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ABSTRACT
Crocodyliform palaeontology in Australasia has a productive research record that began in the
late nineteenth century and continues today. In this study, we summarize the current understand-
ing on the taxonomic diversity and phylogenetic relationships of Australasian crocodyliforms
based on first-hand knowledge of relevant fossil material and a review of the published literature.
The currently known fossil record of Crocodyliformes in Australasia spans more than 113 million
years, from the Early Cretaceous to the Holocene, and largely consists of body fossils discovered
on continental Australia. Whilst only two crocodyliform genera are recognized from Australasia’s
Mesozoic, the Cenozoic is distinguished by a remarkable taxonomic diversity of crocodylian croco-
dyliforms. By far the most common crocodylians from Australasia are members of Mekosuchinae,
whose fossils are unambiguously known from the early Eocene until the Holocene. In addition to
mekosuchines, during the Cenozoic Australasia was also inhabited by gavialoids and species of
Crocodylus, with four extant species of the latter being the only surviving crocodylians in Australia
and New Guinea. The phylogenetic relationships of Australasia’s crocodylians, particularly mekosu-
chines, have been a topic of interest to palaeontologists for over two decades. We performed sev-
eral phylogenetic analyses to test the relationships of Mekosuchinae and other extinct
crocodylians. Most results from our analyses found Mekosuchinae as a basal crocodyloid clade
within Longirostres. However, some of the results recovered an alternative position for the major-
ity of mekosuchines outside of Longirostres and the Late Cretaceous–early Paleogene
Orientalosuchina as its deeply nested subclade. These results suggest that Mekosuchinae had its
origins in Asia during the Cretaceous, and that mekosuchines arrived from southeast Asia into
Australia no later than the late Paleocene. If this hypothesis is correct, then Mekosuchinae would
no longer be an Australasian endemic clade since mekosuchines also seem to have persisted on
continental Asia until the late Eocene.
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CROCODYLOMORPHA is a hugely successful pseudosu-
chian archosaur clade with a long fossil record spanning
more than 200 million years (Ma) from the Late Triassic
(�235Ma, Carnian) to present day (Irmis et al. 2013, Zanno
et al. 2015). Throughout their evolutionary history, crocody-
lomorphs evolved into a variety of morphotypes that allowed

them to exploit different habitats and ecological niches,
some of which are unparalleled by extant taxa (e.g., Sereno
et al. 2001, Salisbury et al. 2006, Paolillo & Linares 2007,
Kley et al. 2010, Pol & Leardi 2015, Dal Sasso et al. 2017,
Godoy et al. 2019, Melstrom & Irmis 2019, Wilberg et al.
2019). The remarkable taxonomic and morphological diver-
sity of Crocodylomorpha and its subset Crocodyliformes
reached its zenith during the Mesozoic (Godoy et al. 2019,
Wilberg et al. 2019). Today, there are fewer than 30 recog-
nized species of extant crocodyliforms – all belonging to the
eusuchian subclade Crocodylia – that inhabit the tropical
and/or sub-tropical regions of Africa, the Americas, Asia
and Australia (Grigg & Kirshner 2015). In contrast to past
diversity during the Cenozoic and especially the Mesozoic,

This article has been corrected with minor changes. These changes do not
impact the academic content of the article.
� 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis
Group.
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited. The terms on which this article has been published allow the
posting of the Accepted Manuscript in a repository by the author(s) or with their
consent.

ALCHERINGA: AN AUSTRALASIAN JOURNAL OF PALAEONTOLOGY
2023, VOL. 47, NO. 4, 370–415
https://doi.org/10.1080/03115518.2023.2201319

Published online 22 May 2023

http://crossmark.crossref.org/dialog/?doi=10.1080/03115518.2023.2201319&domain=pdf&date_stamp=2023-11-22
http://orcid.org/0000-0001-9006-219X
http://orcid.org/0000-0003-3568-2585
http://orcid.org/0000-0002-4765-0356
http://orcid.org/0000-0002-1994-797X
http://orcid.org/0000-0002-0816-6326
http://orcid.org/0000-0001-8406-4594
http://orcid.org/0000-0003-4097-8567
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/03115518.2023.2201319
https://www.gsa.org.au/
http://www.tandfonline.com


all extant crocodylians are semi-aquatic ambush predators
that range from �2m to over 6m in total length (TL).

Present-day Australasia is inhabited by four crocodylian
species that belong to the genus Crocodylus Laurenti 1768.
In Australia these are Crocodylus johnstoni (Krefft 1873) and
Crocodylus porosus Schneider 1801 (Fig. 1). Crocodylus john-
stoni (Fig. 1A) is the only extant crocodylian that is endemic
to Australia, inhabiting the northern mainland of the con-
tinent (Isberg et al. 2017). Crocodylus porosus (Fig. 1B)
inhabits a vast range in the Indo-Pacific region, including
northern Australia, India, parts of southeast Asia, New
Guinea, and Vanuatu (Webb et al. 2021). Crocodylus porosus

is also the largest living reptile and is capable of attaining a
TL of more than 6m and can weigh over a metric ton
(Grigg & Kirshner 2015). Besides C. porosus, the island of
New Guinea is also home to two endemic species of
Crocodylus, Crocodylus novaeguineae (Schmidt, 1928) and
the recently named Crocodylus halli Murray, Russo, Zorilla
& McMahan, 2019. Unlike the current diversity,
Australasia’s fossil record attests to a significantly richer
taxonomic composition of crocodyliforms from the
Mesozoic and more so from the Cenozoic (Willis 2006).
Crocodyliform fossils (predominantly body fossils, with few
ichnofossils: e.g., Willis 2006, Poropat et al. 2021) are known

Figure 1. Extant Crocodylus from Australasia. A, Crocodylus johnstoni. B, Crocodylus porosus.
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from numerous localities across Australasia, and most come
from continental Australia (Fig. 2). Thus far, there are only
two named crocodyliform genera from the Mesozoic of
Australasia, and both are from the Cretaceous of continental
Australia (Salisbury et al. 2006, Hart et al. 2019, Hart 2020,
White et al. 2022). On the other hand, the known taxo-
nomic diversity from Australasia’s Cenozoic is much greater,
with 12 formally named crocodylian genera (excluding

Crocodylus: Fig. 3). The vast majority of Australasia’s
Cenozoic crocodylians belong to the now extinct clade
Mekosuchinae, which are known from the early Eocene
(Willis et al. 1993, Salisbury & Willis 1996, Holt et al. 2005,
Buchanan 2009) to the Holocene (Balouet 1991, Mead et al.
2002). No mekosuchine crocodylians are known from con-
tinental Australia after the Late Pleistocene (Molnar 1982c,
Willis & Molnar 1997a, 1997b, Ristevski et al. 2020a),

Figure 2. Australasian fossil crocodyliform localities. (1) Busai, Muyua, Papua New Guinea (de Vis 1905, Molnar 1982a); (2) Awe Fauna, Otibanda Formation, Papua
New Guinea (Plane 1967); (3) Windjana Gorge, Western Australia (Gorter & Nicoll 1978); (4) Quanbun Local Fauna, Western Australia (Flannery 1984); (5) Bullock
Creek, Northern Territory (Willis et al. 1990, Megirian et al. 1991, Murray & Megirian 1992, Megirian 1994, Stein et al. 2017, 2020, Yates 2017); (6) Alcoota Station,
Northern Territory (Stirton 1967, Woodburne 1967, Murray & Megirian 1992, Murray et al. 1993, Megirian et al. 1996, Stein et al. 2017, Yates 2017); (7) Kangaroo Well
Local Fauna, Ulta Limestone, Northern Territory (Megirian et al. 2004); (8) Pwerte Marnte Marnte Local Fauna, Northern Territory (Murray & Megirian 2006, Yates
2017); (9) Warburton River, South Australia (Willis & Molnar 1997a); (10) Wipajiri Formation, Lake Ngapakaldi, South Australia (Stirton et al. 1961, 1967, Willis & Molnar
1991b); (11) Cooper’s Creek, South Australia (Willis & Molnar 1997a, Vickers-Rich & Rich 1999); (12) Lake Palankarinna, Etadunna Formation (Stirton et al. 1961, Willis
& Molnar 1991b), Tirari Formation, and Mampuwordu Sands, South Australia (Hecht & Archer 1977, Yates & Pledge 2017); (13) Lakes Pinpa and Tarkarooloo, Namba
Formation, South Australia (Willis & Molnar 1991b). (14) Dinosaur Cove, Otway Ranges, Eumeralla Formation, Victoria (Willis 1997b, Salisbury et al. 2003, Poropat et al.
2018, Paragnani et al. 2019); (15) Krui River Local Fauna, New South Wales (Molnar 1991); (16) Myrtle Vale, New South Wales (Thompson 1980, Willis & Molnar 1997a);
(17) Cuddie Springs, New South Wales (Dodson et al. 1993); (18) Griman Creek Formation, Lightning Ridge, New South Wales (Etheridge 1917, Molnar 1980, Molnar &
Willis 2001, Hart 2020, Hart et al. 2019, 2021); (19) Texas Caves, Queensland (Hecht & Archer 1977, Archer 1978, Molnar 1982c); (20) Multiple localities on the Darling
Downs (King Creek, west of Pilton, Westbrook or Gowrie Creek, Toowoomba Region), Queensland (Lydekker 1888, Molnar 1982c, Sobbe et al. 2013, Ristevski et al.
2020a, 2021); (21) Geebung, Runcorn, Eight Mile Plains and Redbank Plains, Brisbane area, Queensland (Jones 1927, Riek 1952, Willis & Molnar 1991a); (22) Macalister,
Queensland (Longman 1928, Molnar 1982b, Willis & Molnar 1997a); (23) Chinchilla, Queensland (de Vis 1886, Hill et al. 1970, Gorter & Nicoll 1978, Molnar 1982b,
1982c, Willis & Molnar 1997a, Mackness et al. 2010, Louys & Price 2015, Chiotakis 2018, Ristevski et al. 2020a, Campbell et al. 2021) and Brigalow, Queensland
(Longman 1929); (24) Tingamarra Local Fauna, Murgon, Queensland (Molnar 1982b, Willis et al. 1993, Salisbury & Willis 1996, Stein et al. 2012, 2020); (25) The
Narrows Graben, near Gladstone, Queensland (Hills 1943, Coshell 1986, Holt et al. 2005, Buchanan 2008, 2009, Stein et al. 2017); (26) Mt. Etna region, Queensland
(Hocknull 2009); (27) Lansdowne Station, near Tambo, Queensland (Longman 1925); (28) Winton Formation, near Isisford, Queensland (Salisbury et al. 2006, Syme &
Salisbury 2018); (29) Winton Formation at Elderslie Station (White et al. 2022) and Karoola Station (Poropat et al. 2021); (30) South Walker Creek (Hocknull et al. 2020)
and near the Nebo district (Willis & Molnar 1997a), Queensland; (31) Cape Hillsborough, Queensland (McNamara 1993); (32) Bluff Downs Local Fauna, Allingham
Formation, Queensland (Archer in Archer & Wade 1976, Molnar 1979, Willis & Mackness 1996, Mackness & Sutton 2000); (33) Wyandotte Local Fauna, Wyandotte
Formation, Queensland (McNamara 1990); (34) Tara Creek, near Maryvale, Queensland (Longman 1924, Willis & Molnar 1997a, Molnar 1982c); (35) Riversleigh World
Heritage Area, Queensland (Willis & Archer 1990, Willis et al. 1990, Willis 1993b, 1995, 1997a, 2001, Willis & Molnar 1997a, Scanlon 2006a, 2014, Yates 2017, Stein
et al. 2015, 2016, 2017, 2020, Ristevski et al. 2023); (36) “Rosella Plains” Station, Queensland (Molnar 1982c); (37) Floraville Downs Station, Queensland (Willis & Archer
1990, Willis & Molnar 1997a, Molnar et al. 2017, Ristevski et al. 2019, Stein et al. 2020); (38) “Alehvale” Station, Croydon area (Molnar 1982c); (39) Tea Tree Cave,
Chillagoe area, Queensland (Molnar 1982c); (40) “Glen Garland” Station, Queensland (Molnar 1982c); (41) Bannockburn Formation, South Island, New Zealand (Molnar
& Pole 1997, Salisbury et al. 2017); (42) Kanumera, Isle of Pines, New Caledonia (Buffetaut 1983, Balouet & Buffetaut 1987); (43) Pindai Caves, Grande Terre, New
Caledonia (Balouet & Buffetaut 1987, Anderson et al. 2010, Salisbury et al. 2010); (44) Arapus and Teouma archaeological sites, Efate, Vanuatu (Mead et al. 2002,
Hawkins 2015); (45) Voli Voli Cave, Viti Levu, Fiji (Molnar et al. 2002); (46) Wainibuku Cave, Viti Levu, Fiji (Molnar et al. 2002); (47) Naigani, Fiji (Irwin et al. 2011).
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although few insular mekosuchines from the South Pacific
managed to survive into the Holocene until their extinction
not long after human colonization (Balouet & Buffetaut
1987, Balouet 1989, 1991, Mead et al. 2002, Molnar et al.
2002). Multiple studies published in the past three decades
have demonstrated the importance of Mekosuchinae in a
global context of crocodylian evolution, systematics, palaeo-
biogeography, and even implications for reptile extinctions
due to anthropogenic factors (e.g., Mead et al. 2002, Willis
2006, Lee & Yates 2018, Rio & Mannion 2021).

Historical overview

Beginnings: nineteenth century to 1977

Crocodyliform palaeontology in Australasia has its origins in
the nineteenth century. The publication by Clarke (1869)
contains the earliest report of crocodylian fossils from con-
tinental Australia, with a brief mention of crocodylian
remains found at Crinum Creek near Peak Downs in
Queensland. According to Clarke (1869), this material was
sent to Thomas Huxley in England; however, there is no

Figure 3. Stratigraphical age ranges of documented Australasian crocodyliform taxa. Red asterisk � denotes the uncertain late Paleocene to early Eocene age of the
‘Runcorn taxon’; Pliocene–Pleistocene Gunggamarandu maunala; mid-Pliocene to ?Late Pleistocene Paludirex vincenti; ?Pleistocene ‘Gavialis papuensis’. Information
from the Paleobiology Database (https://paleobiodb.org) accessed on 11 July 2022. Numerical ages from version 2021/10 of the International Chronostratigraphic
Chart (https://stratigraphy.org/chart). Abbreviations: Oligo., Oligocene; Paleo., Paleocene; Pleisto., Pleistocene; Plio., Pliocene.

ALCHERINGA: AN AUSTRALASIAN JOURNAL OF PALAEONTOLOGY 373

https://paleobiodb.org
https://stratigraphy.org/chart


mention of these fossils in the works by Huxley. The
second report is by Daintree (1872), who mentioned iso-
lated crocodylian teeth that he referred to as ‘Crocodilus
australis’ (note the archaic spelling of Crocodilus). Later,
Jack & Etheridge (1892) would reassign the material men-
tioned by Daintree (1872) to Crocodylus porosus. Lydekker
(1888) would also provide brief mentions of crocodylian
material from Australia that was shipped to the British
Museum of National History in London. Lydekker (1888)
assigned this material to C. porosus, although more recent
examinations of the same indicate that such referral is
erroneous (Willis 1997b, 2006). The most significant study
from the nineteenth century was published by de Vis
(1886), where he provided the first detailed description of
an extinct crocodylian from Australia. Therein, he
described several craniomandibular and postcranial frag-
ments that were discovered on the Darling Downs in
southeastern Queensland, and informally proposed the

binomen Pallimnarchus pollens de Vis, 1886. Despite its
informal establishment, usage of the generic name
Pallimnarchus de Vis, 1886 would become relatively com-
mon throughout the twentieth century and several authors
would proceed to refer additional specimens to this genus
(see Ristevski et al. 2020a for detailed review). Work on
Australasian crocodyliforms was somewhat sporadic during
the first half of the twentieth century (Fig. 4A; see also
Willis 1993a). Significant works from the early twentieth
century include the description of gavialoid remains from
Muyua (de Vis 1905), the first report of a Cretaceous croc-
odyliform from Australia (Etheridge 1917), and several
publications by Longman (1924, 1925, 1928, 1929) on
Cenozoic crocodylians. Studies devoted exclusively, or at
least in large part, to extinct Australasian crocodylians
ceased publication between 1937 and 1977, even though
there were occasional studies that mentioned crocodylian
fossils (e.g., Riek 1952, Plane 1967, Woodburne 1967, Hill
et al. 1970; see Fig. 4A).

Figure 4. Published studies on Australasian crocodyliforms. A, Peer-reviewed articles exclusively documenting or containing substantial information about
Australasian crocodyliforms. Conference abstracts, unpublished theses, and non-peer reviewed articles are excluded. B, Number of formally published peer-reviewed
articles dedicated to a single extinct crocodyliform genus from Australasia. �Combined articles dedicated to Paludirex and ‘Pallimnarchus’. Silhouette of Paludirex vin-
centi in A from PhyloPic by Armin Reindl. For more information see Supplemental Data S1.
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Renaissance: 1977–1990

Crocodyliform palaeontology in Australasia would experi-
ence a renaissance in 1977. The papers published that year
by Hecht & Archer (1977) and Molnar (1977) ended the 40-
year hiatus on crocodyliform-focused studies from
Australasia. Furthermore, ever since 1977, studies on croco-
dyliforms from this part of the planet would become more
frequent and conducted on a fairly regular basis (Fig. 4A;
Supplemental Data S1). Some of the most significant studies
from this period were published by Ralph E. Molnar
(Molnar 1979, 1980, 1982a, 1982b, 1982c). The most import-
ant study from this time is the description and naming of a
second extinct crocodylian genus from Australia, Quinkana
Molnar, 1982c. Although described from an incomplete but
well-preserved snout, the discovery of Quinkana fortirostrum
Molnar, 1982c identified the presence of altirostral (i.e., tall-
snouted¼ oreinirostral sensu Busbey, 1995) crocodylians
from Australia. Furthermore, Molnar (1982c) described iso-
lated ziphodont (i.e., labiolingually compressed and serrated)
teeth from crocodylians dating to the Pleistocene. Thus, the
Pleistocene age of its type material currently makes
Q. fortirostrum the youngest formally named and described
ziphodont crocodyliform in the world. Also during this
period, Molnar (1982b) would provide a revision of
‘Pallimnarchus pollens’ and designate a lectotype specimen
for this taxon, thus commencing the disentanglement of the
Pliocene-Pleistocene crocodylian complex from Australia.
Outside of Australia, Buffetaut (1983) reported of crocody-
lian fossils from New Caledonia that would later lead to the
naming of the eminent taxon Mekosuchus inexpectatus
Balouet & Buffetaut, 1987. The combination of unique mor-
phological features in M. inexpectatus (read below) was used
as a basis for the proposal of Mekosuchidae by Balouet &
Buffetaut (1987). At first, M. inexpectatus was the only taxon
referred to Mekosuchidae, and its exact placement within
Crocodylia was unclear (Balouet & Buffetaut 1987). It is
important to note that at the time, crocodylian phylogenetic
systematics were still in their infancy with studies dedicated
to crocodylian systematics (e.g., Clark in Benton & Clark
1988, Norell & Clark 1990, Clark & Norell 1992) published
subsequent to the paper by Balouet & Buffetaut (1987).
Nevertheless, the discovery of this unique insular species
from the Quaternary of the South Pacific would cement
Australasia as a region of great importance to the under-
standing of crocodylian evolution.

Modern crocodyliform palaeontology in Australasia:
1990–present

The early 1990s may be regarded as the advent of modern
crocodyliform palaeontology in Australasia in general and
Australia in particular, as this period witnessed a surge of
studies that laid the foundation for much of today’s under-
standing on the evolution of Crocodylia in the region (Fig.
4A; Supplemental Data S1). It was during this time that
PMAW and SWS both began publishing material derived
from their theses. Other notable work from this period was
authored by Megirian (1994) and Megirian et al. (1991).

Five new Cenozoic crocodylian genera were named and
described between 1990 and 1993: Baru Willis, Murray &
Megirian, 1990, Australosuchus Willis & Molnar, 1991b,
Harpacochampsa Megirian, Murray & Willis, 1991, Kambara
Willis, Molnar & Scanlon, 1993, and Trilophosuchus Willis,
1993b. The presence of several morphological features
shared between some Australian fossil taxa led Willis et al.
(1990) to propose the concept of the so-called Australian
Tertiary crocodylian radiation. Originally, the Australian
Tertiary crocodylian radiation included ‘Pallimnarchus
pollens’, Quinkana fortirostrum and Baru darrowi Willis,
Murray & Megirian, 1990. Later, the Australian radiation
was revised and expanded with the inclusion of
Australosuchus by Willis & Molnar (1991b), before the con-
cept was replaced with the defining of Mekosuchinae as a
subfamily of Crocodylidae by Willis et al. (1993). The estab-
lishment of Mekosuchinae was a revision to the previously
proposed Mekosuchidae by Balouet & Buffetaut (1987),
which was regarded as a sister taxon to modern Crocodylia
by the latter. Mekosuchinae was proposed for several taxa
endemic to Australasia (Mekosuchus inexpectatus, Quinkana
fortirostrum, ‘Pallimnarchus pollens’, Baru darrowi,
Australosuchus clarkae Willis & Molnar 1991b, and
Kambara murgonensis Willis, Molnar & Scanlon, 1993).
Since then, the taxonomic composition of Mekosuchinae
would expand significantly with the addition of more genera
and species (Kalthifrons aurivellensis Yates & Pledge, 2017,
Trilophosuchus rackhami Willis, 1993b, Ultrastenos willisi
Stein, Hand & Archer, 2016, Volia athollandersoni Molnar,
Worthy & Willis, 2002, and 12 new species within previ-
ously established genera). Salisbury & Willis (1996) were the
first to publish a comprehensive phylogenetic assessment of
Mekosuchinae, and they also erected the mekosuchine sub-
clade Mekosuchini.

With five publications on Australasian crocodylians, the
year 1997 has been the most productive to date (Molnar &
Pole 1997, Willis 1997a, 1997b, Willis & Molnar 1997a,
1997b; see Fig. 4A). Outside of Australia, Molnar & Pole
(1997) described a crocodylian angular from New
Zealand/Aotearoa, thus definitively proving the presence of
Crocodylia in New Zealand. Some insular mekosuchines
were named in the early 2000s, one from Vanuatu
(Mekosuchus kalpokasi Mead, Steadman, Bedford, Bell &
Spriggs, 2002) and another from Fiji (V. athollandersoni).
The year 2006 saw the naming and description of Isisfordia
duncani Salisbury, Molnar, Frey & Willis, 2006, which is the
most complete known crocodyliform from Australasia.
Recently, two additional species were referred to this genus
(Hart et al. 2019, Hart 2020) and a second crocodyliform
genus from the Mesozoic of Australia, Confractosuchus
White, Bell, Campione, Sansalone, Brougham, Bevitt,
Molnar, Cook, Wroe & Elliott, 2022, was named and offered
further insights into the taxonomic composition of crocody-
liforms from Australia’s Mesozoic. The early–mid 2010s saw
the publication of several studies published by MDS as
derived from the work in his PhD thesis, and several studies
authored by AMY. In the early 2020s, JR authored several
publications derived from the work in his PhD thesis. The
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taxonomic status of ‘Pallimnarchus’ was recently re-eval-
uated, and this genus is considered a nomen dubium. Some
specimens formerly assigned to ‘Pallimnarchus’ were
assigned to a new genus named Paludirex Ristevski, Yates,
Price, Molnar, Weisbecker & Salisbury, 2020a. In addition to
mekosuchines and species of Crocodylus, Australia was also
inhabited by gavialoids, Harpacochampsa and
Gunggamarandu Ristevski, Price, Weisbecker & Salisbury,
2021 (Megirian et al. 1991, Lee & Yates 2018, Ristevski et al.
2023). Although several authors of this paper have multiple
publications on Australasian crocodyliforms, the most pro-
lific has been Ralph E. Molnar, with 11 studies as the sole
or lead author, and who has contributed as a co-author on
numerous studies from 1977 to 2022 (see lists of all formally

named crocodyliforms from Australasia in Tables 1, 2). Out
of the 14 currently recognized extinct crocodyliform genera
from Australasia, ‘Pallimnarchus’ (including publications on
Paludirex) and Quinkana have had the greatest number of
studies dedicated exclusively to their species (Fig. 4B;
Supplemental Data S1).

Materials and methods

Phylogenetic analyses

The phylogenetic assessments undertaken in this study are
based on the character matrix by Ristevski et al. (2023),
which is an updated and expanded version of the matrices

Table 1. List of crocodyliform taxa from Australasia (classification based on the results from Fig. 24).

CROCODYLOMORPHA Hay, 1930 (sensu Nesbitt, 2011)
CROCODYLIFORMES Hay, 1930 (sensu Sereno et al., 2001)

MESOEUCROCODYLIA Whetstone & Whybrow, 1983 (sensu Sereno et al., 2001)
NEOSUCHIA Benton & Clark, 1988 (sensu Sereno et al., 2001)
†Confractosuchus sauroktonos White et al., 2022
†SUSISUCHIDAE Salisbury et al., 2003
†Isisfordia duncani Salisbury et al., 2006
†Isisfordia molnari Hart et al., 2019
†Isisfordia selaslophensis (Etheridge, 1917) Hart, 2020

¼†Crocodilus (?Botosaurus) selaslophensis Etheridge, 1917
¼†Crocodylus (Bottosaurus) selaslophensis (Etheridge, 1917) Molnar, 1980

EUSUCHIA Huxley, 1875
CROCODYLIA Gmelin, 1789 (sensu Clark in Benton & Clark, 1988)
LONGIROSTRES Harshman et al., 2003

GAVIALOIDEA Hay, 1930
†‘Gavialis papuensis’ de Vis, 1905
†Gunggamarandu maunala Ristevski et al., 2021
†Harpacochampsa camfieldensis Megirian et al., 1991

CROCODYLOIDEA Fitzinger, 1826 (sensu Brochu, 2003)
†MEKOSUCHINAE Willis et al., 1993
†Australosuchus clarkae Willis & Molnar, 1991b
†Kalthifrons aurivellensis Yates & Pledge, 2017
†Kambara implexidens Salisbury & Willis, 1996
†Kambara molnari Holt et al., 2005
†Kambara murgonensis Willis et al., 1993
†Kambara taraina Buchanan, 2009
†MEKOSUCHINI Salisbury & Willis, 1996
†‘Baru’ huberi Willis, 1997a
†Baru darrowi Willis et al., 1990
†Baru wickeni Willis, 1997a
†Mekosuchus inexpectatus Balouet & Buffetaut, 1987
†Mekosuchus kalpokasi Mead et al., 2002
†Mekosuchus sanderi Willis, 2001
†Mekosuchus whitehunterensis Willis, 1997a
†Paludirex gracilis (Willis & Molnar, 1997a) Ristevski et al., 2020a
¼†Pallimnarchus gracilis Willis & Molnar, 1997a

†Paludirex vincenti Ristevski et al., 2020a
†Quinkana babarra Willis & Mackness, 1996
†Quinkana fortirostrum Molnar, 1982c
†Quinkana meboldi Willis, 1997a
†Quinkana timara Megirian, 1994
†Trilophosuchus rackhami Willis, 1993b
†Volia athollandersoni Molnar et al., 2002

CROCODYLIDAE (Cuvier, 1807)
Crocodylus halli Murray et al., 2019
Crocodylus johnstoni (Krefft, 1873)
Crocodylus novaeguineae (Schmidt, 1928)
Crocodylus porosus Schneider, 1801
¼Crocodylus nathani Longman, 1924

CROCODYLOMORPH ICHNOTAXA
Hatcherichnus ichnosp. indet. Foster & Lockley, 1997 (Poropat et al., 2021)

Revised from Thorn et al. (2021b). Note Isisfordia molnari may be a junior synonym of Isisfordia selaslophensis (see Hart 2020); placement of Mekosuchinae within
Longirostres and as a subclade of Crocodyloidea is uncertain; placement of Kalthifrons aurivellensis outside of Mekosuchini is tentative; ‘Baru’ huberi is not refer-
rable to the genus Baru (see Yates 2017, Lee & Yates 2018); Ultrastenos willisi requires revision; ‘Gavialis papuensis’ requires revision; Crocodylus nathani requires
revision; taxonomic validity of Crocodylus halli is based on morphometric data.
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presented in Ristevski et al. (2020a, 2020b, 2021). The
matrix consists of 257 morphological characters and 151
operational taxonomic units (OTUs). The difference between
this version of the matrix and the one from Ristevski et al.
(2023) is the inclusion of four additional taxa: ‘Baru’ huberi
Willis, 1997a, Confractosuchus sauroktonos, Mekosuchus
inexpectatus, and Volia athollandersoni. The same morpho-
logical characters from Ristevski et al. (2023) were used here
as well. The goniopholidid crocodyliform
Anteophthalmosuchus epikrator Ristevski, Young, de
Andrade & Hastings, 2018 served as an outgroup taxon. The

phylogenetic analyses were carried out in TNT v1.5 Willi
Hennig Society Edition (Goloboff et al. 2008, Goloboff &
Catalano 2016). As in Ristevski et al. (2023), eight separate
analyses were conducted. The first set of four analyses was
performed by using the traditional search option (TrS),
while the other set of four analyses used the New
Technology search option (NTS). In each set, one analysis
was run under a ‘traditional’ equal weighting (EW) principal
search methodology, whereas the other three analyses used
the implied weighting (IW) methodology (Goloboff 1993).
In the analyses that utilized the IW method, the k (concavity

Table 2. List of all currently named crocodyliform species from Australasia.

Taxon Age Locality/Distribution Source

Australosuchus clarkae Chattian, late Oligocene Etadunna Formation, Lake Eyre Basin,
SA; Namba Formation, Lake Eyre
Basin, SA

Willis & Molnar (1991b); Yates (2017)

‘Baru’ huberi Chattian, late Oligocene White Hunter, Riversleigh WHA, QLD Willis (1997a)
Baru darrowi Langhian–middle Serravallian, Middle

Miocene
Ringtail, Riversleigh WHA, QLD;

Bullock Creek, Camfield station, NT
Willis et al. (1990); Yates (2017)

Baru wickeni Chattian, late Oligocene D Site and White Hunter, Riversleigh
WHA, QLD

Willis (1997a); Yates (2017)

Confractosuchus sauroktonos Cenomanian–early Turonian, Late
Cretaceous

Winton Formation, Elderslie
Station, QLD

White et al. (2022)

Crocodylus halli present (no known fossil record) southern New Guinea Murray et al. (2019); extant
Crocodylus johnstoni Late Pleistocene–present Terrace Site, Riversleigh WHA, QLD

(fossil); ’Leichhardt 3’, Floraville
Station, QLD (fossil); mainland
northern Australia (QLD, NT, WA)

Willis & Archer (1990); Isberg et al.
(2017); extant

Crocodylus novaeguineae present (no known fossil record) northern New Guinea Solmu & Manolis (2019); extant
Crocodylus porosus present (no unambiguous fossil

record; see text)
northern Australia, New Guinea,

Vanuatu, as well as a vast range in
southeast Asia

Webb et al. (2021); extant

‘Gavialis papuensis’ Pleistocene (presumed) Busai, Muyua, PNG de Vis (1905); Molnar (1982a)
Gunggamarandu maunala Pliocene or Pleistocene Darling Downs, QLD Ristevski et al. (2021)
Harpacochampsa camfieldensis Langhian, Middle Miocene Bullock Creek, Camfield Station, NT Megirian et al. (1991)
Isisfordia duncani late Albian, Early Cretaceous Winton Formation, Isisford, QLD Salisbury et al. (2006)
Isisfordia molnari Cenomanian, Late Cretaceous Griman Creek Formation, Lightning

Ridge, NSW
Hart et al. (2019)

Isisfordia selaslophensis Cenomanian, Late Cretaceous Griman Creek Formation, Lightning
Ridge, NSW

Etheridge (1917); Hart et al. (2019);
Hart (2020)

Kalthifrons aurivellensis Pliocene Golden Fleece, Lake Palankarinna, SA Yates & Pledge (2017)
Kambara implexidens Ypresian, early Eocene Tingamarra Station, near

Murgon, QLD
Salisbury & Willis (1996)

Kambara molnari middle Eocene–late Eocene Stuart Deposit, The Narrows Graben,
Gladstone QLD

Holt et al. (2005)

Kambara murgonensis Ypresian, early Eocene Tingamarra Station, near
Murgon, QLD

Willis et al. (1993)

Kambara taraina middle Eocene–late Eocene Stuart Deposit, The Narrows Graben,
Gladstone QLD

Buchanan (2009)

Mekosuchus inexpectatus Late Pleistocene–Holocene Pindaï Caves, Grande Terre, New
Caledonia; Kanumera, Ille des Pins,
New Caledonia

Balouet & Buffetaut (1987)

Mekosuchus kalpokasi Holocene Arapus archaeological Site, Efate
Island, Vanuatu

Mead et al. (2002)

Mekosuchus sanderi late Langhian–middle Serravallian
Middle Miocene

Ringtail, Riversleigh WHA, QLD Willis (2001)

Mekosuchus whitehunterensis Chattian, late Oligocene White Hunter, Riversleigh WHA, QLD Willis (1997a)
Paludirex gracilis Late Pleistocene Terrace Site, Riversleigh WHA, QLD Willis & Molnar (1997a); Ristevski

et al. (2020a)
Paludirex vincenti mid-Pliocene–Pleistocene Darling Downs and Lansdowne, QLD Ristevski et al. (2020a); this study
Quinkana babarra mid-Pliocene Allingham Formation, Bluff

Downs, QLD
Willis & Mackness (1996)

Quinkana fortirostrum Middle Pleistocene Tea Tree Cave, near Chillagoe, QLD Molnar (1982c)
Quinkana meboldi Chattian, late Oligocene White Hunter, Riversleigh WHA, QLD Willis (1997a)
Quinkana timara Langhian, Middle Miocene Bullock Creek, Camfield Station, NT Megirian (1994)
Trilophosuchus rackhami late Langhian–middle Serravallian,

Middle Miocene
Ringtail, Riversleigh WHA, QLD Willis (1993b); Ristevski et al. (2023)

Ultrastenos willisi Chattian, late Oligocene Low Lion, Riversleigh WHA, QLD Stein et al. (2016)
Volia athollandersoni Late Pleistocene–Holocene Voli Voli Cave and Wainibuku Cave,

Viti Levu, Fiji
Molnar et al. (2002)

Junior synonyms or nomina dubia (Crocodylus nathani, Pallimnarchus) are not listed. Abbreviations: NSW, New South Wales; NT, Northern Territory; PNG, Papua
New Guinea; QLD, Queensland; SA, South Australia; WA, Western Australia; WHA, World Heritage Area.
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constant) values were set to 5.0 (k¼ 5), 12.0 (k¼ 12), and
25.0 (k¼ 25). In all analyses, 23 out of the 257 characters
were treated as ordered (characters 21, 39, 49, 50, 54, 55, 82,
104, 118, 125, 142, 148, 149, 157, 159, 174, 200, 202, 221,
222, 239, 248 and 256). For most analyses, the program was
set to 900Mb of RAM with the maximum number of held
trees being 99,999. An exception was made for the analysis
performed with the TrS option and no IW, where the pro-
gram was set to 1200Mb of RAM and the maximum num-
ber of held trees was 180,000.

For the analyses performed with the TrS option, the set-
tings used one random seed and 1000 replicates of Wagner
trees, and the tree bisection reconnection (TBR) swapping
algorithm saved 10 trees per replication. For one analysis,
run under the TrS option and using no IW, TNT reported
that some replications overflowed after the end of the initial
search. Therefore, we performed a subsequent round of TBR
with trees from RAM. As for the analyses performed under
the NTS option, the same search protocols as in Ristevski
et al. (2020a, 2021, 2023) were used here as well. The
parameters applied in these analyses follow Young et al.
(2016), which implement the new technology searches (sec-
torial search, ratchet, drift and tree fusion) set to 1000 ran-
dom addition sequences (RAS). For the sectorial search, the
selection size above 75 used 1000 drifting cycles, 1000 starts
below 75 and trees were fused 1000 times. Additionally, the
consensus sectorial search (CSS) and exclusive sectorial
search (XSS) were set to 1000 rounds. For ratchet, the
parameters were set to stop the perturbation phase when
1000 substitutions were made, or 99% of the swapping was
completed and a total of 1000 iterations. For drift, the per-
turbation phase stopped when 1000 substitutions were
made, or 99% of the swapping was completed, and the num-
ber of cycles was set to 1000. No changes were made to the
tree fusion settings which were left at the default three
rounds.

Node support was assessed by conducting Bremer and
bootstrap analyses in TNT v1.5. The Bremer support was
performed by running the script ‘BREMER.RUN’ and used
the default settings. The bootstrap analysis (Efron 1979,
Felsenstein 1985) was set to 1000 replicates, showing values
of 50% and above. Two homoplasy metrics, the consistency
index (CI; Kluge & Farris 1969) and retention index (RI;
Farris 1989), were calculated by running the script
‘STATS.RUN’ in TNT v1.5.

Additional information on the taxon matrix and charac-
ter dataset are given in the Supplemental Data S2, with the
NEXUS format in Supplemental Data S3, and phylogenetic
TNT format results in Supplemental Data S4.

Institutional abbreviations

AM, Australian Museum (F, fossil), Sydney, Australia.
AAOD, Australian Age of Dinosaurs Museum of Natural
History (F, fossil), Winton, Australia. CMC, Chinchilla
Museum Collection, Chinchilla, Australia. GPIT, Geological-
Paleontological Institute of the Eberhard Karls University of
T€ubingen, Germany. NMNZ, Museum of New Zealand Te

Papa Tongarewa, Wellington, New Zealand. NHMUK, The
Natural History Museum (OR, old register), London, UK.
NTM, Museum and Art Gallery of the Northern Territory
(P, palaeontology), Darwin and Alice Springs, Australia. OU,
University of Otago, Dunedin, New Zealand. QM,
Queensland Museum (F, fossil), Brisbane, Australia. SAMA,
South Australian Museum (P, palaeontology), Adelaide,
Australia. TMM, Texas Memorial Museum, Austin, USA.
UF, University of Florida Museum of Natural History,
Gainesville, USA. UQ, The University of Queensland (F, fos-
sil), Brisbane, Australia. UQSSAL, Salisbury Collection, The
University of Queensland, Brisbane, Australia.

Review of crocodyliform taxa from Australasia

Mesozoic taxa

Confractosuchus
Confractosuchus sauroktonos is a recently named taxon
known from the partial remains of one individual (White
et al. 2022). The specimen was discovered at Elderslie
Station, central-western Queensland, upper Winton
Formation (Cenomanian), �93Ma (Cook et al. 2013,
Tucker et al. 2013, 2017). The holotype (Fig. 5) consists of a
nearly complete skull and mandibles with dentition, and a
semi-articulated postcranial skeleton missing the tail and
hind limbs. The specimen was mostly decayed prior to bur-
ial as evidenced by the haphazard dispersal of its osteoderms
throughout the skeletal remains. The majority of the fore-
arms are preserved, with only slight disarticulation occurring
mostly within the manual elements (White et al. 2022). The
relative completeness of the skull enabled White et al.
(2022) to conduct a geometric morphometric analysis, which
found Co. sauroktonos to be a macro-generalist predator.
This analysis was supported with the preservation of its
stomach contents which were identified as belonging to a
juvenile ornithopod dinosaur. The lack of acid etching
revealed the stomach contents had not long been digested
following its demise, that is assuming that it possessed the
highly acidic gut characteristic of living crocodylians (e.g.,
Cott 1961, Fisher 1981). Nevertheless, the stomach contents
revealed similarities of feeding behaviour with extant croco-
dylians, with evidence of oral processing (tooth mark) and
prey reduction (articulated vertebrae) (Njau & Blumenschine
2006).

The phylogenetic analyses by White et al. (2022) recov-
ered Co. sauroktonos in a basal position within Eusuchia,
although nodal support was weak. The position and con-
struction of the secondary choana in Co. sauroktonos indi-
cates that anteriorly it is bound by the palatines, which is
unlike the typical eusuchian condition where the choana is
entirely bound by the pterygoids (Huxley 1875). Moreover,
the vertebral morphology of Co. sauroktonos is represented
by both procoelous and amphicoelous vertebrae.

Isisfordia
Well-preserved and largely complete crocodyliform fossils
from the Mesozoic of Australasia are a rarity. The best-
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preserved and most complete material of a crocodyliform
from Australia belongs to Isisfordia duncani. Isisfordia dun-
cani is known from several specimens, including an almost
complete articulated skeleton as well as a skull lacking the
mandibles, recovered near Isisford in central-western
Queensland. The holotype (a mostly complete articulated
skeleton; Fig. 6A) is interpreted to be of an adult animal
(Salisbury et al. 2006, Syme & Salisbury 2018), with some of
the additional specimens interpreted as probable adults, as
well as an adult/sub-adult and a juvenile specimen (Syme &
Salisbury 2018). The original material derives from the Early
Cretaceous (Albian) part of the Winton Formation, assigned
a maximum age of 102.2–100.5Ma based on U–Pb isotope
dating of detrital zircons (Tucker et al. 2013). Isisfordia dun-
cani was a relatively small-sized crocodyliform with an esti-
mated TL of about 1.1 metres (Salisbury et al. 2006), and
has a proportionally broad and flat snout (Fig. 6B). The
taphonomy of I. duncani specimens was studied in detail by
Syme & Salisbury (2018), where they concluded that
I. duncani inhabited deltaic environments and was a
brackish water-tolerant crocodyliform.

Following the description of I. duncani, two additional
species of Isisfordia have been identified, both from the
Cenomanian-aged Griman Creek Formation, which outcrops
near the town of Lightning Ridge, New South Wales (Bell
et al. 2019), about 800 km southeast of the I. duncani type
locality. Isisfordia molnari is represented by a partial brain-
case (Fig. 6C) and was roughly the same size as I. duncani
(Hart et al., 2019). The holotype of Isisfordia selaslophensis
(a maxillary fragment bearing teeth; Fig. 6D) was initially
named Crocodylus (Bottosaurus) selaslophensis (Etheridge,
1917, spelling emended by Molnar 1980). Subsequent studies
(Molnar 1980, Mannion et al. 2015 supp. info) cast doubt
on this designation, as the holotype specimen clearly did not
bear features warranting placement in either Crocodylus or
Bottosaurus Agassiz, 1849. Hart et al. (2019) recognized sim-
ilarities (particularly a posterior maxillary alveolar groove)
between the ‘selaslophensis’ holotype and I. duncani, and

subsequently referred the specimen to I. molnari. However,
despite the taxon’s nomen dubium status, the specific epithet
‘selaslophensis’ remained valid, thus Hart (2020) instated
Isisfordia selaslophensis, and proposed that I. molnari is a
junior subjective synonym of this taxon. This taxonomic
hypothesis will only be confirmed following the discovery of
overlapping material. The holotypic maxillary fragment of I.
selaslophensis indicates a larger-bodied taxon than I. duncani
and I. molnari, with more robust teeth.

Hart et al. (2021) described new material (including an
associated vertebral series), and reappraised previously
described crocodyliform fossils from the Griman Creek
Formation, including those discussed by Molnar (1980) and
Molnar & Willis (2001). Hart et al. (2021) concluded that all
of this material was likely to pertain to a single taxon,
Isisfordia sp. cf. I. selaslophensis.

Since its initial description, the phylogenetic affinity of I.
duncani and the interpretation of its morphology have been
a matter of debate. When first subjected to a phylogenetic
analysis by Salisbury et al. (2006), I. duncani was recovered
as the basal-most eusuchian. As such, I. duncani was origin-
ally interpreted as a transitionary form between non-eusu-
chian neosuchians and crocodylian eusuchians based on
several morphological features in the cranium and post-cra-
nium (Salisbury et al. 2006). Eusuchian crocodyliforms are
characterized by the possession of a certain combination of
morphological traits, most notably secondary choanae that
are anterolaterally bound by the pterygoids, and procoelous
vertebrae (Huxley 1875). In their diagnostic revision of
Eusuchia, Salisbury et al. (2006) added the sagittal segmenta-
tion of the paravertebral osteoderms as another distinguish-
ing trait of the clade. It should be noted that the
aforementioned morphological features are also found in
some non-eusuchian crocodyliforms; however, their com-
bined presence is yet unknown outside of Eusuchia (e.g.,
Salisbury et al. 2006, Turner & Pritchard 2015). Salisbury
et al. (2006) interpreted the secondary choanae of I. duncani
as being anterolaterally bound by the pterygoids, typical of

Figure 5. Confractosuchus sauroktonos, AODF0890, holotype skull in left lateral view.
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eusuchians. Additionally, the vertebrae of I. duncani were
found to be incipiently procoelous, having a morphology
somewhat intermediate between the amphicoelous condition
of non-eusuchian crocodyliforms and the distinctly procoe-
lous ones of eusuchians (Salisbury et al. 2006, Turner &
Pritchard 2015, Hart et al. 2021). Further, I. duncani and
eusuchians display sagittal segmentation of the paravertebral
osteoderms, contrasting with the usually biserial paraverte-
bral osteoderm configuration of non-eusuchian crocodyli-
forms (Salisbury et al. 2006). However, not all phylogenetic
analyses have recovered I. duncani as a eusuchian. Pol et al.
(2009) recovered two alternative positions for I. duncani,
one congruent with the results by Salisbury et al. (2006),
and a second where I. duncani formed a clade with the
advanced neosuchians Rugosuchus Wu, Cheng & Russell,
2001 and Shamosuchus Mook, 1924. Other subsequent anal-
yses have recovered Isisfordia as the sister taxon to
Susisuchus Salisbury, Frey, Martill & Buchy, 2003, together
comprising Susisuchidae (e.g., De Andrade et al. 2011,
Turner 2015, Turner & Pritchard 2015, Young et al. 2016,
Leite & Fortier 2018, Ristevski et al. 2020a, 2021, 2023,
White et al. 2022, this study). Susisuchidae was erected for
the late Early Cretaceous (Aptian) South American taxon

Susisuchus anatoceps Salisbury, Frey, Martill & Buchy, 2003,
which was originally considered to be a non-eusuchian neo-
suchian clade. While I. duncani was yet to be formally
described by the time of establishment for Susisuchidae, the
possibility that ‘the Winton crocodilian’ (later named
Isisfordia) could be a susisuchid was considered by Salisbury
et al. (2003). In some studies, Susisuchidae was recovered as
the sister clade to Eusuchia to the exclusion of Isisfordia,
which was placed as the basal-most eusuchian (e.g., Fortier
& Schultz 2009), or included in basal Eusuchia with
Susisuchus (e.g., Andrade et al. 2011). An examination of I.
duncani specimens by Turner & Pritchard (2015) suggested
that the contact between the palatines and pterygoids is
poorly preserved in the paratype skull of I. duncani, thus
hampering confident assessment of the palatal morphology.
Nonetheless, Turner & Pritchard (2015) stated that in I.
duncani, it is the palatines that form the anterior boundaries
of the secondary choanae and not the pterygoids, as is com-
mon among advanced neosuchians. As for the feeble pro-
coely and tetraserial paravertebral osteoderms, it is known
that they are also present in Susisuchus spp. (Salisbury et al.
2006, Figueiredo et al. 2011, Turner & Pritchard 2015, Leite
& Fortier 2018). Therefore, some of the more recent

Figure 6. Isisfordia. A, Isisfordia duncani, QMF36211, holotype, skeleton in dorsal view. B, Isisfordia duncani, QMF44320, skull in dorsal view. C, Isisfordia molnari, AM
F125553, holotype, partial cranium in dorsal view. D, Isisfordia selaslophensis, AM F15818, holotype, right maxillary fragment in lateral view. Arrows in C and D indi-
cate anterior.
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phylogenetic analyses found Isisfordia to be closely related
to Susisuchus within Neosuchia, but outside of Eusuchia
(e.g., Turner 2015, Turner & Pritchard 2015, Young et al.
2016, Rio & Mannion 2021). Nevertheless, support for eusu-
chian affinities of Isisfordia was presented by Leite & Fortier
(2018), where they recovered Susisuchidae as a eusuchian
sub-clade. In their description of the palatal morphology of
S. anatoceps, Leite & Fortier (2018) pointed out that the sec-
ondary choanae of Susisuchus are completely enclosed by
the pterygoids, similar to what was initially proposed for
I. duncani by Salisbury et al. (2006). While this condition in
S. anatoceps was still viewed as different from that of I.
duncani, all phylogenetic analyses performed by Leite &
Fortier (2018) recovered Isisfordia as a eusuchian within
Susisuchidae.

Cenozoic taxa

Mekosuchinae

Australosuchus
The only recognized species of the genus Australosuchus,
Australosuchus clarkae, is known from relatively abundant
remains, including cranial and postcranial elements, found
at several localities in South Australia (Willis & Molnar
1991b; see also Ristevski et al. 2020b and the supplementary
files in Ristevski et al. 2023). The holotype specimen (Fig. 7)
is a mostly complete, but rather poorly preserved, skull and
mandible, and a partial postcranial skeleton from the late
Oligocene–Early Miocene Etadunna Formation. All known
specimens are considered to be late Oligocene–Early
Miocene in age (Willis & Molnar 1991b, Willis 1997b).
Three specimens referred to A. clarkae were discovered at
Mampuwordu Sands, Lake Palankarinna, which is dated as
Late Pliocene–Early Pleistocene in age; however, these speci-
mens are thought to have been reworked from the older
Etadunna Formation and do not indicate the presence of
this mekosuchine in younger deposits (Willis & Molnar
1991b, Willis 1997b). Australosuchus clarkae has been inter-
preted as a freshwater ‘generalist’ crocodylian (Willis &
Molnar 1991a, Willis 1997a). The southern-most fossil

remains of A. clarkae are known from the Namba
Formation at Lake Pinpa, which are Oligocene in age, and
suggest that A. clarkae may have been a cold-tolerant species
due to the far southern latitude and the relatively cool
Australian climate during the Oligocene (Yates 2017).

Baru
Baru is a genus of large-bodied mekosuchines known from
the Oligocene and Miocene of the Northern Territory and
Queensland (Willis et al. 1990, Yates 2017). Currently, there
are two named species of Baru: the type species Baru dar-
rowi and Baru wickeni (Fig. 8). A third and as of yet
unnamed species of Baru is known from the Late Miocene
of Alcoota, Northern Territory (Yates 2017, see also Willis
& Thomas 2005, Yates & Pledge 2017, and Lee & Yates
2018). The species ‘Baru’ huberi (Fig. 9) from the late
Oligocene of the Riversleigh World Heritage Area (WHA)
was originally assigned to Baru (Willis 1997a); however, a
revision of the genus by Yates (2017) regarded ‘Baru’ huberi
as sufficiently distinct to be referred to a different genus.
That ‘Baru’ huberi is not referable to Baru was noted in the
phylogenetic analyses by Lee & Yates (2018), and our results
support this as well (read below). Species of Baru possess
relatively long altirostral snouts and non-ziphodont teeth.
Another noteworthy feature is the loss of the second pre-
maxillary tooth in small post-hatching Baru spp., resulting
in five premaxillary alveoli early in ontogeny and four
alveoli in more mature individuals (Willis et al. 1990, Willis
1997a, Yates 2017). However, this condition appears to be
reversed in the unnamed Baru species from Alcoota (Yates
2017).

The oldest known species in this genus is B. wickeni,
known from late Oligocene deposits in the Riversleigh
WHA (Willis 1997a, 1997b, Yates 2017). Remains referred
to B. wickeni were also reported from the Oligocene-aged
Pwerte Marnte Marnte Local Fauna (abbreviated as LF here
on) in the Northern Territory (Yates 2017; note that most of
the Pwerte Marnte Marnte material is only tentatively
referred to B. wickeni). The holotype of B. wickeni is a par-
tially preserved rostrum and associated postcranial elements

Figure 7. Australosuchus clarkae, QMF16788, holotype in dorsal view.
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(Willis 1997b, Yates 2017). Additional craniomandibular
remains, including a nearly complete skull (NTM P91171-1)
have also been referred to this taxon (Fig. 8A, B; Yates
2017). The type species, B. darrowi, is known from the
Middle Miocene Bullock Creek LF and Ringtail Site from
the Riversleigh WHA (Willis et al. 1990, Willis 1997a,
Yates 2017). The holotype of B. darrowi (NTM P8695-8) is
a relatively well-preserved rostral portion of the skull
(Fig. 8C, D).

Based on the cranial morphology (such as the dorsally
oriented external narial fenestra) and the fluvio-lacustrine
sediments from where Baru spp. fossils have been recovered,
species of Baru have been interpreted as semi-aquatic
ambush predators capable of taking down large prey due to
their robust skulls and teeth, and overall size (Willis et al.
1990, Megirian et al. 1991, Yates 2017). Numerous fossils,
such as bird bones, from the Bullock Creek LF and the
Hiatus A LF at Riversleigh bear bite marks that may have
been inflicted by species of Baru (Murray & Vickers-Rich
2004, Scanlon 2006a).

Kalthifrons
The genus Kalthifrons was erected by Yates & Pledge (2017)
based on craniomandibular remains discovered at the
Golden Fleece locality, Lake Palankarinna in South
Australia, which are presumed to be from the Early Pliocene
Mampuwordu Sand Member of the Tirari Formation. This
genus contains only one named species, K. aurivellensis.
Isolated teeth, as well as osteoderms and vertebral fragments,
have been tentatively referred to this taxon (Yates & Pledge
2017). Kalthifrons aurivellensis is characterized by a

sub-triangular skull (when observed from a dorsal aspect:
Fig. 10), with a dorsoventrally flattened platyrostral snout
(Yates & Pledge 2017). The alveolar processes of the maxil-
lae in this species are relatively well developed. Overall, the
skull of K. aurivellensis is typical of a ‘generalist’ crocody-
lian, which implies a potentially similar palaeoecology to
that of some species of Crocodylus (Yates & Pledge, 2017).
The frontal of K. aurivellensis bears a strikingly elongated
anterior process (Yates & Pledge 2017; see also supplemental
document S3 of Ristevski et al. 2023). Also, the prefrontal of
K. aurivellensis possesses a flange that projects laterally
within the orbit (see figure 6 of Yates & Pledge 2017).
Kalthifrons aurivellensis is a possible candidate for a croco-
dylian that went extinct due to direct competition with a
species of Crocodylus (Yates & Pledge, 2017). Remains of a
currently unnamed species of Crocodylus are known from
the succeeding Pliocene Pompapillina Member of the Tirari
Formation (read below), whereas there is no indication of K.
aurivellensis in this member. This, coupled with the compar-
able rostral morphology and potentially similar habits of K.
aurivellensis to some species of Crocodylus, may indicate
that the former went extinct through competitive exclusion
with the then newly arrived Crocodylus sp. (Yates & Pledge
2017).

Kambara
Kambara is the oldest named crocodylian genus from the
Australasian Cenozoic (Eocene). There are four species
referred to this genus and all of them come from
Queensland: Ka. murgonensis, Ka. implexidens, Ka. molnari
and Ka. taraina. Species of Kambara are medium-sized

Figure 8. Baru. A, Baru wickeni, NTM P91171-1, skull in dorsal view. B, Baru wickeni, NTM P91171-1, skull in left lateral view. C, Baru darrowi, NTM P8695-8, holotype,
partial skull in dorsal view. D, Baru darrowi, NTM P8695-8, holotype, partial skull in right lateral view.
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crocodylians with moderately broad, platyrostral snouts, and
non-serrate teeth (Willis et al. 1993, Salisbury & Willis 1996,
Holt et al. 2005, Buchanan 2009). The type species, Ka.
murgonensis, is from the early Eocene Tingamarra LF near
the township of Murgon, in southeastern Queensland (Willis
et al. 1993). Not long after the description of Ka. murgonen-
sis, a second species, Ka. implexidens (Fig. 11A), was
described by Salisbury & Willis (1996). Both Ka. murgonen-
sis and Ka. implexidens are from the Tingamarra LF, which
may imply sympatry between the two species. An alternative
explanation was proposed by Salisbury & Willis (1996), who
stated that instead of true sympatry, Ka. murgonensis and
Ka. implexidens used the Murgon area as a nesting site,
since hatchling-sized crocodylian remains and crocodylian
eggshell fragments have also been recovered from the
Tingamarra LF. Kambara molnari is the third described spe-
cies of the genus. This species is slightly younger than the
previous two species and derives from the mid–late Eocene
Rundle Formation in eastern Queensland (Holt et al. 2005).
Out of all Kambara species, Ka. molnari is the most poorly
represented, with the holotype specimen being a partial left
mandible (Fig. 11B; Holt et al. 2005, Coshell 1986, Ristevski
et al. 2020b). Fragmentary postcranial material have also
been referred to this taxon, albeit tentatively (Holt et al.
2005). Proportional differences in some of the dentary
alveoli distinguish Ka. molnari from Ka. murgonensis, while
the intermediate occlusal pattern of Ka. molnari differs from
the overbite pattern of the type species and the interlocking
ones of Ka. implexidens and Ka. taraina (Holt et al. 2005,
Buchanan 2009). The fourth and latest named species of
Kambara is Ka. taraina (Buchanan 2009, see also Buchanan
2008). So far, this species is the best represented of the
genus Kambara and is known from plentiful cranial and

Figure 9. ‘Baru’ huberi. QMF31060, holotype. A, Partial snout in dorsal view. B, Partial snout in ventral view.

Figure 10. Kalthifrons aurivellensis, SAMA P35062, holotype, skull in dorsal view.
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postcranial material (Buchanan 2008), although much of this
material has never been formally published. While both Ka.
taraina and Ka. molnari are from the Rundle Formation,
Buchanan (2009) considered it unlikely that they were sym-
patric due to the stratigraphic separation within the forma-
tion from where the two species were recovered.
Crocodylian bite marks, most likely inflicted by Ka. taraina,
have been recorded on some turtle remains from the Rundle
Formation (Buchanan 2008). Based on its postcranial
morphology, Buchanan (2008) regarded Ka. taraina as a
semi-aquatic ‘generalist’ predator. Pathologies such as frac-
tures, infections, inflammations and possibly hemangioma
on limb bones referred to Ka. taraina were also described
by Buchanan (2008).

Mekosuchus
Australasia was once home to several small-bodied mekosu-
chines (TL of 2m or less at maturity), some of them belong-
ing to the genus Mekosuchus (see also Trilophosuchus
below). Mekosuchus inexpectatus is the type mekosuchine
taxon, which was named after craniomandibular and post-
cranial remains discovered in New Caledonia. Since the
naming of M. inexpectatus in 1987, three other species have
been assigned to the genus Mekosuchus: M. kalpokasi, M.
sanderi and M. whitehunterensis. Beside their small sizes,
species of Mekosuchus possess a suite of peculiar morpho-
logical features, such as anterolaterally oriented external
nares; a short and deep snout; and, uniquely among eusu-
chians, maxillae that participate in the orbital margins (Fig.
12A; Balouet & Buffetaut 1987, Willis 1997b, 2001). Species
of Mekosuchus from both mainland Australia and South
West Pacific islands are small-sized taxa, which indicates

that the insular species of Mekosuchus did not evolve small
body sizes as a consequence of island dwarfism (Brochu
2006, Ineich 2009).

The genus Mekosuchus has the longest known fossil
record out of all Australasian crocodylians, spanning from
the late Oligocene to the Holocene (Fig. 3). The oldest rec-
ognized species is M. whitehunterensis from the late
Oligocene of the Riversleigh WHA, and is known primarily
from craniomandibular remains (Fig. 12B, D, E; Willis
1997a; see also supplemental document S1 in Ristevski et al.
2020b). Additional cranial material and isolated postcranial
elements have been tentatively referred to the species in the
past (Holt & Salisbury 2005, Stein et al. 2015). Mekosuchus
sanderi was discovered from the Middle Miocene Ringtail
Site of the Riversleigh WHA (Fig. 12A, C; Willis 2001, see
also supplemental document S1 of Ristevski et al. 2020b,
2023). It is thus far represented by fragmentary cranial
remains, including a partial but well-preserved cranial table
(Fig. 12C; Willis 2001, Ristevski et al. 2020b, Ristevski et al.
2023). Like M. inexpectatus and M. whitehunterensis, the
orbital margins of the frontal in M. sanderi are broad and
convex (Fig. 12C, D; Balouet 1991, Willis 1997a, Ristevski
et al. 2020b). Mekosuchus inexpectatus is known from mul-
tiple specimens (e.g., Fig. 13A; Balouet 1991), most of which
are undescribed. The first described New Caledonian mater-
ial was dated to the Holocene (Balouet & Buffetaut 1987,
Balouet 1989); however, a Late Pleistocene age has also been
proposed (Willis 2006, Holt et al. 2007). Additional remains
of M. inexpectatus have been reported from archaeological
sites in New Caledonia, which corroborates the Holocene
survival of this species (Balouet 1991). Mekosuchus inexpec-
tatus had a proportionally short and wide snout, proportion-
ally large orbits, and tribodont dentition (small and bulbous

Figure 11. Kambara. A, Kambara implexidens, QMF29662, holotype, skull in dorsal view. B, Kambara molnari, QMF12364, holotype, left mandible in lateral view.
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posterior teeth used primarily for crushing). The latter
feature may indicate that M. inexpectatus incorporated hard-
shelled invertebrates into its diet, such as molluscs and crus-
taceans (Buffetaut 1983, Balouet & Buffetaut 1987, Balouet
1989, 1991, Flannery 1994). Balouet & Buffetaut (1987) and
Balouet (1991) suggested a primarily terrestrial palaeoecol-
ogy for M. inexpectatus based on the anterodorsal orienta-
tion of its nares, the snout shape, and morphology of the
postcrania (see also Balouet 1989, Flannery 1994, Willis
1997b, 2006, Scanlon 2014). Holt et al. (2007) hypothesized
that M. inexpectatus may have preferred slow-moving rain-
forest streams, foraged near the water edge as well as on
land, and may have been nocturnal. Similar to Holt et al.
(2007), Salisbury et al. (2010) hypothesized that based on
their anatomy, the species of Mekosuchus may have had
comparable palaeoecologies and behaviour to extant species
of Paleosuchus Gray, 1862 and Osteolaemus Cope, 1861. The
other insular taxon that has been assigned to the genus
Mekosuchus is M. kalpokasi from Vanuatu (Mead et al.
2002). The mekosuchine remains from Vanuatu are the
youngest known, dated to around 3000 years B.P. (Mead
et al. 2002). Mekosuchus kalpokasi is known mainly from a
left maxilla, and as such it is more poorly represented than
M. inexpectatus, M. sanderi and M. whitehunterensis, all
known from comparatively more abundant material.

Anthropogenic factors may be to blame for the extinction
of the insular species of Mekosuchus, as the disappearance of

these crocodylians along with other endemic fauna occurred
not long after the arrival of humans on those Melanesian
islands (Balouet 1984, 1989, 1991, Balouet & Buffetaut 1987,
Chazeau 1993, Milberg & Tyrberg 1993, Flannery 1994,
Mittermeier et al. 1996, Mead et al. 2002, Brochu 2003).
However, some authors have stated that direct evidence for
the insular mekosuchines being extirpated by humans is
lacking (e.g., Anderson et al. 2010, Slavenko et al. 2016).
The potentially human-caused extinction of species of
Mekosuchus should be evaluated in future studies.

Paludirex
As mentioned above, the genus Paludirex was established
for several specimens that were previously referred to
‘Pallimnarchus’ (see Ristevski et al. 2020a). There are two
recognized species of Paludirex: the type species P. vincenti,
and P. gracilis. Paludirex vincenti is the better represented of
the two species. The holotype of P. vincenti is a partial skull
(Fig. 14A, B) from the Pliocene of the Darling Downs (more
specifically, the Chinchilla LF). Another specimen of
P. vincenti (QMF11626) was also discovered in the Darling
Downs region, although it is unclear if QMF11626 is
Pliocene or Pleistocene in age (Ristevski et al. 2020a).
Herein, we recognize a third specimen as probably referable
to P. vincenti, QMF1752 (Fig. 14C–F). Specimen QMF1752,
also known as the ‘Lansdowne snout’ (after the Lansdowne
Station locality; Longman 1925), is an incomplete and

Figure 12. Mekosuchus from the Riversleigh World Heritage Area. A, Mekosuchus sanderi, QMF31188, holotype, partial left maxilla in lateral view. B, Mekosuchus
whitehunterensis, QMF31051, holotype, partial right maxilla in ventral view. C, Mekosuchus sanderi, QMF31166, partial cranium in dorsal view. D, Mekosuchus white-
hunterensis, QMF31052, partial frontal in dorsal view. E, Mekosuchus whitehunterensis, QMF31053, right mandible in lateral view. Arrows in A, B, and D indicate anter-
ior. Abbreviation: max om, orbital margin of the maxilla.
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slightly dorsoventrally compressed skull from the Middle or
Late Pleistocene (the exact Pleistocene age of this specimen
is uncertain) of Queensland that preserves almost the entir-
ety of the cranial rostrum up to the orbital region. This spe-
cimen has had several taxonomic treatments in the last
98 years: originally as ‘Pallimnarchus pollens’, then C.
porosus, followed by ‘Pallimnarchus’ sp., ‘Pallimnarchus’
gracilis, and the most recent being Crocodylia incertae sedis
(see Ristevski et al. 2020a for a detailed review). We were
able to assess the morphology of this specimen using CT
scan data and through limited observations as it was dis-
played at the Queensland Museum in Brisbane. From our
observations, we conclude that QMF1752 is most likely
referable to P. vincenti as its morphology is consistent with
this species as diagnosed by Ristevski et al. (2020a). These
features include: premaxillary depth that is �47% the col-
lective premaxillary width; the 1st premaxillary alveolus is
positioned approximately medial to the 2nd, and these
alveoli are separated from each other by an interalveolar
gap; the 4th premaxillary alveolus is the largest and is
almost twice the size of the 3rd alveolus; the external narial
fenestra is subcircular, with a posterior margin that curves
gently in a posteromedial direction; a substantial size dispar-
ity between the maxillary alveoli, with the 5th maxillary
alveolus being significantly larger than the smallest interfes-
toonal alveolus; and the teeth are conical and non-serrated.

Paludirex gracilis (formerly ‘Pallimnarchus’ gracilis) is
known from few fragmentary rostromandibular remains dis-
covered at Terrace Site, Riversleigh WHA, which has been
dated to the Late Pleistocene (�50 ka; Davis & Archer 1997,
Willis & Molnar 1997a, Woodhead et al. 2016, Ristevski

et al. 2020a). Based on currently known material, P. gracilis
is distinguished from P. vincenti on the basis of its snout
proportions, with P. gracilis having a proportionally less
robust snout than P. vincenti (Ristevski et al., 2020a). The
two species of Paludirex are interpreted as semi-aquatic
ambush predators capable of taking on relatively large prey
(Ristevski et al. 2020a, Ristevski 2022b). Paludirex gracilis
was one of the last surviving mekosuchines in Australia, and
its extinction may be a consequence of climatic and environ-
mental changes that occurred during the Late Pleistocene
(Ristevski et al. 2020a).

Quinkana
Species of the genus Quinkana are some of the most dis-
tinctive mekosuchines, as they are characterized by an altir-
ostral snout morphology, well-developed maxillary alveolar
processes, and ziphodont dentition. This genus was named
by Molnar (1982c), with the type species being Q. fortiros-
trum. Besides Q. fortirostrum, there are three other named
species of Quinkana: Q. babarra, Q. meboldi and Q. timara.
The genus Quinkana has a relatively long fossil record in
Australia (late Oligocene–Pleistocene), with the oldest
known species being Q. meboldi from the late Oligocene
White Hunter Site (�25Ma) in the Riversleigh WHA.
Quinkana meboldi is known from several partially preserved
craniomandibular and dental elements, with the holotype
specimen being a nearly complete left maxilla (Fig. 15A).
The preserved teeth in the specimens assigned to Q. meboldi
are labiolingually compressed, but their carinae do not bear
denticles (Willis 1997a). After Q. meboldi, the next oldest
known species is Q. timara from the Middle–Late Miocene

Figure 13. Mekosuchus inexpectatus and Volia athollandersoni. A, Mekosuchus inexpectatus, NCP 06, holotype, right mandible in lateral view. B, Volia athollandersoni,
NMNZ S37341, holotype (frontal fragment), and NMNZ S37342 (parietal) in dorsal views. C, V. athollandersoni, NMNZ S37332, partial left mandible in lateral view.
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of Bullock Creek (Fig. 15B; Megirian 1994). Quinkana
timara is currently the best represented species of Quinkana
and is known from several partially preserved craniomandib-
ular elements, isolated teeth and other undescribed material
(Megirian 1994, Yates & Pledge 2017). The teeth of Q.
timara are ziphodont as they are labiolingually compressed

and bear well-developed denticles on their carinae (Megirian
1994). Known from the Early Pliocene Allingham Formation
of northeastern Queensland is Q. babarra. Quinkana
babarra was named on the basis of a right maxillary piece
(Fig. 15C), and several isolated ziphodont teeth may also be
attributable to this species (Willis & Mackness 1996).

Figure 14. Paludirex vincenti. A, ‘Geoff Vincent’s specimen’ (CMC2019-010þQMF59017), holotype, partial skull, all skull pieces in dorsal view; arrow indicates basi-
cranium (QMF59017) ventral to the cranial table (CMC2019-010-5). B, Skull of ‘Geoff Vincent’s specimen’ in dorsal view; dashed lines indicate hypothetical outline of
the skull. QMF1752, digital model of the partial skull in C, dorsal, D, left lateral, E, right lateral, and F, ventral views. A and B are modified from Ristevski et al.
(2020a).
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Compared to the other species of Quinkana, Q. babarra is
the least understood due to the fragmentary nature of its
holotype and thus far the only specimen that is definitively
referable to the species. The type species of Quinkana, Q.
fortirostrum, is known from only a well-preserved snout
(Fig. 15D). Although the alveoli of the Q. fortirostrum holo-
type are labiolingually compressed, there are no known teeth
that are unequivocally attributable to this species. The exter-
nal narial fenestra of Q. fortirostrum is oriented anterodor-
sally. An anterodorsally oriented external narial fenestra is
also present in Q. timara, whereas this condition is
unknown in Q. meboldi and Q. babarra. The holotype of Q.
fortirostrum was discovered at Tea Tree Cave in northern
Queensland, which is Middle Pleistocene in age (Molnar
1982c). The Middle Pleistocene age estimate for the Q.
fortirostrum holotype is only presumed, as direct dating on
the specimen itself has never been performed, although a
Middle Pleistocene age has been determined for other
material from Tea Tree Cave (Price et al. 2013). The holo-
type of Q. fortirostrum was first described by Molnar (1977),
who recognized its distinctiveness, but at the time did not
provide a formal taxonomic assignment. The same specimen
was subsequently discussed by Molnar (1978a, b), and then
classified as its own genus and species by Molnar (1982c).
Because the currently described material of all four species
of Quinkana are quite fragmentary and limited to incom-
plete craniomandibular elements, much of the anatomy of
these species remains unknown.

Throughout the decades, many isolated and fragmentary
remains of ziphodont crocodylians have been referred to the
genus Quinkana (e.g., Molnar 1982c; Sobbe et al. 2013).
However, much of this material should be reassessed in light

of evidence of a new ziphodont mekosuchine genus other
than Quinkana (‘Floraville taxon’ in Fig. 3; Molnar et al.
2017, Price et al. 2019, Ristevski et al. 2019). Though all
known material definitively referable to species of Quinkana
comes from mainland Australia, isolated crocodyliform teeth
from the Pliocene Otibanda Formation in Papua New
Guinea reported by Plane (1967) may be possibly attribut-
able to this genus (Willis 1997a; Molnar et al. 2002, Wroe
2002, Brochu 2003). The Papua New Guinea material men-
tioned by Plane (1967) has never been described or figured
in detail, and we were unable to examine it for the purposes
of this study. Therefore, the putative ziphodont teeth from
Papua New Guinea should be studied in detail before deter-
mining if they can be referred to the genus Quinkana or
perhaps a different taxon.

The palaeoecology of species of Quinkana has been a
topic of interest, especially because of the notion that these
species may have been better adapted for life and prey
acquisition on land compared to extant crocodylians
(Molnar 1982c, 2004, Flannery 1990, 1993, Willis et al. 1990,
Megirian et al. 1991, Megirian 1994, Willis & Mackness
1996, Willis 1997a, Willis & Molnar 1997b, Murray &
Vickers-Rich 2004, Scanlon 2014, Long 2017, Price et al.
2017, Stein et al. 2017, Yates & Pledge 2017). Willis et al.
(1990) suggested that ziphodont crocodylians such as species
of Quinkana may have subdued their prey in a manner
similar to that of the Komodo dragon. While not specifically
referring to Quinkana spp., a similar proposition was given
by Busbey (1986, 1995), who argued that crocodyliforms
with altirostral/oreinirostral snouts and ziphodont dentition
most likely acquired and manipulated their prey like terres-
trial reptilian carnivores do, and unlike semi-aquatic

Figure 15. Quinkana. A, Quinkana meboldi, QMF31056, holotype, left maxilla in lateral view. B, Quinkana timara, NTM P895-19, holotype, partial snout in right lat-
eral view. C, Quinkana babarra, QMF23220, holotype, right maxillary piece in lateral view. D, Quinkana fortirostrum, AM F57844, holotype, snout in left lateral view.
Arrows indicate anterior.

388 JORGO RISTEVSKI ET AL. CROCODYLIFORM EVOLUTION IN AUSTRALASIA



crocodylians with platyrostral snouts. Others have hypothe-
sized that while species of Quinkana probably had more ter-
restrial lifestyles and feeding habits compared to extant
crocodylians, they were still dependent on water sources for
thermoregulation, protection and reproduction (Willis
1997b; see also Mackness & Sutton 2000). However, not all
have agreed with these proposals, such as Wroe (2002), who
argued that based on the taphonomy and known material,
there is insufficient evidence to support the suggestion of
terrestriality in species of Quinkana. Further inferences on
the palaeobiology of Quinkana spp. are currently limited by
the scarce fossil remains attributable to these species.

While the genus Quinkana was recovered as a mekosu-
chine in our phylogenetic analyses, alternative taxonomic
referrals have been proposed in the past, particularly with
planocraniids (Rauhe & Rossmann 1995, Rossmann 1998,
1999) or as a non-mekosuchine crocodylid (Rio & Mannion
2021). However, a relationship between Quinkana spp. and
Planocraniidae has not been supported by most phylogenetic
analyses, and Quinkana is almost always recovered within
Mekosuchini (e.g., Willis 1993b, Salisbury & Willis 1996,
Molnar et al. 2002, Brochu 2001, 2003, 2007a, 2012,
Buchanan 2008, Brochu & Storrs 2012, Stein et al. 2016,
Yates & Pledge 2017, Lee & Yates 2018, Ristevski et al.
2020a, 2020b, 2021, 2023, Rio & Mannion 2021; see below).

Trilophosuchus
One of the most morphologically distinctive crocodylians
from Australia is Trilophosuchus rackhami. This taxon was
named after an incomplete but exceptionally well-preserved
cranium that was discovered at the Middle Miocene Ringtail
Site, Riversleigh WHA (Fig. 16; Willis 1993b, Ristevski
2022a, Ristevski et al. 2023). Additional isolated cranial

elements are also referable to this species (Willis 1993b,
Ristevski et al. 2023). At present, only one species is recog-
nized in the genus Trilophosuchus, T. rackhami. However,
an isolated parietal from Hiatus Site at the Riversleigh WHA
demonstrates the presence of the genus Trilophosuchus dur-
ing the late Oligocene (Ristevski et al. 2023). Trilophosuchus
rackhami is characterized by several striking morphological
features, such as a cranial table that bears three continuous
longitudinal crests (hence the generic name Trilophosuchus,
meaning ‘three crested crocodile’), a relatively short but
broad altirostral snout (inferred, as no complete snout is
known for T. rackhami), and an overall small body-size at
maturity (estimated TL of the holotype specimen QMF16856
is 70–90 cm; Ristevski et al. 2023). In addition, T. rackhami
displays paedomorphic features such as a lateroventrally
sloping cranial table, a basioccipital plate that is oriented
posteroventrally, and a small body size at maturity. The
maxilla, lacrimal and jugal of T. rackhami have a unique
relationship around the orbit, where the maxilla is excluded
from participating to the orbital margin by a narrow contact
formed by the lacrimal and jugal (Ristevski et al. 2023). This
morphology is intermediate between the common condition
in most other crocodylians, where the lacrimal and jugal
broadly separate the maxilla from the orbit, and that in
Mekosuchus spp., where in the latter the maxilla participates
in the orbit.

The neuroanatomy of T. rackhami was described in detail
by Ristevski (2022a), who found that the brain endocast of
the taxon resembles some notosuchian crocodyliforms, the
common crus of the endosseous labyrinth is relatively tall,
and that T. rackhami has a highly developed paratympanic
pneumatic system that is most similar to, and even slightly
greater than, the paratympanic pneumatic system of the
extant Paleosuchus palpebrosus Cuvier, 1807 and

Figure 16. Trilophosuchus rackhami, QMF16856, holotype. A, Cranium in dorsal view. B, Cranium in ventral view.
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Osteolaemus tetraspis Cope, 1861. Based on its neuromor-
phology, Ristevski (2022c, 2022b) suggested that T. rackhami
likely had a terrestrial palaeoecology and, when compared to
extant crocodylians, probably had a palaeoecology most
similar to those of Pa. palpebrosus and O. tetraspis.
Furthermore, Ristevski (2022b, 2022c) hypothesized that,
due to the highly developed paratympanic pneumatic sys-
tem, as well as additional neuromorphological similarities of
the brain endocast and endosseous labyrinth shared with
certain basal crocodylomorphs, basal crocodyliforms and
notosuchians, T. rackhami may have exhibited even greater
terrestrial tendencies than any extant crocodylian. Willis
(1993b) also proposed a terrestrial palaeoecology for T.
rackhami based on its cranial morphology and its resem-
blance not only to Pa. palpebrosus and O. tetraspis, but also
some notosuchians, atoposaurid neosuchians and basal croc-
odyliforms (see also Willis 1997b, 2006, Scanlon 2014).

Ultrastenos
The genus Ultrastenos was named from fragmentary mater-
ial discovered at the late Oligocene Low Lion Site,
Riversleigh WHA, and currently has one species assigned to
it, U. willisi. Ultrastenos willisi was established on the basis
of several craniomandibular and associated postcranial
remains (Stein et al. 2016). During the late Oligocene, the
environment of Low Lion Site, from where the holotype spe-
cimen of U. willisi originates, is indicative of an open forest
lacking in river systems or large wetlands (Stein et al. 2016).
In their phylogenetic analyses, Stein et al. (2016) found U.
willisi within Mekosuchinae as a sister taxon to T. rackhami.
More recently, U. willisi was incorporated as an OTU in the
phylogenetic analyses by Rio & Mannion (2021), who recov-
ered it in a polytomy with species of Mekosuchus. Stein
et al. (2016) suggested that U. willisi may have had either a
slender longirostrine or a proportionally short snout,
although these interpretations are questionable and should
be re-evaluated since much of the mandibular element
assigned to this taxon is incomplete. New material of a
related species indicates that significant revisions of this
taxon are necessary (A. M. Yates, in prep.).

Volia
Another insular mekosuchine is Volia athollandersoni from
the Quaternary of Fiji. Volia athollandersoni is known from
fragmentary cranial and postcranial remains that were dis-
covered in two caves on the island of Viti Levu, Fiji – the
Wainibuku Cave, where the holotype specimen (Fig. 13B)
was found, and the Voli Voli Cave (Molnar et al. 2002, see
also Anderson 1999, Worthy & Anderson 1999, Worthy
et al. 1999). The material is presumed to be Pleistocene in
age; however, Molnar et al. (2002) did not exclude the possi-
bility that the remains they described may be more recent.
Based on the size, taphonomy, and the provenance of the
preserved material, Molnar et al. (2002) deduced that the
material they reported represents at least five individuals.
Non-diagnostic, isolated crocodylian fragments from the
Holocene of Naigani, Fiji have been tentatively referred to

the genus Volia (Irwin et al. 2011). Because of the lack of
mammalian and other large reptilian predators, V. athollan-
dersoni is regarded as a top predator from the Quaternary of
Fiji, and some authors have suggested that it may have been
primarily terrestrial (Anderson 1999, Worthy et al. 1999,
Molnar et al. 2002). However, the fragmentary nature of the
currently known material precludes confident palaeoeco-
logical inferences. In addition to the V. athollandersoni
remains, the fossil assemblage from the Voli Voli Cave is
composed of predominantly terrestrial species (birds, frogs,
an iguana, snakes and possibly a tortoise; see Worthy et al.
1999, Molnar et al. 2002), some of which V. athollandersoni
may have predated or scavenged (Molnar et al. 2002).
Furthermore, based on the relatively small land mass of Fiji
during the Pleistocene and Holocene, Molnar et al. (2002)
postulated that the population of V. athollandersoni on the
islands was also small.

Non-mekosuchine Cenozoic crocodylians

Crocodylus
Crocodylus is the most speciose genus of extant crocodylians
globally, with 13 recognized species and a near-circumtropi-
cal distribution. Most species of Crocodylus have mesoros-
trine and platyrostral snouts, thus fitting within the
‘generalist’ ecomorphological category, although a couple of
species have evolved the slender longirostrine ecomorph,
including the Australian C. johnstoni (Figs 1A, 17C; Brochu
2001, Drumheller & Wilberg 2020). Non-Crocodylus croco-
dylids have a largely African distribution (Hekkala et al.
2021, Brochu et al. 2022), suggesting an ultimately African
origin for the genus, although the crown group may have
originated in the Indo-Pacific region (Oaks 2011). There are
four extant species of Crocodylus living in Sahul (Australia
and New Guinea; Figs 1, 17). Crocodylus novaeguineae (Fig.
17A) and C. halli (Fig. 17B) are endemic to New Guinea, C.
johnstoni is endemic to Australia, while C. porosus (Figs 1B,
17D) occurs throughout the region and beyond into south-
east Asia (Grigg & Kirshner 2015, Murray et al. 2019).
Although this review is focused on the Australian continent,
it should be noted that there is no confirmed fossil record
of Crocodylus in New Guinea, although Plane (1967) sug-
gested that postcranial elements from the Pliocene of New
Guinea may be referable to Crocodylus.

Crocodylus does not appear in the Australian fossil record
until the Early Pliocene epoch at �4.5Ma (Molnar 1979),
presumably dispersing from Asia via ‘island hopping’
through southeast Asia and Wallacea (Willis 1997b). Based
on the known fossil record, and the wider phylogenetic rela-
tionships of the extant Australian species, there were mul-
tiple waves of immigration and colonization of Australia.
The earliest wave of immigration is poorly understood. A
snout from a juvenile individual, initially identified as C.
porosus, from the Pliocene Bluff Downs locality in
Queensland is the most complete published specimen
(Molnar 1979). The specific identification of this specimen
has been questioned (Yates 2019) because it is not based on
any autapomorphies or a unique combination of characters,
and the snout shows proportional differences from modern
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C. porosus of equivalent size (Fig. 18). Other Australian
Pliocene fossils of Crocodylus potentially include isolated
teeth with strong apicobasal fluting from Chinchilla on the
Darling Downs, Queensland (Chiotakis 2018, 2019).
Hocknull et al. (2020) suggested that the presence of strong
fluting is diagnostic of Crocodylus within the context of the
Late Cenozoic of Australia.

A novel species of Crocodylus has been reported, but not
described, from the Pliocene–Pleistocene of the Lake Eyre
Basin in the Tirari Desert of South Australia (Yates &
Pledge 2017, Yates 2019). This species was included in a
Bayesian tip-dated analysis (Lee & Yates 2018), which found
it to belong to a clade of extralimital, non-crown group
Pliocene–Pleistocene Crocodylus. If these results are correct,

Figure 17. Skulls of extant Crocodylus from Australasia. A, Crocodylus novaeguineae, QMJ5332, skull in dorsal view. B, Crocodylus halli, UF 145927, digital model of
the skull in dorsal view (downloaded from MorphoSource https://www.morphosource.org/concern/media/000039626). C, Crocodylus johnstoni, QMJ58446, skull in
dorsal view. D, Crocodylus porosus, QMJ48127, skull in dorsal view.

Figure 18. A, Crocodylus sp. QMF9229, partial rostrum from the Pliocene Allingham Formation, Bluff Downs Queensland. B, Reconstructed rostrum of QMF9229. C,
Rostrum of equivalent-sized juvenile Crocodylus porosus (UQSSAL unregistered).
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then the Tirari Desert Crocodylus sp. and possibly all other
Pliocene fossils of Crocodylus from Australia represent an
early wave of immigration independent from the extant
species.

Fragmentary cranial remains found at Tara Creek, a
Pliocene locality in Queensland, were named Crocodylus
nathani by Longman (1924). The systematic position of
these remains has proved contentious, and they have been
treated as a synonym of either C. porosus (Molnar, 1982b)
or the mekosuchine Paludirex gracilis (as ‘Pallimnarchus’
gracilis: Willis & Molnar 1997a). The remains potentially
include fossils of Crocodylus sp. but confirmation of this will
require further study.

Molecular phylogenetic analyses indicate that the two
extant Australian species of Crocodylus, C. porosus and C.
johnstoni, are more closely related to extralimital species
than to each other. In the case of C. johnstoni, its closest rel-
atives are Crocodylus novaeguineae from New Guinea and
Crocodylus mindorensis Schmidt, 1935 from the Philippines,
whereas the closest relatives of C. porosus are the Asian
Crocodylus siamensis Schneider, 1801 and Crocodylus
palustris Lesson, 1831 (Meredith et al. 2011, Oaks 2011).
This indicates that the two extant Australian species are the
result of two further independent colonizations of Australia
by Crocodylus. Crocodylus johnstoni likely split from C.
novaeguineae and C. mindorensis sometime in the Middle to
Late Miocene (�14–10Ma), according to both a tip-dated
Bayesian analysis and a molecular clock estimate (Oaks
2011, Lee & Yates 2018). However, the sole published fossil
record of C. johnstoni is Late Pleistocene in age (Willis &
Archer 1990).

Crocodylus porosus has long been reported from the
geological record of Australia, but it is only recently that
fossil material that can be considered reliably identified
has been described. Jack & Etheridge (1892) reported the
species from several localities in their list of fossils from
the ‘post Tertiary’ of Queensland. The material they listed
now resides in the NHMUK. None of the material they
list is specifically referable to C. porosus, and some fossils
can be confidently excluded from this species (JR and
AMY pers. obs.). Molnar (1982b) referred several cranial
fragments from the Pleistocene of the Darling Downs,
Queensland, to C. porosus. However, none of these can be
confidently referred to C. porosus on the basis of autapo-
morphies or a unique combination of derived characters.
Indeed, one of these specimens, a premaxilla (QMF11626),
is now referred to Paludirex vincenti (Ristevski et al.,
2020a), and others may yet be identified as belonging to
other taxa (AMY pers. obs.). Hocknull et al. (2020)
reported remains from the South Walker Creek area in
north-eastern Queensland that they referred to Crocodylus
sp. cf. C. porosus. The referral was based on derived osteo-
derm characteristics including thick, circular to ovoid
bases, irregular, ragged edges, irregular pitting and tall,
curved keels. The absence of an anterior external articular
face can also be added to these characteristic features.
These characteristics are unique to C. porosus when com-
pared with mekosuchines, gavialoids and other species of

Crocodylus. The South Walker Creek specimens come from
two sites dated to �47.7 ka and �40.1 ka. Interestingly, the
oldest fossil bearing unit at South Walker Creek is dated
to �65.6 ka and lacks specimens referable to Crocodylus
sp. cf. C. porosus, raising the possibility of an extremely
late arrival of the species in Australia.

Gavialoidea

‘Gavialis papuensis’
In 1905, Charles Walter de Vis reported fragmentary croco-
dylian remains recovered from Busai, Muyua (also known as
Woodlark Island) in the Solomon Sea. After giving a
description of the fossils, de Vis (1905) provisionally
referred them to the genus Gavialis Oppel, 1811, under the
specific name G. papuensis. Almost eight decades after the
original study by de Vis (1905), the material was reviewed
by Molnar (1982a), who concluded that referral to the genus
Gavialis was invalid. The remains (Fig. 19) are considered to
be likely derived from Quaternary sediments (Molnar 1982a,
Lees 1986, Willis 1987, Markwick 1998, Mead et al. 2002,
Riff et al. 2009), and consist of two osteoderms, six partial
vertebrae, and three incomplete mandibular pieces. In add-
ition to these elements, Molnar (1982a) also reported an iso-
lated tooth crown that may be related to the same taxon
(Fig. 19D). As the crocodylian remains were found alongside
fossils of a marine turtle and a sirenian (de Vis 1905),
Molnar (1982a) suggested a possible lagoonal or marine
habitat for ‘Gavialis papuensis’. The incomplete mandibular
pieces (Fig. 19A–C) are narrow and elongated, which is
indicative of a slender longirostrine snout, and are further
characterized by laterally oriented alveoli (de Vis 1905,
Molnar 1982a). Molnar (1982a) compared the mandibles of
the ‘Muyua crocodylian’ (¼ ‘Murua crocodilian’: Molnar
1982a; ‘Murua crocodile’: Willis 1987) with several slender
longirostrine taxa and found them most comparable to
Charactosuchus Langston 1965, Ikanogavialis Sill, 1970, and
Euthecodon Fourtau, 1920, but a formal generic designation
was not given due to the limited inferences permitted by the
material at hand. Later, Aoki (1988) and Molnar (1993) con-
sidered the possibility that the remains of the ‘Muyua croco-
dylian’ may belong to a malformed individual of Gavialis
bengawanicus Dubois, 1908, a gavialid from the Pleistocene
of southeast Asia (Delfino & De Vos 2010, Martin 2019).
Rauhe et al. (1999) suggested that the ‘Muyua crocodylian’
is referable to the genus Ikanogavialis, a gavialid known
exclusively from the South American Neogene (Sill 1970,
Salas-Gismondi et al. 2016). Several studies have regarded
‘Gavialis papuensis’ as a gavialoid (Brochu 2001, 2003, 2006,
V�elez-Juarbe et al. 2007, Jouve et al. 2008, Wheatley 2010).
Delfino & De Vos (2010) considered ‘Gavialis papuensis’ a
nomen dubium due to the fragmentary nature of the speci-
mens and their apparent lack of diagnostic features, but sug-
gested that it likely represents an undetermined species of
Gavialis (Delfino & De Vos 2010, p. 440). Martin et al.
(2012) expressed uncertainty about the generic referral of
the ‘Muyua crocodylian’, but stated that attribution to
Gavialis is unlikely. Most recently, Rio & Mannion (2021)
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remarked that the material assigned to ‘G. papuensis’ is not
diagnostic at a species level, with these authors further not-
ing that it may be attributable to the genus Gavialis. The
phylogenetic affinities of the ‘Muyua crocodylian’ are still
unresolved, and discovery of new and more complete
remains from Muyua are needed to unravel this taxonomic
mystery.

Gunggamarandu
The genus Gunggamarandu contains a single species, Gu.
maunala, which is known from a partial cranium (Fig. 20).
The holotype specimen of Gu. maunala, QMF548
(¼QMF14.548, old registry number) was discovered on the
Darling Downs, southeastern Queensland, some time in the
nineteenth century (Ristevski et al. 2021). However, it is
unclear if the holotype derives from Pliocene or Pleistocene
sediments due to lack of information as to where exactly on
the Darling Downs it was found (Ristevski et al. 2021). The
first report on QMF548 was by Salisbury et al. (1995), who
tentatively suggested gavialoid affinities for this species.
Since the holotype and thus far only known specimen of

this taxon originates from the Darling Downs, it marks the
southern-most known record of Gavialoidea from
Australasia. Gunggamarandu maunala has a peculiar cranial
morphology that is characterized by proportionally large
supratemporal fenestrae, a deeply concave cranial table, and
a supraoccipital with a convex occipital lamina and very
large and widely spaced postoccipital processes (Ristevski
et al. 2021, see also supplemental document S3 of Ristevski
et al. 2023). Because of the incomplete preservational state
of QMF548, an accurate TL estimate for the species is diffi-
cult, although the proportions of the specimen indicate that
Gu. maunala was one of the largest, if not the largest croco-
dyliform yet found from Australia. Some of the phylogenetic
analyses conducted by Ristevski et al. (2021) recovered a
monophyletic Brevirostres, where morphological
‘tomistomines’ were found as a subclade of Crocodylidae
instead of Gavialidae. In those analyses, Gunggamarandu
was found to be a ‘basal tomistomine’ (see figure 4 in
Ristevski et al. 2021). However, most other phylogenetic
analyses that have incorporated Gu. maunala (the EW
method analysis: see supplemental document S2 of Ristevski

Figure 19. ‘Gavialis papuensis’. A, B, C, QMF406, mandibular fragments in dorsal views. D, Isolated tooth crown, unnumbered QMF specimen. E, F, QMF340, partial
cervical vertebrae in right lateral views. G, QMF340, partial dorsal vertebra in left lateral view. H, QMF340, partial sacral vertebra (tentatively interpreted as a second
sacral) in right lateral view. I, QMF340, partial caudal vertebra in right lateral view. J, QMF341, isolated osteoderm in dorsal view. K, QMF341, isolated osteoderm in
dorsal view. Note that the osteoderm in K has a thin-section shown in L.
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et al. 2021, 2023) consistently recovered a monophyletic
Longirostres and monophyletic Gavialoidea, where Gu.
maunala was recovered as a non-gavialid gavialoid.

Harpacochampsa
The gavialoid genus Harpacochampsa also contains only one
species, H. camfieldensis, known from the Middle Miocene
Camfield Beds of the Bullock Creek LF, Northern Territory
(Megirian et al. 1991). This taxon is represented by partially
preserved craniomandibular elements and few isolated osteo-
derms (Fig. 21; Megirian et al. 1991). As inferred from the
rostral fragment (NTM P87106-5; Fig. 21C), H. camfieldensis
possessed a slender longirostrine snout with interlocking
dentition (Megirian et al. 1991, see also
supplemental document S3 of Ristevski et al. 2023). Willis
(1997b) suggested that the inferred rostral morphology of
H. camfieldensis is indicative of a mainly piscivorous diet,
although Megirian et al. (1991) proposed that it may have
also incorporated turtles and possibly even medium-sized
mammals (see also Murray & Vickers-Rich 2004).

For decades, the phylogenetic placement of
Harpacochampsa has been controversial and difficult to
ascertain (Megirian et al. 1991, Brochu 2003). Some consid-
ered H. camfieldensis to be a mekosuchine (Willis 1995,
1997b; Brochu 2001, Jouve et al. 2008, 2015, Jouve 2016,
Stein et al. 2016, Iijima & Kobayashi 2019, Stockdale &
Benton 2021, Iijima et al. 2022), while others failed to
recover it within Mekosuchinae or Gavialoidea (Salisbury &

Willis 1996, Molnar et al. 2002, Ristevski et al. 2020a, 2021).
That Harpacochampsa is most likely a gavialoid was first
proposed Yates & Pledge (2017), a hypothesis later sup-
ported by results from cladistic analyses by Lee & Yates
(2018). More recent studies have agreed with the placement
of Harpacochampsa within Gavialoidea (Rio & Mannion
2021, Ristevski et al. 2023), although it has been recovered
as both a non-gavialid gavialoid and a gavialid gavialoid
(Figs 24, 25; Ristevski et al. 2023). Discovery of more com-
plete specimens will help with determining its precise pos-
ition within Gavialoidea.

Other indeterminate crocodylians

‘Eumeralla Formation taxon’
Crocodyliform remains of currently undetermined taxo-
nomic affinities are known from the early Albian (Early
Cretaceous; 113–108Ma) Eumeralla Formation of Dinosaur
Cove, Victoria (Willis 1997, 2006, Salisbury et al. 2003,
Poropat et al. 2018, Paragnani et al. 2019, Wagstaff et al.
2020). This material represents the southern-most known
record (as well as highest palaeolatitude, �70�S) of
Crocodylomorpha in Australia (Fig. 2; Paragnani et al.
2019). According to Paragnani et al. (2019), the Dinosaur
Cove material is fragmentary and is represented by “… a
quadratojugal, 28 teeth, a dorsal vertebra, a humerus and
five osteoderms…” (see also Willis 2006, p. 332). A partial
crocodylomorph osteoderm from the Eumeralla Formation

Figure 20. Gunggamarandu maunala. QMF548 (¼QMF14.548, old registry number), holotype. A, Cranium in dorsal view. B, Cranium in posterior view. C,
Hypothetical outline of the skull in dorsal view, with QMF548 depicted in its corresponding position (modified from Ristevski et al. 2021). Skull outline in C is based
on skulls of Dollosuchoides densmorei and Kentisuchus spenceri.
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was figured by Poropat et al. (2018). Salisbury et al. (2003)
suggested the material could be assigned to Susisuchidae.
Paragnani et al. (2019) described the isolated teeth as non-
ziphodont, but the fragmentary nature of the material pre-
vents confident classification beyond Mesoeucrocodylia
indet.

‘Runcorn taxon’
An anterior portion of a right dentary, along with an associ-
ated tooth and a partial vertebral centrum, represent the
oldest known crocodylian fossils from the Cenozoic of
Australasia (Fig. 22; Willis & Molnar 1991a). These fossils
were recovered from a well in Runcorn (a suburb of
Brisbane), southeastern Queensland, and are most likely
derived from the Paleogene Corinda Formation, with the
fossils themselves thought to be early Eocene in age (Willis
& Molnar 1991a). Initially, the ‘Runcorn crocodylian’ was
considered as a possible longirostrine taxon (Willis &
Molnar 1991a); however, Willis (1995) disagreed with this
interpretation. Based on our observations of the dentary
(Fig. 22A, B), it appears that its proportions are more akin
to those of a mesorostrine crocodylian such as C. porosus.
Thus, we also disagree with the slender longirostrine inter-
pretation for the dentary fragment. Affinities of the
‘Runcorn taxon’ are uncertain, although it can be concluded
that it is from a eusuchian crocodyliform due to the strongly
procoelous centrum (Fig. 22C; Willis & Molnar 1991a).
Because this material does not preserve autapomorphic fea-
tures, its taxonomic relationships within Crocodylia remain
inconclusive, although mekosuchine affinities have been ten-
tatively proposed in the past (Willis & Molnar 1991a, Willis
1995, Buchanan 2009). Willis (1997b, 2006) suggested that
the ‘Runcorn taxon’ may be referable to the genus Kambara;

however, the preservational condition of the material is
insufficient to confidently support this referral.

‘Geebung taxon’
In June 2013, a construction crew at Geebung (a suburb of
Brisbane) recovered fragmentary fossil remains, including
crocodylian, from a site that is considered to be Eocene in
age. This material is undescribed and unpublished, and thus
the taxonomic referral of the crocodylian fossils remains
undetermined. It is possible that the material is of equivalent
age to that from Runcorn, and could pertain to one small
depositional basin that occurred in the Brisbane area during
the Paleogene.

‘Darling Downs taxon’
Ristevski et al. (2020a) reported two fragmentary specimens
(QMF1151 and QMF1154) that represent a new taxon from
the Darling Downs region. These specimens are partial pre-
maxillae (and in the case of QMF1154, a fragment of a max-
illa) that have a similar morphology to the premaxilla of
Paludirex vincenti, such as subcircular alveoli, non-
ziphodont teeth, an arching at the anterior of the alveolar
processes, and overall comparable proportions. However,
these premaxillae (Fig. 23A–D) differ from P. vincenti and
P. gracilis in that: the 1st alveolus is positioned anterome-
dially to the 2nd; there is an insignificant interalveolar gap
between the 1st and 2nd premaxillary alveolus; the 3rd and
4th premaxillary alveoli are of subequal size; and the poster-
ior margin of the external narial fenestra is close to trans-
verse. Specimen QMF1154 comes from the Pliocene
Chinchilla LF on the Darling Downs. A premaxilla and
maxilla fragment from the Pleistocene of the Clifton area on
the Darling Downs, NHMUK PV OR 43047a (Fig. 23E, F),

Figure 21. Harpacochampsa camfieldensis. A, Holotype cranium, NTM P87106-1, in dorsal view. B, Holotype cranium, NTM P87106-1, in posterior view. C, Partial
snout, NTM P87106-5, in ventral view.
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shares the same morphological features as QMF1151 and
QMF1154. Lydekker (1888) was the first to mention
NHMUK PV OR 43047a, but erroneously referred it to C.
porosus. Considering the significant morphological differen-
ces, it can be concluded that the ‘Darling Downs taxon’ is
neither P. vincenti nor P. gracilis. It is possible that it repre-
sents a third species of Paludirex, but it is equally likely that
it belongs to a new genus. Their fragmentary nature prohib-
its reaching a conclusion on this matter, and therefore, like
Ristevski et al. (2020a), we tentatively refer these specimens
(QMF1151, QMF1154, and NHMUK PV OR 43047a) as
Paludirex? sp. nov.

‘Bannockburn Formation taxon’
The presence of crocodylians in Aotearoa/New Zealand dur-
ing the Cenozoic was first reported by Molnar & Pole
(1997), who described a right angular. The angular (OU
22228) was recovered from the Early Miocene Bannockburn
Formation near St. Bathans, Central Otago, South Island.
The taxonomic affinity of this crocodylian is undetermined,
although some authors have suggested that it may be a
potential mekosuchine (Mead et al. 2002, Molnar et al.
2002, Holdaway & Worthy 2006, Willis 2006, Schwarzhans
et al. 2012, Mather et al. 2019, Rio & Mannion 2021).
Unfortunately, a conclusive classification is currently ham-
pered by the fragmentary nature of OU 22228 and, there-
fore, this crocodylian remains unnamed and its possible
mekosuchine affinities are yet to be tested. More recent
reports of newly discovered crocodylian elements from the
Bannockburn Formation hold promise for resolving the
identification and taxonomic affinities of this crocodylian

(Pole et al. 2003, Worthy et al. 2006, 2009), including the
possible presence of two taxa (see Salisbury et al. 2017).

Results of the phylogenetic analyses

As in Ristevski et al. (2023), the phylogenetic analyses per-
formed here also resulted in generally consistent and largely
resolved topologies (Figs 24–26, Table 3; Supplemental Data
S2). The recovered cladograms had either entirely resolved
(in four of the eight analyses) or almost completely resolved
(in two of the eight analyses) relationships. Only one ana-
lysis (run under the NTS option and using the EW method)
resulted with a poorly resolved topology. The nodal support
tended to be relatively weak for most clades.

In all analyses, Confractosuchus sauroktonos was recov-
ered as a sister taxon to Susisuchidae (Isisfordia duncani þ
Susisuchus anatoceps). Seven analyses recovered the Co.
sauroktonos þ Susisuchidae clade outside of Eusuchia (Fig.
24 and Supplemental Data S2), whereas one analysis found
this clade as part of Eusuchia (Figs 25, 26). All other
Australasian OTUs were recovered within Crocodylia.

Although the interrelationships of the major clades within
Crocodylia were generally consistent in all analyses, the
results from some analyses (e.g., Figs 25, 26) have intriguing
implications for Mekosuchinae (read below). All eight
analyses consistently recovered a monophyletic Longirostres
(CrocodyloideaþGavialoidea). As in Ristevski et al. (2023),
Gunggamarandu maunala and Harpacochampsa
camfieldensis were found within Gavialoidea. In all analyses,
Gu. maunala was recovered as a non-gavialid gavialoid, and
usually as a sister taxon to the European gavialoid
Dollosuchoides densmorei Brochu, 2007b. Harpacochampsa

Figure 22. ‘Runcorn taxon’. A, QMF73195 (formerly UQF73195), anterior dentary piece in dorsal view. B, QMF73195, reconstructed anterior mandibular portion in
dorsal view. C, QMF12363 (formerly UQF12363), cervical centrum in left lateral view. Isolated crocodylian tooth associated with QMF73195 in lingual view; D, scaled
to the dentary fragment and centrum; E, scaled for visualization.
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camfieldensis was recovered as a gavialid gavialoid in
six out of eight analyses, whereas two analyses found
H. camfieldensis as a non-gavialid gavialoid. None of the
analyses recovered a sister-taxon relationship between Gu.
maunala and H. camfieldensis.

Mekosuchinae was recovered as a monophyletic clade
within Crocodyloidea in six out of the eight analyses (Fig. 24).
The analyses that recovered a monophyletic Mekosuchinae
found it as a sister clade to Crocodylidae. The basal-most
mekosuchine differed between analyses, with Australosuchus
clarkae recovered in that position in four analyses. Kalthifrons
aurivellensis was found as the basal-most mekosuchine in one
topology (Fig. 24), whereas K. aurivellensis þ Kambara spp.
was recovered as the basal-most mekosuchine clade in one of
the analyses. All other mekosuchines comprised a monophy-
letic Mekosuchini. There were two recovered subclades within
Mekosuchini: one subclade comprising the small-bodied
and/or insular taxa (‘Baru’ huberi þ Trilophosuchus rackhami
þ Volia athollandersoni þ Mekosuchus inexpectatus; the insu-
lar taxa are M. inexpectatus and V. athollandersoni), and a
second subclade comprising large-bodied taxa from continen-
tal Australia (Baru þ Paludirex þ Quinkana). The subclade
formed by the small-bodied taxa had ‘B.’ huberi recovered in a
basal position to the clade comprising T. rackhami þ (V.
athollandersoni þ Mekosuchus). The subclade comprised of

the large-bodied Australian taxa usually found Paludirex
as the sister taxon to the Baru þ Quinkana clade, except in
one analysis where Paludirex was the sister taxon to Baru
(Figs 25, 26).

Arguably, the most intriguing results from the phylogen-
etic analyses concern the alternative composition and place-
ment of Mekosuchinae. Two of the eight analyses resulted
with a paraphyletic Mekosuchinae that incorporates
Orientalosuchina (Figs 25, 26; Supplemental Data S2), a
group of Cretaceous–Paleogene crocodylians from Asia that
has been regarded as a subclade of Alligatoroidea (Massonne
et al. 2019, Shan et al. 2021; in six of our analyses,
Orientalosuchina was also recovered within Alligatoroidea).
The first of these two analyses (run under the TrS option
and using the EW method; Figs 25, 26) recovered A. clarkae
and Kambara spp. outside of Mekosuchinae. In this analysis,
A. clarkae was found as the basal-most crocodyloid, whereas
Kambara spp. was the sister group to Crocodylidae. All
other mekosuchines fell outside of Longirostres and formed
a monophyletic clade that also included orientalosuchins. In
the strict consensus results (Fig. 25), Mekosuchinae was part
of a larger polytomy within Eusuchia. The 50% majority-
rule consensus (Fig. 26) depicts a better resolved topology,
where Asiatosuchus germanicus Berg, 1966 was the sister
taxon to Mekosuchinae. In this analysis, Mekosuchinae was

Figure 23. ‘Darling Downs taxon’ (¼ Paludirex? sp. nov.). QMF1154, left premaxilla and fragment of maxilla in A, dorsal and B, ventral views. C, QMF1154, premax-
illa in anterior view, with the indicated mirrored photograph in order to aid comparison (modified from Ristevski et al. 2020a). the curved red line in C indicates the
anterior arching of the premaxilla. D, QMF1151, incomplete left premaxilla in ventral view. NHMUK PV OR 43047a, right premaxilla and fragment of maxilla in E,
ventral and F, dorsal views.

ALCHERINGA: AN AUSTRALASIAN JOURNAL OF PALAEONTOLOGY 397

https://doi.org/10.1080/03115518.2023.2201319


comprised of two major subclades: one subclade including
continental Australian taxa (Kalthifrons þ (Quinkana þ
(Baru þ Paludirex))), and a second subclade that includes
Orientalosuchina and the small-bodied and/or insular taxa
(‘B.’ huberi þ T. rackhami þ V. athollandersoni þ
Mekosuchus). Massonne et al. (2019) also assigned the Asian
taxon Protoalligator huiningensis Young, 1982 to
Orientalosuchina; however, in this analysis this taxon was
recovered outside of that clade (Fig. 25). Within
Mekosuchinae, Orientalosuchina formed a separate

monophyletic subclade, except for Dongnanosuchus hsui
Shan et al., 2021, which did not cluster with the other orien-
talosuchins, but instead was found to be the sister taxon to
the (‘B.’ huberi þ T. rackhami þ V. athollandersoni þ
Mekosuchus) clade.

The second analysis that resulted in a paraphyletic
Mekosuchinae was run under the NTS option and used the
EW method. However, out of the eight performed analyses,
this one resulted in the most poorly resolved strict consen-
sus topology. The 50% majority-rule consensus of this

Figure 24. Strict consensus of a single fully resolved most parsimonious cladogram from the analysis run under TrS, and a weighting strength of k¼ 25. See
Supplemental Data S2 for additional information. Abbreviations: CI, consistency index; #MPCs, number of most parsimonious cladograms; #OTUs, number of oper-
ational taxonomic units; RI, retention index.
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analysis depicted a relatively resolved cladogram, where
Mekosuchinae also included Orientalosuchina and formed a
subclade of Crocodylidae (see Supplemental Data S2).

Comparisons between Australasian mekosuchines and
Asian orientalosuchins

The results from the TrS EW analysis indicated five synapo-
morphies for Mekosuchinae inclusive of Orientalosuchina: a
splenial without an anterior perforation for the mandibular
ramus of cranial nerve V (character 52, state 1); an angular

that does not extend dorsally beyond the anterior end of the
foramen intermandibularis caudalis (character 65, state 1); a
secondary choana that projects anteroventrally at maturity
(character 122, state 1); the postorbital neither contacts the
quadrate nor quadratojugal medially (character 143, state 0);
and the minimum width between the supratemporal fenes-
trae with respect to the maximum cranial table width is at
least 20% (character 206, state 2). The first of these synapo-
morphies (character 52, state 1) is ambiguous, as it occurs
in many crocodylians and is not exclusive to mekosuchines
or orientalosuchins. The second synapomorphy (character

Figure 25. Strict consensus of 129600 MPCs from the analysis run under TrS, without IW. The results from this analysis point towards an alternative position for
Mekosuchinae than that recovered in other analyses. Australasian mekosuchines are highlighted in red. See Supplemental Data S2 for additional information.
Abbreviations: CI, consistency index; #MPCs, number of most parsimonious cladograms; #OTUs, number of operational taxonomic units; RI, retention index.
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65, state 1) is similarly inconclusive, since it is unknown for
most mekosuchines and it also occurs in many alligatoroids.
The third synapomorphy (character 122, state 1) is unknown
for most Australian mekosuchines, although it is present in
species of Baru, whereas Kambara implexidens and Kambara
taraina differ in this regard by possessing a posteroventrally
projecting secondary choana (character 122, state 0).

An anteroventrally projecting secondary choana is present in
all orientalosuchins that could be scored for this character.
Outside of Mekosuchinae and Orientalosuchina, an antero-
ventrally oriented secondary choana is common in
Alligatoroidea. The fourth synapomorphy (character 143,
state 0) occurs in Australosuchus clarkae, K. implexidens,
Paludirex vincenti, Quinkana timara, as well as Krabisuchus
siamogallicus Martin & Lauprasert, 2010 and Jiangxisuchus
nankangensis Li et al., 2019; it is unknown in other mekosu-
chines and orientalosuchins. However, this is another feature
that is common in many crocodylians, and is not unique to
these mekosuchines and orientalosuchins. The final synapo-
morphy (character 206, state 2) occurs in some mekosuchines
and orientalosuchins (unknown for Baru darrowi,
Mekosuchus whitehunterensis, Paludirex gracilis and
Quinkana fortirostrum). However, A. clarkae, M. inexpecta-
tus, J. nankangensis and Orientalosuchus naduongensis
Massonne et al., 2019 differ from the other taxa in the scoring

Table 3. Summary of the phylogenetic results.

Search option Weighting
k value
(if IW) Steps #MPCs CI RI

Traditional EW – 1865 129600 0.195 0.687
Traditional IW 5 112.54302 1 0.191 0.679
Traditional IW 12 71.07717 2 0.193 0.683
Traditional IW 25 43.21850 1 0.194 0.686
New Technology EW – 1864 182 0.195 0.688
New Technology IW 5 112.54248 1 0.191 0.679
New Technology IW 12 71.07490 2 0.193 0.683
New Technology IW 25 43.19272 1 0.195 0.686

Abbreviations: CI, consistency index; EW, equal weighting; IW, implied weight-
ing; #MPCs, number of most parsimonious cladograms; RI, retention index.

Figure 26. 50% majority-rule consensus topology from the analysis run under TrS, without IW. Australasian mekosuchines are highlighted in red. See Fig. 25 for the
strict consensus topology of the same analysis. See Supplemental Data S2 for additional information. Abbreviations: CI, consistency index; #MPCs, number of most
parsimonious cladograms; #OTUs, number of operational taxonomic units; RI, retention index.
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of this character (character 206, state 1). Yet again, state 2 of
character 206 is a feature that is not exclusive to mekosu-
chines and orientalosuchins as it occurs in other crocodyli-
ans, most often alligatoroids. Thus, the indicated
synapomorphies from the analysis do not unambiguously
support Orientalosuchina as a subclade of Mekosuchinae.

There are additional morphological similarities between
some orientalosuchins and mekosuchines that were not
specified in the synapomorphy list from the analysis. One of
the most notable features is the presence of ridges on the
pterygoid plates situated laterally to the secondary choana
(character 215, state 1). These pterygoid ridges were first
reported by Salisbury & Willis (1996) for Kambara spp., and
later by Buchanan (2009). These types of ridges were also
recognized by Yates (2017) and Yates & Pledge (2017) in
Kalthifrons aurivellensis and Baru spp. (see also Rio &
Mannion 2021). Dongnanosuchus hsui also appears to pos-
sess such ridges (see figures 3.3, 3.4 and 5.5 in Shan et al.
2021). Therefore, these pterygoid ridges are, at present,
known exclusively for some mekosuchines and D. hsui.

In addition to the anteroventrally projecting secondary
choana (character 122, state 1), some mekosuchines and ori-
entalosuchins share a choana with an invaginated anterior
margin (character 250, state 1; occurs in Baru wickeni, M.
inexpectatus, D. hsui and K. siamogallicus); however, some
mekosuchines have a straight anterior margin of the choana,
such as Trilophosuchus rackhami. An invaginated anterior
margin of the secondary choana is also present in many
alligatoroids.

In some Mekosuchini, the suborbital fenestrae extend far
anteriorly relative to the maxillary alveoli, up to the level of
the seventh or even sixth alveoli (character 201, state 2; e.g.,
Baru spp., Mekosuchus spp., Q. babarra, Q. fortirostrum, T.
rackhami; see also supplemental document S1 of Ristevski
et al. 2023). This feature is exclusive to the members of
Crocodylia that were included in our phylogenetic dataset.
Other mekosuchines and many crocodylians have suborbital
fenestrae that extend anteriorly up to the level of the eight
maxillary alveoli (character 201, state 1), such as D. hsui or
O. naduongensis. However, most crocodylians have sub-
orbital fenestrae that terminate at the level of the ninth
alveoli or even posterior to them (character 201, state 0).
Additionally, some but not all mekosuchines have relatively
short anterior processes of the palatines (character 115, state
1; e.g., Baru spp., Ka. taraina and Q. fortirostrum).
Orientalosuchins also have short anterior palatine processes
(D. hsui, Or. naduongensis and J. nankangensis), although
this feature is not exclusive to mekosuchines nor orientalo-
suchins as it is present in other crocodylians (e.g., some
osteolaemines and some stem Longirostres). Thus, even
though the orientalosuchin suborbital fenestrae do not
extend as far anteriorly as in some Mekosuchini, and the
short anterior process of the palatines is present in many
crocodylians, it is notable that the orientalosuchins do share
these features with some mekosuchines to a certain degree.

In some, but not all mekosuchines, the pterygoid has a
well-developed anterior process that forms a significant
(more than 20%) portion of the interpalatal bar (the rest is

formed by the palatines; character 118, state 2). This is the
condition in ‘B.’ huberi, M. inexpectatus and T. rackhami
(e.g., figures 2B and 13D in Ristevski et al. 2023). The same
condition is also present in D. hsui and O. naduongensis.

A meatal chamber with a posterior margin that is smooth
and continuous with the paroccipital process (character 148,
state 1) occurs in all mekosuchines, where the squamosal is
sufficiently preserved (A. clarkae, ‘B.’ huberi, K. aurivellensis,
Kambara spp., Mekosuchus sanderi, Q. timara and T. rack-
hami). The same condition is present in D. hsui, J. nankan-
gensis, Or. naduongensis and Kr. siamogallicus. Outside of
Mekosuchinae, this state occurs in many gavialoids (includ-
ing H. camfieldensis), some alligatoroids, Prodiplocynodon
langi Mook, 1941, Boverisuchus vorax (Troxell, 1925), and
Borealosuchus formidabilis (Erickson, 1976).

A supraoccipital with a prominent dorsal exposure on the
cranial table (character 159, state 2) is present in several
mekosuchines (e.g., Baru spp., M. inexpectatus, T. rack-
hami). Some mekosuchines have an evident dorsal exposure
of the supraoccipital, although to a lesser degree (character
159, state 1; e.g., K. aurivellensis, Kambara spp., V. athollan-
dersoni). The most extreme version of this condition within
Mekosuchinae is recognized for M. sanderi, where the dorsal
exposure of the supraoccipital excludes the parietal from
participating in the posterior margins of the cranial table
(character 159, state 3). A dorsal exposure of the supraocci-
pital on the cranial table was listed as one of the diagnostic
traits for Mekosuchinae by Willis et al. (1993). However, a
dorsal exposure of the supraoccipital is relatively common
among Crocodylia and is far from unique to mekosuchines.
Nevertheless, this feature is also manifested in varying forms
among orientalosuchins. For example, D. hsui and Kr. sia-
mogallicus are scored as state 2 for character 159 (like ‘B.’
huberi, B. wickeni, M. inexpectatus and T. rackhami), J. nan-
kangensis as state 1 (like K. aurivellensis, Kambara spp., V.
athollandersoni), and O. naduongensis as state 3 (like M.
sanderi). Aside from ‘B.’ huberi, B. wickeni, M. inexpectatus,
T. rackhami, D. hsui and Kr. siamogallicus, a large dorsal
exposure of the supraoccipital that does not exclude the par-
ietal from reaching the posterior edge of the cranial table
(character 159, state 2) is present in some alligatoroids.
Other than M. sanderi and Or. naduongensis, a large supra-
occipital dorsal exposure that excludes the parietal from the
cranial table edge is also present in some alligatoroids.
Moreover, the dorsal exposure of the supraoccipital on the
cranial table has a trapezoid outline in ‘B.’ huberi, B. wick-
eni, T. rackhami, D. hsui, O. naduongensis and Kr. siamogal-
licus, but also few alligatoroids (character 198, state 0).

The anterior alveolar processes of the premaxillae are
inclined dorsomedially in some mekosuchines, such as
Paludirex spp., resulting in an arch-like appearance of the
snout when observed in anterior view (character 223, state
1; see Ristevski et al. 2020a). Similar ‘arching’ of the pre-
maxillae also occurs in D. hsui (figures 3.1 and 3.2 in Shan
et al. 2021) and Or. naduongensis (JR pers. obs. of
GPIT/RE/09730; note that the premaxillae of
GPIT/RE/09730 are incomplete anteriorly, although their
preserved margins are indicative of similar ‘arching’ to that
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in D. hsui). Other than some mekosuchines and the afore-
mentioned orientalosuchins, anterior ‘arching’ of the pre-
maxillae occasionally occurs (is polymorphic) in some
alligatorids (e.g., Alligator spp., Caiman latirostris [Daudin,
1802], Paleosuchus spp.).

A notable size disparity between the largest and smallest
maxillary alveoli is another feature that Willis et al. (1993)
listed in their original diagnosis for Mekosuchinae. This is
evident in A. clarkae, Baru spp., ‘B.’ huberi, M. inexpectatus,
M. sanderi, P. vincenti, but also D. hsui and J. nankangensis,
where the diameter of the largest maxillary alveolus is at
least twice that of the smallest interfestoonal alveolus (char-
acter 220, state 1). This feature also occurs in ‘Crocodylus’
megarhinus Andrews, 1905, a few alligatoroids, a few hylaeo-
champsids, some species of Borealosuchus, and the outgroup
taxon in our analyses, Anteophthalmosuchus epikrator.

Another feature present only in some mekosuchines and
orientalosuchins among the crocodylian taxa included in our
analyses is the steep dorsal inclination of the posterior man-
dibular ramus (character 252, state 1). This is present in
Mekosuchus spp. (M. inexpectatus and M. whitehunterensis;
see Figs 12E, 13A) and Or. naduongensis (see Massonne
et al. 2019).

Further regarding the mandible, Or. naduongensis also
shares with species of Mekosuchus a retroarticular process
that is on a ventral level relative to the articular fossa (char-
acter 254, state 0), and a similarly small and sub-elliptical
external mandibular fenestra. Moreover, the angular and
surangular of Or. naduongensis possess acute laterally projec-
ting ridges. Admittedly, these mandibular features are not
unique to Or. naduongensis nor species of Mekosuchus, and
occur in some other mekosuchines but also other crocodyli-
ans and even non-crocodylian crocodyliforms.

Baru spp., Mekosuchus spp., Or. naduongensis and Kr.
siamogallicus have a dentary with deep curvature between
the fourth and tenth alveoli when observed in lateral aspect
(character 50, state 1). Such deep curvature on the dentary
is also present in certain alligatoroids (Brochu 1999). Lastly,
the surangular–dentary suture intersects the external man-
dibular fenestra at its posterodorsal corner (character 64,
state 1) in M. inexpectatus, M. whitehunterensis, J. nankan-
gensis, Or. naduongensis, Kr. siamogallicus, but also some
alligatoroids.

Although Australasian mekosuchines and Asian orienta-
losuchins share several morphological features, almost all of
them also occur in other crocodylians, often alligatoroids. A
feature that is shared exclusively between some mekosu-
chines and D. hsui are the pterygoid ridges. At present, the
support for a close relationship between the Australasian
mekosuchines and the Asian orientalosuchins is relatively
weak, both from phylogenetic assessments and morpho-
logical observations of available specimens. It must be
declared that all our observations on orientalosuchins were
limited to the currently published literature and a handful of
photographs from few specimens. Thus, it is certainly pos-
sible that there may be more shared features we were unable
to observe from the sources available to us. Future studies
should further explore whether there are additional

similarities between these Australasian and Asian crocodyli-
ans that support close relationships between these taxa, or if
these are merely convergently acquired features.

Discussion

Australasian Mesozoic record of Crocodylomorpha

Material of Mesozoic crocodylomorphs from Australasia
remains limited to the Early–Late Cretaceous of continental
Australia (early Albian–early Turonian: Fig. 3). The oldest
reported material (the ‘Eumeralla taxon’) is currently of
undetermined taxonomic classification beyond
Mesoeucrocodylia indet. Otherwise, the only named genera
(Confractosuchus and Isisfordia) are either derived non-eusu-
chian neosuchians or basal eusuchians, although a consensus
on this matter is yet to be reached. Thus far, the only pub-
lished studies that incorporated Confractosuchus sauroktonos
in phylogenetic analyses (White et al. 2022) resulted in dif-
ferent but not too dissimilar phylogenetic hypotheses. White
et al. (2022) found Co. sauroktonos to be a basal eusuchian
and a sister taxon to SusisuchidaeþHylaeochampsidae,
whereas our analyses consistently recovered Co. sauroktonos
as a sister taxon to Susisuchidae, and either as a non-eusu-
chian or a basal eusuchian.

Regardless of whether C. sauroktonos and the susisuchid
Isisfordia spp. are derived non-eusuchian neosuchians or
basal eusuchians, the Mesozoic record in Australia (and by
extent, Australasia) is still represented by a relatively low
taxonomic diversity of Crocodylomorpha when compared to
other major Gondwanan landmasses except Antarctica (i.e.,
South America, Africa, Madagascar, and even the Indian
subcontinent; e.g., Prasad et al. 2013). This is almost cer-
tainly due to the lack of known fossil material rather than
genuinely low taxonomic diversity. As noted by Hart et al.
(2021), the crocodylomorph faunas from Gondwana are
characterized by a great diversity of notosuchian crocodyli-
forms, a clade that is absent from Australia. Plane (1967),
Hecht & Archer (1977) and Archer (1978) reported frag-
mentary material from the Neogene of New Guinea and
Neogene and Quaternary of continental Australia that were
tentatively referred to the notosuchian subclade
Sebecosuchia. However, there is no compelling support for
the referral of this material to Sebecosuchia, and it is far
more likely that these fossils represent mekosuchines instead
(Molnar 1982c, Willis 1997b, Molnar et al. 2002, Wroe
2002, Brochu 2003). It is currently unclear if the absence of
Notosuchia from Australasia’s fossil record is genuine and a
probable consequence of a high-palaeolatitude barrier
(Nicholl et al. 2021). Alternatively, the lack of notosuchian
fossils from Australasia may simply be a result of sampling
bias, and it is quite possible that notosuchian remains (or
even remains of other non-neosuchian crocodylomorphs)
will be discovered in the future.

The presence of susisuchids in Australia (Isisfordia spp.)
and South America (Susisuchus spp.) is evidence of crocody-
liform interchange between these two landmasses (Salisbury
et al. 2003). Other groups of reptiles that are recognized
from the fossil record of both South America and
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Australasia include megaraptoran theropod dinosaurs and
meiolaniform turtles, thus further supporting the reptilian
faunal interchange between western and eastern Gondwana
during the Cretaceous and/or early Paleogene (e.g., Megirian
1992, Gaffney et al. 1998, Smith et al. 2008, Agnol�ın et al.
2010, Sterli & de La Fuente 2011, Novas et al. 2013, de La
Fuente et al. 2014, Sterli et al. 2015, Joyce 2017, Poropat
et al. 2018). Madtsoiid snakes are yet another group of rep-
tiles with a known fossil record from across Gondwana
(except Antarctica), including Australia (e.g., Scanlon 2006b,
Laduke et al. 2010). Considering the high taxonomic diver-
sity of Notosuchia during the Late Cretaceous of South
America (Pol & Leardi 2015), it would not be surprising if
notosuchians also managed to reach Australia during this
time. Future field work on Mesozoic fossil deposits from
Australasia in general, and Australia in particular, can test
this hypothesis.

Mekosuchinae

For much of the past three decades, the general consensus
has been that Mekosuchinae is a crocodylid subclade (e.g.,
Willis et al. 1993, Brochu 2003). However, some phylogen-
etic analyses have recovered Mekosuchinae in a position
outside of Crocodylidae (Salisbury & Willis 1996, Lee &
Yates 2018, Cossette et al. 2020, Azzar�a et al. 2021, Rio &
Mannion 2021, Brochu et al. 2022, Ristevski et al. 2023).
The phylogenetic results from this study corroborate the lat-
ter position, with Mekosuchinae recovered as either a sister
clade to Crocodylidae (Fig. 24) or outside of Longirostres
(Figs 25, 26). Whether Mekosuchinae is a basal clade of
Crocodyloidea or a non-crocodyloid crocodylian clade is
unclear, although most results from our study tend to favour
the former hypothesis (also Ristevski et al. 2023).
Ascertaining a more concrete phylogenetic position of the
clade depends on scoring more morphological characters for
the mekosuchine OTUs, as well as the discovery of more
complete specimens of relevant taxa.

Is Orientalosuchina a subclade of Mekosuchinae?

One of the most intriguing results from our study is the
phylogenetic placement of Orientalosuchina within
Mekosuchinae (Figs 25, 26). Originally, Massonne et al.
(2019) established the clade Orientalosuchina for several
Late Cretaceous–Paleogene taxa from Asia, and regarded it
as a subclade of Alligatoroidea (see also Shan et al. 2021). In
our phylogenetic analysis, the nodal support for a paraphy-
letic Mekosuchinae (that excludes Australosuchus and
Kambara) outside of Longirostres and incorporating
Orientalosuchina was relatively weak. Furthermore, only two
of the eight phylogenetic analyses performed herein recov-
ered a relationship between Orientalosuchina and
Mekosuchinae. Nonetheless, recovering the alternative
phylogenetic placement and composition of
Orientalosuchina and Mekosuchinae in some of our analyses
deserves commenting.

In the results from one of the phylogenetic analyses, the
crocodylian Asiatosuchus germanicus from the Eocene of
Europe was found as the sister taxon to Mekosuchinae (Fig.
26). Previously, Salisbury & Willis (1996) also recovered As.
germanicus as a sister taxon to Mekosuchinae, and recently
Rio & Mannion (2021) found the enigmatic Asian crocody-
lian As. nanlingensis Young, 1964 deeply nested within
Mekosuchinae. Thus, our results are not the first time a
relationship between a species of Asiatosuchus Mook, 1940
and Mekosuchinae was recovered. Although nodal support
for the placement of As. nanlingensis within Mekosuchinae
was relatively weak in the analyses by Rio & Mannion
(2021), it nevertheless marked the first study where an
Asian taxon was recovered deeply nested within
Mekosuchinae. Based on their results, Rio & Mannion
(2021) proposed possible Asian origins for mekosuchines, a
proposition that was also made by Scanlon (2014).
According to some of our phylogenetic results, we also infer
Asian origins for mekosuchines. Additionally, some of our
results that found Mekosuchinae outside of Longirostres are
not the first instances of this phylogenetic hypothesis, as
some of the analyses by Lee & Yates (2018) also resulted
with a stem Longirostres placement for Mekosuchinae.

Our study, and the one by Ristevski (2022c), are the only
instances where Orientalosuchina was recovered as deeply
nested within Mekosuchinae. At present, the phylogenetic
placement of Orientalosuchina as a mekosuchine subclade is
tentative, due to the relatively poor nodal support and the
inconsistent recovery of this relationship. Nevertheless, there
are certain morphological similarities between Australian
mekosuchines and the orientalosuchins from Asia that sup-
port the possibility of close phylogenetic relationships.
Perhaps the biggest obstacle in obtaining a more definitive
answer on this matter is the fragmentary nature of some
mekosuchines and orientalosuchin fossils that prevents more
thorough morphological comparisons and scoring of phylo-
genetic characters. Hopefully, better-preserved fossils will
come to light in the future that will clarify this relationship.
In sum, we tentatively consider the taxa assigned to
Orientalosuchina as probable mekosuchines due to some
shared morphological similarities between these Asian and
Australasian crocodylians, and the support for this relation-
ship in some phylogenetic analyses. Doubtless, this is an
important but unresolved question on crocodylian evolution
and palaeobiogeography that is worthy of investigation by
future studies.

On the possible origins of mekosuchines
If Mekosuchinae are outside of Longirostres and if
Orientalosuchina is a subclade of Mekosuchinae, then this
has major implications for the origins and diversity of
mekosuchines. As stated above, these results would suggest
that members of Mekosuchinae most likely originated in
Asia during the Cretaceous, and they arrived in Australia
from southeast Asia no later than the late Paleocene. Of
note is the geographic distance between Australia and
southeast Asia during the Late Cretaceous and early
Paleogene, which was significantly greater than it is today.

ALCHERINGA: AN AUSTRALASIAN JOURNAL OF PALAEONTOLOGY 403



If mekosuchines arrived in Australia from Asia during the
Late Cretaceous–early Paleogene, then their dispersal would
have involved a substantial marine trek and/or certain
degree of ‘island hopping’ (assuming that some islands
existed between Asia and Australia during the Late
Cretaceous–early Paleogene). This scenario may also imply
some form of osmoregulation in the ancestral mekosuchines.
Extant crocodylids and gavialids possess salt-excreting
glands on the keratinized buccal surfaces of their tongues,
thus allowing them to traverse in saltwater (Taplin et al.
1982, 1985, Taplin 1988, Brochu 2003). Extant alligatorids,
however, do not possess salt-excreting glands and therefore
they do not frequent saltwater environments (Taplin et al.
1982, Leslie & Taplin 2001, Brochu 2003, Grigg & Kirshner
2015), although some extant alligatorids have been docu-
mented inhabiting saltwater, albeit rarely (e.g., Grigg et al.
1998, Grigg & Kirshner 2015). Therefore, all extant crocody-
lians are capable of traversing saltwater environments,
including extant alligatorids to a more limited degree, des-
pite their lack of specialized osmoregulatory adaptations.

Inferring the presence of salt-excreting glands among
Crocodylia is not possible from fossilized skeletal material,
as these glands are soft-tissue structures located on the sur-
face of the tongue. Additionally, mekosuchine fossils are not
known from coastal (except for the insular South West
Pacific taxa) or marine deposits that could indirectly offer
more credence to the potential osmoregulatory capabilities
of these crocodylians. Salisbury et al. (2010) suggested that
the insular species of Mekosuchus may have been saltwater
tolerant, based on the lack of permanent freshwater rivers
and lakes on New Caledonia during the Quaternary.
However, if species of Mekosuchus were more terrestrial
than extant crocodylians, then the lack of permanent fresh-
water bodies may not have played a key role in the lives of
these animals. It is currently unclear when and how meko-
suchines arrived in New Caledonia, Vanuatu and Fiji, con-
sidering that New Caledonia and Vanuatu were inhabited by
the small-bodied and likely terrestrial species of Mekosuchus.
Willis (2006) suggested rafting as a possible explanation as
to how Mekosuchus spp. may have reached New Caledonia
and Vanuatu. However, if rafting was not involved in the
mekosuchine colonization of New Caledonia, Vanuatu and
Fiji, then some degree of marine voyage combined with
potential ‘island hopping’ seems probable in this alternative
scenario. Although probably terrestrial, there are no appar-
ent morphological features in the species of Mekosuchus that
would have prevented them from being capable swimmers
(Scanlon 2014). Regardless, the ancestral Australian mekosu-
chines may have resembled a plesiomorphic platyrostral
crocodylian with a semi-aquatic palaeoecology akin to
Kambara spp., rather than morphologically derived and ter-
restrial taxa like Mekosuchus spp.

It is plausible that at least the ancestral mekosuchines
might have been saltwater tolerant to some degree, based on
the potential palaeogeographical hypothesis presented here
and by Rio & Mannion (2021). Alternatively, mekosuchines
may have arrived in Australia by terrestrial dispersal
throughout Asia into Europe, then the Americas, or from

Asia directly to the Americas; then, a possible land route
may have been taken from South America via Antarctica,
facilitating an entrance into Australia from the south (Rio &
Mannion 2021). However, the latter hypothesis appears less
likely due to the absence of fossil evidence of potential
mekosuchines from anywhere in the Americas or Antarctica.
Therefore, a more direct entrance from Asia into Australia
(or, perhaps a route from Asia to the Indian subcontinent,
and finally into Australia) during the Late Cretaceous–early
Paleogene is a more parsimonious explanation. If so, then
mekosuchines would not have been the only Australian
crocodylians with Asian origins. Australia’s gavialoids (Gu.
maunala and H. camfieldensis) and species of Crocodylus
most likely entered Australia via southeast Asia and
Wallacea as well (Ristevski et al. 2021), although at least in
the case of Crocodylus spp. and perhaps the gavialoids, their
arrival happened during the Neogene when the geographic
separation between Asia and Australia was similar to that of
today. Other reptile groups in Australia also have Asian ori-
gins that date back to the early Paleogene, such as egerniine
skinks (Thorn et al. 2021a), sphenomorphine skinks
(Rabosky et al. 2007), agamid lizards (Hugall et al. 2008),
pythons, and elapid snakes (Sanders & Lee 2008).

Palaeodiversity patterns, ghost lineages, and gaps in
the fossil record

Australasia is a globally important region for crocodyliform
palaeontology and understanding the evolution of this
group. Because continental Australia is the largest landmass
in Australasia, it is no surprise that most known fossils have
been discovered there (Fig. 2). At present, there are 30 rec-
ognized species from the Cenozoic of Australia, although
some of them have uncertain taxonomic referrals (‘Runcorn
taxon’, ‘Geebung taxon’, Paludirex? sp. nov.). Regardless of
their generic and/or specific assignments, the recognition of
these individual taxa contributes towards a more complete
comprehension of the crocodylian taxonomic diversity
throughout the Cenozoic of the continent.

Based on the currently known fossil taxa, Australia had a
relatively low taxonomic diversity of crocodyliforms during
the Eocene, with only one named genus and four species (if
the ‘Runcorn taxon’ and ‘Geebung taxon’ represent new
genera, it would indicate three genera and six species). Such
low taxonomic diversity of crocodylians (and indeed croco-
dyliforms) from Australia’s Eocene contrasts with the then
global trend of relatively high crocodyliform taxonomic
diversity (Brochu 2003, Mannion et al. 2019, De Celis et al.
2020). The rather rich crocodyliform taxonomic diversity
during the Eocene, and later again during the Miocene, is
thought to be a result of global temperature maxima
(Brochu 2003). However, a major diversification within
Mekosuchinae in Australia is strongly suggested to have
occurred sometime during the early–middle Eocene. The
late Oligocene marks a notable increase in diversity, with six
genera and six known species. The Miocene fossil record
also attests to a high taxonomic diversity of crocodylians in
Australia during the Cenozoic, with six genera and eight
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species (although the Miocene material is known from only
three localities: Riversleigh in Queensland, and Bullock
Creek and Alcoota in the Northern Territory). This peak in
taxonomic diversity during the Miocene is consistent with
global diversity trends of Crocodylia during this epoch
(Brochu 2003, Mannion et al. 2019, De Celis et al. 2020).
The known Pliocene record reveals at least five genera and
five species (or six genera and six species if Gunggamarandu
maunala is considered Pliocene in age). The currently
known record from the Pleistocene demonstrates the pres-
ence of four genera and five species (or five genera and six
species, if Gunggamarandu maunala is considered
Pleistocene in age). Future discoveries and studies will help
refine and clarify the taxonomic composition of the group
during the Cenozoic. Nevertheless, certain diversity patterns
may be inferred based on current data.

The origin of Mekosuchinae is estimated to be no later
than the early Paleocene (Danian, �66–61.6Ma), although
the first definitive fossil evidence of the group in Australia
(species of Kambara) is known from the early Eocene
(Ypresian, at least �56Ma; Willis et al. 1993, Salisbury &
Willis 1996). If Orientalosuchina is part of Mekosuchinae,
then the group originated sometime in the Cretaceous. The
next known record of Mekosuchinae in Australia is from
the late Oligocene (Chattian, �25Ma), and by this point
there is a substantial increase in both generic and specific
diversity, where nearly all known Australian mekosuchine
genera are represented. The ancestors of all Australian
mekosuchines, except for species of Kambara, likely evolved
no later than the middle Eocene; however, there is no
known fossil record of any named Australian mekosuchine
taxon prior to the Oligocene except for Kambara.
Conversely, there is no evidence of Kambara after the end
of the Eocene. There are no known taxa from earlier during
the Oligocene either (Rupelian). Thus, there are obvious
gaps in the fossil record for nearly all mekosuchines, stretch-
ing for more than 30 million years, including the morpho-
logically derived Mekosuchini, such as the altirostral
ziphodonts (e.g., Quinkana spp.) and the small-bodied ter-
restrial taxa (e.g., Trilophosuchus rackhami and Mekosuchus
spp.). This suggests that a major mekosuchine radiation
occurred sometime during the early–middle Eocene, and the
fossil record is yet to reveal a wealth of material from this
period.

The end of the Miocene witnessed the disappearance of
the large-bodied generalist species in the genus Baru, the
gavialoid Harpacochampsa camfieldensis, and the small-
bodied terrestrial taxon T. rackhami. Furthermore, the
extinction of species of Trilophosuchus and Mekosuchus
from continental Australia marks the loss of small-bodied
(<1m in TL) crocodylian taxa on the mainland. The fossils
of these small mekosuchines are known from inferred
forest/rainforest palaeoenvironments of the Riversleigh
World Heritage Area (Archer et al. 2000, 2006). Therefore,
it is plausible that the continual northward drift of
Australia/Sahul, married with climatic changes and the grad-
ual aridification of the continent, may have contributed to
the extinction of small-bodied mekosuchines in Australia.

Of course, the possibility that small-bodied mekosuchines
survived in Australia after the Middle Miocene cannot yet
be excluded, and their fossils from Plio-Pleistocene deposits
may await discovery. The Pliocene records the first appear-
ances of the gavialoid Gu. maunala, species of Crocodylus in
Australia, and the mekosuchines Kalthifrons aurivellensis
and Paludirex vincenti. If Gu. maunala is indeed more
closely related to Eocene taxa from Europe, then there is a
substantial ghost lineage between these gavialoids (Ristevski
et al. 2021). Likewise, Paludirex has a ghost lineage.
Phylogenetic analyses recover Paludirex as the sister taxon
to either Baru, the Baru þ Quinkana clade (Figs 24, 25),
Quinkana, or the ([Trilophosuchus þ Mekosuchus] þ
Quinkana) clade (see Ristevski et al. 2023). All of these scen-
arios suggest a �30-million-year long ghost lineage for
Paludirex going back to the late Eocene (Priabonian,
�37.71–33.9Ma, or perhaps late Lutetian, �43Ma). The
genus Quinkana has the longest and most continuous fossil
record on continental Australia, from the late Oligocene
until the Late Pleistocene (Molnar 1982c, Willis 1997a). The
genus Mekosuchus has the longest fossil record in
Australasia, although there is a notable gap in the fossil
record between the last known species of Mekosuchus from
Australia (the Middle Miocene Mekosuchus sanderi) and the
Late Pleistocene–Holocene Mekosuchus inexpectatus from
New Caledonia.

Australian record of Gavialoidea

There are some uncertainties regarding the exact phylogen-
etic positions of Gunggamarandu maunala and
Harpacochampsa camfieldensis within Gavialoidea.
Interestingly, none of the analyses performed here or in
prior studies (Ristevski et al. 2021, 2023) recovered a sister-
taxon relationship between the two Australian gavialoids,
and separate analyses recovered H. camfieldensis in different
positions within Gavialoidea (Figs 24, 25; see also Ristevski
et al. 2023). The persistent recovery of Gu. maunala as a
basal gavialoid and sister taxon to Dollosuchoides densmorei
from the early Eocene of Europe is perhaps surprising.
Gunggamarandu maunala shares several cranial features
with Do. densmorei, such as the very large and widely
spaced postoccipital processes of the supraoccipital (this
condition also occurs in Tomistoma schlegelii [M€uller
1838]), as well as the relatively large proportions of the
supratemporal fenestrae and the (consequently) narrow
intertemporal and posttemporal bars (the latter occur in
many gavialoids: Ristevski et al. 2021). Another striking
similarity that Gu. maunala shares with basal gavialoids
from the Paleogene of Europe, specifically Kentisuchus spen-
ceri (Buckland 1836), is the deep sub-triangular concavity
on its cranial table. According to Rio & Mannion (2021), a
similar cranial concavity also occurs in To. schlegelii and
some caimanines (although not all To. schlegelii specimens
possess a concave cranial table: e.g., TMM M-6342, JR pers.
obs.). However, as stated by Ristevski et al. (2021), the holo-
type, and thus far only known specimen of Gu. maunala is
limited to a partial braincase, which leaves most of the

ALCHERINGA: AN AUSTRALASIAN JOURNAL OF PALAEONTOLOGY 405



craniomandibular and entire postcranial morphology of the
species a mystery. It is possible that when more complete
material of Gu. maunala comes to light, the revised charac-
ter scores may point towards a more derived position within
Gavialoidea. For now, the basal gavialoid position of Gu.
maunala remains the only recovered phylogenetic
placement.

The timing of gavialoid arrival in Australia is unclear,
although, as noted by Ristevski et al. (2021), the group was
already present on the continent by the Middle Miocene (as
demonstrated by H. camfieldensis). The most plausible palae-
obiogeographic scenario related to their arrival indicates an
entrance from the north via southeast Asia and Wallacea as
the likely route (Ristevski et al. 2021). If the phylogenetic
results are correct in that Gu. maunala and H. camfieldensis
do not form a monophyletic Australian gavialoid clade, then
this would imply two independent arrivals of gavialoids into
Australia. However, the taxonomic status and phylogenetic
placement of ‘Gavialis papuensis’ is currently unclear. If
future studies determine that ‘Gavialis papuensis’ is not
closely related to either Gu. maunala or H. camfieldensis,
then that would suggest there were three independent gavia-
loid arrivals in Australasia: two in continental Australia (Gu.
maunala and H. camfieldensis), and one in northern Sahul
(‘Gavialis papuensis’ in the Solomon Sea).

Conclusions

Australasia has a rich fossil record of crocodyliforms span-
ning from the Early Cretaceous to the Holocene. All
Mesozoic crocodyliforms from the region are known from
continental Australia, where only two genera are currently
recognized, Confractosuchus and Isisfordia. Both of these
taxa are either derived non-eusuchian neosuchians or basal
eusuchians. Overall, the crocodyliform taxonomic diversity
from Australia’s Mesozoic is low when compared to the
other major Gondwanan landmasses, particularly South
America, which was dominated by notosuchian crocodyli-
forms during the Late Cretaceous. However, the perceived
low taxonomic diversity during the Mesozoic of Australia is
most likely a result of sampling biases. The presence of
Susisuchidae in both Australia (Isisfordia spp.) and South
America (Susisuchus spp.) attests to the crocodyliform inter-
change between these landmasses during the Cretaceous.
Although non-neosuchian crocodyliforms are not yet recog-
nized from Australasia, it is possible that their presence is
awaiting future discovery.

Unlike the known record from the Mesozoic, the
Cenozoic of Australasia is marked by more abundant taxo-
nomic diversity. From the early Eocene until the Holocene,
Australasia was dominated by members of the crocodylian
clade Mekosuchinae, a taxonomically diverse group with an
unambiguous fossil record from Australia, New Caledonia,
Vanuatu, Fiji, and probably New Guinea. New
Zealand/Aotearoa has a poor crocodylian fossil record that
is known solely from the Miocene. Although its relation-
ships are uncertain, it is possible that the New Zealand tax-
on/taxa may also be mekosuchine(s). In Australia,

mekosuchines evolved into several genera with some con-
taining multiple species. Such taxonomic diversity contrib-
uted to the evolution of mekosuchines exemplified by
different body sizes and exploitation of distinct trophic
niches and palaeohabitats. This diversity is characterized by
large (at least �4m in TL: e.g., Paludirex vincenti) to small-
sized (<1m in TL: e.g., Trilophosuchus rackhami) mekosu-
chines, with inferred semi-aquatic (e.g., Kambara spp.,
Paludirex spp.) to primarily (but perhaps not exclusively)
terrestrial (e.g., Mekosuchus spp., Quinkana spp.,
Trilophosuchus spp.) palaeoecologies. Morphological diver-
sity reflected in the snout shape is also notable among
mekosuchines, including platyrostral mesorostrine (e.g.,
Australosuchus clarkae, Kambara spp.), platyrostral breviros-
trine (e.g., Paludirex spp.), short altirostral (e.g., Mekosuchus
spp., T. rackhami), as well as disparity of the dentition that
includes ziphodonty (e.g., Quinkana spp.). Indeed, the
ziphodont mekosuchines from Australia are the stratigraph-
ically youngest ziphodont crocodyliforms in the world.

Mekosuchinae is not a subclade of Crocodylidae, as most
of our phylogenetic results find the clade in a basal position
within Crocodyloidea. However, based on our morphological
comparisons and phylogenetic assessments, there are some
indications that suggest a stem Longirostres placement for
Mekosuchinae, which also includes Orientalosuchina. These
results imply that mekosuchines originated in the
Cretaceous of Asia and arrived in Australia from South East
Asia sometime in the Late Cretaceous or Paleocene. Based
on these results, Jiangxisuchus nankangensis from the Late
Cretaceous (Maastrichtian) of China would be the oldest
known mekosuchine. Under this hypothesis, Mekosuchinae
would no longer be regarded as an Australasian endemic
radiation, as members of this clade were present on contin-
ental Asia.

In addition to mekosuchines, Australasia was also home
to gavialoids, whereas species of Crocodylus are the only
extant crocodylians in the region. Two gavialoids are known
from Australia: Harpacochampsa camfieldensis from the
Middle Miocene, and Gunggamarandu maunala from the
Pliocene or Pleistocene. Based on morphological compari-
sons and multiple phylogenetic analyses, Gunggamarandu
and Harpacochampsa seem to be distantly related, which
indicates that there was more than one wave of gavialoid
colonization of Australia. The taxonomically enigmatic
‘Gavialis papuensis’ from Muyua in the Solomon Sea is
known from highly fragmentary material and needs revision.
Four species of Crocodylus, three of which are endemic to
Australasia, are the only surviving crocodylians in the
region. In Australia, Crocodylus has a relatively poor fossil
record that points towards a rather complex evolutionary
history on the continent, one marked by multiple waves of
immigrations and colonization and the presence of three
species within this genus, from the Pliocene to present.

Evolutionary inferences from the phylogenetic analyses
imply that a major diversification of Mekosuchinae likely
occurred sometime in the Eocene which, if correct, would
suggest a diversity peak for crocodylians in Australia that
would be consistent with the global diversity trends from
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the Eocene. A notable lack of fossils from the late Eocene–
late Oligocene of Australia is not exclusive to crocodylians,
as Archer et al. (1999) referred to this interval as one of
Australia’s ‘Dark Ages’ for fossil mammals. This is partially
a consequence of the lack of additional fossil-bearing local-
ities from this time interval. With these observations we
identify significant gaps in the fossil record, and we predict
that many discoveries are yet to be made from Eocene–late
Oligocene deposits.

The disappearance of mekosuchines on mainland
Australia coincides with the megafaunal extinction from the
Late Pleistocene, and may correlate with climatic changes,
habitat degradation and/or trophic collapse as a consequence
of the loss of megafaunal prey species. However, why and
how species of Crocodylus managed to survive where meko-
suchines did not is unclear. Perhaps mekosuchines were
restricted to habitats and preyed on megafauna that were
more susceptible to climate change than the potentially
more adaptable C. johnstoni and C. porosus (with the latter
having no unambiguous fossil record). The last surviving
mekosuchines from the South Pacific went extinct soon after
human colonization of their home islands. Although defini-
tive evidence of human extirpation of these mekosuchines is
currently lacking, at least some degree of anthropogenic
involvement, be it direct (e.g., exploitation for food), indirect
(e.g., habitat alteration, and/or introduction of invasive spe-
cies) or a combination of both may have factored in their
demise.

Dedication (by PMAW)

It was late 1985 when Jeanette Muirhead and I had just fin-
ished our undergraduate studies at Sydney University, both
of us completing a double major in Zoology and Geology.
We both wanted to go on to do further work in vertebrate
palaeontology, a subject not offered at Sydney University at
that time, so it was suggested that we go and talk to
Michael Archer at the University of New South Wales
(UNSW), Sydney. His welcoming words were, “Finally,
Sydney University has produced something useful!” I wanted
to look at dinosaurs, but Mike said he didn’t have any to
study. He did have lots of crocodiles that needed attention,
would I be interested? Thus started my research career in
crocodylian palaeontology. I was soon followed by John
Scanlon, also from Sydney University, who went on to study
fossil snakes under Mike. Then another academic refugee
from Sydney, Steve Salisbury, also came to Mike and started
work on fossil crocodylians.

Steve and I worked closely with Ralph Molnar, then at
the Queensland Museum, in our early works on crocodyli-
ans and Steve went on to gain an academic post at the
University of Queensland where his research interests broad-
ened to include dinosaurs. In that position, Steve has taken
on several doctoral students, some working on crocodylians
including Jorgo Ristevski.

Meanwhile, back at UNSW, Mike also took on many
PhD candidates including Michael Stein for further work on
the crocodylians of Riversleigh. This is how a mere

mammologist supported the flourishing studies into
Australasian crocodylians. Directly or indirectly, Mike
Archer is responsible for the start of the academic careers of
four of the eight authors of this paper. Clearly the state of
crocodylian palaeontology in Australia would not be as
mature as it is today without his support and guidance in
the careers of so many of us.

This paper is part of a special issue dedicated to Michael
Archer.
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