peerj.com
http://dx.doi.org/10.1159/000061634
http://dx.doi.org/10.1017/S0022336000037148
http://dx.doi.org/10.1017/S0022336000040166
http://dx.doi.org/10.1016/j.crpv.2008.07.001
http://dx.doi.org/10.1111/j.1755-6724.2012.00658.x
http://dx.doi.org/10.1080/03115518708618981
http://dx.doi.org/10.1016/S0016-6995(86)80046-8
http://dx.doi.org/10.1038/288361a0
http://dx.doi.org/10.7717/peerj.3256


Molnar RE, Thulborn RA. 2007. An incomplete pterosaur skull from the Cretaceous of
north-central Queensland, Australia. Arquivos do Museu Nacional, Rio de Janeiro
65:461–470.

Molnar RE,Willis PMA. 2000. New crocodyliform material from the Early Cretaceous
Griman Creek Formation, at Lightning Ridge, New South Wales. In: Grigg GC,
Seebacher F, Franklin CE, eds. Crocodilian biology and evolution. Chipping Norton:
Surrey Beatty & Sons, 75–82.

Novas FE, Ezcurra MD, Lecuona A. 2008. Orkoraptor burkei nov. gen. et sp. a large
theropod from the maastrichtian pari aike formation, Southern Patagonia, Ar-
gentina.. Cretaceous Research 29:468–480 DOI 10.1016/j.cretres.2008.01.001.

Pewkliang B, Pring A, Brugger J. 2008. The formation of precious opal: clues from the
opalization of bone. The Canadian Mineralogist 46:139–149
DOI 10.3749/canmin.46.1.139.

Pol D, Norell MA. 2004. A new crocodyliform from Zos Canyon, Mongolia. American
Museum Novitates 3445:1–36.

Porfiri JD, Novas FE, Calvo JO, Agnolín FL, Ezcurra MD, Cerda IA. 2014. Juvenile
specimen ofMegaraptor (Dinosauria, Theropoda) sheds light about tyrannosauroid
radiation. Cretaceous Research 51:35–55 DOI 10.1016/j.cretres.2014.04.007.

Prasad GVR, De Broin FDL. 2002. Late Cretaceous crocodile remains from Naskal (In-
dia): comparisons and biogeographic affinities. Annales de Paléontologie 88:19–71
DOI 10.1016/S0753-3969(02)01036-4.

Raza A, Hill KC, Korsch RJ. 2009.Mid-Cretaceous uplift and denudation of the Bowen
and Surat Basins, eastern Australia: relationship to Tasman Sea rifting from apatite
fission-track and vitrinite-reflectance data. Australian Journal of Earth Sciences
56:501–531 DOI 10.1080/08120090802698752.

Rey PF. 2013. Opalisation of the Great Artesian Basin (central Australia): An Aus-
tralian story with a Martian twist. Australian Journal of Earth Sciences 60:291–314
DOI 10.1080/08120099.2013.784219.

Rich THV, Flannery TF, Archer M. 1989. A second Cretaceous mammalian specimen
from Lightning Ridge, NSW, Australia. Alcheringa: An Australasian Journal of
Palaeontology 13:85–88 DOI 10.1080/03115518908619043.

Rich THV, Rich PV. 1989. Polar dinosaurs and biotas of the Early Cretaceous of
southeastern Australia. National Geographic Research 5:15–53.

Richter U, Mudroch A, Buckley LG. 2012. Isolated theropod teeth from the Kem
Kem Beds (Early Cenomanian) near Taouz, Morocco. Paläontologische Zeitschrift
87:291–309 DOI 10.1007/s12542-012-0153-1.

Rodrigues T, Kellner AWA. 2008. Review of the pterodactyloid pterosaur Coloborhynchus.
Zitteliana B28:219–228.

Rodrigues T, Kellner A. 2010. Note on the pterosaur material described by Woodward
from the Recôncavo Basin, Lower Cretaceous, Brazil. Revista Brasileira de Paleontolo-
gia 13:159–164 DOI 10.4072/rbp.2010.2.08.

Brougham et al. (2017), PeerJ, DOI 10.7717/peerj.3256 21/24

https://peerj.com
http://dx.doi.org/10.1016/j.cretres.2008.01.001
http://dx.doi.org/10.3749/canmin.46.1.139
http://dx.doi.org/10.1016/j.cretres.2014.04.007
http://dx.doi.org/10.1016/S0753-3969(02)01036-4
http://dx.doi.org/10.1080/08120090802698752
http://dx.doi.org/10.1080/08120099.2013.784219
http://dx.doi.org/10.1080/03115518908619043
http://dx.doi.org/10.1007/s12542-012-0153-1
http://dx.doi.org/10.4072/rbp.2010.2.08
http://dx.doi.org/10.7717/peerj.3256


Rodrigues T, Kellner A. 2013. Taxonomic review of the Ornithocheirus complex
(Pterosauria) from the Cretaceous of England. ZooKeys 308:1–112
DOI 10.3897/zookeys.308.5559.

Salisbury SW,Molnar RE, Frey E,Willis PM. 2006. The origin of modern crocodyli-
forms: new evidence from the Cretaceous of Australia. Proceedings of the Royal
Society B: Biological Sciences 273:2439–2448 DOI 10.1098/rspb.2006.3613.

Salisbury SW,Willis PMA, Peitz S, Sander PM. 1999. The crocodilian Goniopholis
simus from the Lower Cretaceous of north-western Germany. Special Papers in
Palaeontology 60:121–148.

Sánchez-Hernández B, BentonMJ, Naish D. 2007. Dinosaurs and other fossil
vertebrates from the Late Jurassic and Early Cretaceous of the Galve area,
NE Spain. Palaeogeography, Palaeoclimatology, Palaeoecology 249:180–215
DOI 10.1016/j.palaeo.2007.01.009.

Schwarz D, Salisbury SW. 2005. A new species of Theriosuchus (Atoposauridae,
Crocodylomorpha) from the Late Jurassic (Kimmeridgian) of Guimarota, Portugal.
Geobios 38:779–802 DOI 10.1016/j.geobios.2004.04.005.

Sereno PC, Beck AL, Dutheil DB, Gado B, Larsson HC, Lyon GH,Marcot JD,
Rauhut OW, Sadleir RW, Sidor CA. 1998. A long-snouted predatory di-
nosaur from Africa and the evolution of spinosaurids. Science 282:1298–1302
DOI 10.1126/science.282.5392.1298.

Sereno P, Larsson H. 2009. Cretaceous Crocodyliforms from the Sahara. ZooKeys
28:1–143 DOI 10.3897/zookeys.28.325.

Smith DK, Allen ER, Sanders RK, Stadtman KL. 2010. A new specimen of Eutretaura-
nosuchus (Crocodyliformes; Goniopholididae) from Dry Mesa, Colorado. Journal of
Vertebrate Paleontology 30:1466–1477 DOI 10.1080/02724634.2010.501434.

Smith ET. 1999. Black opal fossils of Lightning Ridge: treasures from the rainbow billabong.
East Roseville: Kangaroo Press, Simon & Schuster Australia.

Smith ET. 2010. Early Cretaceous chelids from Lightning Ridge, New South Wales.
Alcheringa: an Australasian Journal of Palaeontology 34:375–384
DOI 10.1080/03115518.2010.488117.

Smith JB, Dodson P. 2003. A proposal for a standard terminology of anatomical notation
and orientation in fossil vertebrate dentitions. Journal of Vertebrate Paleontology
23:1–12 DOI 10.1671/0272-4634(2003)23.

Smith ET, Kear BP. 2013. Spoochelys ormondea gen. et sp. nov., an archaic meiolaniid-
like turtle from the Early Cretaceous of Lightning Ridge, Australia. In: Brinkman
DB, Holroyd PA, Gardner JD, eds.Morphology and evolution of turtles. Dordrecht:
Springer Netherlands, 121–146.

Smith JB, Vann DR, Dodson P. 2005. Dental morphology and variation in theropod
dinosaurs: implications for the taxonomic identification of isolated teeth. The
Anatomical Record Part A: Discoveries in Molecular, Cellular, and Evolutionary Biology
285A:699–736 DOI 10.1002/ar.a.20206.

Stromer E. 1915. Ergebnisse der Forschungsreisen Prof. E Stromers in den Wüsten
Ägyptens. II. Wirbeltier-Reste der Baharîje-Stufe (unterstes Cenoman). 3. Das

Brougham et al. (2017), PeerJ, DOI 10.7717/peerj.3256 22/24

https://peerj.com
http://dx.doi.org/10.3897/zookeys.308.5559
http://dx.doi.org/10.1098/rspb.2006.3613
http://dx.doi.org/10.1016/j.palaeo.2007.01.009
http://dx.doi.org/10.1016/j.geobios.2004.04.005
http://dx.doi.org/10.1126/science.282.5392.1298
http://dx.doi.org/10.3897/zookeys.28.325
http://dx.doi.org/10.1080/02724634.2010.501434
http://dx.doi.org/10.1080/03115518.2010.488117
http://dx.doi.org/10.1671/0272-4634(2003)23
http://dx.doi.org/10.1002/ar.a.20206
http://dx.doi.org/10.7717/peerj.3256


Original des Theropoden Spinosaurus aegyptiacus nov. gen. nov. spec. Abhandlungen
Der Bayerischen Akademie Der Wissenschaften, Mathematisch- Naturwissenschaftliche
Abteilung, Neue Folge 28:1–32.

Sues H-D, Frey E, Martill DM, Scott DM. 2002. Irritator challengeri, a spinosaurid
(Dinosauria: Theropoda) from the Lower Cretaceous of Brazil. Journal of Vertebrate
Paleontology 22:535–547 DOI 10.1671/0272-4634(2002)022[0535:ICASDT]2.0.CO;2.

Tennant JP, Mannion PD, Upchurch P. 2016. Evolutionary relationships and systematics
of Atoposauridae (Crocodylomorpha: Neosuchia): implications for the rise of Eu-
suchia. Zoological Journal of the Linnean Society 177:854–936 DOI 10.1111/zoj.12400.

Unwin DM. 2001. An overview of the pterosaur assemblage from the Cambridge
Greensand (Cretaceous) of eastern England.Mitteilungen aus dem Museum für
Naturkunde, Berlin, Geowissenschaftliche Reihe 4:189–221
DOI 10.1002/mmng.20010040112.

Unwin DM. 2003. On the phylogeny and evolutionary history of pterosaurs. Geological
Society, London, Special Publications 217:139–190 DOI 10.1144/GSL.SP.2003.217.01.11.

Upchurch P, Andres B, Butler RJ, Barrett PM. 2015. An analysis of pterosaurian
biogeography: implications for the evolutionary history and fossil record quality of
the first flying vertebrates. Historical Biology 27:697–717
DOI 10.1080/08912963.2014.939077.

Vila Nova BC, Sayão JM, Neumann VHML, Kellner AWA. 2014. Redescription of
Cearadactylus atrox (Pterosauria, Pterodactyloidea) from the Early Cretaceous
Romualdo Formation (Santana Group) of the Araripe Basin, Brazil. Journal of
Vertebrate Paleontology 34:126–134 DOI 10.1080/02724634.2013.793694.

Vullo R, Buffetaut E, Everhart MJ. 2012. Reappraisal of Gwawinapterus beardi from the
Late Cretaceous of Canada: a saurodontid fish, not a pterosaur. Journal of Vertebrate
Paleontology 32:1198–1201 DOI 10.1080/02724634.2012.681078.

WadeM. 1990. A review of the Australian Cretaceous longipinnate ichthyosaur
Platypterygius, (Ichthyosauria, Ichthyopterygia).Memoirs of the Queensland Museum
28:115–137.

Wang X, Campos DDA, Zhou Z, Kellner AWA. 2008. A primitive istiodactylid pterosaur
(Pterodactyloidea) from the Jiufotang Formation (Early Cretaceous), northeast
China. Zootaxa 1813:1–18.

Wang X, Kellner AWA, Jiang S, Cheng X. 2012. New toothed flying reptile from Asia:
close similarities between early Cretaceous pterosaur faunas from China and Brazil.
Naturwissenschaften 99:249–257 DOI 10.1007/s00114-012-0889-1.

Wang X, Kellner AWA, Zhou Z, Campos DDA. 2005. Pterosaur diversity and faunal
turnover in Cretaceous terrestrial ecosystems in China. Nature 437:875–879
DOI 10.1038/nature03982.

Wang X, Kellner AW, Zhou Z, Campos DDA. 2007. A new pterosaur (Ctenochasmati-
dae, Archaeopterodactyloidea) from the Lower Cretaceous Yixian Formation of
China. Cretaceous Research 28:245–260 DOI 10.1016/j.cretres.2006.08.004.

Wellnhofer P. 1985. New pterosaurs from the Santana Formation (Aptian) of the
Chapada do Araripe, Brazil. Palaeontographica Abteilung A 187:105–182.

Brougham et al. (2017), PeerJ, DOI 10.7717/peerj.3256 23/24

https://peerj.com
http://dx.doi.org/10.1671/0272-4634(2002)022[0535:ICASDT]2.0.CO;2
http://dx.doi.org/10.1111/zoj.12400
http://dx.doi.org/10.1002/mmng.20010040112
http://dx.doi.org/10.1144/GSL.SP.2003.217.01.11
http://dx.doi.org/10.1080/08912963.2014.939077
http://dx.doi.org/10.1080/02724634.2013.793694
http://dx.doi.org/10.1080/02724634.2012.681078
http://dx.doi.org/10.1007/s00114-012-0889-1
http://dx.doi.org/10.1038/nature03982
http://dx.doi.org/10.1016/j.cretres.2006.08.004
http://dx.doi.org/10.7717/peerj.3256


Wellnhofer P. 1987. New crested pterosaurs from the Lower Cretaceous of Brazil.
Mitteilungen der Bayerischen Staatssammlung für Paläontologie und Historische
Geologie 27:175–186.

Wellnhofer P, Buffetaut E. 1999. Pterosaur remains from the Cretaceous of Morocco.
Paläontologische Zeitschrift 73:133–142 DOI 10.1007/BF02987987.

White MA, Bell PR, Cook AG, Poropat SF, Elliott DA. 2015. The dentary of Australove-
nator wintonensis (Theropoda, Megaraptoridae); implications for megaraptorid
dentition. PeerJ 3:e1512 DOI 10.7717/peerj.1512.

White MA, Falkingham PL, Cook AG, Hocknull SA, Elliott DA. 2013.Morphological
comparisons of metacarpal I for Australovenator wintonensis and Rapator ornit-
holestoides: implications for their taxonomic relationships. Alcheringa: An Aus-
tralasian Journal of Palaeontology 37:435–441 DOI 10.1080/03115518.2013.770221.

WittonMP. 2012. New insights into the skull of Istiodactylus latidens (Ornithocheiroidea,
Pterodactyloidea). PLOS ONE 7:e33170 DOI 10.1371/journal.pone.0033170.

Young CC. 1964. On a new pterosaurian from Sinkiang, China. Vertebrata Palasiatica
8:221–256.

YoungMT, Hua S, Steel L, Foffa D, Brusatte SL, Thüring S, Mateus O, Ruiz-Omeñaca
JI, Havlik P, Lepage Y, AndradeMBD. 2014a. Revision of the Late Jurassic
teleosaurid genusMachimosaurus (Crocodylomorpha, Thalattosuchia). Royal Society
Open Science 1:140222 DOI 10.1098/rsos.140222.

YoungMT, Steel L, Brusatte SL, Foffa D, Lepage Y. 2014b. Tooth serration morpholo-
gies in the genusMachimosaurus (Crocodylomorpha, Thalattosuchia) from the Late
Jurassic of Europe. Royal Society Open Science 1:140269 DOI 10.1098/rsos.140269.

YoungMT, Tennant JP, Brusatte SL, Challands TJ, Fraser NC, Clark NDL, Ross
DA. 2016. The first definitive Middle Jurassic atoposaurid (Crocodylomorpha,
Neosuchia), and a discussion on the genus Theriosuchus. Zoological Journal of the
Linnean Society 176:443–462 DOI 10.1111/zoj.12315.

Brougham et al. (2017), PeerJ, DOI 10.7717/peerj.3256 24/24

https://peerj.com
http://dx.doi.org/10.1007/BF02987987
http://dx.doi.org/10.7717/peerj.1512
http://dx.doi.org/10.1080/03115518.2013.770221
http://dx.doi.org/10.1371/journal.pone.0033170
http://dx.doi.org/10.1098/rsos.140222
http://dx.doi.org/10.1098/rsos.140269
http://dx.doi.org/10.1111/zoj.12315
http://dx.doi.org/10.7717/peerj.3256

