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Abstract

Marine reptile fossils are common in the Cretaceous epicontinental and continental-margin marine deposits of Australia but
much of the material is sparsely documented. A review of current localities indicates that the majority of remains are known from
the Aptian–Albian epicontinental marine units of the Eromanga Basin in Queensland, New South Wales and South Australia.
Fragmentary specimens have also been recovered from Berriasian, Hauterivian–Barremian, Albian–Cenomanian, Cenomanian–
Turonian and Maastrichtian marine deposits of Western Australia, Aptian or Albian continental margin rocks of the Northern
Territory and Aptian–Albian freshwater sediments of New South Wales and Victoria. Interestingly, many of these deposits represent
Cretaceous high latitude-polar environments and some include palaeoclimatic indicators suggesting very cold to near freezing
conditions. As currently known, the Australian Cretaceous marine reptile fauna comprises one family of ichthyosaurs (Ophthal-
mosauridae), as many as five families of plesiosaur (Rhomaleosauridae, Pliosauridae, Polycotylidae, Elasmosauridae and possibly
Cryptoclididae or Cimoliasauridae sensu Acta Zool. Fenn. 213 (2001)), one family of chelonioid sea turtle (Protostegidae) and
indeterminate mosasaurids. Although few named Australian species may be regarded as valid, the stratigraphic distribution of taxa
correlates well with that from elsewhere. Plesiosaurs and ichthyosaurs dominate Lower Cretaceous deposits with plesiosaurs
showing a high taxonomic diversity (including the earliest known polycotylids), particularly in the Aptian. Albian faunas see the
advent of chelonioid turtles with a corresponding reduction in plesiosaur diversity (through the loss of rhomaleosaurids) and a
marked increase in the numbers of ichthyosaur remains. Upper Cretaceous units have produced only fragmentary specimens of
primarily plesiosaurs and mosasaurs with ichthyosaurs limited to rocks of Cenomanian age.
� 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Marine reptile remains have long been known from
the extensive Cretaceous epicontinental and continental
margin marine deposits of Australia, and in particular,
those of the Eromanga Basin in northern and central
Queensland. The fossils include relatively common ich-
thyosaurs, plesiosaurs and turtles, with rare mosasaurs
also recorded from the Carnarvon Basin and Perth
Basin in Western Australia. Of the currently productive
units, the Rolling Downs Group (Queensland and New
South Wales) has been most prolific, containing large

exposures of Aptian–Cenomanian marine sediments,
that have proved readily accessible to both Australian
and international researchers over the years. Unfortu-
nately, there have been few published studies, although
some key historical works (e.g. Etheridge, 1897
Etheridge, 1904; Longman, 1915, 1922, 1924, 1943;
White, 1935; Persson, 1960), and various recent analyses
based mainly on discrete finds (e.g. Gaffney, 1981;
Persson, 1982; Murray, 1985, 1987; Wade, 1984, 1990;
Molnar, 1982a,b, 1991; Thulborn and Turner, 1993;
Cruickshank and Long, 1997; Long and Cruickshank,
1998; Cruickshank et al., 1999; Choo, 1999; Kear, 2001;
Kear 2002a,b,c), have been undertaken. It is, therefore,
the purpose of this article to review the current state ofE-mail address: kear.ben@saugov.sa.gov.au (B.P. Kear).
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existing knowledge on Australian Cretaceous marine
reptile fossils and provide a basis for informed future
study.

2. Abbreviations and terminology

Repository abbreviations: AM, Australian Museum,
Sydney; MCZ, Museum of Comparative Zoology,
Harvard University, Cambridge; NMV, Melbourne
Museum, Melbourne; NTM, Museum and Art Gallery
of the Northern Territory, Darwin; QM, Queensland
Museum, Brisbane; SAM, South Australian Museum,
Adelaide; WAM, Western Australian Museum, Perth.
Lithostratigraphic nomenclature for Australian Lower
Cretaceous deposits follows Vine et al. (1967) for
Queensland localities, Wopfner et al. (1970) for South
Australian, Rich and Rich (1989) for Victorian, Burton
and Mason (1998) for White Cliffs, Mory (1988) for the
Darwin area, Shafik (1990) for the Perth Basin and
Hocking et al. (1987) for the Carnarvon Basin units.
Systematic terminology follows Motani (1999) and
McGowan and Motani for Ichthyosauria Hirayama
(1994, 1997, 1998) for Chelonioidea. High-level classifi-
cation of the Plesiosauria follows O’Keefe (2001) except
in the ranking of Sauropterygia and Plesiosauria, both
which follow the more conventional system of Carroll
(1988), Benton (1997) and Rieppel (2000).

3. Current localities and horizons

The quality of most Australian marine reptile holo-
types is poor, although surprisingly, a large number of
often exceptionally preserved undescribed specimens
(representing a wide variety of major clades) do exist in
current collections. The majority of these remains have
been recovered as chance occurrences in the Wallumbilla
Formation, Toolebuc Formation, Allaru Mudstone,
Mackunda Formation (Eromanga Basin) and Bungil
Formation (Surat Basin) of Queensland, Bulldog Shale
and Oodnadatta Formation (Eromanga Basin) of South
Australia, Darwin Formation (Money Shoals Platform)
of the Northern Territory, Barrow Group, Birdrong
Sandstone, Alinga Formation, Miria Formation
(Carnarvon Basin) and Molecap Greensand (Perth
Basin) of Western Australia and the freshwater deposits
of the Wonthaggi Formation (Gippsland Basin) and
Eumeralla Formation (Otway Basin) in Victoria
and Griman Creek Formation (Surat Basin) of the
New South Wales/Queensland border area (see Fig. 1,
Table 1).

The Wallumbilla Formation, Toolebuc Formation
and Allaru Mudstone (Rolling Downs Group) are best
represented in the Hughenden–Richmond region of cen-
tral northern Queensland (Fig. 1), where they currently

include some the most productive Australian localities
for ichthyosaurs, plesiosaurs and chelonioid turtles. The
deposits comprise shallow marine, laminated, clayey
mudstones that produce excellently preserved (although
often incomplete) fossil skeletons encased within car-
bonate limestone nodules. Assignment of most existing
specimens to a specific stratigraphic horizon is problem-
atic (owing largely to poor locality information),
although broad age ranges (derived primarily from
palynological data; see Table 1) can be established based
upon the unit of origin. The majority of remains are
derived from the Toolebuc Formation, which has been
placed within the latest mid to Upper Albian Pseu-
doceratium ludbrookiae dinoflagellate Zone, and upper
Coptospora paradoxa spore-pollen Zone in the southern
Eromanga Basin (Moore et al., 1986; Alexander and
Sansome, 1996), and diachronously in the Upper Albian
Phimopollenites pannosus spore-pollen Zone further
north (McMinn and Burger, 1986). The overlying Allaru
Mudstone (which corresponds to the Oodnadatta
Formation of South Australia; Moore and Pitt, 1985;
Moore et al., 1986) correlates with the upper C. para-
doxa Zone, and the P. pannosus, C. denticulata, and
P. ludbrookiae zones, indicating a mid–Upper Albian age
(Krieg and Rodgers, 1995). The underlying Wallumbilla
Formation, which also crops out in northern New South
Wales and equates to the Bulldog Shale in South
Australia (Krieg and Rodgers, 1995), preserves a some-
what different marine reptile fauna (including ichthyo-
saurs and a diverse range of plesiosaurs but no
chelonioids; see Table 2), and spans the Lower Aptian–
mid Albian Cyclosporites hughesii and Crybelosporites
striatus spore-pollen zones, and the Odontochitina oper-
culata, Diconodinium davidii and Muderongia tetracantha
dinoflagellate zones (Helby et al., 1987). Unlike the
southern Bulldog Shale deposits, however, the
Wallumbilla Formation also continues into the C. para-
doxa, C. denticulata and lower part of the P. ludbrookiae
zones, indicating an age extension into the Late Albian
(Helby et al., 1987; Alexander and Sansome, 1996).

Fragmentary plesiosaur remains have been recorded
from the Lower Aptian (lower C. hughesii–lower O.
operculata zones; Burger, 1980; Morgan, 1980) Bungil
Formation (Minmi Member), Roma district (Fig. 1),
and Upper Albian–Lower Cenomanian (P. ludbrookiae/
P. pannosus–Appendiscisporites distocarinatus zones,
Rodgers, 1995) Mackunda Formation, of Hampden
Downs and Wetherby near Richmond in Queensland
(Fig. 1). Both of these units comprise fine-grained
sediments with abundant calcareous and carbonaceous
material representing paralic to brackish/non-marine
depositional environments.

The subsurface opal-bearing deposits of the Bulldog
Shale at Coober Pedy and Andamooka in South
Australia, and the Doncaster Member of the
Wallumbilla Formation at White Cliffs in New South
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Wales (Fig. 1) represent localities of some significance,
producing ichthyosaurs and a high diversity of plesio-
saur taxa (Table 2). The sediments comprise predomi-
nantly finely laminated shaly mudstones and claystones
representing deposition under transgressive shallow
marine conditions, and in an Early Cretaceous high
latitude zone (60(–70(S; Embleton and McElhinny
1982; Embleton, 1984; Idnurm 1985). Because of severe
weathering and often-poor locality data (a result of
specimens being discovered serendipitously and ex-
tracted during opal mining), assignment of most marine
reptile fossils to exact stratigraphic horizons is again
problematic. However, a predominantly Aptian age
can be suggested on the basis of macroinvertebrate
assemblages (Ludbrook, 1966; Johns, 1968; Day, 1969;
Henderson et al., 2000), and the presence of potentially
ice-rafted quartzite/porphyritic boulders and glendonite
(pseudomorphs of the calcium carbonate hexahydrate

mineral ikaite) nodules (Robertson and Scott, 1990;
Sheard, 1990; Krieg and Rodgers, 1995; Burton and
Mason, 1998). These conspicuous sedimentary struc-
tures characterise the early depositional stages of the
Bulldog Shale and Wallumbilla Formation in the
southern Eromanga Basin and have been correlated with
a period of very cold to near-freezing climatic conditions
during the Late Neocomian–Early Albian (Frakes and
Francis, 1988, 1990; Frakes et al., 1995; De Lurio and
Frakes, 1999).

A similar cool temperate to very cold environmental
setting has been suggested (Stevens and Clayton, 1971;
Gregory et al., 1989; Rich and Rich, 1989; Dettmann
et al., 1992; Vickers-Rich, 1996; Constantine et al., 1998)
for the Lower-mid Albian (C. paradoxa Zone; Burger,
1980) estuarine–coastal plain facies of the Griman Creek
Formation at Lightning Ridge, New South Wales/Surat
region, Queensland (Fig. 1), and the Aptian–Lower

Fig. 1. Map showing Australian sedimentary basins with major Australian localities that have produced Cretaceous marine reptile fossils.
Abbreviations: Ca, Carnarvon Basin; Chel, Chelonioidea; Er, Eromanga Basin; Gp, Gippsland Basin; Ich, Ichthyosauria; Mos, Mosasauridae;
MS, Money Shoals Platform; Ot, Otway Basin; P, Perth Basin; Ples, Plesiosauria; Su, Surat Basin.
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Table 1
Spore-pollen and dinoflagellate zonation for the Australian Cretaceous (follows Helby et al., 1987) with correlations to Australian marine-reptile producing units. Abbreviations: SUB-GP,
sub-group; FMN, formation.

Age Spore-pollen zones Microplankton zones North-central
Eromanga Basin
QLD/NSW units

Southwestern
Eromanga Basin

SA units

Southern
Surat Basin

QLD/NSW units

Otway Basin/
Gippsland Basin

VIC units

Money Shoals
Platform
NT Units

Carnarvon Basin/
Perth Basin
WA units
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Table 2
Distribution of Cretaceous marine reptile families and superfamilies in the marine and freshwater deposits of Australia. Stages listed represent specific ages of marine reptile specimen
localities rather than age of the unit as a whole. See footnotes for source texts included.10,21,28

Wallumbilla Formation Toolebuc Formation Allaru Mudstone Mackunda
Formation

Bulldog Shale Oodnadatta
Formation

Bungil Formation Griman Creek Formation

(Eromanga Basin) (Eromanga Basin) (Eromanga Basin) (Eromanga Basin) (Eromanga Basin) (Eromanga Basin) (Surat Basin) (Surat Basin)

Aptian-Albian Albian Albian Albian-Cenomanian Aptian–Albian Albian Aptian Albian

Ophthalmosauridae15,16,17,18,24 Ophthalmosauride15,16,17,18,32,39,40 Ophthalmosauridae15,16,17,18,33,40 Polycotylidae5,6,16 Ophthalmosauridae11,16,37,40 Elasmosauridae8,37,40 Pliosauroidea15,16,40 Pliosauroidea16,33

Elasmosauridae5,6,15,16,33,35,41 Elasmosauridae5,6,7,15,16,26,33,35,39 Elasmosauridae5,6,15,16,33,40 Elasmosauridae5,6,9,11,33,37,40

Pliosauridae1,2,5,6,15,16,33,35,41 Pliosauridae25,6,15,16,33,35,40 Chelonioidea?16,33 Rhomaleosauridae30,33,37,40

?Polycotylidae5,6,16,38 Polycotylidae26,33,35,40 Pliosauridae11,37,40

Chelonioidea13,15,16,33 Cryptoclididae/
Cimoliasuaurida?34,40

Coastal-offshore shallow
marine12,23

Restricted shallow
marine12,19,31/offshore19

Shallow marine19/paralic12,31 Marginal
marine19/paralic12,19

Coastal-offshore9/shallow
marine19,27

Low energy shallow
marine19,27

Paralic/freshwater-brackish
marine14

Fluviatile coastal plain25

Darwin Formation Barrow Group Birdrong Sandstone Alinga Formation Gearle Siltstone Miria Formation Molecap Greensand Wonthaggi Formation Eumarella
Formation

(Money Shoals Platform) (Carnarvon Basin) (Carnarvon Basin) (Carnarvon Basin) (Carnarvon Basin) (Carnarvon Basin) (Perth Basin) (Strzeleki Ranges) (Otway Ranges)

Aptian/Albian Berriasian Hauterivian-Barremian Albian-Cenomanian Cenomanian Maastrichtian Cenomanian-Turonian Aptian Albian

Ophthalmosauridae3,16,17,18,20,40 Rhomaleosauridae34,40 Ophthalmosauridae16,33,36 Ophthalmosauridae36 Pliosauroidea34 Mosasauridae33,34 Ophthalmosauridae3,16,32,36 Pliosauroidea29 Pliosauroidea16,29,35

Elasmosauridae 15,21,35,40 Rhomaleosauridae30,33,34,35,40 Elasmosauridae33,34

Rhomaleosauridae35,40 Pliosauroidea? 34

Mosasauridae 4,16,33

Shallow near-shore
marine32/paralic12/possibly
tidal20

Fluviatile-delataic22 Coastal near-shore shallow
marine22/paralic10

Near-shore shallow
marine22

Offshore marine 22 Low energy marine
shelf22

Shallow marine34 Fluviatile, braided
meandering rivers29

Fluviatile, braided
rivers29

1Etheridge (1904). 2Longman (1924). 3Teichert and Matheson (1944). 4Lundelius and Warne (1960). 5Persson (1960. 6Pearson 1963. 7Pearson 1982). 8Freytag (1964). 9Ludbrook (1966).. 10Condon (1968). 11Pledge (1980). 12Smart and Senior (1980).
13Gaffney (1981). 14Day et al. (1983). 15Molnar (1982b. 16Molnar 1991). 17Wade (1984. 18Wade 1990). 19Moore and Pitt (1985). 20Murray (1985,. 21Murray 1987). 22Hocking et al. (1987). 23Burger (1988). 24Bardet (1992). 25Dettmann et al. (1992). 26Thulborn
and Turner (1993). 27Krieg and Rodgers (1995). 28McLoughlin et al. (1995). 29Vickers-Rich (1996). 30Cruickshank and Long (1997). 31McConachie et al. (1997). 32Henderson (1998). 33Long (1998). 34Long and Cruickshank (1998). 35Cruickshank et al. (1999).
36Choo (1999). 37Alley and Pledge (2000). 38Sato and Storrs (2000). 39Kear (2001. 402002a. 41Kear 2002c).
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Albian (C. hughsii Subzone–C. striatus Subzone sensu
Dettmann and Playford, 1969; Wagstaff and McEwen
Mason, 1989) braided stream and overbank floodplain
deposits of the Wonthaggi and Eumeralla formations in
Victoria (Fig. 1). These units have produced a handful of
plesiosaur remains (mainly isolated teeth) that represent
animals living near to or within the Cretaceous southern
polar circle and evidently adapted to at least seasonal
occupation of inland freshwater environments (Rich and
Rich, 1989; Rich, 1996; Vickers-Rich, 1996).

Largely isolated ichthyosaur and plesiosaur elements
have been recovered from the shallow marine, conti-
nental margin deposits of the Darwin Formation
at Casuarina Beach, Fannie Bay and Nightcliff near
Darwin in the Northern Territory (Fig. 1). This unit is
typically characterised by glauconitic sandstones and
radiolarian mudstones with localised nodular phospho-
rite horizons (Henderson, 1998). The Darwin Formation
has historically been considered Albian in age on the
basis of its macroinvertebrate (Day, 1969; Skwarko,
1966, 1968; Henderson, 1990) fauna; however, palyno-
logical (Burger, 1978) and recent stratigraphic analyses
(Henderson, 1998) suggest an alternative Late Aptian
(D. davidii Zone) age.

Western Australian Cretaceous deposits producing
marine reptile remains (Fig. 1) include the predomi-
nantly Neocomian (Long and Cruickshank, 1998 gave a
Berriasian age for their specimen locality, which corre-
sponds to the lower Biretisporites eneabbensis Zone/
Cicatricosporites australiensis Zone of Helby et al., 1987)
fluviatile-deltaic sediments of the Barrow Group near
Exmouth, various Upper Hauterivian–Barremian (M.
australis Zone, Helby et al., 1987; McLoughlin et al.,
1995) outcrops of the marine Birdrong Sandstone, shal-
low marine sediments of the upper Alinga Formation
and upper Gearle Siltstone in the Murchison River area
(regarded as Upper Albian–Cenomanian in age on the
basis of selachian faunas; Siverson, 1999), exposures
of the Molecap Greensand near the townships of
Dandaragan and Gingin (originally considered Upper
Coniacian–Lower Santonian in age sensu McWae et al.,
1958, and Belford, 1958, but now regarded as predomi-
nantly Cenomanian–Lower Turonian; Shafik, 1990),
and Upper Maastrichtian (suggested primarily on the
basis of ammonite assemblages’ Henderson and
McNamara, 1985) shallow marine deposits of the Miria
Formation in the Giralia Range. The Lower Cretaceous
units have yielded mainly isolated elements of plesio-
saurs and ichthyosaurs; however, several fragmentary
skeletons have been recovered from the shallow marine–
paralic, predominantly glauconitic Birdrong Sandstone
near Exmouth. The Upper Cretaceous shallow marine,
shelf calcarenite deposits of the Miria Formation and
glauconitic sandstones of the upper Molecap Greensand
are significant because they have produced Australia’s
only known mosasaur remains.

4. Systematic survey of Australian marine reptile taxa

Subclass: Diapsida Osborn, 1903
Superorder: Ichthyopterygia Owen, 1840
Order: Ichthyosauria Blainville de, 1835

Remarks. Ichthyosaur fossils are regularly encoun-
tered in the Lower Cretaceous, largely Aptian–Albian,
rocks of the Eromanga Basin, with rare occurrences also
known from the Carnarvon Basin and Money Shoals
Platform. Their remains are particularly common in
the Upper Albian deposits of the Toolebuc Formation
(Eromanga Basin) where they far outnumber those
of plesiosaurs and chelonioids. In the predominantly
Aptian strata (Bulldog Shale/Wallumbilla Formation) of
the southwestern Eromanga Basin, however, ichthyo-
saurs form a less significant component of the fauna,
which is otherwise dominated by a diverse range of
plesiosaur taxa.

Few remains of Australian ichthyosaurs are known
from the Upper Cretaceous and these are all of poor
quality. Teichert and Matheson (1944) reported several
fragmentary vertebrae and other elements from the
lower Molecap Greensand of Dandaragan in Western
Australia, suggesting that the material may be of Low
Santonian age. Choo (1999), however, noted that the
specimens were recovered from an exploratory sample
for a commercial mining operation and thus their
original stratigraphic disposition is unclear. In addition,
recent biostratigraphic revision of the Molecap
Greensand has suggested a much older, probably
Cenomanian–Low Turonian (Shafik, 1990) age for the
deposit. The youngest undisputed occurrence of ichthyo-
saurs from Australia (and only other Upper Cretaceous
occurrence for the group) therefore is based on a single
phalanx and centrum from the Upper Albian–
Cenomanian upper Alinga Formation of the Murchison
River area, Western Australia (Choo, 1999).

Several Australian Cretaceous ichthyosaur species
have been named although most have proved to be
indeterminate. These problematic taxa are included with
potentially valid species in Table 3. A chronostrati-
graphically organised list of Australian ichthyosaur (and
other Mesozoic reptile) occurrences was presented by
Molnar (1991), and Cretaceous finds have been reviewed
by McGowan (1972), Wade (1990), Bardet (1992), Choo
(1999) and Kear (2002a).

Family: Ophthalmosauridae Baur, 1887 (sensu
McGowan and Motani, 2003)

Genus Platypterygius von Huene, 1922

Type species. Platypterygius platydactylus (Broili,
1907), p. 160, pls. 12, 13, by subsequent designation of
Huene von, 1922, p. 99.

Diagnosis. Characters follow Maisch and Matzke
(2000) unless cited otherwise. Large-bodied ichthyosaur
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Table 3
A list of Australian Cretaceous ichthyosaur taxa, their synonyms and current status (bold).

Taxon Holotype Material Locality Horizon Synonyms and status

Ichthyosaurus australis (McCoy,
1867) (nomen dubium)

lost
(numbered
48)

several
vertebral
centra

Flinders River region,
Queensland

Aptian
or
Albian

Myopterygius australis (Teichert and Matheson, 1944), Platypterygius australis
(McGowan, 1972; McGowan and Motani, 2003), P. longmani (Wade, 1990)

Ichthyosaurus marathonensis
(Etheridge, 1888) (nomen
dubium)

QM
F1448

snout
fragment

Walker’s Table Mountain, near
the Flinders River, Queensland

Upper
Albian

I. australis (Jack and Etheridge, 1892), Myopterygius marathonensis (Huene von,
1922), Platypterygius australis (McGowan, 1972), P. longmani (Wade, 1990)

Platypterygius longmani Wade,
1990

QM
F2453

partial
skeleton

Telemon Lease, Dunluce Station
near Hughenden, Queensland

Upper
Albian

currently valid, Platypterygius australis (McGowan and Motani, 2003)
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up to 9 m in length. Skull low-crowned with long snout,
small orbit and long postorbital region. Maxilla ex-
tremely long anteriorly. Dentition robust with roots of
teeth quadrangular in cross-section. External naris
subdivided; septomaxilla well ossified. Squamosal lost.
Condylus occipitalis semi-hemispherical with area
extracondylaris extremely reduced. Stapes large with
rounded head (Motani, 1999). Atlas-axis co-ossified
with third cervical vertebra; intercentra not differen-
tiated. Humerus with very strong trochanter dorsalis
and two or three distal facets. Anterior and posterior
accessory digits of forefin well developed (two or three
preaxial accessory digits, at least two postaxial accessory
digits; Motani, 1999) with all podial elements very thick,
forming a close-fitting polygonal mosaic pattern. Pelvic
girdle and hind limb poorly known but apparently
reduced. Caudal peduncle short.

Remarks. Platypterygius is currently regarded as the
most widespread valid genus of Cretaceous ichthyosaur
(McGowan, 1972; Bardet, 1992; Arkhangelsky, 1998;
Maisch and Matzke, 2000; Storrs et al., 2000; McGowan
and Motani, 2003) and the taxon to which most if not
all of the Australian Cretaceous ichthyosaur material
can be assigned. Specimens definitively attributable to
Platypterygius have been recorded from the Upper
Hauterivian–Barremian Birdrong Sandstone of Western
Australia (McLoughlin et al., 1995; Choo, 1999),
Aptian–Lower Albian Bulldog Shale of South Australia
(Pledge, 1980; Alley and Pledge, 2000), Aptian or
Albian deposits of the Darwin Formation, Northern
Territory (Murray, 1987; Wade, 1990; Kear, 2002a) and
mid–Upper Albian Toolebuc Formation and Allaru
Mudstone of Queensland (McGowan, 1972; Wade,
1984, 1990; Kear, 2002b). Non-diagnostic fragmentary
or isolated ichthyosaur remains also probably attribu-
table to Platypterygius have been described from the
Aptian–Albian Wallumbilla Formation, New South
Wales (Etheridge, 1904), Albian–Cenomanian Alinga
Formation (Choo, 1999) and Cenomanian–Turonian
Molecap Greensand (Teichert and Matheson, 1944;
McGowan, 1972; Wade, 1990; Long, 1998) both of
Western Australia.

Platypterygius longmani Wade, 1990, figs. 2, 3A–C.

1867 Ichthyosaurus australis McCoy, p. 355 (nomen
dubium).

1888 Ichthyosaurus marathonensis Etheridge, p. 408,
pl. 7, figs 1–3 (nomen dubium).

1922 Myopterygius marathonensis von Huene, p. 98
(nomen dubium).

1944 Myopterygius australis Teichert and Matheson,
p. 169 (nomen dubium).

1972 Platypterygius australis McGowan, p. 17, pl.
4A–E (nomen dubium?).

Holotype. QM F2453, a partial skeleton comprising
the skull (Fig. 2 A), proximal forefin elements, pectoral
girdle and most of the vertebral column.

Type locality. Telemon Lease, Dunluce Station, near
Hughenden in central northern Queensland, Australia
(see Wade, 1990).

Stratigraphic horizon. Toolebuc Formation (Rolling
Downs Group), Eromanga Basin, latest mid to Upper
Albian P. ludbrookiae Zone/upper C. paradoxa–P. pan-
nosus Zone (Moore et al., 1986; McMinn and Burger,
1986). Remains assigned to P. longmani have also
been recovered from the overlying Allaru Mudstone,
mid–Upper Albian P. ludbrookiae Zone/upper C.
paradoxa–P. pannosus/C. denticulata zones (Krieg and
Rodgers, 1995).

Diagnosis. The following diagnosis is modified from
Wade (1990). With the features of the genus. External
naris subdivided with well-developed anterior foramen
and one or more foramina present (in nasal) posterodor-
sal to external bony nasal opening. Humerus (Fig. 2B,
C) bearing tapering crest-like dorsal trochanter (Choo,
1999) and three distinct distal facets for articulation with
the ulna, radius and an anterior zeugopodial element.
Three preaxial accessory digits and three postaxial ac-
cessory digits present in forefin with digital bifurcation
occurring in the primary axis (digit IV, Fig. 2D). Neural
spines of at least neck and anterior trunk vertebra
divided into anterior and posterior peaks by an asym-
metric V-shaped apical notch. Caudal centra from tail
stock region may bear weakly developed haemal arch
facets (Kear, 2002a).

Remarks. Platypterygius longmani was originally
established by Wade (1990) with the intent of stabilising
the nomenclature for ichthyosaur taxa from the Aptian–
Albian deposits of the Eromanga Basin. Initially,
McCoy (1867) had attributed material from this region
to Ichthyosaurus australis, a species described on the
basis of several vertebral centra from an unspecified unit
of the Rolling Downs Group in the Flinders River area
of northern Queensland. Etheridge (1888) established a
second taxon, I. marathonensis, based on a snout frag-
ment from Walker’s Table Mountain near the head of
the Flinders River (Rolling Downs Group). von Huene
(1922) suggested reassignment of I. marathonensis to the
genus Myopterygius, a conclusion also followed by
Teichert and Matheson (1944) for I. australis.
McGowan (1972) regarded I. marathonensis as a junior
synonym of I. australis, and consequently placed all
Australian Cretaceous ichthyosaur remains within the
single taxon, Platypterygius australis. Wade (1990), how-
ever, noted that the type of P. australis (McCoy’s
‘specimen 48’, probably associated with MV P12989,
MV P12992, MV P22653–P22654, and MV P22656–
P22661 collected from the type locality) was both
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non-diagnostic and currently lost, and therefore pro-
posed the creation of P. longmani (holotype QM F2453).
Interestingly, McGowan and Motani (2003) have
recently suggested that the description by McCoy (1867)
satisfied Articles 11 and 12 of the ICZN, and therefore
his name I. australis could not be invalidated in the
manner employed by Wade (1990). Consequently, they
reinstated Platypterygius australis (sensu McGowan,
1972) as a valid taxon and relegated P. longmani to a
junior synonym.

Other remains attributable to P. longmani have been
recorded from Aptian–Lower Albian deposits of the
Bulldog Shale in South Australia (Pledge, 1980; Molnar,
1982a, 1991; Wade, 1990; Bardet, 1992) and Aptian or
Albian Darwin Formation sediments in the Northern
Territory (Murray, 1985, 1987; Wade, 1990; Kear,
2002a). Choo (1999) suggested that ichthyosaur material
from the Upper Hauterivian–Barremian Birdrong Sand-
stone of Western Australia may constitute a separate
taxon; however, the remains are too fragmentary for
definitive diagnosis.

Superorder: Sauropterygia Owen, 1860
Order: Plesiosauria Blainville de, 1835

Remarks. Plesiosaur remains are widespread in the
Cretaceous deposits of Australia, with finds occurring in
sediments of Berriasian to Cenomanian–Turonian age.
The most diverse assemblages are encountered in the
Lower Cretaceous, predominantly Aptian rocks of the
Bulldog Shale (Eromanga Basin) in South Australia,
where as many as four families (Rhomaleosauridae,
Pliosauridae, Elasmosauridae and possibly Cryptoclidi-
dae or Cimoliasauridae sensu O’Keefe, 2001) may be
present. A wide variety of taxa have also been recorded
from the Lower Aptian–Upper Albian Wallumbilla For-
mation and Upper Albian Toolebuc Formation of the
Eromanga Basin in Queensland. Interestingly, these
units appear to preserve quite different faunas with
plesiosaurs dominating the older Wallumbilla For-
mation sediments, but giving way to chelonioid turtles
and a marked increase in the number of ichthyosaur
fossils in the younger Toolebuc Formation.

Fig. 2. Platypterygius longmani Wade, 1990 from the Lower Cretaceous (Aptian–Albian) deposits of Australia. A, skull and mandible of holotype
specimen QM F2453 (after Wade, 1990); scale bar represents 300 mm. B, dorsal and C, ventral views of humerus AM F107444; scale bar represents
50 mm. D, articulated distal forefin (QM F10686) showing digital bifurcation in the primary, axis digit IV (after Molnar, 1991); scale bar represents
300 mm.
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Largely fragmentary plesiosaur specimens have been
recovered from other Lower Cretaceous units in the
Eromanga Basin as well as the Carnarvon Basin, Money
Shoals Platform and freshwater facies of the Surat
Basin, Gippsland Basin and Otway Basin. In contrast
Upper Cretaceous plesiosaur fossils are limited to the
deposits of the Carnarvon and Perth basins in Western
Australia, with isolated occurrences in the northern
Eromanga Basin of Queensland. Of these, the Perth
Basin’s Molecap Greensand has been most productive,
yielding a number of fragmentary vertebrae and other
skeletal elements (Long and Cruickshank, 1998).

Several Australian Cretaceous plesiosaur genera and
species have been named, although often on the basis of
very poor holotype material. Consequently, most of
these taxa are now regarded as indeterminate with only
two being potentially valid (Table 4). Diagnostic speci-
mens representing new taxa have been recovered from
the Bulldog Shale, South Australia (Cruickshank et al.,
1999; Alley and Pledge, 2000) and Toolebuc For-
mation of Queensland (Thulborn and Turner, 1993;
Cruickshank et al., 1999), but as yet these remains have
not been formally described. Reviews of Australian
plesiosaur discoveries have been presented by Persson
(1960, 1963), Molnar (1982a, 1991), Thulborn and
Turner (1993), Long (1998), Long and Cruickshank
(1998), Cruickshank et al. (1999) and Kear (2002a).

Superfamily: Plesiosauroidea Welles, 1943
Family: Elasmosauridae Cope, 1869a

Elasmosauridae gen. et sp. indet.

1867 Plesiosaurus sutherlandi McCoy, p. 356 (nomen
dubium).

1904 Cimoliasaurus sutherlandi, p. 312 (nomen
dubium).

1914 Pliosaurus sutherlandi Chapman, p. 278 (nomen
dubium).

Referred material. NMV P22572, single cervical
vertebra.

Referred material locality. Unknown locality (poss-
ibly Marathon Station; see Persson, 1960), upper
Flinders River region, northern Queensland, Australia.

Stratigraphic horizon. Exact stratigraphic horizon is
uncertain due to absence of detailed locality data.

Remarks. Plesiosaurus sutherlandi has the distinction
(along with P. macrospondylus) of being Australia’s
earliest described plesiosaur taxon. Established by
McCoy (1867) on the basis of an isolated vertebra, the
species has undergone numerous revisions over the
years. Initially evaluated by Jack and Etheridge (1892)
and later by Etheridge (1904), P. sutherlandi was
re-assigned to the genus Cimoliasaurus Leidy, 1851 by
Etheridge (1904) on the basis of its platycoelous centrum
with strongly ellipsoidal articular surfaces. A subsequent

review by Chapman (1914) referred P. sutherlandi to the
genus Pliosaurus Owen, 1841 a conclusion also followed
by Howchin (1928). Persson (1960) briefly re-described
the holotype specimen, concluding that it was in-
adequate for generic or specific determination, and thus
attributable only to Cimoliasauridae? gen. et sp. indet.
This classification has been widely accepted by many
subsequent workers including Molnar (1982b) and
Thulborn and Turner (1993). Welles (1962), however,
noted that the holotype of P. sutherlandi showed some
similarity to the posterior cervicals of elasmosaurids
and therefore proposed a tentative referral of the speci-
men to Elasmosauridae gen. et sp. indet., a conclusion
followed herein.

Elasmosauridae gen. et sp. indet.
1867 Plesiosaurus macrospondylus McCoy, p. 356

(nomen dubium).
1914 Pliosaurus macrospondylus Chapman, p. 278

(nomen dubium).

Referred material. NMV P22548, two associated
cervical vertebra.

Referred material locality. Unknown locality (poss-
ibly Marathon Station; see Persson 1960), upper
Flinders River region, northern Queensland, Australia.

Stratigraphic horizon. Exact stratigraphic horizon is
uncertain due to absence of detailed locality data.

Remarks. McCoy (1867) established Plesiosaurus
macrospondylus, along with P. sutherlandi, in a brief
report on marine reptile fossils from Cretaceous strata
of the Flinders River region, Queensland. Chapman
(1914) referred the taxon to the genus Pliosaurus Owen,
1841, although Persson (1960) subsequently transferred
it to Elasmosauridae gen. et sp. indet. on the basis of
centrum proportions and the presence of lateral longi-
tudinal ridges on the centrum body. This classification
has been widely accepted by many recent workers (e.g.
Molnar, 1982b; Thulborn and Turner, 1993) and is also
followed herein.

Elasmosauridae gen. et sp. indet.
1904 Cimoliasaurus maccoyi Etheridge, p. 312, pls.

42–44 (nomen dubium).

Referred material. AM F9630–9928, partial vertebral
column, parts of limb girdles, limb elements (Fig. 3
C, D).

Referred material locality. Unspecified mine locality,
White Cliffs opal fields, near Wilcannia, northwestern
New South Wales, Australia.

Stratigraphic horizon. Doncaster Member, Wallum-
billa Formation (Rolling Downs Group), Eromanga
Basin. This unit is represented by predominantly Aptian
rocks in the White Cliffs area (see Burton and Mason,
1998) and corresponds to the C. hughesii–lowermost
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Table 4
A list of Australian Cretaceous plesiosaur taxa, their synonyms and current status (bold).

Taxon Holotype Material Locality Horizon Synonyms and status

Plesiosaurus sutherlandi
(McCoy, 1867) (nomen
dubium)

NMV2572 anterior cervical centrum ?Marathon Station,
Queensland

?Albian Cimoliasaurus sutherlandi (Etheridge, 1904), Pliosaurus sutherlandi
Chapman, 1914),?Elasmosauridae indet. (Welles, 1962; this study),
Cimoliasauridae (sensu Persson, 1963) indet. (Molnar, 1982a)

Plesiosaurus macrospondylus
(McCoy, 1867) (nomen
dubium)

NMV P22548 2 cervical centra ?Marathon Station,
Queensland

?Albian Pliosaurus macrospondylus (Chapman, 1914), Elasmosauridae indet.
(Persson, 1960)

Cimoliasaurus leucoscopelus
Etheridge, 1897 (nomen
dubium)

AM
F6266-AM
F6298

vertebrae, teeth, limb
bones

White Cliffs, New South
Wales

Aptian ?Dolichorhynchops sp. (Persson, 1960; Welles, 1962; Sato and
Storrs, 2000), ?Trinacromerum leucoscopelus (Molnar,
1982a),?Polycotylidae indet (this study)

Cimoliasaurus maccoyi
Etheridge, 1904 (nomen
dubium)

AM
F9630-AM
F9928

vertebrae, tooth, limb
elements

White Cliffs, New South
Wales

Aptian Plesiosauroidea indet. (Welles, 1962), ?Elasmosauridae indet. (Kear,
2002c)

Kronosaurus queenslandicus
Longman, 1924

QM F1609 symphyseal region of
mandibles

Hughenden–Richmond
region, Queensland

Aptian–Albian currently valid

Woolungasaurus
glendowerensis Persson, 1960
(nomen dubium)

QM F6890 vertebrae, limb girdles,
limb elements

Glendower Station near
Richmond, Queensland

Aptian Elasmosauridae indet. (Welles, 1962)

Leptocleidus clemai
Cruickshank and Long, 1997

WAM
92.8.1-1-68

fragmentary skeleton near Kalbarri, Western
Australia

Upper
Hauterivian–
Barremian

currently valid
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C. striatus Zone/O. opercilata-D. davidii Zone of Helby
et al. (1987).

Remarks. Cimoliasaurus maccoyi was established by
Etheridge (1904) and later revised by Persson (1960)
who included it within the plesiosauroid family Cimolia-
sauridae Delair, 1959. Welles (1962), however, regarded
C. maccoyi to be a nomen dubium based on non-
diagnostic material. Consequently, he abandoned Cimo-
liasauridae and re-assigned all of its constituent taxa to
other groups. Despite this, Persson (1963) retained both
C. maccoyi and Cimoliasauridae (with an emended
diagnosis) within a revised classification of the Plesio-
sauria, a scheme that has been followed in some later
studies (e.g. Molnar, 1982a,b, 1991; Thulborn and
Turner, 1993; Long, 1998). Recent re-assessment of the
C. maccoyi holotype specimen by Kear (2002c) found
the diagnostic characters of Persson (1960) to be either
uninformative beyond higher taxonomic levels, ontoge-
netically related or misinterpreted and suggested an
alternative provisional referral of the remains to Elas-
mosauridae gen. et sp. indet. (based on the derived
elongation of the more anterior cervical centra relative
to their height and the presence of platycoelous articular
surfaces). This placement is more in accordance with
recent analyses of plesiosaur in-group relationships (e.g.
Brown, 1993; Brown and Cruickshank, 1994; Carpenter,
1996, 1997; Bardet et al., 1999; Storrs, 1999), which have
largely excluded Cimoliasauridae (sensu Persson, 1960)

leaving the group’s taxonomic status in doubt (Storrs,
1999; Kear, 2002c). Indeed, the genus Cimoliasaurus has
come to be regarded as a non-diagnosable ‘waste-basket
taxon’ (Williston, 1903; Storrs et al., 2000). Despite this,
the most current comprehensive cladistic analysis and
taxonomic revision of the Plesiosauria (O’Keefe, 2001)
has revived the family designation but modified it to
include the enigmatic Kimmerosaurus Brown, 1981 and
Morturneria Chatterjee and Small, 1989, taxa previously
regarded as either derived cryptoclidids (see Brown,
1981, 1993; Chatterjee and Small, 1989; Cruickshank
and Fordyce, 1998, 2002) or elasmosaurids (morturneria
only see Bardet et al., 1991). The relationships of this
clade to many of the more ‘traditional’ cimoliasaurids
such as C. maccoyi, however, remains unclear and
requires both further material and considerable
additional study before any definitive taxonomic affinity
can be established.

Elasmosauridae gen. et sp. indet.
1960 Woolungasaurus glendowerensis Persson, p. 11,

pl. 1, figs. 3, 4, pls. 2, 3 (nomen dubium).

Referred material. QM F6890, partial vertebral col-
umn, fragmentary pectoral and pelvic girdles, partial
fore and hind limbs (Fig. 3B).

Referred material locality. Glendower Station, near
Prairie in central northern Queensland, Australia.

Fig. 3. Indeterminate elasmosaurid remains from Lower Cretaceous (Aptian–Albian) deposits of Australia. A, elasmosaurid skull and mandible (QM
F11050) attributed to Woolungasaurus glendowerensis Persson, 1960 (nomen dubium) by Persson (1982) (after Thulborn and Turner, 1993); scale bar
represents 100 mm. B, propodial of holotype specimen (QM F6890) of Woolungasaurus glendowerensis (nomen dubium) (after Molnar, 1991); scale
bar represents 100 mm. C, anterior and lateral views of anterior cervical vertebra (AM F9644) of holotype specimen (AM F9630-9928) of
Cimoliasaurus maccoyi Etheridge, 1904 (nomen dubium); scale bars represents 40 mm. D, incomplete propodial (AM F9667) of holotype specimen
(AM F9630-9228) of Cimoliasaurus maccoyi Etheridge, 1904 (nomen dubium); scale bar represents 40 mm.
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Stratigraphic horizon. Doncaster Member, Wallum-
billa Formation (Rolling Downs Group), Eromanga
Basin. This unit is represented by predominantly Aptian
rocks in the northeastern Eromanga Basin (see Day,
1969) and corresponds to the C. hughesii–lowermost
C. striatus Zone/O. opercilata-D. davidii Zone of Helby
et al., (1987).

Remarks. Woolungasaurus glendowerensis is the only
formally named Australian elasmosaurid that has been
described in any detail. Persson (1960) distinguished the
taxon primarily on the basis of its cervical vertebra
morphology (including the presence of elongate anterior
cervical centra with well-developed lateral longitudinal
ridges on the centrum body), structure of the scapula,
lack of separation between the posterior margins of the
coracoids and the presence of a prominent mid-ventral
keel along the inter-coracoid contact. Welles (1962),
however, regarded these characters as non-diagnostic
and suggested that the holotype specimen was too
incomplete for accurate determination. Consequently he
designated W. glendowerensis a nomen dubium and
relegated all of its referred material to Elasmosauridae
gen. et sp. indet. Despite this, W. glendowerensis has
continued to be recognised in the literature (e.g. Persson,
1963, 1982; Molnar, 1982a,b, 1991; Murray, 1987; Long,
1998; Long and Cruickshank, 1998; Cruickshank et al.,
1999) with additional specimens (mostly fragmentary
and isolated remains) being attributed from deposits of
the Upper Albian Toolebuc Formation (Persson, 1982),
Queensland, the Aptian–Lower Albian Bulldog Shale
(Pledge, 1980) and Upper Albian Oodnadatta For-
mation (Persson, 1960; Freytag, 1964; Ludbrook, 1966)
of South Australia. Of these, probably the most signifi-
cant is a near complete although badly crushed skull
(QM F11050; see Fig. 3A) from the Toolebuc For-
mation deposits of Yamborra Creek, near Maxwelton
(between Julia Creek and Richmond; see Fig. 1) in
central Queensland. Persson (1982) tentatively assigned
this specimen to W. glendowerensis on the basis of
similarities in the associated cervical centra; however, a
subsequent re-examination by Thulborn and Turner
(1993) demonstrated that there was no sound taxonomic
basis for this placement. Consequently they listed the
specimen (pending a more thorough description and
reappraisal) as a possible new unnamed genus and
species of elasmosaurid closely resembling Libonectes
morgani (Welles, 1949) from the Turonian (Upper
Cretaceous) Britton Formation of Texas, USA (see
Carpenter, 1997).

Other largely fragmentary Australian Cretaceous
elasmosaurid remains have been recorded from the
Aptian–Lower Albian Bulldog Shale of South Australia
(Cruickshank et al., 1999), Aptian or Albian Darwin
Formation of the Northern Territory (Murray, 1987;
Kear, 2002a), Upper Albian Toolebuc Formation of

Queensland (Kear, 2001) and Cenomanian–Turonian
Molecap Greensand (Long and Cruickshank, 1998) of
Western Australia. Most of this material lacks any clear
affinities; however, Long and Cruickshank (1998) sug-
gested that an isolated dorsal vertebra from the Molecap
Greensand showed some resemblance to those of Maui-
saurus haasti Hector, 1874, a Late Cretaceous elasmo-
saurid from New Zealand. Kear (2001) also noted
similarities in the structure of the basioccipital between
a fragmentary elasmosaurid from the Toolebuc For-
mation and the Late Cretaceous taxon L. morgani.

To date, elasmosaurids have been considered the only
long-necked plesiosauroid family known from Australia.
However, Cruickshank et al. (1999) and Kear (2002a)
indicated the possible presence of cryptoclidids in the
Aptian Bulldog Shale deposits of South Australia. This
identification has recently been re-evaluated following
observations of a partial skeleton from the opal-bearing
sediments of Andamooka South Australia (Kear in
prep.), a popular account of which was given by Rich
and Rich (1985). This specimen bears highly derived
tooth morphology similar to Kimmerosaurus, a Late
Jurassic ‘cryptoclidid’ recently reassigned to a revised
cimoliasaurid clade by O’Keefe (2001). Although it has
yet to be fully described, the Andamooka skeleton is
clearly distinguishable from elasmosaurids and indicates
that a greater diversity of long-necked plesiosauroid
taxa was present in the Australian Early Cretaceous
than has been previously suspected.

Family: Polycotylidae Williston, 1908

Polycotylidae gen. et sp. indet.

1897 Cimoliasaurus leucoscopelus Etheridge, p. 24,
pls. 5–7 (nomen dubium).

1960 Dolichorhynchops? sp. Persson, p. 4.
1982a Trinacromerum? leucoscopelus Molnar p. 186

(nomen dubium).

Referred material. AM F6266–6298, fragmentary
skeleton comprising cranial elements, teeth, partial
vertebral column, rib fragments, limb elements (Fig. 4
A–D).

Referred material locality. Unspecified mine locality,
White Cliffs opal fields, near Wilcannia, northwestern
New South Wales.

Stratigraphic horizon. Doncaster Member, Wallum-
billa Formation (Rolling Downs Group), Eromanga
Basin. In the White Cliffs area, this unit is represented
by rocks of predominantly Aptian age (see Burton and
Mason, 1998) and corresponds to the C. hughesii–
lowermost C. striatus Zone/O. opercilata-D. davidii Zone
of Helby et al. (1987).

Remarks. Originally described as Cimoliasaurus leu-
coscopelus by Etheridge (1897), AM F6266–6298 was
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subsequently referred to Dolichorhynchops? sp. by
Persson (1960) on the basis of similarities in tooth and
vertebral morphology. This assignment was later modi-
fied by Molnar (1982a, 1991), who transferred Dolicho-
rhynchops? sp. to the genus Trinacromerum Cragin, 1888
(as a junior synonym sensu Welles, 1962) and reinstated
the species name T. leucoscospelus for convenience.
More recent analyses (Sato and Storrs, 2000) have
revived the use of Dolichorhynchops? sp. for the White
Cliffs material (following recognition of Dolichorhyn-
chops and Trinacromerum as separate taxa sensu
Carpenter, 1989, 1996, 1997; Storrs, 1999; Sato and
Storrs, 2000) and place it as the earliest known represen-
tative of the Polycotylidae. The specimen is, however,
extremely fragmentary and cannot be clearly allied to
any current polycotylid genus. For example, the teeth
(Fig. 4C) are slender, similar to Dolichorhynchops
osborni Williston, 1903, but exhibit prominent striae that

extend to the tip of the crown as in Polycotylus latipinnis
Cope, 1869a and species of Trinacromerum (see
Carpenter, 1996; Storrs, 1999). The vertebral centra
have a strongly constricted mid-section and bear amphi-
coelous articular surfaces whose rims are elevated and
expanded anteriorly (Fig. 4A, B). This is a condition
regarded as characteristic for all members of the family
Polycotylidae (Sato and Storrs, 2000). Similarly, the
vertebral centra are anteroposteriorly compressed with
their length, being less than half the height. This is
shared with P. latipinnis and species of Trinacromerum
but differs from D. osborni, in which the centra are only
slightly higher than long (see Carpenter, 1996; Storrs,
1999). Unusually, the quadrate (Fig. 4D) has a markedly
reduced pterygoid process (resembling that of D.
osborni; Storrs, 1999) and the neural spines on the
cervical vertebrae exhibit transversely expanded dorsal
apexes (Fig. 4A, B). This latter feature is unlike any

Fig. 4. Polycotylid remains attributed to Dolichorhynchops sp. (=Cimoliasaurus leucoscopelus Etheridge, 1897, nomen dubium) by Persson (1960)
from the Lower Cretaceous (Aptian) deposits of White Cliffs, northwestern New South Wales, Australia. Cervical vertebra (AM F6269) in A,
anterior and B, lateral views (after Etheridge, 1897); scale bars represents 20 mm. C, teeth (AM F6273); scale bar represents 10 mm. D, quadrate
(AM F6295) in posterior, lateral and anterior views; scale bar represents 10 mm.
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other member of the group and appears to represent a
unique characteristic of the White Cliffs remains. AM
F6266–6298 is, therefore, provisionally assigned to Poly-
cotylidae gen. et sp. indet. pending a more thorough
re-examination and the discovery of more diagnostic
material.

Recently, Long (1998, citing a pers. comm. from A.
Cruickshank, 1996) noted some resemblance between
the cervical vertebrae of AM F6266–6298 and those of
the Cretaceous rhomaleosaurid Leptocleidus Andrews,
1922. While this is certainly true, the vertebrae of AM
F6266–6298 differ in key features such as the trans-
versely expanded dorsal apexes on the cervical neural
spines. The morphology of the quadrate and dentition
also distinguish AM F6266–6298 from all currently
described species of Leptocleidus (for which cranial
material is known). For example, the quadrate of AM
F6266–6298 is short and stocky, with anteroposteriorly
bulbous articular condyles (see Fig. 4D), unlike that of
Leptocleidus spp., which is large and elongate with a
very wide, anteroposteriorly narrow articular surface
(best seen in an undescribed skull, AM F99374, from the
Lower Cretaceous Bulldog Shale of South Australia and
in the published description of the cranial elements in
L. superstes Andrews, 1922). Similarly, the dentition
of AM F6266–6298 lacks the mesodistal carinae present
on the teeth of Leptocleidus spp. (Cruickshank, 1997),
although the slightly recurved tooth shape and an
absence of striations from the buccal surface of the
crown are characteristics shared by both forms.

Other Australian specimens attributable to Polycoty-
lidae have been recorded from the Upper Albian Toole-
buc Formation and Upper Albian–Lower Cenomanian
Mackunda Formation of Queensland with fragmentary
polycotylid-like remains also reported from Aptian–
Lower Albian Bulldog Shale deposits near Curdimurka
in South Australia (Anonymous, 2001). Most of this
material is very incomplete with only a single skeleton
(currently under study by M. Wade of the Queensland
Museum and R. A. Thulborn of the University of
Queensland and figured by Long, 1998, p. 146) from the
Toolebuc Formation being diagnostic beyond family
level.

Superfamily: Pliosauroidea Welles, 1943 (sensu
O’Keefe, 2001)

Family: Pliosauridae Seeley, 1874
Genus Kronosaurus Longman, 1924

Type species. Kronosaurus queenslandicus Longman,
1924, p. 26, pl. 4.

Diagnosis. The following diagnosis is preliminary
pending a more thorough examination of all referred
material. Characters follow Longman (1924), White
(1935), Romer and Lewis (1959), Hampe (1992) and
O’Keefe (2001). Large-bodied pliosaurid up to and

probably in excess of 9 m. Snout and mandibular ros-
trum both long and narrow. Anterior interpterygoid
vacuity absent; ectopterygoid and pterygoid form lateral
flanges that meet in a short dished, mid-line contact
ventrolateral to the posterior pterygoid vacuity. Pre-
maxilla bears four large caniniform teeth. Mandibular
symphysis elongate and extending back to sixth tooth
position. Teeth conical and coarsely striated without
distinct carinae. Twelve cervical vertebrae with single-
headed cervical ribs.

Remarks. Kronosaurus is currently the only valid
Australian Cretaceous pliosaurid genus and one of the
largest known pliosaurids from anywhere in the world.
Longman (1924) initially allied the taxon with the Plio-
sauridae on the basis of large size, elongate mandibular
symphysis and robust, coarsely striated teeth. This as-
signment has been widely accepted by many subsequent
workers (e.g. White, 1935, 1940; Romer and Lewis,
1959, Persson, 1960, 1963; Brown, 1981; O’Keefe, 2001);
although, Welles (1962) suggested an alternative place-
ment within the polyphyletic family Dolichorhynchopi-
dae Welles, 1962, established to include various
Cretaceous pliosauromorph taxa all exhibiting an elon-
gate mandibular symphysis, single-headed cervical ribs,
and short epipodials. In contrast, Hampe (1992) pro-
posed an affinity with the Brachauchenidae Williston,
1925 (a family erected for the single taxon Brachauche-
nius lucasi Williston, 1903), and described a second
species, K. boyacensis, Hampe, 1992 from Upper Aptian
deposits of the Boyaca region in northern Colombia.
Carpenter (1996) briefly reviewed the status of Krono-
saurus, retaining it within the Brachauchenidae, but
noting a distinctive orientation of the interpterygoid
vacuity beneath the basicranium, a condition unlike that
of B. lucasi in which the interpterygoid fenestra is
situated more anteriorly. Recent cladistic analysis by
O’Keefe (2001), however, has grouped both Kronosaurus
and Brachauchenius within a revised pliosaurid clade
(also containing the genera Macroplata Swinton, 1930,
Hauffiosaurus O’Keefe, 2001, Peloneustes Lydekker
1889a, Liopleurodon Sauvage, 1873 and Pliosaurus
Owen, 1841), and recognised similarities in the structure
of the palate between Kronosaurus and the Late Jurassic
taxon Peloneustes.

Australian specimens assigned to Kronosaurus have
been recorded from the mid–Upper Albian Toolebuc
Formation (Longman, 1924, 1930, 1932, 1935; Molnar,
1982a,b, 1991) and Aptian–Albian Wallumbilla For-
mation (White, 1935; Romer and Lewis, 1959) of
Queensland. Fragmentary or isolated large pliosaurid
remains also probably attributable to Kronosaurus
have been described from the Wallumbilla Formation
deposits of New South Wales (Woodward, 1895;
Gürich, 1901; Seeley, 1898; Etheridge, 1904; Persson,
1960; Kear, 2002c) and Aptian–Lower Albian Bulldog
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Shale of South Australia (Pledge, 1980; Alley and
Pledge, 2000; Kear, 2002a).

Kronosaurus queenslandicus Longman, 1924, p. 26,
pl. 4.

Holotype. QM F1609, fragment of mandibular sym-
physis including remnants of six teeth.

Type locality. Unknown locality, Hughenden area,
northern Queensland, Australia.

Stratigraphic horizon. Exact stratigraphic horizon is
not known for the holotype specimen due to absence
of detailed locality data. Molnar (1982a,b, 1991) and
Thulborn and Turner (1991), however, suggested that
the type horizon is most likely to be the Toolebuc
Formation (Rolling Downs Group), Eromanga Basin,
latest mid to Upper Albian P. ludbrookiae Zone/upper
C. paradoxa-P. pannosus Zone (Moore et al., 1986;
McMinn and Burger, 1986). Remains attributable to K.
queenslandicus have also been recovered from the under-
lying Doncaster Member of the Wallumbilla Formation,
which corresponds to the C. hughesii–lowermost C.
striatus Zone/O. opercilata–D. davidii Zone of Helby
et al. (1987).

Diagnosis. The following preliminary diagnosis in-
cludes characters identified by Longman (1924), White
(1935), Romer and Lewis (1959), Molnar (1982a, 1991),
Carpenter (1996) and O’Keefe (2001), with the features
of the genus. Skull markedly broad and flat with large,
dorsally directed orbits (condition reported as being less
marked in specimens derived from Doncaster Member
deposits, Molnar, 1982a, 1991); interorbital region bear-

ing up to three distinct longitudinal grooves. Pterygoids
extensively underlapping basicranium and with inter-
pterygoid vacuity situated beneath rather than anterior
to the basicranium (character state is unknown in K.
boyacensis). Paroccipital process contacts quadrate
flange of pterygoid at lateral articulation only. Hyoids
robust. Posterior mandibular teeth apparently project-
ing lateral to the snout whilst maxillary teeth project
medial to the lower jaw. Zygapophyses apparently
absent from both posterior dorsal and caudal vertebrae.
Coracoid and pubis both markedly anteroposteriorly
elongate.

Remarks. Kronosaurus queenslandicus was established
by Longman (1924) on the basis of a poorly preserved
mandibular symphysis fragment probably derived from
mid–Upper Albian Toolebuc Formation deposits near
Hughenden in northern Queensland. Longman (1930,
1935) later described further material (also most likely
from the Toolebuc Formation) including fragmentary
postcranial elements and part of an unusually broad, flat
skull (Fig. 5 A, B) from the Telemon Lease of Dunluce
Station near Hughenden. White (1935) attributed
cranial remains associated with a partial skeleton (MCZ
1285, collected by the Museum of Comparative Zo-
ology, Harvard University in 1931 and later discussed
by Romer and Lewis, 1959) to K. queenslandicus from
the slightly older (Aptian–Lower Albian) Doncaster
Member (Wallumbilla Formation) sediments near the
town of Richmond, Queensland. Persson (1960, 1963)
considered both the Toolebuc Formation and Doncaster
Member specimens to represent a single valid taxon. In

Fig. 5. Skull reconstruction of Kronosaurus Longman, 1934 from Molnar (1991) based on an incomplete specimen (QM F2446) from the Lower
Cretaceous (Upper Albian) Toolebuc Formation of Queensland, Australia. Hatched areas indicate matrix; scale bar represents 300 mm.
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contrast, Welles (1962) suggested that because K.
queenslandicus was based on a poorly preserved holo-
type, it should be regarded as a nomen dubium pending
re-examination of the Harvard skeleton (MCZ 1285)
and designation of a more complete holotype specimen.
The inadequacy of the type material of Longman (1924)
was also recognised by Molnar (1982a, 1991) who
suggested that the Harvard example may not be con-
specific with the younger Toolebuc Formation remains
(described by Longman, 1924, 1930, 1935), but represent
a second species (tentatively assigned to Kronosaurus sp.
by Thulborn and Turner, 1993) characterised by a
deeper, more robust skull. As indicated by White (1935),
however, much of the skull roof of MCZ 1285 was not
preserved in the original fossil specimen and is largely
the product of plaster reconstruction. As a result, any
attempt at resolving species-level relationships must
await a thorough re-examination of the Harvard
material (figured by Long, 1998, pp. 138–141) and as-
sessment of the undescribed remains currently housed in
the Queensland Museum, Brisbane.

Family: Rhomaleosauridae Kuhn, 1961
Genus Leptocleidus Andrews, 1922

Type species. Leptocleidus superstes Andrews, 1922,
p. 296, pls. 14, 15.

Diagnosis. Characters follow Cruickshank (1997) and
Cruickshank and Long (1997) unless cited otherwise. A
small-bodied rhomaleosaurid characterised by the skull
being triangular in outline with a prominent mid-nasal
ridge that merges with the sagittal crest; sagittal crest
flanked by deep depressions which delineate protruding
orbital rims; forward-pointing expansion on the squam-
osal mid-line present at the rear of the sagittal crest.
Dorsomedian foramen present on the mid-nasal ridge of
the premaxillae. Pterygoids with expanded lateral rami.
Strongly descending flange present on the postorbital
bar. Snout bearing a rosette of procumbent teeth which
are conical and circular in section with striae and weak
carinae; tooth count reduced to 21 on each side of the
upper jaw; estimated tooth count of 35 on each side of
the mandible. Spatulate mandibular symphysis probably
with five pairs of teeth. Dorsomedially directed trough
on the articular. Weakly anteroposteriorly compressed
(spool-shaped) cervical centra with centrum lengths
consistently less than heights (O’Keefe, 2001); cervical
neural arches with large prezygapophyses oriented ap-
proximately 45( to the horizontal axis; cervical vertebra
count high consisting of as many as 20 centra not
including the atlas-axis; cervical ribs single-headed.
Interclavicle and clavicle large in comparison to the
scapula.

Remarks. Leptocleidus is currently the most widely
distributed plesiosaur genus known from Australia.
Diagnostic material has been recovered from the

Upper Hauterivian–Barremian Birdrong Sandstone
(Cruickshank and Long, 1997; Long, 1998; Cruickshank
et al., 1999) and Neocomian Barrow Group (Long and
Cruickshank, 1998) of Western Australia, Aptian–
Lower Albian Bulldog Shale of South Australia
(Cruickshank et al., 1999; Alley and Pledge, 2000; Kear,
2002a) and Aptian or Albian Darwin Formation of the
Northern Territory (Kear, 2002a). Isolated remains also
possibly attributable to Leptocleidus have been described
from Albian freshwater sediments of the Griman Creek
Formation at Lightning Ridge in New South Wales and
the Surat district of Queensland (Molnar, 1991). The
bulk of these specimens consist of isolated teeth (Smith,
1999), although some skeletal elements, including a
large propodial similar to that of Leptocleidus clemai
Cruickshank and Long, 1998 (from the Hauterivian–
Barremian Birdrong Sandstone of Western Australia),
have been discovered (Long, 1998). Fragmentary plio-
sauroid teeth and ribs closely resembling those of Lepto-
cleidus sp. have also been recorded from the freshwater
braided stream and overbank floodplain deposits of the
Wonthaggi and Eumeralla formations in Victoria (Rich
and Rich, 1989; Rich, 1996; Vickers-Rich, 1996). Inter-
estingly, these deposits were laid down in a very cold,
high-latitude environment and provide evidence of
plesiosaurs living within inland streams and rivers at the
Cretaceous South Pole.

Leptocleidus clemai Cruickshank and Long, 1997,
p. 268, figs 3–16.

Holotype. WAM 92.8.1-1-68, a partial skeleton com-
prising incomplete vertebral column, proximal forelimb/
hindlimb elements and fragments of pelvic girdle (Fig. 6
A–E).

Type locality. Murchison House Station area, near
Kalbarri on the central west coast of Western Australia
(see Cruickshank and Long, 1997).

Stratigraphic horizon. Birdrong Sandstone (Barrow
Group), Carnarvon Basin, Upper Hauterivian–
Barremian M. australis Zone (Helby et al., 1987;
McLoughlin et al., 1995).

Diagnosis. Species diagnosis from Cruickshank and
Long (1998). With the features of the genus, vertebrae
(Fig. 6E) at least 30% greater in linear dimensions and
propodials 10–15% greater in size than other species of
Leptocleidus (see measurements of Cruickshank and
Long, 1997 and Fig. 6A–C). Epipodials (Fig. 6D) wider
than long.

Remarks. Leptocleidus clemai Cruickshank and Long,
1997 is Australia’s most recently described Cretaceous
marine reptile taxon. It is based on two fragmentary
postcranial skeletons, both recovered from the Upper
Hauterivian–Barremian Birdrong Sandstone near
Kalbarri on the central western coast of Western
Australia. Cruickshank and Long (1997) distinguished
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the species somewhat tenuously on the basis of its large
size [around 3 m compared with L. superstes from the
Upper Weald Clay of Sussex, England and L. capensis
(Andrews, 1911) from the Sundays River Formation,
South Africa, both of which are estimated to have
reached around 2 m in length; see Cruickshank, 1997]
and derived epipodial morphology. No other more
diagnostic characters were provided. Recently, numer-
ous remains, including a near-complete skeleton (AM
F99374), of a second species of Leptocleidus have been
identified from Aptian Bulldog Shale deposits of South
Australia (Cruickshank and Long, 1997; Cruickshank
et al., 1999; Alley and Pledge, 2000; Kear, 2002a). Most
of this material is undescribed although Long (1998) and
Kear (2002a) have provided preliminary evaluations of
some specimens.

Order: Squamata Oppel, 1811
Infraorder: Anguimorpha Fürbringer, 1900
Family: Mosasauridae Gervais, 1853

Remarks. Mosasaurs are rare and very poorly known
in Australia. To date their remains have been recovered
only from the Upper Cretaceous deposits of the Perth
and Carnarvon basins in Western Australia. Lundelius
and Warne (1960) described an indeterminate forelimb,
including an abraded ulna and other elements, from
the Cenomanian–Lower Turonian upper Molecap
Greensand (Perth Basin) near Gingin, noting similarities
(primarily size and slender proportions of the ulna) to
the North American/European taxa Platecarpus Cope,
1869b and Clidastes Cope, 1868. This represents one of
the earliest records of the Mosasauridae. Long (1998)

Fig. 6. Elements attributed to Leptocleidus Andrews, 1922 from Lower Cretaceous (Upper Hauterivian–Aptian) deposits of Australia. A, dorsal view
of humerus (WAM 94.1.6-95) and B, femur (holotype specimen WAM 92.8.1-2) assigned to Leptocleidus clemai Cruickshank and Long, 1997 (after
Cruickshank and Long, 1991); scale bar represents 40 mm. C, dorsal view of isolated femur (SAM P35053), cast of NTM P913-5) attributed to
Leptocleidus sp. by Kear (2002a); scale bar represents 50 mm. D, dorsal view of tibia (holotype specimen WAM 92.8.1-66) assigned to Leptocleidus
clemai Cruickshank and Long, 1997 (after Cruickshank and Long, 1991); scale bar represents 20 mm. E, cervical vertebrate (WAM 92.8.1-29) of
Leptocleidus clemai Cruickshank, 1997, holotype specimen (WAM 92.8.1-1.-68) in anterior and lateral views (after Cruickshank and Long, 1991);
scale bars represents 30 mm.
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recorded three associated caudal vertebrae from the
Upper Maastrichtian Miria Formation (Carnarvon
Basin) in the Giralia Range, south of Exmouth Gulf.
These were apparently well preserved and represented a
large (around 6–8 m) mosasaurid of uncertain affinity.
Recently, the Molecap Greensand has also yielded fur-
ther mosasaur remains, including a series of articulated
vertebrae from near the township of Dandaragan (Long
1999). All of this material is currently under study by J.
Martin of the Dakota School of Mines and J. Long of
the Western Australian Museum (J. Long, pers. comm.
2002).

Subclass: indet.
Order: Testudines Linnaeus, 1758
Megaorder: Cryptodira Gray, 1825
Superfamily: Chelonioidea Agassiz, 1857

Remarks. To date, Australian Cretaceous marine
turtles have been recorded solely from deposits of the
Rolling Downs Group of Queensland. Their remains
are particularly common in the mid–Upper Albian
Toolebuc Formation where they represent one of the
most frequently preserved tetrapod fossils (Molnar,
1982a, 1991). Molnar (1982a, 1991) also reported
marine turtle material from the overlying mid–Upper
Albian Allaru Mudstone; however, this has yet to be
confirmed. Kear (2002a) speculated that the restricted
distribution of Australian Cretaceous chelonoids might
be a product of environmental factors such as low
average water temperatures. Indeed, studies of sedi-
mentary sequences (Frakes and Francis, 1988; Frakes
and Krassay, 1992; Frakes et al., 1995; Constantine et
al., 1998), climatic modelling (Barron and Washington,
1982) and isotope data (Gregory et al., 1989; Pirrie
et al., 1995) have suggested that strongly seasonal
climates with winter freezing and at least seasonal sea
ice characterised the high latitudes of Australia during
the Early Cretaceous. Such conditions may have been
unfavourable to chelonioids and provided an effective
barrier to the group’s dispersal into the Australian
region prior to the Late Albian. As an interesting note,
the distribution of sympatric ichthyosaur and plesio-
saur taxa appears to have been unaffected, and may
reflect adaptation (perhaps including elevated meta-
bolic levels, annual migration or hibernation) by these

groups to cope with highly seasonal, low-temperature
environments.

Marine turtle remains are virtually unknown from the
Upper Cretaceous of Australia. However, Molnar
(1991) reported an unusually flattened carapace impres-
sion (QM F12413) resembling that of a marine turtle
from the Cenomanian (A. distocarinatus Zone; Rodgers,
1995) fluviatile deposits of the Winton Formation, near
Winton in Queensland. As yet no work has been under-
taken on this specimen; thus, its identification has yet to
be verified.

Currently, only two Australian Cretaceous chelonioid
species have been named and both are regarded as valid
(Table 5 ). Reviews of Australian fossil marine turtles
have been presented by Gaffney (1981, 1991), Molnar
(1982a, 1991) and Long (1998).

Family: Protostegidae Cope, 1872
Genus Cratochelone Longman, 1915

Type species. Cratochelone berneyi Longman, 1915,
p. 24, pls. 12, 13, figs. 1, 2.

Diagnosis. Characters follow Longman (1915) and
Long (1998). Large-bodied protostegid turtle with plas-
tron length of around 2 m. Scapulo-precoracoid and
coracoid short and robust. Humeral head greatly ex-
panded transversely. Entoplastron laterally expanded
(into distinct wings sensu Hirayama, 1998) but poten-
tially lacking a posterior process.

Remarks. The monotypic genus Cratochelone was
established by Longman (1915) and subsequently re-
viewed by Gaffney (1981, 1991), who suggested an
affinity with the Protostegidae. This is supported by the
presence of a laterally expanded entoplastron (forming
distinct wings sensu Hirayama, 1998), which is con-
sidered a derived feature within the group (Gaffney and
Meylan, 1988; Elliott et al., 1997; Hooks, 1998).
Hirayama (1998), however, regarded lateral expansion
of the entoplastron, and its subsequent development into
a T-shaped structure, as a synapomorphy common to all
dermochelyoids (an epifamily including Dermochelydae
and Protostegidae sensu Hirayama, 1998). The possible
absence of the posterior process on the entoplastron of
Cratochelone is, therefore, significant (although it has

Table 5
A list of Australian Cretaceous chelonioid taxa, their synonyms and current status (bold).

Taxon Holotype Material Locality Horizon Synonyms and status

Cratochelone berneyi Longman, 1915 QM F550 shoulder girdle, limb
and plastron fragments

Hughenden region,
Queensland

Upper Albian currently valid

Notochelone costata (Owen, 1882) AM F67326 ant. carapace, plastron,
parts of shoulder girdle

Flinders River
region, Queensland

Upper Albian Notochelys costata (Owen,
1882), currently valid
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yet to be conclusively confirmed) and may represent a
key diagnostic feature of the taxon.

Cratochelone berneyi Longman, 1915, p. 24, pls. 12,
13, figs. 1, 2.

Holotype. QM F550, incomplete shoulder girdle and
partial forelimb, plastron fragments.

Type locality. Unknown locality, Hughenden area,
northern Queensland, Australia.

Stratigraphic horizon. Exact stratigraphic horizon is
not known for the holotype due to absence of detailed
locality data. However the specimen is generally re-
garded as being derived from the Toolebuc Formation
(Rolling Downs Group), Eromanga Basin. This unit
corresponds to the latest mid to Upper Albian P.
ludbrookiae Zone/upper C. paradoxa-P. pannosus Zone
(Moore et al., 1986; McMinn and Burger, 1986).

Diagnosis. As for genus.

Remarks. Despite the very fragmentary condition of
the holotype, Gaffney (1981) recommended retention of
C. berneyi (for the type specimen only) as a valid taxon
primarily because of its large size in comparison to all
other Australian Cretaceous chelonioid remains. This
has also been advocated by many subsequent workers
(e.g. Molnar, 1982a, 1991; Gaffney, 1991; Long, 1998)
and is followed herein pending discovery of further
material.

Genus Notochelone (Owen, 1882)

Type species. Notochelone costata (Owen, 1882),
p. 178, figs. 1, 2, by subsequent designation of Lydekker,
1889b, p. 70.

Diagnosis. Characters follow Zangerl (1960), Gaffney
(1981), Gaffney and Meylan (1988), Moody (1997) and
Hirayama (1994, 1998). Small protostegid turtle with
plastron length <1 m. Skull with nasals present and large
temporal vacuity. High lingual ridge of maxilla exposed
from lateral ridge; medial process of jugal absent.
Prefrontal-postorbital in contact and barely allowing the
frontals to reach the orbital rims. Interorbital bridge
wide. Parietal-squamosal contact absent. Foramen
caroticum laterale and canalis carotici interni not notice-
ably larger in diameter than the foramen anterius canalis
carotici interni and the medial branch of the canalis
caroticus internus; canalis caroticus lateralis small in
diameter compared to the canalis caroticus internus.
Rod-like rostrum basisphenoidale. Possibly amphicoe-
lous cervical vertebrae. Carapace with marked neural
keel; plastron with very large central and peripheroplas-
tral fontanelles, reducing the hyoplastral-hypoplastral
contact to a narrow projection; xiphiplastra much
broader than long and medially curved with a large
mid-line fontanelle. Scapular angle wide. Coracoid
longer than humerus. Lateral process of humerus

restricted to anterior portion of shaft (not visible in
ventral view) and bearing a medial concavity.

Remarks. Lydekker (1889b) erected the genus Noto-
chelone as a replacement for the preoccupied ‘Noto-
chelys’ costata established by Owen (1882). Zangerl
(1960) briefly reviewed the taxon, listing comparisons
with the dermochelyid Corsochelys Zangerl, 1960 from
the Lower Campanian of Alabama, USA. Gaffney
and Meylan (1988) later suggested a close, probable
sister-taxon relationship between Notochelone and the
Turonian genus Desmatochelys Williston, 1894, placing
both within an unnamed clade referred to as ‘D10’.
Hirayama (1994, 1997, 1998), however, reassigned Noto-
chelone to an expanded Protostegidae, recognising simi-
larities in cranial morphology and structure of the
forelimb. Despite this, others, such as Elliott et al. (1997)
and Moody (1997), have suggested that the ‘D10’ taxa of
Gaffney and Meylan (1988) should be regarded as a
distinct family Desmatochelydae Williston, 1894.

Notochelone costata (Owen, 1882).

1882 Notochelys costata Owen, p. 178, figs. 1, 2.

Holotype. AM F67326, incomplete anterior portions
of carapace (Fig. 7 A) and plastron, parts of shoulder
girdle.

Type locality. Unknown locality, Flinders River
region, northern Queensland, Australia.

Stratigraphic horizon. Exact stratigraphic horizon is
not known for the holotype; however, the specimen is
generally regarded as being derived from the Toolebuc
Formation (Rolling Downs Group), Eromanga Basin.
This unit corresponds to the latest mid to Upper Albian
P. ludbrookiae Zone/upper C. paradoxa–P. pannosus
Zone (Moore et al., 1986; McMinn and Burger, 1986).
Molnar (1982a, 1991) and Long (1998) also reported N.
costata as occurring in the overlying Allaru Mudstone,
mid–Upper Albian P. ludbrookiae Zone/upper C.
paradoxa-P. pannosus/C. denticulata zones (Krieg and
Rodgers, 1995).

Diagnosis. As for genus.

Remarks. Notochelone costata represents one of the
most common fossil tetrapods from the Upper Albian
deposits of Queensland. Despite this, most remains
attributed to the taxon are currently undescribed.
Gaffney (1981) provided a list of the then recognised
material including an incomplete anterior carapace and
plastron recorded by Owen (1882), and an associated
skull, carapace and partial plastron (QM F2249) from
the Toolebuc Formation of Julia Creek in Queensland
(see Fig. 1). Gaffney (1981) utilised both these specimens
to create a tentative restoration of the complete shell of
N. costata. This was later modified by Hirayama (1997)
and is reproduced here in Fig. 7B.
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To date, N. costata is the only small-bodied chelo-
nioid taxon known from Australia. However, Molnar
(1991) recorded the carapace and vertebrae of a possibly
distinct form from Cretaceous deposits (probably Toole-
buc Formation) near Boulia in Queensland (Fig. 1). This
material has yet to be studied but could indicate a
greater taxonomic diversity in Australian Cretaceous
marine turtles than is currently suspected.

5. Conclusions

Well-preserved marine reptile fossils are common in
the Cretaceous epicontinental and continental-margin
marine rocks of Australia. Despite this, most taxa
remain very poorly understood and few detailed palaeo-

environmental or stratigraphic studies have been under-
taken on the specific localities from which they originate.
As a result, considerable potential exists for future work
on all aspects of the Australian Cretaceous marine
reptile fauna.

To date, the vast majority of remains have been
recovered from the Aptian–Albian epicontinental mar-
ine units of the Eromanga Basin in Queensland, New
South Wales and South Australia. Fragmentary and/
or isolated specimens have also been recorded from
the Berriasian, Hauterivian–Barremian, Albian–
Cenomanian, Cenomanian–Turonian and Maastrich-
tian marine rocks of Western Australia, Aptian or
Albian continental margin sediments of the Northern
Territory and Aptian–Albian freshwater facies of New

Fig. 7. Notochelone costata (Owen, 1882) from the Lower Cretaceous (Upper Albian) deposits of Queensland, Australia. A, partial carapace of
holotype specimen (AM F67326) (after Owen, 1882); scale bar represents 100 mm. B, reconstructed carapace and plastron of Notochelone costata
(Owen, 1882) from Hirayama (1997) based upon the holotype and partial specimen QM F2249 (see text); scale bar represents 300 mm.

B.P. Kear / Cretaceous Research 24 (2003) 277–303 297



South Wales and Victoria. Interestingly, many of these
deposits represent Cretaceous high latitude-polar
environments and some (particularly the Aptian units of
the southern Eromanga Basin and coastal ranges of
Victoria) include palaeoclimatic indicators suggesting
very cold to near freezing conditions.

As currently known, the Australian Cretaceous
marine reptile fauna comprises one family of ichthyo-
saurs (Ophthalmosauridae), as many as five families of
plesiosaur (Rhomaleosauridae, Pliosauridae, Polycotyli-
dae, Elasmosauridae and possibly Cryptoclididae or
Cimoliasauridae sensu O’Keefe, 2001), one family of
chelonioid sea turtle (Protostegidae) and indeterminate
mosasaurids. Although few named species may be re-
garded as valid, the stratigraphic distribution of these
family-level taxa does provide some indication of broad
trends in local faunal composition over time. For
example (see Table 6), plesiosaurs and ichthyosaurs
dominate Lower Cretaceous deposits with plesiosaurs
showing a high taxonomic diversity (including the earli-
est known polycotylids), particularly in the Aptian.
Albian faunas see the advent of chelonioid turtles with a
corresponding reduction in plesiosaur diversity (through

the loss of rhomaleosaurids) and a marked increase in
the numbers of ichthyosaur remains. Upper Cretaceous
units have yielded only fragmentary specimens of pri-
marily plesiosaurs and mosasaurs with ichthyosaurs
limited to rocks of Cenomanian age. This distribution
compares well with that known from contemporary
deposits elsewhere, which show a similar progressive
decline in plesiosaur family-level diversity throughout
the Cretaceous and a rapid radiation of mosasaurs
following the apparent extinction of ichthyosaurs at the
Cenomanian/Turonian boundary (Bakker 1993; Bardet
1994; Massare 1997).
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