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A reinterpretation and taxonomic revision of Ultrastenos willisi
Stein, Hand and Archer, 2016, a short-snouted mekosuchine
crocodylian from the Oligocene of northern Australia

Adam M. Yates and Michael Stein

ABSTRACT

Ultrastenos willisi from the Oligocene of the Riversleigh World Heritage Area, was
described as a mekosuchine crocodylian with a gavial-like, longirostrine morphology.
However, the rostrum is not preserved, and the reconstruction rests on a set of infer-
ences that are based on the shape of a mandibular fragment and a cranial reconstruc-
tion that was assembled from non-joining fragments. Contrasting with the
reconstruction are the proportionally small supratemporal fenestrae and the blunt,
molariform posterior teeth, which are discordant with the slender longirostrine morpho-
type. The issue is resolved by the discovery that QM F31076, a posterior skull frag-
ment (‘White Hunter cranial form 1’), which has been referred to U. willisi, is likely to be
the missing posterior end of the extremely brevirostrine holotype of ‘Baru’ huberi. QM
F31076 ‘White Hunter cranial form 1’ can be further linked to the holotype of ‘B’. huberi
via their matching size, preservation and dermal ornamentation. ‘White Hunter cranial
form 1’, in turn, shares a combination of cranial apomorphies with U. willisi and belongs
to the same species, indicating that U. willisi is a junior subjective synonym of ‘B’.
huberi. However, previous phylogenetic analyses have found that ‘Baru’ huberi is more
closely related to other mekosuchine genera than it is to Baru. Consequently, Ultraste-
nos is retained as a valid genus, and the new combination Ulfrastenos huberi is estab-
lished. With the discovery that Ulfrastenos is not a longirostrine taxon there are no
longer any known longirostrine mekosuchines, suggesting that the otherwise disparate
Mekosuchinae failed to occupy this region of morphospace.
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INTRODUCTION

Mekosuchinae is an extinct clade of Austral-
asian crocodylians that are particularly diverse and
abundant in the Oligo-Miocene deposits of
Queensland and the Northern Territory (Willis et
al., 1990; Willis, 1997, 2001; Yates, 2017; Ristevski
et al., 2023a). Mekosuchines are remarkable in
that they present a number of distinct ecomorpho-
logical types that match, to greater and lesser
degrees, the ecomorphological categories of croc-
odyliforms that have been established on the basis
of rostral shape and other correlated skull charac-
ters (Busbey, 1995; Brochu, 2001; Drumheller and
Wilberg, 2020). Basal genera such as Australosu-
chus Willis and Molnar, 1991a, Kambara Willis et
al., 1993, and Kalthifrons Yates and Pledge, 2017,
have moderately elongate (mesorostrine), dorso-
ventrally flattened (platyrostral) rostra that are
broad-based and roughly triangular in dorsal view.
These fit the generalist category of Drumheller and
Wilberg (2020). Quinkana Molnar, 1982, have
mesorostrine, deeply vaulted (altirostral), often
slab-sided rostra with reduced undulations of the
tooth row (“festooning”) and fully ziphodont teeth.
These fit the ziphodont category (Brochu, 2001;
Drumheller and Wilberg, 2020), which are sug-
gested to have been terrestrial predators (Molnar,
1982; Rossmann, 2000; Brochu, 2012). Paludirex
Ristevski et al., 2020, has a brevirostrine, platyros-
tral rostrum that is closer to U-shaped than to trian-
gular. This genus fits into the macro-generalist
category (Drumheller and Wilberg, 2020), which is
supported by the extreme heterodonty of Paludirex
and the enormous size of the enlarged teeth of the
canine peaks. Baru Willis et al., 1990, presents
another genus of mekosuchines that are probably
specialized for taking prey as large, or larger, than
its own body size. However, its morphology differs
from the other taxa that Drumheller and Wilberg
(2020) place in the macro-generalist category in
that the maxillary rostrum is triangular in dorsal
view and altirostral in lateral view. Mekosuchus
Balouet and Buffetaut, 1987, and Trilophosuchus
Willis, 1993, are mekosuchine genera with very
small skull size and probable extreme brevirostry.
The ecology of these dwarf taxa is unclear, they
are usually supposed to be at least partly terrestrial
(Willis, 2001; Scanlon, 2014; Stein et al., 2016a;
Ristevski, 2022a, b), and the possibility that they
were even arboreal has been suggested in the
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non-technical literature (Willis, 1995). Lastly, we
can consider ‘Baru’ huberi Willis, 1997 (Figure 1A-
C). This species is distinctly different from all other
known species of Baru, indeed Lee and Yates
(2018) and Ristevski et al. (2023a) found that it
does not form an exclusive clade with other spe-
cies of Baru. Not only is ‘B.” huberi much smaller
than other species of Baru (the estimated skull
length of the holotype is 200 mm), but it also has a
platyrostral and extremely brevirostrine skull (ros-
tral proportion, sensu Erickson et al., 2012, = 0.93).
Based on skull shape it would appear to fall within
the brevirostrine heterodont category of Drumheller
and Wilberg (2020), although it lacked the extreme
heterodonty shown by other members of this cate-
gory.

With this degree of morphological disparity
among mekosuchines, it is perhaps surprising that
the slender longirostrine category is at best poorly
represented, indeed probably unrepresented within
the clade. This category, which is typified by gavia-
lids, has evolved multiple times amongst Crocodyl-
iformes (Ballell et al., 2019; Drumheller and
Wilberg, 2020) but there are only two candidate
taxa among all named potential mekosuchines,
namely Harpacochampsa camfieldensis Megirian
et al.,, 1991, and Ultrastenos willisi Stein et al.,
2016b (Figure 2A-J).

The systematic position of the first of these, H.
camfieldensis, from the Middle Miocene of Bullock
Creek in the Northern Territory, remains controver-
sial, and it is probably not a mekosuchine (Lee and
Yates, 2018; Ristevski et al., 2020, 2021, 2023a,
b).

The only other proposed slender longirostrine
mekosuchine is U. willisi, from the late Oligocene
of the Riversleigh World Heritage Area of
Queensland (Stein et al., 2016b). This species was
based on QM F42665, a fragmentary skull and
mandible with associated postcrania from the Low
Lion Site (Stein et al., 2016b), which has produced
mammalian taxa belonging to the Riversleigh fau-
nal zone A (Gillespie et al., 2019). Riversleigh Fau-
nal Zone A is dated to the Late Oligocene (Archer
et al., 1997; Myers and Archer, 1997; Travouillon et
al., 2006; Arena et al., 2015; Myers et al., 2017).
The mekosuchinae status of Ultrastenos is not in
dispute, and Rio and Mannion (2021) found it to
nest close to Mekosuchus itself. However, it may
not be a slender longirostrine.
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FIGURE 1. Ultrastenos huberi, QM F31060, holotype, maxillary rostrum. A, dorsal view. B, ventral view. C, left lateral
view. Abbreviations: appal, antepenultimate premaxillary alveolus; cl, canthus lacrimalis; fpal, first premaxillary alveo-
lus; fr, frontal; idp, interdental reception pit; ju, jugal; Ipal, last premaxillary alveolus; la, lacrimal; lac, lacrimal canal; Ir,
lateral ridge; mal, maxillary alveolus; mt, maxillary tooth; mr, medial ridge; mx, maxilla; na, nasal; nar, naris; om, orbital
margin; ppt, penultimate premaxillary tooth; pm, premaxilla; pmf, premaxillary fenestra; pf, prefrontal; rn, reception
notch for dentary tooth 4; rp, reception pit; rt, replacement tooth; sof, suborbital fenestra. Note that the premaxillary
teeth are not numbered because the loss of a tooth position renders numbering ambiguous. Scale bar equals 50 mm.

The type specimen of U. willisi is quite incom-
plete and lacks any pieces from the pre-orbital
region (Figure 2A-J). Thus, the longirostrine recon-
struction provided by Stein et al. (2016b) is based
upon inferences drawn from the posterior region of
the skull and jaws and it is open to argument and
reinterpretation.

Included within the hypodigm of U. willisi are a
pair of incomplete, posterior, cranial specimens
(QM F31075 and F31076; Figures 3-5) that had
been described by Willis (1997) as ‘White Hunter
cranial form 1’ (hereafter ‘WH cranial form 1°).

These incomplete skulls came from the White
Hunter Site in the Riversleigh World Heritage Area,
another site that is part of the late Oligocene River-
sleigh Faunal Zone A (Archer et al., 1997; Travouil-
lon et al., 2006). White Hunter Site has produced a
remarkably diverse crocodylian fauna (Willis, 1997)
and is the type locality for four species: Mekosu-
chus whitehunterensis Willis, 1997, Quinkana
meboldi Willis, 1997, Baru wickeni Willis, 1997 and
‘B.” huberi. Willis (1997) considered that it was
likely that ‘WH cranial form 1’ belonged to one of
his four named species but could not positively
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FIGURE 2. Ultrastenos huberi, QM F42665, significant fragments of the holotype of U. willisi Stein et al. A, B, basicra-
nial fragment with displaced adherent left pterygoid in right lateral (A) and occipital views (B). C, D, right temporal frag-
ment in lateral (C) and dorsal views (D). E, G, |, posterior end of left mandibular ramus in lateral (E), medial (G) and
dorsal (l) views. F, H, disarticulated right suranguar and angular in medial (F) and lateral (H) views. J, right surangular
in dorsal view (anterior to the left). Scale bar equals 50 mm.

refer it to any of them due to the absence of over-
lapping parts. Stein et al. (2016b) found the propor-
tions of the reconstructed occiput of U. willisi
matched those of the braincase of ‘WH cranial form
1" as did the lateral margin of the quadrate and
therefore referred the unnamed cranial form to
their new taxon. If this referral is accepted, as it is
in this work, ‘WH cranial form 1’ becomes very sig-
nificant in determining the true nature and system-
atic position of the QM F42665, the holotype of U.
willisi.

The Case for Longirostry in QM F42665

Stein et al. (2016b) cite the apparent trans-
verse constriction of the dentigerous portion of the
mandible relative to the postdentary region as the

4

main support for their slender longirostrine recon-
struction of QM F42665. Such a constriction would
indicate that the tooth rows were closely spaced
and subparallel on a slender anterior mandible.
However, QM F42665 does not include articulated
left and right dentaries, or any part of the mandibu-
lar symphysis. Thus the constriction of the tooth
rows cannot be observed directly and has to be
inferred from the shape of the incomplete left man-
dibular ramus and the manner with which it articu-
lates with the reconstructed cranium. When the left
articular is placed against the reflected right quad-
rate of their reconstruction, so that the surangular
is aligned with the lateral margin of the quadratoju-
gal and jugal, the medial curvature of the jaw frag-
ment results in the posterior tooth row being placed
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FIGURE 3. Ultrastenos huberi, QM F31075, White Hunter Cranial Form 1, posterior cranial fragment. A, B, dorsal
view as a photograph (A), and as an annotated photograph with interpretive overlay (B). C, D, occipital view as a pho-
tograph (C), and an annotated photograph with interpretive overlay (D). Abbreviations: bo, basioccipital; fa, foramen
aereum; fm, foramen magnum; fr, frontal; mf, metotic foramen; mptf, median pharyngeal tube foramen; ncr, nuchal
crest; oc, occipital condyle; oto, otoccipital; pa, parietal; parp, paroccipital process; pbs, parabasisphenoid; pcf, poste-
rior carotid foramen; po, postorbital; pop, postoccipital process of the supraoccipital; ptf, posttemporal fenestra; ptyf,
pharyngotympanic foramen; q, quadrate; qc, quadrate condyle; gjss, sutural surface for articulation with the quadra-
tougal; so, supraoccipital; sq, squamosal; stf, supratemporal fenestra; Xllp, posterior foramen for cranial nerve Xl

(posterior hypoglossal foramen). Scale bar equals 50 mm.

two to three centimetres from the midline. From
this position the dentary tooth rows would have to
continue as elongate closely set, subparallel rows
(i.e., an elongate longirostrine rostrum).

As further evidence for longirostry in QM
F42665, Stein et al. (2016b) highlighted a set of
characteristics of the posterior skull that are
thought to be correlated with a slender elongate

rostrum. Among these, Stein et al. (2016b) sug-
gested that the mandible was relatively shallow in
comparison to other mekosuchines and that its dor-
sal profile was level, lacking a distinct rise from the
dentary onto the surangular (Figure 2E-H). A shal-
low mandible can be reasonably assumed to cor-
relate with a shallow skull, which is indeed
correlated with slender longirostry (lijima, 2017).
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FIGURE 4. Ultrastenos huberi, QM F31075, White Hunter Cranial Form 1, posterior cranial fragment. A, B, right lateral
view as a photograph (A), and as an annotated photograph with interpretive overlay (B). C, D, right ventrolateral view
as a photograph (C), and an annotated photograph with interpretive overlay (D). Abbreviations: bo, basioccipital; boa,
bony otic aperture; cb, caudal bridge of the laterosphenoid; cp, capitate process of the laterosphenoid; Ib, lateral
bridge of the laterosphenoid; Is, laterosphenoid; mf, metotic foramen; npd, posterior wall of the nasopharyngeal duct;
oc, occipital condyle; oto, otoccipital; pa, parietal; pbs, parabasisphenoid; pcf, posterior carotid foramen; po, postor-
bital; pro, prootic; psr, base of parasphenoid rostrum; pt, pterygoid; ptyf, pharyngotympanic foramen; q, quadrate; qc,
quadrate condyle; gjss, sutural surface for articulation with the quadratougal; sq, squamosal; ss, squamosal sulcus;
stf, supratemporal fenestra; styf, subtympanic foramen; suof, supraorbital foramen; V, foramen for cranial nerve V (tri-
geminal foramen); Xllp, posterior foramen for cranial nerve Xll (posterior hypoglossal foramen). Scale bar equals 50
mm.
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FIGURE 5. Ultrastenos huberi QM F31076, White Hunter Cranial Form 1, posterior cranial fragment. A, dorsal view. B,
ventral view. C, occipital view. D, right lateral view. Abbreviations: bo, basioccipital; boa, bony otic aperture; cb, caudal
bridge of the laterosphenoid; cp, capitate process of the laterosphenoid; cgp, cranioquadrate passage; fa, foramen
aereum; fm, foramen magnum; fr, frontal; |, foramen for cranial nerve | (olfactory foramen); Il, foramen for cranial nerve
II (optic foramen); llI+orb, common foramen for cranial nerve Il (oculomotor nerve) and the orbital artery and vein; ioc,
incisure of the cranioquadrate passage in the otic aperture; IV, foramen for cranial nerve 1V (trochlear foramen); Ib, lat-
eral bridge of the laterosphenoid; Is, laterosphenoid; mf, metotic foramen; ncr, nuchal crest; oto, otoccipital; ott, olfac-
tory tract trough; pa, parietal; parp, paroccipital process; pbs, parabasisphenoid; pcf, posterior carotid foramen; pfss,
sutural surface for articulation with the prefrontal; plp, posterolateral process of the sqamosal; po, postorbital; pob,
postorbital bar; pop, postoccipital process of the supraoccipital; ptf, posttemporal fenestra; q, quadrate; gjss, sutural
surface for articulation with the quadratougal; so, supraoccipital; sq, squamosal; ss, squamosal sulcus; stf, supratem-
poral fenestra; V, foramen for cranial nerve V (trigeminal foramen); Xlla, anterior foramen for cranial nerve XlI (anterior
hypoglossal foramen); Xllp, posterior foramen for cranial nerve Xl (posterior hypoglossal foramen). Scale bar equals
50 mm.

Stein et al. (2016b) noted that altirostral crocodyl-
ians, including Mekosuchus spp., possess a suran-
gular with an elevated dorsal margin relative to that
of the dentary, indicating that QM F42665 was not
an altirostral form.

Stein et al. (2016b) also describe the retroar-
ticular process of the mandible (Figure 2I) as rela-
tively elongate compared to other mekosuchines

and that although it was not as elongate as those
of Gavialis gangeticus (Gmelin, 1789) or Tomi-
stoma schlegelii (Muller, 1838), it does approach
the proportion seen in the longirostrine Crocodylus
johnstoni Krefft, 1873.

Lastly, Stein et al. (2016b) note that the pre-
served dentary teeth (the last four of the row)
appear to be homodont which would be congruent
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with, but not necessarily diagnostic of, homodonty
of the entire tooth row. A high degree of homodonty
is indeed significantly correlated with a slender
elongate rostrum in regression analyses (lijima,
2017; D’Amore et al., 2019).

Characteristics discordant with longirostry in
QM F42665

Set against the features suggesting that QM
F42665 had a slender longirostrine morphology are
other morphological features that conflict with this
interpretation (Table 1).

In his study of characters correlated with ros-
tral shape, lijima (2017) found the depth of the skull
in posterior view, from the dorsal margin of the
skull deck to the ventral margins of the pterygoid
flanges (a measurement he called ‘pterygoid flange
depth’) was significantly correlated with rostral
shape, with deeper skulls correlating with the brevi-
rostrine condition. Although Stein et al (2016b)
suggested that the skull of QM F42665 was shal-
low, based on the shape and proportions of the
lower jaw, the braincase fragment suggests other-
wise. In posterior view, there is a dorsoventrally
deep, transversely narrow basioccipital body
extending ventral to the occipital condyle, and
more significantly a dorsoventrally deep exposure
of the parabasiphenoid and pterygoid ventral to the
basioccipital (Figure 3C-D). These characters are
associated with a large pterygoid flange depth and
a brevirostrine skull (lijima, 2017). Occipital propor-
tions are even clearer in the more complete skull
fragment QM F31075 ("WH cranial form 1°) where
the occiput has proportions that are closer to those
of brevirostrine taxa than to slender longirostrine
taxa (Figure 6A-C).

The teeth of longirostrine taxa are frequently
described as ‘needle-like’ (e.g. Erickson et al.,
2012) and indeed an average tooth shape that is
highly caniniform is significantly correlated with lon-
girostry when PCA analyses of tooth shape and
rostral shape are regressed against one another
(D’Amore et al., 2019). The posterior dentary teeth
of QM F42665 do not fit this trend as they are api-
codistally short, mesiodistally broad and close to
equilateral, which is a recurrent tooth morphology
in Crocodylia that is labelled ‘molariform’ (D’Amore
et al., 2019). Molariform teeth of the form seen in
QM F42665 are otherwise unknown in the slender
longirostrine category.

Lastly, the relative size of the supratemporal
fenestrae on the skull table argue against longi-
rostry. lijima (2017) found a significant positive cor-
relation between the relative surface area of the
supratemporal fenestra and longirostry. Rio and
Mannion (2021) scored relative supratemporal
fenestra size as a continuous character (character
10) in their cladistic analysis by using the ratio of
the maximum anteroposterior length of the supra-
temporal fenestra to the anteroposterior length of
the cranial table. While the holotype of U. willisi
does not preserve the supratemporal fenestra, the
left fenestra of the referred specimen QM F31076
is complete enough for measurement (Figure 5A-
B). It yields a ratio of 0.386. This lies below the
ratio scored for all members of the slender longi-
rostrine category in their matrix (Rio and Mannion,
2021) with the sole exception of C. intermedius
Graves, 1819 (0.357-0.465: Rio and Mannion,
2021, supplementary file 23). Crocodylus interme-
dius is one of the least specialised longirostrines
and appears somewhat intermediate between the

TABLE 1. A summary of the arguments for and against slender longirostry in QM F42665 utilising the specimens
referred to ‘U. willisi’ in Stein et al. (2016), prior to the taxonomic revisions made in this paper.

Arguments for
slender longirostry

Counterarguments

Arguments for
brevirostry

Marked transverse constriction of the
dentigerous portion of the mandible

Constriction is an artefact caused by a) -
damage to the mandible and b)

articulation with a misaligned temporal
fragment in the reconstructed skull

Proportionally shallow mandible indicates Uncrushed posterior cranial fragment QM -

shallow skull correlated with slender
longirostry
brevirostrine taxa.

Proportionally elongate retroarticular

process ambiguous

F31075 has a proportionally deep occiput
indicating cranial proportions closer to

Relative length of retroarticular process is -

Proportionally small supratemporal
fenestrae.

Blunt, molariform, posterior dentary teeth.
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FIGURE 6. Comparison of the occipital proportions of various crocodylians. A: Osteolaemus tetraspis NTM unregis-
tered cast, a brevirostrine form. B: Ultrastenos huberi, QM F31075. C. Tomistoma schlegelii, NTM P3142 (cast), a

slender longirostrine form. Images are not to scale.

fully longirostrine species and more generalist
mesorostrine species in other measures (lijima,
2017, figure 3). So the proportion seen in QM
F31076 is unusually low for the slender longi-
rostrine category, but it is typical for basal meko-
suchines (e.g., Kambara implexidens Salisbury
and Willis, 1996: 0.399-0.415 and Australosuchus
clarkae Willis and Molnar, 1991a: 0.340-0.482; Rio
and Mannion, 2021, supplementary file 23) with
generalist, mesorostrine rostra.

MATERIALS AND METHODS

This study is based on a first hand examina-

tion of all the material referred to either U. willisi,
‘WH cranial form 1’ or ‘B.” huberi (listed in system-
atic paleontology) by one or both of the authors. All
of this material is held and curated by the
Queensland Museum, Brisbane, Australia. Mea-
surements were taken to the nearest tenth of a mil-
limetre using a set of hand-held 150 mm digital
calipers. Images were taken with a digital SLR
camera and final images were created using ‘focus
stacking’ in digital imaging software.
Institutional Abbreviations. NTM, Museum and
Art Gallery of the Northern Territory, Darwin and
Alice Springs, Northern Territory, Australia; QM,
Queensland Museum, Brisbane, Queensland, Aus-
tralia; UCMP, Museum of Paleontology, University
of California, Berkeley, California, USA.

TAXONOMY

Does WH Cranial Form 1 Belong to ‘Baru’
huberi?

At the heart of the revised taxonomy, and mor-
phological reconstruction, of Ultrastenos presented
here, lies the systematic position of the specimens
Willis (1997) called ‘WH cranial form 1'. It is argued

that not only does ‘WH cranial form 1’ belong to ‘B.’
huberi but QM F31076 is the posterior end of the
same individual skull as QM F31060, the holotype
rostrum of ‘B.” huberi (Figure 7). Evidence for this
association comes from preservation style, match-
ing size, near matching broken surfaces, shared
apomorphic ornamentation, lack of alternative ros-
tra and braincases at the site, and a related taxon
from the Middle Miocene of Bullock Creek combin-
ing characters of each.

Similar preservation. Both QM F31060 and QM
F31076 were collected from White Hunter site. The
preservational style at White Hunter site is quite
variable between specimens. The colour of the
bone surface varies from a rich, orangey-brown
(e.g., QM F31075) through paler creamy brown
(e.g., QM F31062) to whitish cream (QM F31076).
The degree of speckling from manganese minerali-
sations on the surface also varies between speci-
mens from moderately speckled with heavy
patches (e.g., QM F31075) to almost none (e.g.,
QM F31076). Both QM F31060 and QM F31076
share the whitish cream colour with almost no
manganese speckles. These two specimens also
display a moderate degree of postmortem dorso-
ventral flattening not observed in QM F31075.
Matching size. The specimens QM F31060 and
QM F31076 are both of similar size. This is espe-
cially evident at the anterior end of the interorbital
bridge where the two specimens approach most
closely without any mismatch in size that indicates
they are plausibly parts of the same skull.

Near matching of broken surfaces. Unfortu-
nately the two pieces lack a direct connection
where two broken surfaces join, uniting the skull
into one piece, however, the posterior interorbital
region of QM F31060 closely approaches and par-
allels the anterior end of the interorbital bar of QM
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FIGURE 7. Ultrastenos huberi, QM F31060 (holotype,
maxillary rostrum) and QM F31076 (posterior cranial
table) placed in approximate life position, relative to
each other, in dorsal view. Scale bar equals 50 mm.

F31076. Furthermore these broken surfaces are
stained dark grey/black indicating that the breaks
were natural erosional surfaces. We suggest that
the rostrum and posterior skull were severed by a
fissure in the limestone that became weathered
and eroded prior to collection. In this way, the two
pieces came to be collected in two non-joining
blocks, which would explain how the two parts of
the skull came to be registered separately and the
association lost.

The evidence above suggests that QM
F31060 and QM F31076 are parts of the same indi-
vidual. While this is not conclusive, the following
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evidence indicates that nevertheless the two speci-
mens belong to the same species:

Distinctive shared ornamentation. Ornamenta-
tion of the dermal bones is not frequently employed
in the systematics of Crocodylia, and it can vary
considerably from area to area on the same speci-
men. Nevertheless, systematic variation is appar-
ent when comparing homologous areas and similar
ontogenetic stages. The ornamentation present on
the skull table of QM F31076 is distinguishable
from other crocodylian species present in the
White Hunter Local Fauna, and it is also present on
the median dorsal region of QM F31060, especially
the prefrontals and lacrimals. This ornamentation
consists of rounded, subcircular pits of regular size,
separated by ridges of even height (Figure 8D-F).
The ornamentation seen on comparable parts of B.
wickeni differ in having pits of less regular size and
frequently irregular shape, separated by ridges of
varying height (Figure 8A-C). The ornament at the
centre of the frontal of M. whitehunterensis (QM
F31052) is similar to the ornament on QM F31060
and QM F31076 but does differ in having less reg-
ularly-sized pits. This is, however, not relevant as
the known parts of M. whitehunterensis can be
easily distinguished from both QM F31060 and QM
F31076 on other grounds. The broad interorbital
distance on the frontal of M. whitehunterensis is
very different from the narrow interorbital distance
in QM F31076, while its broad, blunt-ended ante-
rior process differs from the acute anterior tip of the
frontal seen in QM F31060. The ornament of Q.
meboldi is difficult to characterise because the
referred specimens do not include parts of the skull
table, posterior mandible, or median dorsal rostrum
where taxonomically distinct dermal ornamentation
reaches its full development. Nevertheless, these
parts of the closely related Q. timara Megirian,
1994, are known and reveal a rather different style
of ornamentation (Figure 9A, B) to ‘WH cranial
form 1’. In Q. timara the dorsal surfaces of the
squamosals, parietal, frontal, postorbital, and pos-
terior surangular bear angular, irregularly polygonal
pits separated by broad ridges. It should be noted
here that these parts of Q. timara are currently
undescribed but can be referred to the genus
Quinkana because they match fragments from the
Ongeva Local Fauna, where the only known croco-
dylian is a species of Quinkana (A.M. Yates, pers.
obs. of multiple specimens at NTM, in 2022). In this
case, the deposit is interpreted as monospecific
because all of the shed crocodylian teeth are of the
labio-lingually compressed ziphodont type, attribut-
able to Quinkana. Furthermore, the squamosals



variable
ridge height

orbital margin
smooth

ridges of uniform
height and
thickness

PALAEO-ELECTRONICA.ORG

ridges of varying
thickness and height

orbital margin
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irregular pits
of varying size
in the centre

irregular pits
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ridges of uniform
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varying thickness

rounded pits of regular size

D large central patch of
uniform, subcircular pits

FIGURE 8. Dermal bone ornamentation of Baru wickeni and Ultrastenos huberi compared. A: Explanatory drawing of
the skull of Baru wickeni in dorsal view with frontal and right squamosal marked in red and the areas shown in (B) and
(C) marked by boxes. B: Baru wickeni (NTM P91171-1), frontal in dorsal view showing the ornamentation. C: Baru
wickeni (NTM P902-4), right squamosal in dorsal view showing the ornamentation. D: Explanatory drawing of the skull
of Ultrastenos huberi in dorsal view with frontal and right squamosal marked in red and the areas shown in (E) and (F)
marked by boxes. E: Ultrastenos huberi (QM F F31076), frontal in dorsal view showing the ornamentation. F: Ultraste-
nos huberi (QM F F31075), right squamosal in dorsal view showing the ornamentation. Scale bars in (B, C, E, F) equal

10 mm. (A, D) are not to scale.

referred to Quinkana timara share a suite of traits
with the squamosal of Quinkana sp. from the
Ongeva Local Fauna, including dermal ornamenta-
tion extending onto the floor of the lateral squamo-
sal sulcus, narrowing of the lateral ventral ridge
that bounds the meatal chamber and the distinctive
dermal ornamentation described above. Full
descriptions of both the Bullock Creek and Ongeva
Quinkana specimens are presently in preparation.
The distinctive ornamentation that is attributed
to Quinkana here, is also seen on the parietal of a
cranial table fragment (QM F31079) from the White
Hunter Local Fauna (Figure 9C, D). Willis (1997)
designated this specimen ‘White Hunter cranial
form 2’. “‘WH cranial form 2’ also shares an antero-

posteriorly elongate, transversely narrow supra-
temporal fenestra with Q. timara and can be
referred to Q. meboldi with a reasonable degree of
confidence. Given these differences in ornamenta-
tion, especially of the skull table, that the different
mekosuchines of the White Hunter Local Fauna
display, the presence of very similar ornamentation
on parts of both QM F31076 and QM F31060 is
good evidence that they belong to the same spe-
cies.

Lack of alternative rostra and posterior crania.
If we were to reject the hypothesis that ‘Baru’
huberi and ‘WH cranial form 1’ are parts of the
same species, then we are left with the necessary
alternative that there must be a different rostral

1
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abrupt change to
marginal ornament weakly rugose,
finely pitted margin

irregular pits
of varying size

weakly rugose, irregular pits

finely pitted margin ~ of varying size very broad ridges
subpolygonal
or irregular pits
broad paramarginal ridge broad paramarginal ridge

stf margin

subpolygonal
or irregular pits

FIGURE 9. Comparison of Quinkana timara to White Hunter Cranial Form 2, QM F31079, here referred to Q. meboldi
Willis. A: Q. timara (NTM P8695-114), right squamosal. B: Q. timara (NTM P9464-177), parietal margin of the right
supratemporal fenestra. C, D: Q. meboldi (QM F31079), posterior cranial fragment. B, right postorbital. C, parietal mar-
gin of the right supratemporal fenestra. Scale bars equal 10 mm.
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form that belongs to ‘WH cranial form 1’ and
another posterior skull form that belongs to B.’
huberi that are, as yet, unknown. Taking ‘B.” huberi
first, there is a second cranial form (‘WH cranial
form 2’) that could conceivably represent the miss-
ing posterior cranial region of this species, but as
argued above it is evident that ‘WH cranial form 2’
belongs to Q. meboldi. This also rules out Q.
meboldi as a potential rostrum to go with ‘WH cra-
nial form 1°. As we have argued above, M. whitehu-
nterensis can be distinguished from both ‘B.” huberi
and ‘WH cranial form 1’ so cannot be the missing
rostrum or posterior cranium of either. The poste-
rior skull of B. wickeni is also known (Yates, 2017)
and demonstrates a host of systematically signifi-
cant differences to ‘WH cranial form 1’ (see below)
thus ruling this species out as a candidate rostrum
of ‘cranial form 1'. We are left with the conclusion
that if the rostrum of ‘B.” huberi does not belong
with ‘WH cranial form 1’ then the rostrum of ‘WH
cranial form 1’ is entirely unknown. By itself this is
not an especially unusual situation but it is worth
noting that ‘B.” huberi is the most abundant croco-
dylian in the White Hunter Local Fauna, with at
least four rostral fragments and three anterior man-
dibular fragments referrable to it, while four of the
six known posterior skull fragments are ‘WH cranial
form 1’ (tallied from Willis, 1997). It is certainly not
impossible for biased sampling to have failed to
produce any posterior cranial parts of ‘B.” huberi or
rostral pieces of ‘WH cranial form 1’ but it is more
plausible that the two represent a single, locally
common species.

Related species from the Bullock Creek Local
Fauna. Included among the crocodylian remains
recovered from the Middle Miocene Bullock Creek
Local Fauna of the Northern Territory are a residue
of specimens that cannot be referred to the named
crocodylians from that fauna, namely B. darrowi
Willis et al., 1990, Q. timara, and H. camfieldensis.
Lee and Yates (2018) informally labelled these the
‘Bullock Creek taxon’. The ‘Bullock Creek taxon’
displays the same kind of dermal ornamentation
seen in WH cranial form 1 (QM F31076 and QM
F31060) and include rostral and posterior skull
pieces that share apomorphic characters with both
the rostral specimens referred to ‘B.” huberi and the
posterior cranial specimens referred to ‘WH cranial
form 1’ (Figure 9). We will not exhaustively docu-
ment these fossils, as another paper in preparation
will describe and name this new species. However,
a few salient specimens and anatomical features
will be highlighted to illustrate their relevance to the
topic of this paper. NTM P87115-3 is a posterior
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cranial fragment that shares rounded posterior,
medial, and lateral margins of the supratemporal
fenestra and a steeply descending subdermal com-
ponent of the posterolateral process of the squa-
mosal with ‘WH cranial form 1’ (Figure 10A, B). A
maxilla (NTM P9660) shares an enlarged anterior
neurovascular foramen medial to the first alveolus,
a transverse premaxilla-maxilla suture anterior to
the level of the first maxillary alveolus and a medial
ridge bordering the lateral premaxilla-maxilla notch
with ‘Baru’ huberi (Figure 10C). Once again, the
rostral parts do not directly join the posterior cranial
parts, and the unity of the hypodigm must be
inferred from other evidence. Nevertheless, the
repeated co-occurrence of similar parts mutually
reinforces the hypothesis that the ‘Bullock Creek
taxon’ represents dissociated parts of a single
taxon while U. willisi and B. huberi represent the
dissociated parts of a related (but specifically dis-
tinct) taxon. However, in this case of the ‘Bullock
Creek taxon’ there is a largely complete mandibu-
lar ramus (NTM P895-15; Figure 10D), which com-
bines a postdentary region directly with a dentary
of brevirostrine proportions. The postdentary
region of NTM P895-15 shares derived character
traits with the holotype of ‘U. willisi’ including a
reduced external mandibular fenestra and a poste-
rior dorsal process of the dentary that extends
beyond the posterior corner of the external man-
dibular fenestra.

This mandible demonstrates conclusively that
the Ultrastenos-like components of the ‘Bullock
Creek taxon’ belong to a brevirostrine taxon and
that, by extension, the very similar and closely
related posterior cranial pieces referred to U. willisi
almost certainly do as well.

Systematic Position of QM F31075

A short discussion regarding the identity of
QM F31075 needs to be included here. QM
F31075 was one of the two specimens from White
Hunter Site included in ‘cranial form 1’ by Willis
(1997) and referred to U. willisi by Stein et al.
(2016b). Yates (2017) disagreed and thought that
this specimen in particular (but not QM F31076, the
second specimen referred to ‘WH cranial form 1°)
was in fact an immature individual of B. wickeni.
Evidence for this came from the recognition that
QM F31075 and NTM P91171-1, a skull that
uncontroversially is referred to B. wickeni (Yates,
2017), shared two derived characters: the broad
exposure of an occipitally-facing surface of the
quadrate ventrolateral to the otoccipital and dorso-
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FIGURE 10. Ultrastenos sp. “Bullock Creek Taxon”, isolated specimens from the Middle Miocene, Bullock Creek Local
Fauna, Northern Territory. A, B: NTM P87115-3, posterior cranial fragment. A, right lateral view. B dorsal view. C: NTM
P9660, right maxilla in ventral view. D: NTM P895-15, left mandibular ramus in lateral view. Derived character states
shared with U. huberi Willis: 1, posterolateral process of the squamosal descends at a steep angle (74°); 2, medial,
posterior and lateral margins of the supratemporal fenestra rounded and curve gradually into one another; 3, enlarged
anterior maxillary foramen; 4, transverse palatal premaxillomaxillary suture lying anterior to the level of the first maxil-
lary alveolus; 5, absence of a posterior lamina of the maxilla separating the anterior tip of the ectopterygoid from the
margin of the suborbital fenestra; 6, dermal ornament consisting of regular, subcircular pits separated by walls of even
height; 7, posterior extent of the dentary posterior to the posterior margin of the external mandibular fenestra; 8, length
of the reduced external mandibular fenestra is less than 25% of the distance between the dentary toothrow and the
anterior margin of the mandibular glenoid. Scale bars equal 50 mm.
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ventrally deep exposure of the parabasisphenoid
ventral to the basioccipital.

Differences between QM F31075 and larger
specimens of B. wickeni were dismissed as onto-
genetic variation (Yates 2017). However, the sub-
sequent description of B. iylwenpeny Yates et al.,
2023 from Alcoota, including juvenile specimens,
indicates that these character differences are not
due to ontogeny. Perhaps the most striking differ-
ence between QM F31075 and B. wickeni is the
angle that the dorsal profile of the posterolateral
process of the squamosal makes with the skull
table in lateral view (Figure 11A, B). In QM F31075
this angle is steep, and approaches a right angle
(Figure 11A) whereas in Baru, whether adult or
juvenile, the posterolateral process slopes shal-
lowly towards the dorsolateral corner of the paroc-
cipital process (Figure 11B-D). Similarly the
presence of a single well-developed longitudinal
sulcus on the lateral surface of the squamosal in
QM F31075 (Figure 11A) differs from the flattened
lateral surface of the squamosal in both adult B.
wickeni and juvenile B. iylwenpeny that are

sulcus

posterolateral

SUICUS boss
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crossed by one or two short, discontinuous, narrow
sulci (Figure 11B-D). Another difference is the pos-
teriorly rounded supratemporal fenestrae of QM
F31075 differ from the ‘D’-shaped fenestrae with a
straight medial margin seen in adult B. wickeni and
juvenile B. iylwenpeny. Lastly QM F31075 pos-
sesses the same kind of dermal ornamentation on
the skull table (Figure 8F) that is seen in other
specimens of ‘WH cranial form 1°, best represented
by QM F31076. From these observations we con-
clude that QM F31075 is not a juvenile specimen of
B. wickeni (contra Yates, 2017), and it does indeed
belong to the same taxon as ‘cranial form 1’ as
other authors have concluded (Willis, 1997; Stein
et al., 2016b).

Synonymy of Ultrastenos willisi and ‘Baru’
huberi

The holotypes of Ultrastenos willisi and ‘B.’
huberi lack overlapping parts so that the subjective
synonymy of these two species rests almost
entirely upon referred specimens, namely those
cranial fragments labelled ‘WH cranial form 1°. If

sulcus

FIGURE 11. Comparison of the squamosal in right lateral view of Ultrastenos huberi with various species of Baru,
showing the angle of descent of the posterolateral process and sculptural elements of the lateral surface. A: Ultraste-
nos huberi, QM F31075. Note that the lateral squamosal sulcus is both broad and extensive and the posterolateral
process descends at a steep angle. B: Baru wickeni, NTM P9464-10 (image reversed for comparison). Note that the
lateral surface is largely flat with a short, narrow sulcus and the posterolateral process descends at a shallow angle.
C: Juvenile Baru iylwenpeny (NTM P6478). Note the flat lateral surface with a short, narrow sulcus and the shallow
angle of descent. D: Adult Baru iylwenpeny (NTM P6515) Note the flat lateral surface with a short, narrow sulcus and
the shallow angle of descent shared with other Baru specimens. Note also the presence of a posterolateral boss
shared with (B) but not (C). Dashed lines demarcate each posterolateral boss. Hatched areas demarcate lateral sulci.

Scale bars equal 20 mm.



YATES & STEIN: ULTRASTENOS REVISED

we accept the case made above that ‘WH cranial
form 1’ represents the posterior part of the skull of
‘B.” huberi and if we also accept that ‘cranial form 1’
is the same species as U. willisi then the latter
becomes a junior synonym of the former. There-
fore, it is important to determine if ‘WH cranial form
1’ can be securely referred to the same taxon as U.
willisi as Stein et al. (2016) did. No unambiguous
autapomorphies can be identified but ‘WH cranial
form 1’ does share a unique combination of derived
characters with the holotype of U. willisi that allow
them to be distinguished from all other crocodylian
species. Some of these characters have the poten-
tial to optimize as autapomorphies once the char-
acter state distributions and phylogenetic
relationships within Mekosuchinae become better
understood. These derived characters states are:
short, steeply descending posterolateral process of
the squamosal (Figure 12B, F); short quadrate
body with the distance between the distal tip of the
paroccipital process and the dorsal margin of the
quadrate condyle less than the transverse width of
the quadrate condyle (Figure 12A, E); the paraba-
sisphenoid-pterygoid suture on the lateral wall of
the braincase is recessed within a sulcus that par-
allels the posterolateral margin of the braincase
(Figure 12C, G); a highly reduced, to absent contri-
bution of the otoccipital to the synovial surface of
the occipital condyle (Figure 12D, H); an enlarged
ventral sagittal keel on the basioccipital plate that is
prominent in lateral view (Figure 12C, G); and a
dorsoventrally deep, sheet-like exposure of the
parabasisphenoid ventral to the median pharyn-
geal tube foramen (Figure 12D, H). On the basis of
this unique combination of character states ‘WH
cranial form 1’ and the holotype of U. willisi are
considered to represent the same species and for
which ‘B.” huberi is the oldest available name.

Validity of Ultrastenos

‘Baru’ huberi displays a number of character-
istics that differ markedly from other species of
Baru, especially once the posterior skull characters
afforded by QM F31075, F31076, and F42665 are
taken into consideration. These include: an antero-
ventrally tilted opening of the external naris which
contributes to a shallower anterior profile of the
premaxilla in lateral view; a platyrostral rostrum
with a decreased degree of ventral undulation
(‘festooning’) of the maxillary tooth row; a narrow
Interorbital bridge with the dorsomedial margins of
the orbit flush with the dorsal surface of the skull
roof; a single well-developed lateral squamosal sul-
cus; a steeply descending posterolateral process
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of the squamosal; the absence of a sulcus on the
anterior surface of the braincase, immediately lat-
eral to the base of the parabasisphenoid rostrum; a
reduced external mandibular fenestra less than
25% of the length between the mandibular glenoid
and the posterior end of the dentary tooth row; and
an anterior tip of the splenial that lies ventral to the
Meckelian sulcus.

Only Lee and Yates (2018) have included
both the ‘Bullock Creek taxon’ and U. huberi
(including data from both the rostral and posterior
cranial regions) in a phylogenetic analysis. They
found that the two species formed a clade that
shared a more recent common ancestor with other
mekosuchine genera including Volia, Mekosuchus,
Trilophosuchus, and Quinkana than it did with
other Baru, including the type species, B. darrowi.
Ristevski et al. (2023) also included U. huberi (as
‘Baru’ huberi) in a phylogenetic analysis (but did
not include the ‘Bullock Creek taxon’). They also
scored U. huberi for the full compliment of available
anatomical data from both the rostrum and the pos-
terior cranium. They too, found that U. huberi
shared a more recent common ancestor with Volia,
Mekosuchus, and Trilophosuchus (but not Quink-
ana) than with Baru, in all iterations of their analy-
sis (Figure 13). Thus, multiple, independent
analyses have found that Ultrastenos is not a syn-
onym of, or even a sister taxon to, Baru. With the
inclusion of the ‘Bullock Creek taxon’ it is revealed
to be a lineage that persisted from at least the Late
Oligocene to the Middle Miocene (longer if UCMP
70939, from the late Miocene of Alcoota also
belongs to this lineage) alongside the altirostral
macropredators that are true Baru. Under these
circumstances a separate genus name is war-
ranted and Ultrastenos Stein et al., 2016b, is the
oldest, indeed only, available name.

SYSTEMATIC PALAEONTOLOGY

CROCODYLIA Gmelin, 1789
MEKOSUCHINAE (Balouet and Buffetaut, 1987)
MEKOSUCHINI (Balouet and Buffetaut, 1987),
sensu Salisbury and Willis, 1996
ULTRASTENOS Stein, Hand, and Archer, 2016b

Type species. Ultrastenos willisi Stein, Hand, and
Archer, 2016b, junior subjective synonym of Baru
huberi Willis, 1997.

Diagnosis. Mekosuchines with the following apo-
morphic characters: lateral notch for the occlusion
of the fourth dentary tooth at the premaxilla-maxilla
suture bordered laterally and medially by sharp
ridges; palatal premaxilla-maxilla suture anterior to
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FIGURE 12. Ultrastenos huberi , shared derived character states. A-D: QM F42665, holotype of Ultrastenos willisi. A,
B, Right temporal fragment in dorsal view (A) and lateral view (B). C, D, ventral portion of braincase (with attached,
displaced fragment of right pterygoid) in right lateral view (C) and occipital view (D). E-H: QM F31075, ‘WH Cranial
Form 1°. E, F, right temporal region in dorsal view (E) and lateral view (F). G, H, ventral portion of braincase in right lat-
eral view (G) and occipital view (H). Numbered character states: 1, distance from the ventrolateral tip of the paroccip-
ital process to the dorsal margin of the quadrate condyle is less than the transverse width of the quadrate condyle
(shown by rectangular bracket); 2, short posterolateral process of the squamosal descends at an angle steeper than
65°; 3, parabasisphenoid-pterygoid suture recessed within a sulcus; 4, enlarged sagittal, ventral keel of the basioccip-
ital prominent in lateral view; 5, otoccipital-basioccipital suture (marked with red line) fails to cross the synovial surface
of the occipital condyle. Scale bars equal 20 mm.
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the first maxillary alveolus (convergent in some
non-mekosuchines); enlarged neurovascular fora-
men adjacent to the first maxillary alveolus (con-
vergent with Q. timara Megirian, 1994);
supratemporal fenestrae roughly tear drop-shaped
with rounded posterior margins and an acuminate
anterior end; short, steeply descending posterolat-
eral process of the squamosal (convergent in Volia
athollandersoni Molnar et al., 2002); short quadrate
body with the distance between the distal tip of the
paroccipital process and the dorsal margin of the
quadrate condyle less than the transverse width of
the quadrate condyle (reversal to a non-meko-
suchine condition); a highly reduced, to absent
contribution of the otoccipital to the synovial sur-
face of the occipital condyle; hypertrophied sagittal
keel on the basioccipital plate ventral to the occipi-
tal condyle that is prominent in lateral view;
recessed parabasisphenoid-pterygoid suture on
lateral braincase wall that is hidden in lateral view
(convergent with B. darrowi); dorsoventrally deep
exposure of the parabasisphenoid and pterygoids
ventral to the medial pharyngeal tube foramen
(convergent with B. wickeni and many non-meko-
suchines); posterodorsal process of the dentary
terminates posterior to the posterior margin of the
external mandibular fenestra; absence of lateral
eversion of the ridges bordering the ornamented
lateral surfaces of the surangular and angular
(reversal to a non-mekosuchin condition).

In addition to these autapomorphies, Ultraste-
nos can be distinguished from other contemporary
mekosuchine species by distinctive dermal orna-
mentation of the skull table, interorbital and central
rostral regions of the skull and posterior region of
the mandible which consists of regular sized, sub-
circular pits separated by level ridges.

Ultrastenos huberi (Willis, 1997) comb. nov.
Figures 1-8, 11-20, 22, 23

1997  Baru huberi Willis, p. 429, figures 10-11.

1997 ‘Cranial Form 1’ Willis, p.435, figures 20-
22.

2016  Ultrastenos willisi Stein, Hand, and Archer,
p. e1179041-2, figures 1-4.

2017  Baru wickeni: Yates, p. €3458-30, figure

16e [partim].

Holotype. QM F31060, fragmentary rostrum.

Paratypes. QM F31061, right premaxilla and
incomplete right maxilla; QM F31062, right pre-
maxilla (herein removed from the hyodigm of U.
huberi); QM F31063, right maxillary fragment
(herein removed from the hypodigm of U. huberi);
QM F31064, right maxillary fragment; QM F31065,
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maxillary fragment; QM F31066, maxillary frag-
ment; QM F31067, dentary; QM F31068, left den-
tary; QM F31069, conjoined dentary pair with
attached splenials.

Type locality and horizon. White Hunter Site, Riv-
ersleigh World Heritage Area, Queensland. Un-
named fluvio-lacustrine unit, Riversleigh Faunal
Zone A, Late Oligocene.

Referred material. QM F31075, posterior skull
fragment; QM F31076, incomplete postorbital
region of skull; QM F31077, skull fragment; QM
F31078, isolated parietal; QM F42665 (holotype of
Ultrastenos willisi), fragmentary posterior skull and
mandible; QM F42669, left atlantal neural arch (this
specimen and all following specimens are para-
types of Ultrastenos willisi); QM F42668, atlantal
intercentrum; QM F42670, caudal vertebrae series;
QM F42672, osteoderms; QM F42673, metatarsal;
QM F42667, right coracoid; QM F42666, right tibia.
QM F61096, mandible, missing both postdentary
areas; QM F61097, incomplete orbital region of the
skull and left pterygoid.

Localities and horizons. Type locality (QM
F31060, QM F31061, QM F31064, QM F31065,
QM F31066, QM F31067, QM F31068, QM
F31069, QM F31075, QM F31076, QM F31077,
QM F31078, QM F61096, QM F61097); Low Lion
Site (QM F42665, QM F42669, QM F42668, QM
F42670, QM F42672, QM F42673, QM F42667,
QM F42666). Both sites from un-named fluvio-
lacustrine units of Riversleigh Faunal Zone A, Late
Oligocene.

Diagnosis. As for the genus until new species are
described.

Description

General features of the skull. Several of the more
informative specimens of U. huberi have been
described in either Willis (1997) or Stein et al.
(2016b), so the description here is focused largely
upon listing character states that have been used
in cladistic analyses of crocodylian relationships.
The holotype of ‘B.” huberi has an estimated
skull length of 200 mm and a width of 110 mm (Fig-
ure 7), although QM F42665 is distinctly larger,
with a reconstructed posterior width of approxi-
mately 180 mm, which would indicate a skull length
of about 350 mm. If the reconstruction presented
here (Figure 14A-D) is accurate then it is a brevi-
rostrine form with the rostrum occupying 48% of
the total skull length. It is platyrostral with the depth
of the maxilla approximately one third of its width at
the level of the fifth maxillary alveoli. The rostrum is
quite simple and lacks a median dorsal boss,
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FIGURE 13. Single most parsimonious tree found by Ristevski et al. (2023) in a traditional search of their dataset
using implied weights (k = 25), showing U. huberi sharing a more recent common ancestry with mekosuchine genera
such as Mekosuchus than with Baru. Large, polyspecific, named clades that do not include Mekosuchinae have been
collapsed into single branches (names in bold type) to simplify the diagram. Abbreviations: Cl, consistency index;
MPT, most parsimonious tree; #0TUs, number of operational taxonomic units; RI, retention index. Redrawn from fig-

ure 24 in Ristevsi et al. (2023).

anterolateral rostral ridges, and raised preorbital
crests.

Dermatocranium of the dorsal skull roof. The
premaxilla has a steep anterior profile due to the
placement of the anterior margin of the naris close
to the anterior margin of the rostrum (Figure 1C).
The steepness of the profile matches that of Baru,
however, it differs from members of that genus in
being proportionally shallower (Figure 15E). The
naris is slightly longer than wide, and it tilts to face
anterodorsally (Figure 15E). The posterior margin
of the naris lies anterior to the anterior-most extent
of the maxilla. The anterior end of the bulb-shaped
premaxillary fenestra is located posterior to the first
pair of premaxillary alveoli while its simple,
rounded posterior margin is broadly separated
from the premaxilla-maxilla suture by the premaxil-

lary symphysis (Figure 15C). The minimum interor-
bital distance is narrow and just under 20% of the
width of the posterior cranial table (Figure 5I). The
posterior cranial table bears a dorsally exposed
supratemporal fossa surrounding the supratempo-
ral fenestra with no overgrowth from the surround-
ing dermal bones (Figure 3A, B). The dorsal
margin of this fossa is distinctive with the lateral,
posterior, and medial margins forming a rounded,
subcircular shape (Figures 3A, B; 5A, B). The ante-
rior margin, however, forms an acute point that
incised into the postorbital (Figure 3A, B). On the
palate, the position of the anterior margin of the
suborbital fenestra varies from level with the eighth
maxillary alveolus (e.g., QM F31060, Figure 1B) to
level with the seventh alveolus (e.g., QM F31064,
Figure 15A). In both cases the anterior margin of
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so pa

FIGURE 14. Reconstruction of Ultrastenos huberi based largely upon QM F31060 and QM F31076 and scaled to the
size of these two specimens. A, occipital view. B, dorsal view. C, ventral view. D, right lateral view. Abbreviations: bo,
basioccipital; boa, bony otic aperture; cl, canthus lacrimalis; ect, ectopterygoid; fa, foramen aéreum; fr, frontal; itf,
infratemporal fenestra; ju, jugal; la, lacrimal; mx, maxilla; mal, maxillary alveolus; na, nasal; nar, naris; oc c, occipital
condyle; oto, otoccipital; pa, parietal; pal, palatine; pbs, parabasisphenoid; pm, premaxilla; pmf, premaxillary fenestra;
po, postorbital; pf, prefrontal; pt, pterygoid; ptf, posttemporal fenestra; q, quadrate; q co, quadrate condyle; qj, quadra-
tojugal; rp, reception pit; so, supraoccipital; sof, suborbital fenestra; sq, squamosal; stf, supratemporal fenestra. Scale
bar equals 100 mm.
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enlarged foramen

enlarged
foramen

FIGURE 15. Ultrastenos huberi, rostral fragments. A-B, QM F31064, fragment of right maxilla. A, ventral view. B, lat-
eral view. C-F, QM F31061, rostral fragment, including right premaxilla and fragment of right maxilla. C, ventral view.
D, dorsal view. E, lateral view. F, medial view. Abbreviations: appa, antepenultimate premaxillary alveolus; ect sut,
sutural surface for articulation with the ectopterygoid; idp, interdental reception pit; Ipal, last premaxillary alveolus; Ir,
lateral ridge; mal, maxillary alveolus; mn, margin of the naris; mr, medial ridge; msy, articular surface for maxillary sym-
physis; nar, naris; nc, nasal cavity; nsy, articular surface for nasal symphysis; pm, premaxilla; pmf, premaxillary fenes-
tra; ppal, penultimate premaxillary alveolus; psy, articular surface for premaxillary symphysis; rp, reception pit; sofm,
margin of the suborbital fenestra; Vpal, maxillary foramen for palatine ramus of cranial nerve V, (maxillary division of

the trigeminal nerve), note that the margins of this foramen are broken, thus enlarging the apparent size of the fora-

men. Scale bar equals 20 mm.

the suborbital fenestra lies anterior to the anterior
orbital margins.

Known specimens have only four premaxillary
alveoli but the number present at hatching is
unknown. The penultimate premaxillary alveolus is
the largest premaxillary alveolus, but it is smaller

than the fifth maxillary alveolus (Figure 15C). The
premaxillary arcade curves anteromedially so that
the last alveolus is lateral to the penultimate, and
the penultimate alveolus is lateral to the antepenul-
timate. The triangular posterodorsal processes of
the premaxilla extend posteriorly to the level of the
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FIGURE 16. Ultrastenos huberi, QM F61097, cranial fragment. A, dorsal view. B, ventral view. C, left lateral view.
Abbreviations: cl, canthus lacrimalis; ect, ectopterygoid; fr, frontal; ju, jugal; la, lacrimal; mal, maxillary alveolus; mx,
maxilla; na, nasal; or, orbit; pf, prefrontal; rp, reception pit; sof, suborbital fenestra; Vpal, foramen for palatine ramus of
cranial nerve V, (maxillary division of the trigeminal nerve). Scale bar equals 50 mm.

third maxillary alveoli (Figure 1A). The palatal pre-
maxillomaxillary suture is largely transverse and
lies anterior to the first pair of maxillary alveoli (Fig-
ure 15C). A ventrolaterally open arch at the lateral
end of the premaxillomaxillary suture forms a notch
for the reception of the fourth dentary tooth. The
notch is bordered laterally and medially by a pair of
ridges (Figure 15C, E).

The total number of maxillary alveoli would
appear to be 15, but this interpretation hinges on
the identity of the maxillary alveoli in QM F61097
(Figure 16B). We interpret the preserved alveoli of
this specimen as representing the sixth through to
the fifteenth, and final, alveolus. However, an alter-
native interpretation where the preserved alveoli
represent the fifth to the fourteenth alveoli cannot
be ruled out (Figure 16B). Thus, it is possible that
the total number of maxillary alveoli for this species
is actually 14. The first six maxillary alveoli are
closely spaced and lack interdental reception pits
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(Figure 15A). The alveoli are bordered medially by
an alveolar process (sensu Molnar, 1982). The fifth
maxillary alveolus is the largest alveolus in the
upper jaw and corresponds to a moderately-sized,
anterior festoon (Figure 15B). A second, smaller
peak of enlarged teeth occurs at the tenth and
eleventh alveoli. The alveoli are unevenly spaced
with noticeably larger diastemata between the sixth
and ninth alveoli in comparison to the rest of the
tooth row but are evenly and closely spaced poste-
rior to the tenth alveolus (Figures 15A, 16B). All,
but the last, of the maxillary alveoli are subcircular,
indicating a lack of labio-lingual compression of the
maxillary teeth. The alveolar row continues to the
level of the posterior margin of the suborbital
fenestra, without a substantial non-dentigerous
process of the maxilla posterior to the last alveolus.
A pair of deep interdental reception pits occupy the
spaces anterior and posterior to the seventh maxil-
lary alveolus, whereas a series of three shallower



medial pits occurs posterior to these between the
level of the eighth and eleventh alveoli. The part of
the maxillary palate that bears these reception pits
is narrow, with the distance from the suborbital
fenestra to the medial side of the maxillary alveoli
subequal to the width of the tenth alveolus, when
measured at the level of the tenth alveolus (Figure
15A). There are no reception pits posterior to the
eleventh aveolus (Figure 16B). The foramen for the
palatine ramus of the trigeminal nerve (located
ventromedial to the fifth alveolus) is less than 20%
of the diameter of the sixth maxillary alveolus (Fig-
ure 1B). The maxillary margin of the suborbital
fenestra is straight and does not bow medially into
the fenestra. Dorsally, the maxilla lacks a posterior
spur either inserting into the lacrimal or between
the lacrimal and the nasal and there is a long naso-
lacrimal suture (Figure 16A).

The nasals extend all the way to the posterior
margin of the naris but do not protrude into it (Fig-
ure 1A). The lacrimal is wider than the prefrontal
with a maximum transverse width that is 1.28 times
that of the latter (Figure 16A). An unornamented,
shallow sulcus on the dorsal surface of the lacrimal
extends from the anterior apex of the orbit to the
anterolateral margin of the lacrimal (Figure 16A).
This sulcus divides the lacrimal ornamentation into
a posterolateral region adjacent to the lateral mar-
gin of the orbit and an anteromedial region adja-
cent to the prefrontal and nasal. The medial margin
of the sulcus forms a weak ridge that divides the
higher anteromedial region from the descending
posterolateral region, thus forming a subtle ridge
similar to the more pronounced version present in
B. wickeni (Yates, 2017: figure 7, labelled ‘preor-
bital ridge’). Rio and Mannion (2021: appendix 2)
distinguished two distinct forms of preorbital ridge
which they treated as two independent characters
(characters 27 and 30) in their matrix. The first of
these (character 27) is the type seen in U. huberi
and B. wickeni, where there is an angulation
caused by the junction of two planar surfaces, with-
out a projecting ridge. They somewhat confusingly
applied the name ‘canthus rostralis’ to this type of
ridge. ‘Canthus rostralis’ had been used previously
(Brochu, 1999) for non-homologous oblique ridges
that occur on the dorsal rostral surface of some
caimanines. They then restricted the term ‘preor-
bital ridge’ to those structures for which there is a
dorsal projection of bone on the lacrimal, built
above the dorsal surface of the preorbital rostrum
(character 30). This type of preorbital ridge most
notably occurs in some species of Crocodylus
(e.g., C. porosus). To avoid confusion we apply a
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new, more precise, nomenclature to these different
ornamental features. We continue to use ‘canthus
rostralis’ in the sense that Brochu used it, i.e., for
the oblique rostral ridges seen in some caimanines
(Brochu, 1999, fig. 61). For the two distinct types of
‘preorbital ridge’ we employ two new terms: the
crista preorbitalis (preorbital crest) for the raised
ridges, of the type seen in C. porosus, and canthus
lacrimalis (lacrimal ridge) for the ridge formed from
the meeting of two angled, planar surfaces such as
is seen in U. huberi (Figures 1A, 16A).

The anterior termination of the lacrimal forms
an acute, narrow process that lies anterior to the
prefrontal. The anterior termination of the prefrontal
lies anterior to the anterior process of the frontal,
which in turn lies anterior to the level of the anterior
margins of the orbits (Figure 16A). The anterior
process of the frontal of the holotype forms an
acute point that inserts between the posterior ends
of the nasals for a distance of just under 5 mm
(Figure 1A) whereas the termination is broader in
QM F F61097 and fails to insert between the
nasals at all (Figure 16A). The frontal-nasal contact
prevents the prefrontals from contacting each
other. The prefrontal orbital margin is simple, lack-
ing raised bosses, a linear sulcus or a laterally pro-
jecting bevelled flange. The dorsal surface of the
frontal is flat and flush with the orbital margins.
There is no sagittal keel on the frontal or parietal
(Figure 5A). The frontoparietal suture lies entirely
on the skull roof and does not reach the supratem-
poral fossa (Figures 3B, 5A). The suture is bowed
posteriorly and varies from shallowly bowed (QM
F31076; Figure 5A) to deeply bowed (QM F31075;
Figure 3A, B).

The anterior termination of the jugal lies
slightly anterior to the anterior orbital margin and
the anterior process of the frontal (Figure 16C).
Ventrally the anterior ramus of the jugal, adjacent
to the maxilla and immediately posterior to it, bears
a ventrally-facing surface that bears several orna-
mental pits, similar to those found on other parts of
the dorsal skull roof (Figure 16B, C). Medially,
there are a pair of enlarged foramina anterior to the
base of the postorbital bar. In lateral view, the ven-
tral margin of the lower temporal bar is mildly con-
cave (Stein et al., 2016b, fig. 1g). The postorbital
forms the dorsal part of the slender postorbital bar.
It has a rounded cross-section and lacks an ante-
rior protuberance.

The lateral side of the squamosal forms a nar-
row vertical surface with a single central sulcus that
maintains subparallel margins for its length (Fig-
ures 3A, B; 11A). The floor of this sulcus is smooth
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FIGURE 17. Ultrastenos huberi, pterygoid fragments. A: QM F42665, right pterygoid in articulation with right ectopter-
ygoid in ventral view. B: QM F31076, pterygoid pair in ventral view. Abbreviations: ect, ectopterygoid; ecss, sutural
surface for articulation with the ectopterygoid; palss, sutural surface for articulation with the palatine; sofm, margin of
the suborbital fenestra; vptr, ventral pterygoid ridge. Scale bar equals 10 mm.

and unornamented. Posteriorly the short postero-
lateral process of the squamosal descends steeply
towards the dorsolateral corner of the paroccipital
process, so that its dorsal profile forms a near
right-angle with the dorsal surface of the skull
table. There is no lamina of the squamosal extend-
ing ventrolaterally from the lateroventral corner of
the paroccipital process over the dorsal surface of
the quadrate. Given the anterior attenuation of the
quadratojugal sutural scar on the quadrate, the
anterior end of the quadratojugal probably termi-
nates on the posterior dorsal margin of the infra-
temporal fenestra and fails to reach the postorbital
(Figure 3A-D). Posteriorly, the quadratojugal com-
pletely covers the lateral surface of the quadrate
condyle.

Dermatocranium of the palate. The palatine is
proportionally wide at the anterior end of the palatal
bar, comprising over 30% of the total with of the
rostrum at the level of the eighth alveolus (Willis,
1997, fig. 11), thus constricting the width of the
suborbital fenestrae at this level. The anterior pala-
tine process is relatively short, extending just
slightly anterior to the suborbital fenestra, based on
the extent of the maxillary symphysis QM F61097.
The anterior tip of the maxillary ramus of the
ectopterygoid forms a single point that intrudes
slightly into the maxilla so that the maxilla sepa-
rates the first 1.5 mm of the ectopterygoid from the
margin of the suborbital fenestra (Figure 15A).
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Although the maxillary margin of the suborbital
fenestra is straight, the medial margin of the maxil-
lary ramus of the ectopterygoid is slightly bowed
medially at the level of the thirteenth to fourteenth
alveoli (Figure 16A, B). This ramus extends for just
under two thirds of the length of the suborbital
fenestra and has an approximately equilaterally tri-
angular cross-section. The lateral margin of the
ramus extends parallel and close to the maxillary
tooth row but does not contribute to the medial
walls of any maxillary alveoli. Posteroventrally, the
tip of the pterygoid ramus of the ectopterygoid fails
to reach the posterior tip of the pterygoid flange
(Figure 17A, B). The pterygopalatine suture is
placed well anterior of the posterior margin of the
suborbital fenestra, indicating that the pterygoids
contributed just over 10% of the length of the pala-
tal bar (Figures 14C, 17B). The ventral surface of
the pterygoid bears an anteriorly directed ridge
extending from the lateral margin of the choana
(Figure 17A, B).

Splanchnocranium. The quadrate forms the floor
of the anterior temporal foramen inside the supra-
temporal fossa, which keeps the squamosal and
the parietal widely separated (Figures 3B, 5A). The
anterior end of the quadrate contacts the medial
side of the postorbital bar at its dorsal end. The
quadrate sends a small bony process up the
weakly bowed posterior margin of the bony otic
aperture (sensu Montefeltro et al., 2016; Figure



4B). A broad, occipitally-facing surface of the
medial process of the quadrate is exposed ventro-
lateral to the otoccipital (Figure 3D). There is a
roughly triangular ventral excursion of the quad-
rate-pterygoid suture on the lateral braincase wall
(Figure 4D). A small, but distinctly visible, quadrate
foramen aéreum opens on the flattened medial
side of the dorsal surface of the posterior ramus of
the quadrate (Figure 3C, D). This ramus is short,
with the distance between the paroccipital process
and the quadrate condyle less than the transverse
width of the condyle (Figure 12 A, E). The dorso-
medial margin of the quadrate condyle, when
viewed normal to its articular surface, is flattened,
with a straight section extending for approximately
a quarter of the mediolateral width of the condyle
(Figure 18A). No concave notch like the one seen
in M. inexpectatus (Rio and Mannion, 2021:
Appendix 2, figure 45c) is present, but the shape
seen here would appear to be intermediate
between the notched condition and the convex dor-
somedial corner seen in B. wickeni (Figure 18B).
The dorsal margin of the condyle is concave, pro-
ducing a medial constriction between the lateral
and medial hemicondyles (Figure 18A).

Chondrocranium. The supraoccipital forms a
large, trapezoidal dorsal exposure that greatly
restricts, but does not eliminate, the parietal contri-
bution to the occipital margin of the skull table (Fig-
ure 3A, B). The straight, to gently convex, posterior
margin of the supraoccipital hides the postoccipital
processes in dorsal view. The otoccipital forms a
vertical occipital face that is hidden in dorsal view.
The posterior medial process of the otoccipital is
reduced. In QM F31075 it is so reduced that it ter-
minates anterior to the occipital condyle (Figures
3C, D; 12H) whereas in QM F42665 the otoccipital-
basioccipital suture grazes the dorsolateral corner
of the occipital condyle (Figure 12D). The posterior
carotid foramen opens on the occipital surface of
the otoccipital, far ventral to the opening of the
metotic foramen and the posterior hypoglossal
foramen (Figure 3D). The acute ventral termination
of the otoccipital reaches the dorsal margin of the
basal tuber (Figure 3D). The occipital plate of the
basioccipital is dorsoventrally deeper than the
occipital condyle and has lateral margins that con-
verge ventrally. This plate bears an exceptionally
tall sagittal keel at its ventral end (Figure 12C, G).
The ventral margin of the plate is straight in occipi-
tal view. The pharygotympanic foramen opens on
the lateral margin of the basioccipital plate, dorsal
to the level of the median pharyngeal tube foramen
(Figure 3D). The parabasisphenoid forms a dorso-
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FIGURE 18. Quadrate condyles of Ultrastenos huberi
and Baru wickeni compared. A: Ultrastenos huberi, QM
F31075, right quadrate condyle, photograph taken nor-
mal to the articular plane of the quadrate condyle (dor-
sal is towards the top of the page). The flattened
dorsomedial margin is marked by a rectangular bracket
and the dorsal indentation between the medial and lat-
eral hemicondyles is marked by triangular arrow. B:
Baru wickeni, NTM P911, right quadrate condyle, pho-
tograph taken normal to the articular plane of the quad-
rate condyle (dorsal is towards the top of the page).
Note that the flattened dorsomedial margin, and the
dorsal indentation are absent. The small notch visible
on the medial margin is due to damage. Scale bar
equals 10 mm.

ventrally deep exposure anterior to median pharyn-
geal tube foramen and ventral to the basioccipital
(Figure 3D). This exposure of the parabasisphe-
noid is flanked by dorsoventrally tall posterior pro-
cesses of the pterygoid. The parabasisphenoid is
also exposed on the lateral surface of the brain-
case where its anterior suture with the pterygoid is
recessed within a sulcus that parallels the postero-
lateral margin of the braincase (Figures 4C, D;
12C, G). Anteriorly the parabasisphenoid is
exposed ventral to the laterosphenoids where it
bears the anteriorly projecting parabasisphenoid
rostrum. The base of the rostrum is simple and is
not flanked on each side with a sulcus (Figure 4D).
This anterior exposure of the parabasisphenoid
does not extend onto the lateral braincase wall,
anteroventral to the trigeminal foramen (Figure
4D). The anterior margin of the capitate process of
the laterosphenoid is oblique and oriented antero-
medially (Figures 4D, 5B). The laterosphenoid
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forms two complete bridges over the cavum
epiptericum, the robust lateral bridge sutures to the
pterygoid while the caudal bridge sutures to the
quadrate. There is moderate exposure of the
prootic around the trigeminal foramen within the
cavum epiptericum (Figure 4D).

Mandible. The first and second pairs of dentary
teeth are steeply angled anterodorsally (Figure
19B). The third dentary tooth is smaller than the
fourth, which forms a large canine peak (Figures
19A-C; 20A, D). The third and fourth alveoli are
closely spaced and almost in contact but are not
confluent (Figure 20A), while the fifth to seventh
alveoli, posterior to the fourth alveolus, are closely
packed and lack diastemata (Figure 20A, D). The
posterior festoon reaches a level higher level to the
anterior (Figure 20B), although this is barely the
case in QM F31068 (Figure 20E). The peak of the
posterior festoon coincides with the tenth to elev-
enth alveoli, with the eleventh being the larger of
the two (Figures 19A, B; 20A, B). Further posterior,
the dentary narrows into a straight alveolar row.
The total number of dentary alveoli is unknown but
reconstruction from non-joining fragments indi-
cates that there were at least 16 alveoli (Figure
19A-C). The dentary symphysis extends posteri-
orly so that it is level with the sixth alveolus (e.g.,
QM F31069) or the margin between the fifth and
sixth alveoli (QM F31068; Figures 19A; 20A, D).
The lateral surface of the dentary curves smoothly
onto the ventral surface with no prominent ventro-
lateral ridge. The posterior end of the symphyseal
surface is bilobed in medial view with the dorsal
lobe extending posterior to the ventral lobe (Fig-
ures 19B, 20E). The anterior end of the splenial
fails to make contact with the mandibular symphy-
sis and terminates at the level of the seventh and
eighth alveoli (Figure 20C, E, F). The anterior ter-
mination is bifurcated with processes lying alter-
nately dorsal and ventral to the Meckelian sulcus
(Figures 19B, 20C). In QM F3169 the dorsal pro-
cess is abbreviated so that the tip of the ventral
process lies anterior to the dorsal process (Figure
20F), whereas the sutural scars for each process
are level with one another in QM F31068 and QM
F61096 (Figure 20C, E). Although the posterior
end of the splenial is not preserved the shape of
the dentary and the surangular indicate that the
posterior dorsal profile of the splenial would have
been straight.

Posteriorly, the mandible bears a small, oval,
external mandibular fenestra with a ventral margin
that weakly indents the dorsal margin of the angu-
lar (Figures 2H, 19C). Its length is approximately
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20% of the distance between the mandibular gle-
noid and the posterior end of the dentary tooth row.
A posterodosal process of the dentary extends
along the dorsal margin of the external mandibular
fenestra and terminates posterior to its posterodor-
sal corner (Figures 2E, 19C). The dorsal margin of
the right angular of QM F42665 indicates that the
surangular-angular suture intersects with the mar-
gin of the external mandibular fenestra on its pos-
terior margin (Figure 2H). The margins of the
ornamented area on the posterior mandible do not
form laterally everted ridges. The smooth fossa for
the origin of the M. pterygoideus ventralis on the
angular is visible laterally, posteroventral to the
ornamented part of this bone. The surangular
bears a tall ascending process on the lateral side
of the posterior wall of the glenoid fossa (Figure
2E). There are no fossae on the dorsal surface of
the surangular, adjacent to the glenoid fossa. No
anterior spur of the surangular can be seen border-
ing the lingual side of the posterior most dentary
alveoli, but it may be masked by poor preservation.
The angulosurangular suture on the internal wall of
the adductor chamber contacts the articular at its
anterior tip. The lingual foramen for the articular
and alveolar nerve on the internal wall of the
adductor chamber opens on the articulosurangular
suture. Within the glenoid fossa, the surangular
makes a straight suture with the articular (Figure
21). The posterior process of the surangular of QM
F42665 is broken anterior to its termination but
remains broad along its length and shows no sign
of having pinched off anterior to the posterior end
of the retroarticular process. The moderately elon-
gate retroarticular process is posterodorsally
directed but the posterior dorsal tip does not
extend dorsal to the level of the posterior margin of
the glenoid fossa (Figure 2E).

Remarks

Willis (1997) listed several paratypes of B.’
huberi. These do not help unite ‘cranial form 1’ with
U. huberi or bolster the case for the synonymy of
U. willisi and U. huberi, but they do improve our
knowledge of the osteology of the species and
have been used in the description above. However,
not all of the paratypes can be justifiably referred to
U. huberi. The significantly informative paratypes
are discussed here with justifications for their inclu-
sion or exclusion form the hypodigm of U. huberi.

QM F31061 is a rostral fragment that includes
the right premaxilla and part of the right maxilla
(Figure 15C-F). It can be referred to U. huberi on
the basis of the ridges developed along the medial
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FIGURE 19. Ultrastenos huberi, reconstructed left mandibular ramus based largely upon QM F61096 and QM
F42665, scaled to the size of the former. A, dorsal view. B, medial view (reversed for comparison). C, lateral view.
Abbreviations: an, angular; ar, articular; ¢, coronoid; d, dentary; dal, dentary alveolus; dsy, symphyseal surface of the
dentary; emf, external mandibular fenestra; fa, foramen aéreum; fic, foramen intermandibularis caudalis; gl, mandibu-
lar glenoid; ms, Meckelian sulcus; rap, retroarticular process; sa, suragngular; sp, splenial. Scale bar equals 50 mm.

and lateral margins of the lateral premaxilla-maxilla
notch, the enlarged anterior maxillary neurovascu-
lar foramen and an anteriorly placed, transverse
premaxilla-maxilla suture that can be projected to
have been anterior to the first maxillary alveolus. It
is important to note that the lateral ridge, which we
propose to be an autapomorphy for the species,
has been erased from the left side of the holotype
due to erosion of the bone surface. It nonetheless
remains present and visible on the right side.

QM F31062 (Figure 21A-C) is an incomplete,
juvenile premaxilla that is significant for retaining a
small second alveolus close to the medial margin
of the third for a total of five alveoli (Figure 21A).
However, the margins of the lateral premaxilla-
maxilla notch are rounded, the anterior profile of
the premaxilla is relatively deeper and the external
naris lacks a strong anteroventral tilt in lateral view
(Figure 21C). For these reasons the specimen is

identified as a juvenile Baru wickeni and removed
from the hypodigm of U. huberi.

The paratypes include two incomplete maxil-
lary specimens, QM F31063 (Figure 21D, E) and
F31064 (Figure 15A, B) that differ in some taxo-
nomically significant ways. Firstly, both preserve
the sutural articulation facet that receive the ante-
rior end of the ectopterygoid. In QM F31063 this
articulation intrudes deeply into the maxilla so that
the anterior tip of the ectopterygoid (when in articu-
lation) is separated from the margin of the subor-
bital fenestra by a lamina of the maxilla, which has
a length of just over one adjacent alveolus (Figure
21D). A deeply intruding anterior ectopterygoid tip
is an autapomorphic feature of Baru wickeni
(Yates, 2017). The ectopterygoid articulation of QM
F31064 is also inset but in contrast to QM F31063,
the inset is minimal with the anterior tip of the
ectopterygoid separated from the margin of the
suborbital fenestra by a tiny triangular process of
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FIGURE 20. Ultrastenos huberi, anterior mandibular fragments. A-C: QM F61096, articulated left and right dentaries.
A, dorsal view. B, right lateral view. C, posterior view. Dashed line in (C) represents the anterior margin of the splenial
sutural scar. D, E: QM F31068, left dentary fragment. D, dorsal view. E, medial view. White arrows in (E) indicate the
anterior tip of the dorsal and ventral anterior splenial processes. F: QM F31069, symphyseal fragment of mandible in
posteriomedial view. Abbreviations: avp, anterior ventral process of the splenial; d, dentary; da, dentary alveolus;
didsy, dorsal lobe of the dentary symphyseal surface; dsys, symphyseal surface of the dentary; dt, dentary tooth; ms,
Meckelian sulcus; msy, mandibular symphysis; sp, splenial; spss, sutural surface for articulation with the splenial.

Scale bar equals 20 mm.

the maxilla, with a length of just over 10% of the
length of the adjacent alveolus (Figure 15A). The
alveoli of QM F31063 exhibit marked labio-lingual
compression, especially from the ninth alveolus
backwards (Figure 21D), a feature seen in juvenile
specimens of B. iylwenpeny (Yates et al., 2023). In
contrast the alveoli of QM F31064 are subcircular
as far back as the eleventh alveolus (Figure 15A).
QM F31063 also shows a moderately large fora-
men ventromedial to the fifth alveolus for the pala-
tine ramus of the trigeminal nerve, a characteristic
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seen in Baru (Yates et al., 2023) but not the holo-
type of U. huberi. The size of the foramen in QM
F31064 cannot be determined due to breakage
around the margins of the foramen. Finally, the
ventral margin of the sutural surface for articulation
with the jugal of QM F31063 is produced into a
sharp lateral keel, suggesting that it supported a
lateral flange on the jugal, which is another autapo-
morphy of B. wickeni (Yates, 2017). Unfortunately,
the homologous region of QM F31064 is missing.
From these observations, QM F31063 is removed
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FIGURE 21. Baru wickeni, bones from the maxillary rostrum of small juveniles. A-C: QM F31062, right premaxilla. A,
ventral view. B, dorsal view. C, lateral view. D, E: QM F31063, posterior fragment of right maxilla. D, ventral view. E,
lateral view. The dashed line in (D) represents margins of the ectopterygoid sutural scar. Abbreviations: jss, sutural
surface for articulation with the jugal; ma, maxillary alveolus; mss, sutural surface for articulation with the maxilla; mt,
maxillary tooth; nar, naris; nm, narial margin; pa, premaxillary alveolus; pdp, posterior dorsal process of the premax-
illa; pml, posterior medial lamina of the maxilla; rp, reception pit; sofm, margin of the suborbital fenestra. Scale bar
equals 20 mm.

29



YATES & STEIN: ULTRASTENOS REVISED

FIGURE 22. Reconstruction of the posterior skull of
Ultrastenos huberi. A: Composite reconstruction show-
ing marked anterior narrowing congruent with the slen-
der longirostrine morphotype. Redrawn from Stein et al.
(2016). B, C: QM F42665, temporal fragment from the
holotype of U. willisi, mirror imaged to create recon-
structions. B, temporal fragment arranged to match the
reconstruction in (A). C, Alternative arrangement of the
temporal fragment to match the brevirostrine recon-
struction of U. huberi supported here. Abbreviations: ju,
jugal; oto, otoccipital; q, quadrate; qj, quadratojugal; sq,
squamosal. Hatched areas represent broken bone sur-
faces. Scale bar equals 50 mm.

from the hypodigm of U. huberi and is identified as
a juvenile specimen of B. wickeni. QM F31064 is
retained in U. huberi on the basis of its enlarged
anterior maxillary neurovascular foramen.

Willis (1997) also assigned three anterior
mandibular specimens (QM F31067, F31068 and
F31069) to ‘B.” huberi. The basis for these referrals
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was that the mandibles of the other three crocodyl-
ian species present in the White Hunter Local
Fauna were known and were demonstrably distinct
from those that were referred to U. huberi (Willis,
1997), which is a line of reasoning that is accepted
here. Willis (1997) also noted that QM F31068
(Figure 20D, E) is an almost exact fit for the holo-
type of U. huberi, further supporting this referral.

Finally, we refer two previously unmentioned
specimens to U. huberi. The first of these, QM
F61096 (Figure 20A-C), is a conjoined pair of den-
taries that are referred to U. huberi for the same
reason that QM F31067, F31068 and F31069 are
referred to this species. Secondly, there is QM
F61097 (Figure 16A-C), which includes the orbital
region of the skull and provides anatomical details
not seen in any other specimen referred to U.
huberi. It can be referred to U. huberi on the basis
of the distinctive dorsal ornamentation that is
shared with QM F31060, F31075, and F31076 and
that it can be clearly excluded from Baru wickeni,
Mekosuchus whitehunterensis and Quinkana
meboldi. The taxonomic referrals made in this
paper are summarised in Table 2.

DISCUSSION

We have argued here that the holotype ros-
trum of Baru huberi belongs to the same individual
as QM F31076, which had been previously labelled
as ‘WH cranial form 1. If this association turns out
not to be correct we have still provided compelling
evidence that the two belong to the same species.
In the unlikely event that even this is found to be
incorrect, then the existence of the new Ultraste-
nos species from Bullock Creek would nonetheless
strongly imply that ‘Baru’ huberi and ‘WH cranial
form 1’ would have to originate from closely related
and morphologically similar species. Furthermore,
the mandible of the Bullock Creek taxon (Figure
10D) is, by itself, sufficient to demonstrate that
Ultrastenos is a brevirostrine taxon, supporting the
reassignment of morphological type proposed
here, independent of the taxonomic changes. If the
reconstruction of U. huberi presented here (Figure
14A-D) is accepted, then how can the features
indicative of slender longirostry, as outlined by
Stein et al. (2016b), be explained? The slender lon-
girostrine reconstruction (Stein et al., 2016b) rests
largely on an apparent constriction of the dentiger-
ous portion of the mandible in comparison to the
postdentary portion. The relevant parts of the holo-
type are not conjoined, and the apparent constric-
tion rests upon reconstruction of the cranium and
mandible (Figure 22A, B). An alternative recon-



A

C

PALAEO-ELECTRONICA.ORG

FIGURE 23. Curvature of the mandible of Ultrastenos huberi compared to Baru iylwenpeny Yates et al. A-C: Ultraste-
nos huberi, QM F42665, mandibular fragments. A, posterior fragment of the left mandibular ramus. B, right surangu-
lar. C, mirror image of the right surangular overlain onto the left mandibular ramus fragment (drawn in red). The left
surangular in (A) is filled with white, the other bones are shaded grey. The rectangular bracket in (A) indicates a highly
fractured and re-glued zone. Note the offset of the end anterior of the left ramus in (C), which has rotated medially rel-
ative to the right surangular (marked with red arrow). D: Baru iylwenpeny, NTM P2787, right mandibular ramus (image
reversed). The triangle indicates an inflection point similar to that exhibited in QM F42665. Scale bar equals 50 mm.

struction rotates the quadrate/quadratojugal frag-
ment anterolaterally so that the lateral margin of
this piece converges anteriorly at a shallower angle
and realigns the axis of the quadrate condyle (Fig-
ure 22C). Furthermore, the more complete left
mandibular fragment has been reassembled and
the anterior portion would appear to be slightly bent
anteromedially relative to the posterior portion,
accentuating the apparent anterior constriction of
the mandible (Figure 23A). This can be seen when
the right surangular fragment is reflected and over-
lain on the left mandibular ramus (Figure 23B, C).
Stein et al. (2016b) also stated that the lateral bow-
ing of the mandibular rami is suggestive of anterior
constriction; however, such bowing is also present
in some brevirostrine mekosuchines such as B. iyl-

wenpeny (Figure 23D). The apparent shallow pos-
terior mandible and straight dorsal margin of the
surangular may argue against altirostry but do not
distinguish slender longirostry from platyrostry. As
has already been discussed, U. huberi is a remark-
ably platyrostral species especially in comparison
to contemporary species of Baru, Mekosuchus,
and Quinkana. While it is true that the retroarticular
process of the type specimen of QM F42665 is
more elongate than some other mekosuchines
(e.g. Mekosuchus whitehunterensis: Willis, 1997,
figure 5; Baru iylwenpeny: Yates et al., 2023, figure
33a) it is not diagnostic of slender longirostry. The
proportion of its length to the width of the glenoid
(1.17) overlaps with several non-longirostrine croc-
odylians such as Alligator mississippiensis
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TABLE 2. Late Oligocene crocodilian fossils discussed in this paper, their identifications in previous papers, and their
identification in this paper.

Identification in Identification in

Specimen Description Willis 1997 Stein et al. 2016 Identification in this paper
QM F31060 rostrum Baru huberi - Ultrastenos huberi, probably
(holotype) the same individual as QM
F31076.
QM F31061 right premaxilla and Baru huberi - Ultrastenos huberi
incomplete right maxilla (paratype)
QM F31062 right premaxilla Baru huberi - Baru wickeni
(paratype)
QM F31063 right maxilla fragment Baru huberi - Baru wickeni
(paratype)
QM F31064 right maxilla fragment Baru huberi - Ultrastenos huberi
(paratype)
QM F31068 left dentary fragment Baru huberi - Ultrastenos huberi
(paratype)
QM F31069 symphyseal fragment of Baru huberi Ultrastenos huberi
mandible (paratype)
QM F31075 posterior cranial fragment  White Hunter Ultrastenos willisi Ultrastenos huberi
Cranial Form 1
QM F31076 posterior cranial table White Hunter Ultrastenos willisi Ultrastenos huberi, probably
Cranial Form 1 the same individual as QM
F31060
QM F31079 posterior cranial fragment  White Hunter - Quinkana meboldi
Cranial Form 2
QM F42665 posterior cranial and - Ultrastenos willisi Ultrastenos huberi
mandibular fragments (holotype)
fragments
QM F61096 articulated left and right - - Ultrastenos huberi
dentaries
QM F61097 cranial fragment - - Ultrastenos huberi

(Daudin, 1801) where this proportion ranges from
1.17 to 1.39 (Rio and Mannion, 2021: supplemen-
tary file 23). Lastly, the homodont dentition dis-
played by the last four teeth preserved in QM
F42665 is simply insufficient to demonstrate homo-
donty of the entire dentition, a fact recognized by
Stein et al. (2016b) themselves.

With the removal of Ultrastenos from the slen-
der longirostrine category, it is worth examining the
apparent absence of slender longirostry in any
other currently known mekosuchine.

The Middle Miocene H. camfieldensis proba-
bly belongs in the slender longirostral category,
although much of the rostrum is missing from the
type, and only known, specimen (Megirian et al.,
1991). It has been suggested to be a mekosuchine
(Willis, 1997) and has been found to occupy a posi-
tion at the base of (Stein et al., 2016b), or within
(lijima et al., 2022), Mekosuchinae in some phylo-
genetic analyses. However, the known remains of
H. camfieldensis do not display any derived condi-
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tion of Mekosuchinae that is not also widespread in
non-mekosuchines (A.M. Yates pers. obs. of NTM
P87106-1). The most recent phylogenetic analyses
that have included: a) first hand observations of H.
camfieldensis; b) a broad sample of mekosuchines
based on first hand observations; and c) a broad
range on non-mekosuchines are those of Lee and
Yates (2018) and Ristevski et al. (2020, 2021,
2023a, b). These analyses fail to place H. camfield-
ensis within, or even close to, Mekosuchinae
although they disagree on its actual position. Lee
and Yates (2018), Ristevski et al. (2023a), and
Ristevski et al. (2023b, with implied weighting in
effect) found it to be a gavialid. Without implied
weighting, Ristevski et al. (2023b) resolved it as a
basal gavialoid, while the previous analyses based
on older versions of the Ristevski dataset
(Ristevski et al., 2020, 2021) found it to be a basal
crocodyloid. Despite these disagreements there is
little evidence that H. camfieldensis is a meko-
suchine and mounting evidence that it is not.



It is remarkable that Mekosuchinae did not, to
our knowledge, evolve a slender longirostrine eco-
morphotype, despite exploring multiple morpho-
typic categories (as outlined in the introduction).
This is not without precedent in crocodylian evolu-
tion. Alligatoroidea is a very diverse and long-lived
crocodylian clade, occupying multiple ecomorpho-
logical categories that has failed to produce any
truly slender longirostrines (Brochu, 2001; Drum-
heller and Wilberg, 2020). The reasons for this may
lie with developmental constraints that reduce the
number of possible ontogenetic trajectories that
Alligatoroidea can exploit (Drumheller and Wilberg,
2020). It is possible that Mekosuchinae may have
been similarly constrained by their ontogenetic
pathways, although there is currently no evidence
to support this speculation.

An alternative explanation might lie in the
degree to which piscivory was employed within
Australian Cenozoic ecosystems by non-meko-
suchine taxa, or indeed the capacity of these eco-
systems to support piscivory in general. Either
possibility could present a barrier to Mekosuchinae
entering into the longirostral part of morphospace,
which is strongly associated with the piscivore role
(Drumheller and Wilberg, 2020). The Australian
record of slender longirostral crocodylians consists
of four temporally separated taxa, spread tempo-
rally from the Eocene to the present across a wide
geographic area. Firstly, there is a single fragment
of a dentary symphysis of uncertain systematic
position from the Eocene Corinda Formation of
Runcorn, Queensland (Willis and Molnar, 1991b).
The fragment is unlikely to belong to the clade that
includes all presently recognized gavialoids
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because, although it is narrow, it has a short man-
dibular symphysis that does not extend posterior to
the sixth dentary alveolus and lacks a splenial sym-
physis (Willis and Molnar, 1991b; Ristevski et al.,
2023a, fig. 22b). Secondly, there is the aforemen-
tioned H. camfieldensis from the Middle Miocene of
the Northern Territory. Thirdly, there is Gunggama-
randu maunala Ristevski et al., 2021, a ‘tomistom-
ine’ gavialid from the Pliocene or Pleistocene of the
Darling Downs in Queensland, which is known
from a single posterior cranial fragment. Finally,
there is the extant C. johnstoni, which is also
known as a fossil from the late Pleistocene of
Queensland (Willis and Archer, 1990). Whether
this record can be taken to literally reflect a spo-
radic and rare occupation of the slender longiros-
tral ecomorph in the Cenozoic of Australia, or if it
hints at successive, but poorly sampled, guilds of
Australian longirostral piscivores is currently an
unanswerable question.
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