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A new Oligo—Miocene marsupial lion from Australia and revision
of the family Thylacoleonidae
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University of New South Wales, Sydney 2052, Australia
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Wakaleo schouteni sp. nov., a dog-sized marsupial lion (Thylacoleonidae), is described from late Oligocene to early
Miocene sediments of the Riversleigh World Heritage Area, Queensland, Australia. Fossils of this new species include a
near-complete cranium, dentaries and postcrania. This species is the second thylacoleonid known from late Oligocene
sediments. The other, Priscileo pitikantensis Rauscher, 1987, from the Etadunna Formation of South Australia, is known
from teeth, part of a palate and postcrania. Wakaleo schouteni exhibits cranial and dental morphology characteristic of
species of Wakaleo but possesses a relatively plesiomorphic upper dental formula (i.e. three premolars and four molars)
within Thylacoleonidae that was formerly regarded to be diagnostic for species of the genus Priscileo. The holotype and
humerus of P. pitikantensis have been compared with the new Wakaleo material described here and found to demonstrate
conspicuous similarities in morphology of the M? and the humerus. In the absence of other generically diagnostic features,
Priscileo is here regarded to be a junior synonym of Wakaleo. Smaller size and relatively minor morphological differences
in the proximal humerus of W. pitikantensis comb. nov. distinguish it at the specific level from W. schouteni. Phylogenetic
analysis of thylacoleonids recovers Wakaleo as a monophyletic clade. Both Wakaleo pitikantensis comb. nov. and W.
schouteni are recovered as plesiomorphic sister taxa to other species of the genus. Wakaleo pitikantensis and W. schouteni
extend the temporal range for this genus back into the late Oligocene. Body weight for W. schouteni, based on total skull

length, is estimated to be ~23 kg.

http://zoobank.org/urn:1sid:zoobank.org:pub:CA8A8EC8-4F66-4F 1E-81 DC-240A0C4080BE

Keywords: marsupial lion; Thylacoleonidae; Oligocene—Miocene; taxonomy; Priscileo; Riversleigh

Introduction

Thylacoleonidae is a family of extinct marsupials, many
of which were probably peak mammalian carnivores in
later Cenozoic faunas of Australia. The family is charac-
terized dentally by the development of the posteriormost
premolars (P%/5) into elongate, sectorial blades, the
extreme hypertrophy of which in the Pleistocene species,
Thylacoleo carnifex, led Sir Richard Owen (1859, p. 319)
to describe it as “...one of the fellest and most destructive
of predatory beasts.”

The family contains four genera and nine species. Three
of the genera are known from late Oligocene to Miocene
deposits: Wakaleo Clemens & Plane, 1974; Priscileo
Rauscher, 1987; and Microleo Gillespie et al., 2016. The
first is comprised of species of medium to large dog-sized
marsupial lions that exhibit loss of the anterior premolars
and posterior molars. Fossils of this genus are not com-
mon. Wakaleo oldfieldi is known from limited dental
material collected from the early Miocene Kutjamarpu

Local Fauna (LF), Lake Ngapakaldi, in South Australia
Clemens & Plane 1974) and five localities in the River-
sleigh World Heritage Area (WHA) of north-western
Queensland (Gillespie et al. 2014). The slightly larger
species, Wakaleo vanderleueri, is known from a cranium,
dentaries and teeth recovered from the middle Miocene
Bullock Creek LF in the Northern Territory (Clemens &
Plane 1974; Megirian 1986; Murray et al. 1987; Murray
& Megirian 1990) and from the possibly early late Mio-
cene Encore and Golden Steph LFs in the Riversleigh
WHA (Gillespie et al. 2014). Wakaleo alcootaensis is the
largest and youngest species of the genus and is known
from a single maxillary fragment, two dentary fragments
and isolated teeth recovered from the late Miocene
Alcoota LF in the Northern Territory (Archer & Rich
1982; Yates 2015). Priscileo until now has been regarded
to contain two species: P. pitikantensis from the late
Oligocene Ngapakaldi LF, Lake Pitikanta, of South
Australia (Rauscher 1987; Fig. 1) which is known from a
partial palate with one tooth and a few postcranial bones;
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and P. roskellyae from early Miocene LFs of the River-
sleigh WHA (Gillespie 1997), which is known from cra-
nial and dental material. The monotypic Microleo
contains the rare and diminutive species M. attenbor-
oughi, also from the Early Miocene of Riversleigh (Gilles-
pie et al. 2016).

This paper describes the skull, lower dentition and
humerus of a new species of Wakaleo, W. schouteni,
recovered from late Oligocene-middle Miocene lime-
stones of the Riversleigh WHA (Fig. 1). This new mate-
rial shares many dental and cranial features with W.
oldfieldi and W. vanderleueri that support its referral to
the genus Wakaleo but it also exhibits a number of
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similarities to P. pitikantensis, the most significant
being the diagnostic feature of the genus Priscileo,
presence of three premolars and four molars. Previ-
ously, the major features used to distinguish species of
Wakaleo from those of Priscileo have been larger size
and the loss of anterior premolars and posterior molars
(Murray et al. 1987; Rauscher 1987; Gillespie 1997).
These dental attributes, as well as its similarity in size
to the new species of Wakaleo, have prompted a reas-
sessment below of the generic distinction of pitikanten-
sis (SAM P37719), a rediagnosis of the genus Wakaleo
and a phylogenetic analysis of thylacoleonid relation-
ships based on craniodental features.

Riversleigh WHA

Queensland

South [ —— il

Figure 1. Map of Australia showing the location of the Riversleigh World Heritage Area and Lake Pitikanta.
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Material and methods

The material described from the Riversleigh WHA is part
of the palacontology collection of the Queensland
Museum, Brisbane. Material of Priscileo pitikantensis is
held in the Palacontology collection of the South Austra-
lian Museum, Adelaide. The holotype of P. pitikantensis
(SAM P37719) was compared to craniodental material of
species of Wakaleo, Priscileo and Thylacoleo carnifex. To
investigate intraspecific and interspecific variation in mar-
supial humeri, samples of the humeri of Thylacoleo carni-
fex (13), Phascolarctos cinereus (22) Trichosurus
vulpecula (23), Tr. caninus (6) and Spilocuscus maculatus
(4) were examined. Measurements were made of the sam-
ple of Thylacoleo carnifex humeri to obtain an estimate of
variation in a population of thylacoleonids; 12 of the 13
humeri in the sample are from localities in South Aus-
tralia, the majority from Naracoorte Caves (11 of 12). A
list of all craniodental and postcranial specimens exam-
ined is provided in the Supplemental material. Measure-
ments were made to the nearest 0.1 mm using dial
callipers.

Phylogenetic analysis

Rauscher (1987) presented a cladogram of thylacoleonid
relationships, placing Priscileo as the sister taxon to a
Wakaleo 4+ Thylacoleo clade. This phylogeny was based
on a restricted number of craniodental characters and was
not generated by a computer based parsimony program.
We used PAUP * 4.0b10 (Swofford 2002) to assess the
phylogenetic relationships of species of Wakaleo and
Priscileo, based on a modified data matrix of Gillespie
et al. (2016). A suite of characters in the latter matrix that
were used to examine broader vombatiform relationships
were excluded. With the addition of W. schouteni to the
data matrix all taxa were rescored and characters revised
resulting in the modification and addition of some
characters.

The data matrix contained 64 morphological characters
(21 cranial and 43 dental characters; see Supplemental
material). Eighteen characters were considered transfor-
mation series and were ordered in the analysis. All charac-
ters were parsimony-informative. The late Oligocene—
early Miocene peramelemorphian Galadi speciosus Trav-
ouillon et al., 2010 and the early Miocene dasyurid Bari-
nya wangala Wroe, 1999 were used as outgroups. The 10
thylacoleonid species were ingroup taxa. The dentary of
Thylacoleo sp. cf. T. hilli (AM F63584) was used to score
lower dentition characters for 7. Ailli because of the lim-
ited specimens of the latter, and because it is likely to be
referable to that species. Characters of the humerus were
not included because of the lack of these elements for
most thylacoleonid species (seven of 10 taxa) and the two
outgroups.

The matrix was analysed using maximum parsimony. A
branch and bound heuristic search was used with charac-
ters equally weighted. The resulting most parsimonious
trees were summarized using strict consensus. Bootstrap
analysis was performed with 1000 replicates.

Body mass estimate

Estimates of the body mass of Wakaleo schouteni (QM
F45200) were made using two regression equations from
Myers (2001) and the total skull length variable (TSL =
164 mm). As recommended by Myers (2001), smearing
estimates were applied to the values obtained. The first
estimate was based on the regression equation from the
‘all species’ dataset (log y = —-3.733 + 3.641[log x])
where x = total skull length (Myers 2001, table 2, p. 103).
A smearing estimate of 5.5% was applied to the value
obtained from this regression. The second estimate used
the regression equation from the ‘diprotodontians’ dataset
(log y = -3.410 + 3.508[log x]), where x = total skull
length (Myers 2001, table 5, p. 106). A smearing estimate
of 4.9% was applied to the resulting estimate.

Terminology

Terms relating to the fossil assemblages of the Riversleigh
World Heritage Area (WHA) follow Arena ef al. (2015)
and Travouillon et al. (2011) and include the following:
an individual faunal assemblage is referred to as a local
fauna (LF); based on its faunal composition, each River-
sleigh local fauna has been allocated to a biochronological
unit or Faunal Zone (FZ). Four Faunal Zones are recog-
nized at Riversleigh, each corresponding to a different
time period: FZ A, late Oligocene; FZ B, early Miocene;
FZ C, middle Miocene; FZ D, early—late Miocene.

Dental nomenclature follows Flower (1867) such that
premolars are numbered P1-3 and molars are numbered
M1-4. Superscript denotes upper teeth (e.g. upper first
molar M*); subscript denotes lower teeth (lower first
molar M;). Cranial terminology follows Aplin (1990).
Basicranial terminology follows Archer (1976a).

Institutional abbreviations

AM F: Australian Museum Fossil Collection, Sydney,
Australia; CPC: Commonwealth Palaeontological collec-
tion, Canberra, Australia; FU, FO: Flinders University
Palaeontological collection, Adelaide, Australia; NTM P:
Museums and Art Galleries of the Northern Territory,
Palacontological collection, Alice Springs, Australia;
QM F: Queensland Museum, Fossil collection, Brisbane,
Australia; SAM P: South Australian Museum, Palaeonto-
logical collection, Adelaide, Australia; UCMP: Univer-
sity of California, Berkeley, CA, USA, Palaeontological
collection.
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Systematic palaeontology

Class Marsupialia Illiger, 1811
Order Diprotodontia Owen, 1866
Suborder Vombatiformes Woodburne, 1984
Family Thylacoleonidae Gill, 1872
Genus Wakaleo Clemens & Plane, 1974

Type species. Wakaleo oldfieldi Clemens & Plane, 1974.

Included species. Wakaleo vanderleueri Clemens &
Plane, 1974; Wakaleo alcootaensis Archer & Rich, 1982;
Wakaleo schouteni sp. nov.

Emended diagnosis. Species of Wakaleo are distin-
guished from those of Thylacoleo in the following combi-
nation of features: the cranium is mesocephalic rather
than brachycephalic; upper molars are more triangular; all
Wakaleo species except W. alcootaensis retain M*/5; the
P? and upper molars form a gently arcuate cheektooth
row; P*/; is proportionately shorter relative to M'/;. The
P? of species of Wakaleo differ from species of Thylaco-
leo in having the following features: broader posteriorly
than anteriorly with a prominent posterior cusp that is
similar in height or slightly shorter than the anterior cusp;
anterior and posterior cusps connected by a more arcuate
(occlusal view) longitudinal blade; posterior longitudinal
blade is concave in profile; a v-shaped valley extends
between the anterior and posterior cusps on the lingual
surface; a well-developed posterobuccal crest that extends
buccally from the posterior end of the longitudinal blade
and forms the posterior margin of a posterobuccal basin; a
short and more prominent anterolingual crest that is cus-
pule-like (rather than a long vertical crest); a short buccal
crest that extends anteriorly from the posterior cusp; a
thicker and more lingually-curved base of the anterior
crest; and, posterolingual crest absent. Species of Wakaleo
further differ from those of Thylacoleo in having: M'
slightly longer than wide rather than being much longer
than wide, and lacking a neoanterobuccal cusp (sensu
Archer & Rich 1982); the C' alveolus much larger than
the I’ alveolus and situated anterior to P! rather than lin-
gual to that tooth. The skull of species of Wakaleo differ
from the skull of Thylacoleo carnifex in the following fea-
tures: the frontal fails to contact the squamosal posteri-
orly; the tympanic wing consists of contributions from the
alisphenoid and squamosal; the postglenoid process is rel-
atively narrow and does not curve posteroventrally toward
the mastoid process; a postorbital bar is absent; and, rela-
tive to total skull length, has a proportionally shorter fron-
tal and proportionally longer parietal.

Species of Wakaleo differ from Priscileo roskellyae in
the following combination of features: the cranium is
larger and more robust, has a deeper and more rounded
rostrum, and has tall, well-developed, sagittal and nuchal
crests; the canine alveoli are relatively large, extending to

or beyond the anterior palatine foramen; presence of P'
and P? is variable; the cheekteeth are more robust with
more exposed roots, especially P*. M' and M? differ from
those of P. roskellyae in having: metacone and paracone
proportionately much taller and broader; protocone rela-
tively more posteriorly situated; and, the crown below the
protocone more bulbous; M' with a broader stylar basin
anteriorly and narrower basin posteriorly, a stylar basin
with a buccal edge which is lower than the paracone and
metacone, and lacking a prominent buccal expansion of
the crown adjacent to the paracone. M? also differs in
being proportionately broader anteriorly; has a broader
stylar shelf; a paracone which is more medially situated;
postprotocristid that is posterobuccally orientated rather
than posteriorly orientated; an anterior cingulum that does
not extend to the protocone; it has a taller buccal margin
relative to the protocone; the postparacrista and premeta-
crista meet relatively medially rather than near the buccal
edge of the crown; has a steeper premetacrista; a trigon
basin that is smaller relative to the width of the crown;
and, has a steeper buccal face. Species of Wakaleo further
differ from P. roskellyae in having: no more than two sin-
gle-rooted teeth between I; and P3; M; and M, with nar-
rower and deeper talonid basins; M; talonid basin lacking
posterolingual lengthening; the anterior basin of M,
square (rather than triangular) and more medially situated.

The crania of species of Wakaleo also differ from that
of Priscileo roskellyae in having: distinct palatal ridges;
the dorsal surface of the neurocranium predominantly
concave; the pterygoid fossa of the alisphenoid predomi-
nantly concave and pierced by a large transverse canal,;
the alisphenoid with lateral pterygoid processes; the post-
glenoid process lacks intrusion by the postglenoid cavity;
a prominent rostral tympanic process (sensu Crosby &
Norris 2003) on the periotic; the post-tympanic process of
the squamosal extends across the entire anterior surface of
the mastoid process rather than just the lateral portion of
the anterior surface; the sulcus for the facial nerve (stylo-
mastoid sulcus) passes through the post-tympanic process
of the squamosal rather than through the mastoid; a rela-
tively narrower outer ear canal; and, supraorbital pro-
cesses that extend beyond the lateral edge of the
infraorbital margin of the maxilla.

Species of Wakaleo differ from Microleo attenboroughi
in: being much larger; having molars with more pro-
nounced crenulations and roots that are more exposed; the
P? alveolus being small relative to P*; having P* narrower
anteriorly than posteriorly and with a longitudinal blade
that is buccally concave and lacking a medial cuspule and
accessory anterobuccal cuspule; having the posterior lon-
gitudinal blade relatively horizontal rather than being
steeply inclined and, consequently, a posterior end similar
in height to the posterior cusp (rather than being much
lower); having a shallower posterobuccal basin; having
M? with a buccal margin that is taller than the lingual
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margin, paracone taller than protocone, metaconule less
pronounced, buccal expansion of the crown adjacent to
the paracone, and lacking a notch on the lingual margin;
lacking a pyramidal paracone on M?; having Mj less rect-
angular, lacking a rectangular talonid basin, and lacking a
buccal and lingual midcrown groove.

Wakaleo schouteni sp. nov.
(Figs 2-7)

Diagnosis. Wakaleo schouteni differs from all other spe-
cies of Wakaleo in: retaining four molars; having two
teeth located between I; and P;; having P; relatively simi-
lar in length to M;; having M' with a squarer lingual mar-
gin; and in being smaller.

It also differs from W. oldfieldi and W. vanderleueri in
having: relatively broader talonid basins on M, _3; a rela-
tively broader anterior basin on M;j; the entoconid and
hypoconid on M; more widely separated; P; with a more
sharply defined anterolingual crest and greater concavity
between that crest and the anterior crest (rather than a
broadly convex one).

Wakaleo schouteni further differs from W. vanderleueri
in having a cranium with the following distinctive fea-
tures. The skull is relatively shorter and dorsally flatter. It
has broad, dorsally depressed frontals that have raised and
thickened supraorbital margins. It has relatively smaller
and more anteriorly situated supraorbital processes. The
occiput is relatively shorter and more rounded, lacks a
medial septum and has deeper lateral fossae. The nuchal
crest has a central posterior concavity. The postglenoid
cavity lacks a horizontal septum. There is a narrower gle-
noid fossa, a broader postglenoid process and a more
prominent medial glenoid process. The composite tym-
panic wing (with squamosal and alisphenoid components)
is relatively flatter. There is a more obtuse rostral tym-
panic process on the periotic. The medial surface of the
zygomatic arch is buttressed and lacks a masseteric pro-
cess. In terms of differences in dental features, W. schou-
teni differs from W. vanderleueri in not having the C'
alveolus extend beyond the posterior margin of anterior
palatine foramen. The M? has a larger metaconule and its
crown has a relatively squarer outline. Wakaleo schouteni
differs from W. alcootaensis in retaining P' and P?, and
has a less arcuate molar tooth row.

Derivation of name. Named in honour of Peter Schouten
for his exceptional reconstructions of Australia’s prehis-
toric animals, and in particular those from the Riversleigh
WHA.

Holotype. QM F45200, from Hiatus Site, a near-complete
skull with transverse fracture in the region of postorbital
constriction, with left ' ¢! pP M2 and right c! MM, and
alveoli for left I P? and M*, and right I'> P*.

Paratypes. From Rackham’s Low Lion Site, QM
F23443, a palate with left and right C' P> M'® and alveoli
for P2 and M*, an edentulous left dentary with the roots
of P; M;, and alveoli for I; M54 and, a right distal
humerus. From White Hunter Site, QM F52247, left and
right dentaries, both with P; M;_; and alveoli for I;, P;_,,
and My; QM F57904, a left humerus.

Referred material. From Bone Reef Site, QM F57314, a
left maxillary fragment with alveoli for P* M'™* QM
F57943, M,. From Burnt Offering Site, NTM P 91167-3, a
right dentary with P; M;4; and NTM P91171-4, a Ps.
From D Site, QM F23446, a left maxillary fragment with
broken P', P?, M!" and alveoli for C' and P*; QM F31439,
a right I;. From Dirk’s Towers Site, QM F24680, a left
maxillary fragment with M? and alveoli for P> M'**; QM
F30250, a left Ml; QM F30073, a left M;. From Hiatus
Site, QM F57311, a right maxillary fragment with M'?
the posterior root of P* and alveoli for M*>**; QM F 57905,
a left distal humerus; QM F57906, a right calcaneum.
From Neville’s Garden Site, QM F23801, a right MZ2. From
Rackham’s Low Lion Site, QM F52239, a left distal radius;
QM F52238, a left proximal ulna; QM F52240, a left
hamatum; QM F52241, a left trapezium; QM F52242, a
left first metacarpal; QM F52243, a right proximal phalanx;
QM F52244, a left proximal phalanx (pollex); QM F52245,
a right medial phalanx; QM 52246, a left calcaneum; QM
F52183, a cervical vertebra; QM F52185, a fifth lumbar
vertebra;, QM F52184, a sixth lumbar vertebra; QM
F52186, a sacrum; QM F52187, left and right ilia. From
Upper Site, QM F23441, a left M'; and QM F23449, a left
M;. From White Hunter Site, QM F30465, a left dentary
with I; P; M, and alveoli for P> M5_4; QM F31376, a left
dentary with I; P3;, Mj,; QM F57945, a right maxillary
fragment with P> M' and alveoli for C' P'"*M**; QM
F57944, a right M.

Occurrence. The holotype is from Hiatus Site, Riversleigh
WHA, Boodjamulla National Park, north-western Queens-
land. Locality co-ordinates for this site are held by Queens-
land Parks and Wildlife Service. Hiatus Site is regarded as
being part of Riversleigh’s Faunal Zone A which is inter-
preted to be late Oligocene in age (Archer ef al. 1989, 1994,
1997; Arena 2004; Travouillon et al. 2006).

Bone Reef, Burnt Offering, D, Dirk’s Towers, Neville’s
Garden, Rackham’s Low Lion, Upper and White Hunter
Sites are located within the Riversleigh WHA, Boodja-
mulla National Park, north-western Queensland. Bone
Reef, Burnt Offering, D, Rackham’s Low Lion, and White
Hunter Sites are assigned to Riversleigh’s Faunal Zone A
which is interpreted to be late Oligocene in age (Archer
et al. 1989, 1994, 1997; Arena 2004; Travouillon et al.
20006). Dirk’s Towers, Neville’s Garden and Upper Sites
are part of Riversleigh’s Faunal Zone B and are estimated
to be early Miocene in age. Neville’s Garden has been
radiometrically dated at 18.24 4+ 0.27 Ma and 17.85 +
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25mm

Figure 2. Wakaleo schouteni sp. nov. skull, QM F45200; A, dorsal view; B, ventral view. Abbreviations: al, alisphenoid; al-sq, alisphe-
noid squamosal suture; apf, anterior palatine foramen; atw, alisphenoid tympanic wing; bo, basioccipital; bs, basisphenoid; C, canine;
cf, condyloid foramen; ecf, entocarotid foramen; fo, foramen ovale; fr, frontal; gf, glenoid fossa; I, incisor; jg, jugal; lac, lacrimal; lacf,
lacrimal foramen; M, molar; max, maxilla; mf, maxillary foramen; mgp, medial glenoid process; mp, mastoid process; nc, nuchal crest;
ns, nasal; oc, occipital condyle; P, premolar; pal, palatine; palr, palatine ridge; par, parietal; per, periotic; pge, postglenoid cavity; pgp,
postglenoid process; pmx, premaxilla; pop, paroccipital process; ppf, posterior palatal fenestra; ps, presphenoid; pt, pterygoid; sc, sagit-
tal crest; so, supraoccipital; sop, supraorbital process; sq, squamosal; tvc, transverse canal.
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20 mm

Figure 3. Wakaleo schouteni sp. nov. skull, QM F45200; A, left lateral view; B, left lateral view with jugal removed (hatched area) and
M" included; C, posterior view. Abbreviations: al, alisphenoid; C, canine; eam, external auditory meatus; fm, foramen magnum; for,
foramen rotundum; fr, frontal; iof, infraorbital foramen; jg, jugal; lac, lacrimal; lacf, lacrimal foramen; M, molar; max, maxilla; mf, max-
illary foramen; mp, mastoid process; ms, mastoid; nc, nuchal crest; ns, nasal; oc, occipital condyle; os, orbitosphenoid; P, premolar; pal,
palatine; par, parietal; pgp, postglenoid process; pmx, premaxilla; pop, paroccipital process; pt, pterygoid; ptp, pterygoid process of the
alisphenoid; sc, sagittal crest; so, supraoccipital; sof, sphenorbital fissure; sop, supraorbital process; spf, sphenopalatine foramen; sq,
squamosal; ssf, subsquamosal fossa; tvc, transverse canal.
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pterygoid processes
of alisphenoid

jugal

al-sq
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rttp
oc PIf

al-sq
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tve atw ecf
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Figure 4. Wakaleo schouteni sp. nov., basicranial region, QM F45200; A, left side, ventral view; B, right side, ventrolateral view of
squamosal hypotympanic sinus. Abbreviations: al, alisphenoid; al-sq, alisphenoid squamosal suture; atw, alisphenoid tympanic wing;
bo, basioccipital; bsp, basisphenoid; cof, condyloid foramen; eam, external auditory meatus; ecf, entocarotid foramen; fm, foramen mag-
num; fo, foramen ovale; gf, glenoid fossa; mgp, medial glenoid process; mp, mastoid process; oc, occipital condyle; pgc, postglenoid
cavity; pgf, postglenoid foramen; pgp, postglenoid process; plf, posterior lacerate foramen; pop, paroccipital process; pt, pterygoid; rttp,
rostral tympanic process; sq, squamosal; sghs, squamosal hypotympanic sinus; sq-ptp, post-tympanic process of the squamosal; tvc,

transverse canal.

0.06 Ma (Woodhead et al. 2016) and age-estimates of the
other assemblages are based on biocorrelation (Archer
et al. 1989, 1994, 1997; Arena 2004; Travouillon et al.
2000).

Description and comparisons
The cranium is of an adult and is preserved in two halves,
the break occurring in the region of the postorbital con-
striction (Fig. 2A, B). The anterior half consists of the ros-
trum and the palate, and the posterior half consists of the
neurocranium and posterior portions of the zygomatic
arches. The palate is intact although most of the incisors,
left and right P, and right P? are missing. The left tooth
row preserves C', P?>, and M'. Only the root of I' is pres-
ent, this tooth having been broken off at the level of the
palate. There are alveoli for I*, P?> and M*. The right
tooth row preserves M'™ (the anterolingual edge of M" is
damaged), the base of C', the broken anterior root of P,
and alveoli for I'* and P?. Cranial measurements are pro-
vided in Table 1.

The skull is smaller than W. vanderleueri in both length
and height (i.e. occipital depth; Table 1). The cranium is

most similar to W. vanderleueri in overall morphology. It
is robust and broad, has a slight anteroposterior flexure,
prominent supraorbital processes, and tall sagittal and
nuchal crests (Fig. 3A—C). There is a postorbital constric-
tion slightly posterior to the midpoint of QM F45200 as in
W. vanderleueri and P. roskellyae (Fig. 2A). Compared to
P. roskellyae, the skull is more robust and has distinc-
tively taller and thicker sagittal and nuchal crests. The
basicranial region is extremely similar to that of W. van-
derleueri. Both taxa have a squamosal hypotympanic
sinus which is floored by a tympanic wing that is made up
predominantly by the alisphenoid with a medial small
contribution from the squamosal.

Rostrum. The rostrum is broad and narrows slightly
anteriorly. In frontal view, it is gently rounded dorsally
and laterally. Dorsoventrally it is deep (39 mm, dorsoven-
tral depth posterior to the canines) as in W. vanderleueri,
but in profile it is slightly more convex and shows greater
curvature above the narial opening. Unlike W. vander-
leueri, the rostrum lacks an anteorbital depression. The
rostrum of P. roskellyae is relatively shallower, less
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10 mm

Figure 5. Upper dentitions of Wakaleo schouteni sp. nov. A—D, QM F45200, holotype, upper left P>, M'** (M? is a superimposed mirror
image from the right side); A, stereophotographs of upper left cheektooth row; B, interpretive drawing of the same; C, lingual view of
left cheektooth row; D, buccal view of left cheektooth row. E, QM F23446, stereo photographs of a left maxillary fragment from D Site
with P2, M'. F, QM F23443, palate from Rackham’s Low Lion Site. G, QM F30250, left M' from Dirk’s Towers Site. H, QM
F23801, right M? from Neville’s Garden Site. Abbreviations: ac, anterior cusp; alc, anterolingual cusp; 1b, longitudinal blade, M, molar;
me, metacone; mcl, metaconule; P, premolar; pa, paracone; pr, protocone; sb, stylar basin; trb, trigon basin.
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E

|, alveolus

|, alveolus

P, alveolus +

10 mm
=

M, alveolus

Figure 6. Mandibles of Wakaleo schouteni sp. nov. A—E, QM F52247; right dentary with P;, M;_3; A, lingual view; B, buccal view; C,
occlusal view of left and right dentaries; D, occlusal view, stereo pair of left dentary; E, interpretive drawing of left dentary. F, QM
F31376, occlusal view, stereo pair of left dentary, I, P3, M;_3. Scale bar = 10 mm.

rounded laterally and anteriorly, and in profile, has a more the level of the posterior edge of the narial opening, and
inclined dorsal margin. together form a triangular, convex roof over this opening
(Fig. 2A). Posteriorly, the nasals widen again at the level

Nasal. The nasals are long (71.0 mm) and narrow. In of the superior lacrimal foramen and then narrow again to

dorsal view they are narrow anteriorly, become wider at form a deep M-shaped contact with the frontals. The
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Figure 7. Humeri of Wakaleo schouteni sp. nov. A, B, QM F23443; A, anterior view; B, posterior view. C, D, QM F57905; C, anterior
view; D, posterior view. E, F, QM F57904; E, anterior view; F, posterior view. Abbreviations: c, capitulum; dc, deltoid crest; DSp,
deltoid pars spinalis tubercle; ef, entepicondylar foramen; gt, greater tubercle; LtD, latissimus dorsi rugosity; le, lateral epicondyle;
lec, lateral epicondylar crest; lt, lesser tubercle; me, medial epicondyle; of, olecranon fossa; t, trochanter; TMj, teres major tubercle.

Table 1. Measurements of cranial dimensions (in mm) of Wakaleo schouteni sp. nov. and Wakaleo vanderleueri.

Skull length ~ Skull depth  Occiput width ~ Occiput depth ~ Supraorbital width ~Zygomatic width

W. schouteni QM F45200 164.0 [63]
W. vanderleueri  CPC 26604 186.8 79.3

73.2 27.7 47.1 111.8
73.4 345 66.4 [135]

[] = approximate; skull length = tip of nasals to nuchal crest; skull depth = height between dorsum of skull and the occlusal surface at P3/M1;
occiput width = breadth of occiput between lateral edges of squamosal; occiput depth = nuchal crest to dorsal margin of foramen magnum.

lateral margins of the nasals are rounded and form a
gently arched contact with the premaxilla and maxilla
(Fig. 3A, B). In W. vanderleueri the lateral margins are
more markedly rounded and the nasals are slightly
pinched near their midpoint. Dorsal to the narial opening
the nasals are distinctly convex, unlike in W. vanderleueri
and P. roskellyae in which they are flatter, especially in
the latter. Posteriorly, the nasals are slightly inflated but
less so than in P. roskellyae and they are unlike those in
W. vanderleueri which form a slight depression.

Premaxilla. In frontal view, the premaxillaec are
gently convex; together with the nasals they form a heart-
shaped nasal aperture which is broader (26 mm) than high

(18.7 mm). In profile, the premaxillae are taller than long
(Fig. 3A, B) and are similarly proportioned to those in .
vanderleueri. In P. roskellyae the premaxillac are rela-
tively dorsoventrally shorter. The nasopremaxillary suture
is slightly arched, rising posteriorly. The premaxilla con-
tacts the maxilla at the canine alveolus. This suture
extends dorsally from the midpoint of the canine alveolus
and curves posteriorly as it approaches the nasal. In .
vanderleueri and P. roskellyae this suture courses more
vertically as it nears the nasals.

Ventrally, the premaxilla bears alveoli for three inci-
sors. The size relationship of the sockets is I' > I* < I’
(Fig. 2B). This condition is found in all thylacoleonids
except Microleo attenboroughi for which the condition is
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unknown. The I' alveolus is large and longitudinally ellip-
tical. It extends posteriorly above the alveoli of I? and I°.
The alveolus for I? occurs immediately posterior to I'and
is slightly anteroposteriorly compressed. It is much
shorter than that for I'. The I alveolus occurs immedi-
ately posterior to I?, is round and relatively shallow. The
premaxilla extends for 2.5 mm posterior to the I? alveolus
where it forms the anterior wall of the canine alveolus.

A narrow palatal arch is present within the narrow U-
shaped incisor arcade. This arch is proportionally similar
to that of W. vanderleueri and relatively narrower than
that of P. roskellyae. Elongate anterior palatal foramina
(11 mm long, 2.5 mm wide) occur medial to I* and the
canine and extend posteriorly to just beyond the canines.
In W. vanderleueri these foramina extend to the posterior
third of the canine and in P. roskellyae they extend well
beyond the canine. In W. schouteni the lateral margins of
the foramen are on a more ventral level than their medial
margins which are formed by the medial palatal processes
of the premaxillaec. Together, these processes form a
6.5 mm wide bridge anteriorly. Posteriorly, they narrow
and result in a widening of the foramina. The premaxillo—
maxillary suture courses transversely between the medial
edge of the canine alveolus and the lateral margin of the
foramen.

Maxilla. In lateral view, the maxilla anterior to the
orbit is roughly rectangular in outline and is taller than it
is broad (Fig. 3A, B). Its length is similar to that of the
premaxilla and it is relatively longer than the maxilla of
W. vanderleueri but shorter than that of P. roskellyae.
Dorsally it forms a short (14.6 mm) arched contact with
the nasal. Posterodorsally it contacts the anterolateral
edge of the frontal. Similar sutural relations are seen in .
vanderleueri and P. roskellyae. The maxilla is laterally
convex. A large infraorbital foramen is situated in the
lower third about midway between the premaxilla and the
suture with the jugal. This foramen is subtriangular and
anteriorly directed. The zygomatic process of the maxilla
extends laterally at an angle of 70° with the median plane
and forms a broad anterior margin of the orbit as in W.
vanderleueri. However, it differs from that species in hav-
ing a slightly thinner process that lacks anterodorsal thick-
ening at the anterior of the orbit and lacks a masseteric
process on its ventral surface. Priscileo roskellyae has a
much thinner and less robust zygomatic process and also
lacks a masseteric process. The maxillojugal suture is
inclined relatively steeply and differs from W. vander-
leueri which has a more oblique suture that results from
the anterior portion of the jugal extending anterodorsally
towards the anterior margin of the lacrimal foramen.

The maxilla forms a deep suborbital shelf at the antero-
ventral margin of the orbit. At the medial margin of the
shelf the maxilla contacts the lacrimal. The maxillolacri-
mal suture courses posteroventrally from the anterior edge

of the orbit, just posterior to the inferior lacrimal foramen,
to a large maxillary foramen which occurs near the mid-
point of the medial margin. The maxillary foramen opens
posteriorly into deep sulcus. At this foramen the maxilla
contacts the palatine; the maxillopalatine suture courses
posteriorly along the medial wall of the sulcus and
descends to the palatal surface 10 mm posterior to M*.
Lateral to the maxillary foramen the maxilla bears a num-
ber of deep horizontal grooves and numerous alveolar
foramina.

The maxilla bears the posterior half of the canine alveo-
lus, one or two single-rooted anterior premolars, a double-
rooted third premolar and four molars that progressively
decrease in size (Fig. 2B). P* is deflected medially relative
to the molar row and the angle it forms is similar to that in
W. vanderleueri whereas in P. roskellyae the degree of
deflection is much smaller. The maxillary palate is gener-
ally broad and rhomboid-like in shape and similar to that
of W. vanderleueri and P. roskellyae (Fig. 2B). From the
front of the palatal arch to the anterior margin of the pos-
terior palatal fenestrae the palate measures 60.0 mm. The
palate is widest (41.6 mm) just posterior to P*. The palatal
arch is gently concave in the region of the premaxillo—
maxillary suture and increases its curvature at the level of
P?. Two short (45 mm) palatal ridges lie at the lateral
margins; one lies medial to the C'-P? diastema and a sec-
ond ridge lies medial to the posterior root of P>. Both
ridges are anteromedially orientated. Similar ridges are
present in W. vanderleueri but are absent in P. roskellyae.
Large nutrient foramina lie medial to P?/P* and M'/M?.
Similar foramina are found in W. vanderleueri and P. ros-
kellyae. Numerous pinhole-sized foramina occur just
medial to the roots of the molars. Large posterior palatal
fenestrae (21.0 mm wide, 28.5 mm long) extend from the
level of M'/M? to the transverse palatine process. The
fenestrae are proportionally larger than those of W. van-
derleueri but smaller than those of P. roskellyae.
Although missing in QM F45200, in QM F23443 a small
spinous process of the maxilla extends posteriorly into the
fenestrae at the region of intermaxillary suture. As in W.
vanderleueri, the fenestrae are posteriorly enclosed by a
transverse palatine process, of which only a portion is pre-
served near the posterior end of the right post-alveolar
process. The highly convoluted maxillopalatine suture
courses posterolaterally from the lateral margin of the
posterior palatal fenestra (at approximately the level of
M?) to the lateral margin of the postalveolar process,
approximately 9 mm posterior to the M* alveolus.

Jugal. The jugal is only partially preserved. It is thick
and extends posterolaterally, contributing to a broad,
robust face. It forms the anterolateral margin of the orbit
and anteriorly makes a steep, oblique contact with the
maxilla and contacts the lacrimal at its mediodorsal
extremity (Fig. 3A). The anterior depth of the jugal is less
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than in W. vanderleueri which is much deeper lateral to
the masseteric process. From its anterior border with the
maxilla, the jugal curves dorsally and has a concave dorsal
edge on the anterior half of the zygomatic arch. The jugal
contacts the squamosal on the dorsal edge of the zygo-
matic arch 22.1 mm posterior to its contact with the lacri-
mal. The jugal extends posteriorly below the squamosal
and becomes dorsoventrally thinner and wider at its poste-
rior extremity. A distinct ridge, the masseteric border,
occurs along the ventral third of its lateral surface. The
jugal surface ventral to this border is medially orientated.
The jugal terminates 8.3 mm anterolateral to the glenoid
process.

Frontal. In dorsal view, the frontals are broad anteri-
orly and strongly constricted posteriorly (Fig. 2A). Anteri-
orly, the paired bones form a deep w-shaped contact with
the nasals anteriorly and with the maxilla anterolaterally.
The frontals form distinct triangular supraorbital pro-
cesses that project laterally into the orbit (Fig. 2A). The
processes are rugose and thick (5.2 mm). The width
between the supraorbital processes is 47.1 mm. In
between these two processes the frontals form a broad
fossa that narrows posteriorly. Priscileo roskellyae also
exhibits a dorsal fossa of the frontals and supraorbital pro-
cesses, although the processes in that species are much
thinner. The anterior surface of the fossa bears many lon-
gitudinal striations and the posterior surface is covered by
numerous small pits. The posteriorly converging lateral
margins of the fossa are raised and thickened (5.1 mm)
and commence anteriorly as slight ridges on the supraor-
bital processes and become more prominent as they con-
verge (Figs 2A, 3A, B). The dorsum of the skull of W.
vanderleueri differs markedly in having distinct dorsally
rounded frontals that extend posteriad well beyond the
postorbital constriction and contribute to the anterior part
of the cranial roof. Its supraorbital processes are also
larger and thicker, and are more posteriorly situated at
approximately the midpoint of the orbital fossa.

Lacrimal. The lacrimal forms the anteromedial wall
of the orbit and extends anteriorly onto the face for a short
distance (Figs 2A, 3A, B). A narrow tongue of the lacri-
mal also extends laterally along the anterodorsal margin
of the orbit. The lacrimal is similar in shape to that bone
in W. vanderleueri and P. roskellyae; however, the ante-
rior excursion onto the face in the latter is minimal. Two
foramina occur in the facial portion of the lacrimal, one
above the other. The superior foramen occurs in a raised
and extremely rugose area at the anteromedial edge of
orbit. In W. vanderleueri the area around the foramen is
only minimally raised and lacks rugosity. The superior
foramen is small (2.3 mm wide) and dorsally directed.
The inferior foramen is situated on the rostrum in a lat-
erally directed fossa that is anterior and ventral to the
superior foramen. It is larger and vertically elliptical. This

fossa in W. vanderleueri is relatively larger and more tri-
angular. The maxillolacrimal suture which is anterior to
these foramina is highly convoluted. Dorsally, the suture
arches posteriad, contacting the frontals, and then
descends in a posteroventral direction across the medial
wall of the orbit. Posteroventrally the lacrimal contacts
the palatine just dorsal to the maxillary foramen.

Palatine. The transverse fracture of the skull passes
through the palatines and thus they are incomplete. The
palatine has a perpendicular process that contributes to
the ventral half of the medial wall of the orbit and a hori-
zontal process that forms the lateral and posterior margins
of the posterior palatal fenestra (Figs 2B, 3A, B). The per-
pendicular process is approximately circular with a small
anterior and a longer posterior projection. The anterior
projection forms the medial wall of the maxillary foramen
and is bordered dorsally by the lacrimal and ventrally by
the maxilla. Posterior to this foramen the palatine enlarges
to form a disc that is bordered dorsally by the frontal. The
centre of this disc is pierced by a large (3 mm wide),
round, anteromedially orientated sphenopalatine foramen.
The posterior projection of the palatine extends into the
sphenorbital fissure and is bordered posterodorsally by the
orbitosphenoid, posteriorly by the alisphenoid and poster-
olaterally by the pterygoid. At its posterolateral border
with the alisphenoid, lateral to the foramen rotundum, the
palatine forms a small posterolaterally orientated process.
On the palatal surface it forms the lateral margins of the
posterior palatal fenestrae (Fig. 2B). It extends posteriorly
from the level of M*™ and at its posterior extremity forms
a transverse palatine process (approx. 14.5 mm posterior
to M*). Only the lateral margins of this process are pre-
served in QM F45200. Small, minor palatine foramina
occur just anterior to the transverse palatine processes.
The palatine of W. vanderleueri is similar in form
although it is figured in Murray ef al. (1987, fig. 5B) as
being incised by a small projection of the maxilla dorsal
to the sphenorbital foramen. The sole cranial specimen of
W. vanderleueri bears numerous fractures that make diffi-
cult the identification of sutures and it is likely that the
portion of bone marked as maxilla is part of the palatine.
The palatine of P. roskellyae lacks the anterior height
seen in W. schouteni and W. vanderleueri.

Vomer. The nasopharyngeal canals are partly filled
with matrix. A small segment of the sagittal part of the
vomer is exposed at the anterior margin of the posterior
palatal fenestrae. This part of the vomer forms a rounded
septum and a relatively steep medial wall of the nasopha-
ryngeal meatus. Posteriorly, its articulation with the pre-
sphenoid and palatine is obscured.

Neurocranium. The neurocranium is anteriorly narrow
and posteriorly broad (Fig. 2A). Relatively tall sagittal
and nuchal crests are distinctive features on the dorsal
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surface (Fig. 3A—C). Ventrally, the tympanic region is
open. The tympanic wing is moderate in size. The outer
ear canal is broad, affording a relatively unimpeded view
of this region. The frontals, ethmoid, parietals and pre-
sphenoid are incomplete.

The neurocranium shares many similarities with that of
W. vanderleueri, including tall sagittal and nuchal crests
that descend steeply onto the temporal fossae and parietals
that are predominantly concave but convex at their lateral
extremity. In contrast, the sagittal and nuchal crests in P.
roskellyae are relatively smaller. The occipital region is
similar in absolute width to W. vanderleueri but is not as
tall (Table 1).

Ethmoid. The posterior surface of the cribriform
plate is exposed on the anterior half of the skull. The plate
is 14.7 mm wide and is divided by a vertical septum. The
surface of the plate is pierced by numerous foramina. Dor-
sally, the cribriform plate contacts the inner table of the
frontal bone, a dense area of frontal bone that is also per-
forated with numerous small foramina.

Parietal. The parietals are long and relatively narrow
(Fig. 2A). Anteriorly, their articulation with the frontals is
obscured because of damage associated with the trans-
verse fracture. Dorsally they form a tall, thickened ridge
that together forms a strong sagittal crest. Below the sagit-
tal crest the parietal laminae curve concavely and extend
laterally to meet the squamosal (Fig. 3A, B). The dorsal
edges of the squamosal laminae are missing (approx. 5
mm) and the underlying parietal surface bears many verti-
cal grooves. At the posterior end of the sagittal crest the
parietals do not ascend onto the nuchal crest but form a
posteriorly concave margin with the squamous part of the
supraoccipital bone, approximately 10 mm anterior to the
nuchal crest (Figs 2A, 3A, B). The parietals extend to the
nuchal crest at their posterolateral extremity. The parietals
of W. vanderleueri are similar but anteriorly they flare lat-
erally as they contact the inflated posterior region of the
frontals, and posteriorly extend to the nuchal crest in their
entirety. In contrast, the parietals of P. roskellyae are pro-
portionately broader, predominantly convex and form a
much smaller sagittal crest.

Orbitosphenoid. The orbitosphenoid is incomplete.
In lateral view it forms the roof and the anterior floor of
the sphenorbital fissure (Fig. 3A, B). It is bordered antero-
laterally by the palatine, dorsally by the frontal, posteri-
orly by the basisphenoid and posterolaterally by the
alisphenoid. The sphenorbital fissure is elongate (approx.
9 mm long) and deep. Dorsal to the fissure, the orbitosphe-
noid forms the anterior half of a broad and deep fossa
which is delineated superiorly by a prominent infratempo-
ral crest and inferiorly by a thin, sharp, horizontal crest
(the alisphenoid forms the posterior part of this fossa).

Presphenoid. Ventrally, anterior to the basisphenoid,
the presphenoid forms a narrow tongue of bone that is
flanked by the palatines (Fig. 2B). Along its midline it
forms a longitudinal septum which becomes narrower and
more prominent anteriorly. At its lateral margins it forms
a highly convoluted suture with the palatine.

Basisphenoid. The basisphenoid is roughly triangu-
lar, flat and inclined anterodorsally. It is narrow anteriorly
where it contacts the presphenoid, broad posteriorly where
it is strongly fused to the basioccipital, and is flanked by
the pterygoids (Fig. 2B).

Pterygoid. Only the basal attachments of the ptery-
goid to the basisphenoid and alisphenoid are preserved.
More of the left side (34.4 mm long) is preserved than the
right. In ventral view, they extend from the posterior mar-
gin of the palatine to the opening for the internal carotid
artery, curving laterally where they contact the basisphe-
noid (Fig. 2B).

Alisphenoid. The alisphenoid forms much of the
anteroventral floor of the braincase. In lateral view, its
dorsal contacts (from anterior to posterior) are the frontal,
parietal and the squamosal. It forms the posterior edge of
the infratemporal crest (Fig. 3A, B). Laterally, this crest
becomes contiguous with the anterior edge of the zygo-
matic process. In this region the alisphenoid forms a small
dorsal strip along the anterior edge of the zygomatic pro-
cess and posteriorly makes a broad contact with the squa-
mosal. Ventral to the infratemporal crest the alisphenoid
forms a broad and deep infratemporal fossa, the ventral
margin of which is formed by the sphenorbital fissure
(Fig. 3A, B). The presphenoid forms the anterior part of
this fossa and forms a sinuous vertical suture with the ali-
sphenoid. A large, round foramen rotundum (3.0 mm
wide) occurs at the posterior margin of the sphenorbital
fissure. Lateral to the foramen rotundum the alisphenoid
forms two flattened, laterally projecting processes; the
posterior process is slightly ventral to and smaller than the
anterior (lateral pterygoid process of the alisphenoid;
Fig. 4A). In W. vanderleueri the anterior process is simi-
larly developed but the posterior process is smaller than
the process in W. schouteni. These processes are absent in
P. roskellyae. Ventral to this process the alisphenoid con-
tacts the pterygoid bone. Posterior to this process the ali-
sphenoid forms a shallow, oval, pterygoid fossa that
posteriorly bears the large, posterolaterally directed fora-
men of the transverse canal. The fossa and transverse
canal in W. vanderleueri are similarly formed. The ptery-
goid fossa in P. roskellyae is distinctly different, being
flattened anteriorly, slightly convex posteriorly and has a
very small transverse canal.

In ventral view, the alisphenoid projects laterally from
the pterygoid fossa to the medial base of the medial gle-
noid process as a broad, ventrally concave surface
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(Figs 2B, 4A). At the base of the medial glenoid process it
makes a sinuous contact with the squamosal. The opening
of the internal carotid canal occurs approximately 10 mm
posterior to the transverse canal. A broad sulcus extends
posterolaterally from the carotid foramen and posteriorly
the sulcus is overlain by the anterior end of the periotic.
Posterolateral to the foramen of the transverse canal is the
anteriorly orientated foramen ovale (3.5 mm wide). Poste-
rior to the foramen ovale the alisphenoid forms a triangu-
lar tympanic wing (8-9 mm in width) and is the major
element that floors the hypotympanic sinus. The alisphe-
noid tympanic wing is rounded posteriorly, ventrally con-
vex, and contacts the squamosal at its anterior, medial and
lateral margins. A distinct suture with this element can be
seen on the anterior wall of the squamosal hypotympanic
sinus (Figs 2B, 4B). The contribution of the alisphenoid
to the tympanic floor varies between the left and right
sides; on the right, the floor is formed completely by this
element, on the left, the squamosal forms a small contri-
bution at the anterolateral margin. The alisphenoid tym-
panic wing of W. schouteni differs from that of W.
vanderleueri in being flatter and shorter, and has a much
greater distance separating it from the medial edge of the
mastoid process.

Squamosal. In lateral view, the squamosal forms a
convex wall over the lower two-thirds of the brain case
and extends laterally to form a broad zygomatic process
(Figs 2A, 3A, B). It is bordered dorsally by the parietal.
On the left side much of the dorsal edge (5 mm) is missing
although evidence of its contact is marked by the presence
of numerous fine vertical grooves on the surface of the
parietal. Anteriorly, it contacts the alisphenoid, but does
not make contact with the frontal. Just dorsal to the ante-
rior margin of the zygomatic process there is a small oval,
medially inclined fossa. This fossa is also present in W.
vanderleueri but is absent in P. roskellyae. As the zygo-
matic process curves anteriorly its lateral edge rises to
form a tall, thin margin that tilts medially to slightly over-
hang the orbit. The medial surface of the zygomatic pro-
cess bears two buttress-like vertical ridges. The lateral
surface is pierced by a foramen approximately 10 mm
anterior to the glenoid notch.

In ventral view, the squamosal is bordered by the ali-
sphenoid medially and the mastoid posteriorly (Figs 2B,
4A). The ventral surface of the zygomatic wing bears a
transverse, deeply grooved glenoid fossa (14.5 mm wide).
The fossa extends to the lateral edge of the zygoma. On
the right zygomatic wing, anterolateral to the glenoid
notch, the rugose, concave articular surface for the jugal
is exposed. Posterior to the glenoid fossa the squamosal
forms a broad (14 mm), deep (11.5 mm), rounded postgle-
noid process (Fig. 4A). This process in W. vanderleueri is
relatively narrower. At the medial margin of the fossa the
squamosal forms a rugose ridge, the medial glenoid

process. This process is relatively larger than in W. van-
derleueri. It is posteromedially orientated from the orbital
margin to the tympanic cavity, where it projects as a small
process just lateral to the tympanic wing. The squamosal
contacts the alisphenoid on the medial side of the medial
glenoid process.

The squamosal is the main contributor to the roof of the
auditory region. Medial to the posterior end of the medial
glenoid process the squamosal extends anteriorly to form
a squamosal hypotympanic sinus. In ventral view the
sinus is roofed by the alisphenoid tympanic wing. The
squamosal contacts the alisphenoid at the anteroventral
margin of the hypotympanic sinus (Fig. 4B) such that if
the alisphenoid tympanic wing were broken at its base it
would appear as a bilaminar structure. Wakaleo vander-
leueri also has a bilaminar tympanic wing with an anterior
squamosal contribution. However, any lateral contribution
from this element cannot be determined in the sole cranial
specimen of this species.

The posterior surface of the postglenoid process is
broad and gently convex (Figs 3C, 4A) as is the condition
in W. vanderleueri. In contrast, in Priscileo roskellyae the
posterior surface is invaded by the postglenoid cavity.
Dorsal to this process the squamosal thickens to form a
bridge between the posterior margin of the zygomatic pro-
cess and the brain case. This bridge forms the roof of the
external auditory meatus. At the posterior edge of the
meatus the squamosal forms a ventral process, the post-
tympanic process, which abuts the anterior surface of the
mastoid. This process bears a deep, laterally directed sty-
lomastoid sulcus. In contrast, the stylomastoid sulcus in
P. roskellyae courses through the mastoid. A large
(3.4 mm wide), oval, posteriorly orientated, subsquamosal
foramen is situated on the posterolateral surface of the
zygomatic process (Fig. 3A, B). A small triangular
depression occurs ventral to this foramen at the postero-
dorsal edge of the external auditory meatus. Posterior to
the subsquamosal foramen a narrow strip of the squamosal
forms the lateral margin of the nuchal crest and abuts the
posterior edge of the mastoid process (Fig. 3C). Medial to
the postglenoid process the squamosal extends anterodor-
sally to form a deeply recessed postglenoid cavity.

Basioccipital. The basioccipital resembles that of V.
vanderleueri. It is more or less hexagonal and bears a cen-
tral longitudinal crest that is low anteriorly and higher
posteriorly (Fig. 2B). The central crest is flanked by
broad, deep fossae. The lateral margins of the basioccipi-
tal that are medial to the entocarotid foramen and the peri-
otic are raised, thickened and rugose. A large foramen
pierces the basioccipital posteriorly near the central crest
and a smaller foramen occurs anteriorly in the left fossa.
A pair of moderately large foramina (opening for rami of
the hypoglossal nerve) occurs at the posterolateral
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margins of the basisphenoid. Both foramina lie in a small
depression and are directed anteroventrally.

Occipital region. The occipital region is broad (73.2 mm
wide) and deep (45.0 mm from the nuchal crest to the
base of the occipital condyles; Fig. 3C). Its dorsal margin
is strongly arched and formed by a prominent overhanging
nuchal crest. As the lateral edges of the nuchal crest
ascend toward the apex of the occiput they course anteri-
orly and form a broad recess in the centre of the crest
(Fig. 2A). This recess is also present in W. vanderleueri
but is shallower. It is absent in P. roskellyae.

In posterior view the occipital surface is composed of
three fossae; one central and two lateral (Fig. 3C). The
supraoccipital is lens-shaped and bears the deep central
fossa. In dorsal view, the squamous part of the supraocci-
pital is evident on the anterior surface of the nuchal crest
where it forms a small fossa on each side of the sagittal
crest. At its lateral margins the supraoccipital is bordered
by the mastoid dorsally and exoccipital ventrally. The
supraoccipito—exoccipital and  supraoccipito—mastoid
sutures course in a dorsolateral direction from just dorsal
of the occipital condyles to the nuchal crest. The central
fossa is similar to that of W. vanderleueri in that it has a
very weak central crest, numerous pinhole foramina and a
number of larger foramina. In contrast, the central crest in
P. roskellyae is more prominent and more rounded. The
dorsolateral margins of the fossa are rugose. The central
fossa is separated from the lateral fossae by broad, gently
rounded crests that extend ventromediad from the nuchal
crest toward the foramen magnum. The lateral fossae
occur where the supraoccipito—exoccipital suture meets
the supraoccipito—mastoid suture. These fossae are deeper
than those in W. vanderleueri and P. roskellyae.

The occipital condyles are large and prominent, and
project posteriorly beyond the level of the nuchal crest
(Fig. 3C). The condyles are rounded posteriorly and ven-
trally, and are separated by an 11.7 mm wide intercondy-
loid notch. The foramen magnum is large (12.0 mm high,
19.1 mm wide), oval and opens posteriorly. A pair of
foramina is situated on the internal margins of the fora-
men magnum at the base of each occipital condyle. Both
foramina are posteromedially orientated. The dorsal fora-
men is the external opening of the condyloid canal. It is
very large (3.5 mm dorsoventral width) and its ventral
margin opens into a short, posteriorly directed sulcus. The
second foramen (the opening for the hypoglossal nerve) is
anteroventral to and smaller than the condyloid foramen.

A 4 mm wide condylar fossa extends between the
occipital condyle and the paroccipital process. The poste-
rior edge of the right paroccipital process is incomplete.
The paroccipital processes are rounded and project poster-
oventrally to a level similar to that of the mastoid process
but well short of the ventral margin of the occipital con-
dyles (Fig. 3C). The processes are similar to those in W.

vanderleueri. A small condyloid foramen occurs on the
posterior surface of the paroccipital just dorsal to the con-
dyloid fossa. The ventral surface of the paroccipital pro-
cess has an angular lateral edge which abuts the mastoid
process (Fig. 4A). The anterolateral margin of the parocci-
pital process forms a slight projection over the mastoid
process. Anteriorly, the paroccipital is separated from the
posterior end of the periotic by a broad sinus (approx.
25 mm wide). Medially, the exoccipital fuses with the
basioccipital. Near the lateral margins of the occiput the
mastoid forms a relatively broad crescentic band (approx.
10.3 mm wide) between the paroccipital and the narrow
lateral squamosal margin (Fig. 3C). The dorsomedial half
of the mastoid surface forms part of the lateral fossa of
the occiput.

Auditory region. The auditory ossicles and ectotym-
panics are missing. In ventral and lateral aspect the outer
ear canal is very broad (approx. 8 mm anteroposterior
width). The canal walls are formed by the squamosal. The
anterior wall of the canal is formed by the posterior sur-
face of the postglenoid process. A broad (4 mm wide),
shallow sulcus extends from the medial margin of the
postglenoid process into the postglenoid cavity. The post-
glenoid cavity is large and extends anteriorly and dorsally,
as is the condition in P. roskellyae, although in that spe-
cies it expands laterally into the postglenoid process. It
differs from W. vanderleueri where it is instead divided
by a horizontal septum. At its posteromedial margin there
is a small, deep, oval fossa into which opens the canal
from the subsquamosal fossa. A narrow transverse sulcus
courses across the anterior wall of the postglenoid cavity
and connects (piercing the fossa’s anterior wall on the left
side) with this fossa. At the ventral margin of this fossa is
a small, posteriorly opening postglenoid foramen. The
postglenoid cavity is separated from the squamosal hypo-
tympanic sinus by a thick septum from which projects a
small spur at approximately the septum’s midpoint.

The posterior wall of the outer ear canal bears a large
laterally orientated sulcus, the stylomastoid notch. Imme-
diately dorsal to this notch, the wall of the canal forms a
small fossa that is bounded dorsally by a small transverse
crest. This fossa would have been a recess for the dorsal
flank of the ectotympanic.

Periotic. The periotic (Fig. 4A) sits in a large sinus
that is bordered medially by the basioccipital, laterally by
the squamosal, anteriorly by the alisphenoid and posteri-
orly by the paroccipital process. In lateral view, the peri-
otic is subrectangular in shape with its long axis (14 mm
long) oriented in an anteroventral-posterodorsal direction.
In ventral view the periotic is roughly triangular; it is nar-
row and flattened anteriorly and becomes rounder and
broader posteriorly. Three fenestrae occur on the dorsal
margin of the tympanic face: the central opening, the
fenestra vestibuli, is horizontally oval and opens laterally;
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posteroventral to the fenestra vestibuli is the large fora-
men of the fenestra cochleae which is semicircular and
posteriorly orientated; anterodorsal to the fenestra vesti-
buli is the small foramen for the facial nerve (secondary
facial foramen) which is dorsoventrally oval and opens
posteriorly. A broad sulcus courses posteriorly from this
foramen across the dorsal margin of the fenestra vestibuli.
Ventral to the fenestra vestibuli and anterior to the fenes-
tra cochleae, a large prominent rostral tympanic process
projects from the ventrolateral portion of the periotic. The
periotic of W. vanderleueri also has a prominent rostral
tympanic process. In P. roskellyae this process is smaller
and more obtuse. In lateral view, this process can be seen
lying between the alisphenoid tympanic wing anteriorly
and the mastoid process posteriorly. The process is
rounded ventrally, and narrows laterally to a blunt point.

Anterolateral to the secondary facial foramen the peri-
otic forms a narrow epitympanic wing that is bordered
anterodorsally by the roof of the squamosal epitympanic
sinus, and medially appears to extend beneath the edge of
the squamosal. Lateral to the secondary facial foramen,
the periotic forms a deep incudal fossa. Posterior to the
incudal fossa and lateral to the fenestra cochlea is the
fossa for the stapedius muscle. A low, rounded septum
separates these two fossae. The stapedial fossa is deep and
bears two anterior depressions. A large sinus, the tym-
panic sinus ( = the mastoid epitympanic sinus of Archer
19764a) separates the posterior end of the periotic from the
paroccipital. At the medial end of this sinus is a large,
deep, transverse sulcus that forms the posterior lacerate
foramen.

Mastoid. The mastoid part of the periotic is devel-
oped posteriorly into an elongate process (Fig. 4A). The
lateral wall of the stapedial fossa forms the medial edge
of the mastoid process. The posterior margin of the fossa
forms a small ridge that extends posterolaterally to the
mastoid process (the caudal tympanic process). In ventral
view, the mastoid is narrow anteromedially and widens
laterally to form a rounded, obtuse process. The posterior
edge of the left mastoid process is quite rugose and bears
a number of small tubercles. On the medial edge of the
ventral surface, a small transverse sulcus courses into the
tympanic sinus. Anteriorly, the mastoid makes a broad
contact with the squamosal.

Dentition

The dentition of Wakaleo schouteni exhibits the character-
istic thylacoleonid morphology of a bladed third premolar
and bunodont, crenulated, molars. The number of premo-
lars is variable and may be one, two (Figs 2A, 5A) or three
(Fig. 5D, E). There are four molars, as in Priscileo, and
unlike in W. oldfieldi, W. vanderleueri and W. alcootaen-
sis, which exhibit loss of the posterior molars.

Upper dentition. The upper dentition of QM F45200
(Fig. SA-D) shows considerable wear and description is
assisted by referral to other specimens where appropriate
(Fig. 5E, F). Dental measurements are provided in Supple-
mental Tables 1a and 1b.

Incisors. There are alveoli for three incisors but none
are preserved. The alveoli in order of decreasing size are
I', I, and I?. The I' is alveolus is oval and is twice the
dimensions of the I° alveolus. The I? is alveolus is slightly
smaller than the I® alveolus.

Canines. The canines (QM F23443, Fig. 5D) are
short, recurved slightly, and have a broad, oval base. The
primary cusp is anteriorly situated. The lingual and buccal
surfaces are separated by a small longitudinal ridge that
ascends anteriorly and posteriorly from the tip of the
canine to its root. Enamel is present on the apical half of
the crown on both the lingual and buccal surfaces. At the
level of the alveolus the root of the canine curves almost
horizontally into the tooth socket. The canines resemble
those of W. vanderleueri and W. alcootaensis (Yates
2015) and are unlike those of Thylacoleo carnifex which
are relatively smaller and more peg-like. The canine
alveoli are proportionally larger than those of P. roskel-
Iyae relative to the length of the C—P* diastema.

Premolars. The presence of P' and P? is variable.
QM F 23443, QM F23446 and QM F57945 exhibit alveoli
for P! and P? (Fig. 5D, E). The size and positions of these
alveoli, relative to the canine and P, are similar to those
of the anterior premolars in P. roskellyae. In contrast, the
holotype, QM F45200, lacks an alveolus for P! and, QM
F24680 and QM F57314 lack alveoli for both P! and P?,
bearing pits in the diastema which more closely resemble
foramina than true alveoli. Wakaleo vanderleueri (and
probably W. oldfieldi) also exhibits loss of an anterior pre-
molar. In W. vanderleueri the single anterior premolar
alveolus is located near the midpoint of the diastema.

P'. Variably present. An alveolus for P' is present in
QM F23443 (Fig. 5F), QM F23446 (Fig. SE) and QM
F57945. P! is single-rooted and its alveolus is larger than
that of P2,

P2. Variably present. It is single-rooted and situated
at the base of P*. Its alveolus is smaller than that of P'
(Fig. 5E, F).

P?. QM F45200 only preserves the left P* which is
heavily worn (Fig. 5A, B). P? is sectorial. It has anterior
and posterior cusps that are linked by a longitudinal blade
that is notched so that in profile the complete cutting edge
is W-shaped. In these features it resembles the P> of .
oldfieldi, W. vanderleueri and P. roskellyae (Gillespie
1997; Murray et al. 1987, Gillespie et al. 2014). The ante-
rior and posterior cusps are subequal in height. An ante-
rior crest extends from the anterior cusp to the base of the
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crown where it curves anterolingually and becomes
thicker. On the lingual flank, an anterolingual crest
extends from the anterior cusp and forms a prominent
rounded cuspule on the basal half of the crown. This cus-
pule is larger in other species of Wakaleo and is lacking in
P. roskellyae (Archer & Rich 1982; Gillespie 1997,
Murray et al. 1987; Gillespie et al. 2014). A narrow, fluted
valley lies between the anterior crest and the anterolingual
crest. The lingual surface below the posterior cusp is
broadly convex.

The anterior buccal surface is greatly rounded as in
other species of Wakaleo and in contrast to P. roskellyae.
On the buccal flank, crests from the two major cusps con-
verge to form the margins of a broad, v-shaped valley.
The posterior portion of the longitudinal blade that con-
nects the posterior cusp to the posterior margin of the
tooth is occlusally concave. A near-vertical posterobuccal
crest occurs at the posterior end of the blade. It forms the
posterior edge of a small buccal basin that is between the
posterior cusp and posterior end of the crown.

The two roots are relatively similar in size to those in
W. oldfieldi, are much larger than those in P. roskellyae,
but not as massive as those in W. vanderleueri. Wakaleo
vanderleueri differs in having a relatively larger anterior
root such that the crown barely bulges anteriorly beyond
the root and it has greater lingual inflation, resulting in the
loss of lingual constriction of the crown posterior to the
anterolingual cuspule.

Upper molars. In all maxillac except one (QM
F23446), there are four molars that decrease in size poste-
riorly. The molar gradient is less steep than it is in W. van-
derleueri. In general, the molar morphology of W.
schouteni is most similar to W. oldfieldi and W. vander-
leueri. Features shared with these species include M' with
an enlarged metacone and a stylar basin with a low and
buccally displaced margin, and M? with a lingually dis-
placed paracone and metacone, reduced trigon basin width
relative to crown width and a relatively posteriorly situ-
ated protocone.

M'. In QM F45200 both M's are heavily worn and
the right M' is only partially preserved. Hence, descrip-
tion of this molar has also involved referral to QM
F30250, an unworn M' (Fig. 5G). M' is nearly trapezoidal
and most similar to M' of Wakaleo oldfieldi and Priscileo
roskellyae. This shape is the result of greater development
of the posterolingual corner of the crown. In contrast, M'
in Wakaleo vanderleueri is more triangular. The crown is
dominated by a broad, relatively deep, trigon basin that
bears numerous radial crenulations. The metaconule is rel-
atively small. However, it is better developed than that
cusp in W. oldfieldi and W. vanderleueri, but not as well
developed as it is in P. roskellyae. The paracone is taller
than the metacone and connected to the latter by a longitu-
dinal blade that is notched midway along its length. The

height of these cusps and their connecting blade results in
the buccal half of the crown being topographically much
taller than the lingual half. The lingual flank of the longi-
tudinal blade is steep. A short preparacrista connects the
paracone to the anterior margin where it joins an antero-
buccal crest that continues to the anterobuccal base of the
crown. In QM F45200 a small cusp (stylar cusp B or para-
style?) occurs on this anterobuccal crest. This region of
the crown abuts the posterior edge of P*, allowing the pre-
paracrista to be contiguous with the longitudinal blade of
P3. An anteriorly convex preparaconulecrista occurs on
the lingual flank of the paracone. This crest thickens lin-
gually and terminates at a notch midway to the protocone.
A wear facet occurs where the crest is thickened and pos-
sibly indicates the location of a paraconule. The protocone
is well developed and its rather bulbous base dominates
the lingual edge of the crown. In W. oldfieldi and W. van-
derleueri the protocone occurs slightly more posteriorly
but in P. roskellyae it is relatively more anterior. A short
preprotocrista extends towards the paraconule and with
the preparaconulecrista forms the anterior margin of the
trigon basin. The postprotocrista and premetaconulecrista
form the lingual margin of the basin. In QM F30250 these
crests are separated by a small notch midway between the
protocone and metaconule, but in worn specimens they
connect. The metacone has a broad conical base, which is
the condition in other species of Wakaleo, but this cusp is
better developed than it is in P. roskellyae. As in W. old-
fieldi and W. vanderleueri, a short postmetacrista extends
posteriorly. In P. roskellyae the postmetacrista is deflected
posterobuccally. A crescentic lingual metacrista occurs on
the lingual face of the metacone, terminating approxi-
mately two-thirds of the way to the metaconule. In P. ros-
kellyae this crest is straight and much shorter. In QM
F30250, a short crest that is formed by a series of small
ridges extends from the metaconule towards the lingual
metacrista. This crest is also present in W. oldfieldi. In
worn specimens these appear as a single transverse crest
connecting the metacone and metaconule. As in W. old-
fieldi and W. vanderleueri the metaconule is weakly
developed, unlike P. roskellyae, which has a better devel-
oped cusp. A small posterior cingulum links the postmeta-
crista to the postmetaconulecrista. The stylar shelf is
relatively broad and bears a basin that extends to the buc-
cal edge of the crown. The stylar basin is broader anteri-
orly and posteriorly narrowed because of the expanded
metacone. The edge of the basin is well below the apices
of the paracone and metacone. This is also the condition
in W. oldfieldi and W. vanderleueri and is unlike P. roskel-
lyae in which the edge of the basin is closer to the postpar-
acrista and is much taller relative to the paracone and
metacone. Numerous transverse ridgelets line each side of
the buccal edge of the stylar basin. On the buccal flank of
the crown, the valley that occurs above the junction of the
roots is variably developed; a small vertical ridge is
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present in QM F30250; however, QM F45200 bears a
broad swelling in this region. As in other species of Waka-
leo and unlike P. roskellyae, the lingual root is greatly
exposed.

MZ. In QM F45200 and QM F23443 (Fig. 5F), this
molar is heavily worn and description is assisted by QM
F23801 (Fig. 5H). M? is generally similar to M' but
exhibits the following differences. It is slightly smaller,
proportionately shorter, and more heart-shaped. The ante-
robuccal corner is more rounded and lacks the angularity
of M. Although the paracone and metacone are relatively
tall, the height difference between the buccal and lingual
margins is less extreme. The paracone is relatively more
lingual in relation to the buccal edge and is less anterior
relative to the protocone. In most worn specimens the lin-
gual half of the anterior cingulum is obscured by the
extensive wear facet on the protocone; however, the
unworn QM F23801 indicates it extends toward the proto-
cone, as in M'. The preparaconulecrista bears crenulations
on its anterior and posterior flanks and a distinct paraco-
nule cannot be discerned. In QM F23801 and QM F45200
the postparacrista and premetacrista are separated by a
narrow fissure at the notch of the longitudinal blade that
their conjunction forms. The metacone is smaller and is
much closer to the posterior margin; hence, the postmeta-
crista is much shorter. In QM F23801 the lingual meta-
crista intersects crenulations of the trigon basin about
two-thirds of the way to the metaconule and in worn
specimens it appears to be linked to this cusp. The crown
is relatively narrower between the lingual metacrista and
the posterior margin. In QM F23801, the postmetaconule-
crista is short and curves toward but fails to meet the lin-
gual metacrista. In worn specimens it merges with edge of
the posterior cingulum. The metaconule is very weakly
developed and appears as a small bump near the postero-
lingual corner of the trigon basin (QM F23801 and QM
F24680). The crown below the paracone is more buccally
expanded which results in the anterior half of the stylar
shelf being relatively broader than in the M'. A vertical
valley in the middle of the buccal flank of the crown
pinches the stylar shelf so that its buccal edge, in most
cases, deflects toward and meets the longitudinal blade at
its notch. This results in the shelf consisting of two small
basins rather than a single long basin. Large transverse
crenulations may also be associated with the constriction
of the stylar shelf (QM F24680). The trigon basin has
prominent radial crenulations.

M3. Description is assisted by QM F23443 (Fig. 5F),
QM F23444 and QM F40206. M? is triangular, has a sim-
ple basin-like crown and is similar to other species of
Wakaleo (Murray et al. 1987; Gillespie et al. 2014). It dif-
fers from M'and M? in lacking a stylar shelf. The para-
cone is the tallest cusp and the protocone and metacone
are subequal in height. These cusps are connected by a

crest that completely encircles the crown and forms the
margins of the trigon basin. The extensively crenulated
trigon basin causes this crest to be corrugated in some
areas. A small crest (obscured by wear in most specimens)
extends lingually from the paracone toward the protocone
and deflects anteriad to join the anterior margin just before
the protocone. A short cingulum occurs anterior to this
crest. There are three roots; the medial root is the largest,
and the posterior is slightly larger than the anterior.

M®*. This is similar to M> but lacks an anterior cingu-
lum (Fig. SA, B). It is triangular and the surface of the tri-
gon basin is highly crenulated (QM F23458). The
protocone is taller than the metacone and paracone which
are subequal in height. M* has three roots; the medial is
slightly larger than the subequal anterior and posterior
roots.

Dentary. The morphology of the dentary and lower den-
tition of W. schouteni is most similar to that of W. oldfieldi
and W. vanderleueri (Clemens & Plane 1974; Megirian
1986; Murray & Megirian 1990) but differs from these
species in being smaller and possessing an extra tooth
between I; and P; and an My. Right dentary QM F52247
is the most complete and preserves the horizontal ramus,
coronoid process, masseteric fossa and angular process
(Fig. 6A—C).

QM F52247 measures 98.2 mm in length from the edge
of the I; alveolus to the posterior rim of the articular con-
dyle. In lateral view, the horizontal ramus tapers anteri-
orly between P; and I; and is deepest below the posterior
root of P5 (Fig. 6A, B). In dorsal view (Fig. 6D), the tooth
row forms a gentle arc as in W. oldfieldi and W.
vanderleueri.

The anterior end of the horizontal ramus is dominated
by the alveolus for I;, the space for which fills the anterior
region of the dentary. This alveolus is deep and laterally
compressed. Between the I; alveolus and P;, the dorsal
surface bears two small alveoli (Fig. 6D, E). The anterior-
most alveolus is elongate and is approximately 5 mm pos-
terior to the I; alveolus. It opens into an anteriorly
directed sulcus which suggests that the tooth was elon-
gate. The second alveolus is small and oval and is just
anterior to or at the base of P5. It opens anterodorsally and
is relatively shallow. It probably held a small, single-
rooted P,. In this region in Wakaleo oldfieldi and W. van-
derleueri there is one alveolus and in P. roskellyae there
are three. The anteriormost alveolus in W. schouteni is
similar in shape to the anteriormost alveolus in P. roskel-
lyae. The second alveolus is similar in shape and location
to the single alveolus (P,) in W. oldfieldi and W.
vanderleueri.

The symphyseal area is large, roughly rectangular, and
extends posteriad to the level of the posterior root of Ps
(Fig. 6A), but is not as tall as in W. oldfieldi and W. van-
derleueri. On the lingual surface of the ramus a shallow
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sulcus courses along its centre from below M, to the pter-
ygoid fossa, just anterior to the mandibular foramen
(Fig. 6A). As in W. oldfieldi and W. vanderleueri, a large
posteriorly directed mandibular foramen occurs at the
anterior edge of the deep recess of the pterygoid fossa.
The pterygoid fossa is very deep, pushing the posteroinfe-
rior part of the ramus buccally and resembles the condi-
tion in W. oldfieldi and W. vanderleueri. The angular
process extends lingually to form a horizontal, triangular
shelf that extends posteriorly to, but not beyond, the pos-
terior margin of the condyle (Fig. 6A, C). The lingual bor-
der of the shelf is steep and thick and forms a slight
tuberosity at its posterior third. This is unlike the condi-
tion in W. vanderleueri in which the lingual edge of the
angular process protrudes lingually and bears a triangular,
dorsally projecting process.

The buccal surface of the horizontal ramus is gently
convex. As in W. oldfieldi and W. vanderleueri, a large
anterodorsally directed mental foramen occurs ventral to
the anterior root of P; (Fig. 6B). A second, smaller, mental
foramen occurs ventral to M; and opens posteriorly.

The coronoid process resembles that in W. oldfieldi and
W. vanderleueri; it is tall, anteroposteriorly deep, dorsally
rounded and posteriorly inclined (Fig. 6A, B). In QM
F52247 the apical region is fractured and laterally dis-
placed. The depth of the ascending ramus from the top of
this process to the ventral margin is 53.3 mm. The anterior
edge of the coronoid process is thickened and becomes
thinner dorsally. Its posterior edge is thin and ventrally
extends posteriorly to form the mandibular notch directly
anterior to the condylar process. The articular surface of
the condyle is broad (18.1 mm), gently rounded, and lies
at a level slightly dorsal to the molar row (Fig. 6A, C). In
dorsal view it has a sinusoidal outline. The lingual half is
thick and tapers to a point and the buccal half is thinner
and rounded at its lateral extremity.

The masseteric fossa is large and extends dorsally to
approximately the level of the condyle and anteriorly to
the level of M, (Fig. 6B). A small, dorsally directed mas-
seteric foramen occurs at the inferior third of the masse-
teric fossa. In W. oldfieldi and W. vanderleueri the
masseteric fossa extends much further dorsally. The dor-
sal limit of the fossa is marked by a small crest that curves
towards the mandibular notch. Dorsal to this crest is a
shallow tear-shaped fossa for the superior temporalis mus-
cle. Ventrally, the masseteric fossa is marked by the mas-
seteric line which extends posteriad towards the
condyloid crest that descends from the condylar process.
As in W. oldfieldi and W. vanderleueri, the posterobuccal
corner of the dentary extends buccally and forms a small
shelf at the posterolateral margin of the masseteric fossa.

Lower dentition. Wakaleo schouteni is similar to P. ros-
kellyae in having four molars but differs in having a denti-
tion that is larger and has molars that are relatively

narrower and that have much deeper talonid basins and as
such are more similar to that of W. oldfieldi and W. van-
derleueri (Clemens & Plane 1974; Gillespie et al. 2014).
The paired dentaries QM F52247 preserve P; and
M,_3, and alveoli for I,_,, P, and My (Fig. 6C-E).

I;. Only QM F31376 and QM F30465 retain I;
(Fig. 6F). 1, is similar to that of W. oldfieldi and W. van-
derleueri in being procumbent and scimitar-like, laterally
compressed, and having a root that extends deeply to
below Ps. It differs from W. oldfieldi and W. vanderleueri
in being slightly more gracile and in that its medial sur-
face bears a longitudinal groove. The flatter medial sur-
face in those species may be the result of wear between
the incisors. The dorsobuccal edge of the W. schouteni
incisor is slightly less prominent than that of W. oldfieldi.

The short region between I; and P; bears alveoli for two
single-rooted teeth. These teeth have not been preserved.
The alveolus directly posterior to I; is oval, horizontally
directed, and is similar to the alveolus that is directly pos-
terior to I, in Priscileo roskellyae. Its shape suggests that
it represents the alveolus for either a posterior incisor or
canine. The second alveolus is small, round, ventrally
directed, and is close to the anterior root of P5. This alveo-
lus most likely housed a single-rooted P,. This alveolus is
similar to the single alveolus found between I; and P; in
dentaries of W. oldfieldi and W. vanderleueri.

P3. This is sectorial and resembles that of W. oldfieldi
and W. vanderleueri (Clemens & Plane 1974; Gillespie
et al. 2014). It consists of a tall anterior cusp and a shorter
posterior cusp that is joined by a buccally bowed longitu-
dinal blade (Fig. 6A, B, D, E). The P3 of W. schouteni is
approximately three-quarters the length of W. oldfieldi
and two-thirds that of W. vanderleueri, and in comparison
to these species is proportionally shorter relative to the
total cheektooth row. Minor differences include having a
slightly more sharply defined anterolingual crest and in
having a relatively concave surface between this crest and
the anterior crest, rather than a broadly convex one. It dif-
fers from P. roskellyae in being larger (longer by 40—
50%), in having a steeper slope on the longitudinal blade
and in having the posterior end of the blade meet the ante-
rior crest on M, rather than meet the anterolingual edge
of M. It also differs from P. roskellyae in having much
greater exposure of the roots, in particular the anterior
root. As in W. oldfieldi, W. vanderleueri and P. roskellyae,
P; abuts and is slightly overhung by the M;.

Molars. The molars are very similar to other species
of Wakaleo (Clemens & Plane 1974; Megirian 1986;
Murray & Megirian 1990; Gillespie et al. 2014).

M;. As in other species of Wakaleo and Priscileo ros-
kellyae, M has a trigonid that is twice the height of the
talonid. M; in occlusal view is basically rectangular and is
anteriorly slightly narrowed. The anterior edge of the
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crown forms a slight lip where it abuts P5. The trigonid
has an apical cusp that is slightly shorter than the anterior
cusp of P3 (Fig. 6A, B). As in W. oldfieldi and W. vander-
leueri, three prominent blades connect to the apical cusp:
an anterior blade connects the apical cusp with the longi-
tudinal blade of Ps; a long buccal blade descends to the
base of the crown; and a lingual blade steeply descends to
meet the lingual crest of the talonid basin. The anterobuc-
cal flank of the trigonid also bears a short anterior blade
that in many specimens is flattened from wear. This blade
is readily observed on unworn teeth (e.g. QM F30073 and
QM F23449). The anterolingual flank of the trigonid bears
two short, vertical, rounded crests. The anteriormost of
these is shorter than the posterior crest which is much
larger and extends to the lingual blade just lingual to the
apical cusp. The posteriormost crest is relatively larger in
W. vanderleueri. The posterior face of the trigonid is
steep, triangular, and anteriorly inclined. The posterior
end of the crown is relatively broader and slightly squarer
than in W. oldfieldi and W. vanderleueri. The talonid basin
is oval (Fig. 6D) as in those species; however, it is rela-
tively broader and the entoconid and hypoconid are more
broadly separated. It differs from P. roskellyae in having
a talonid basin that is relatively narrower, has a convex
lingual margin rather than a straight or lingually deflected
margin, and also lacks the small posterolingual basin that
may be present in that species.

M,. The M, is similar to those of other species of
Wakaleo; there is a tall trigonid that has a small, centrally
positioned anterior basin and a larger talonid basin
(Fig. 6D, F). It differs slightly from W. oldfieldi in being
more rectangular and in having a proportionally broader
talonid. It also differs from W. oldfieldi and W. vander-
leueri in having a relatively broader anterior basin and
markedly broader talonid basin. It differs distinctly from
Priscileo roskellyae in having a much taller trigonid and a
much narrower and medially situated anterior basin.

M;. The Mj is subrectangular (Fig. 6D, E). The sides
of the crown are gently rounded and the occlusal surface
bears a shallow, lightly crenulated talonid basin. The ante-
rior end of the tooth is slightly taller than the posterior
end. There are two roots of approximately equal size. It is
most similar to M3 of W. oldfieldi (Gillespie et al. 2014)
but is relatively larger and squarer than in that species. It
differs markedly from W. vanderleueri which has a small,
oval, molar that lacks a trigonid and a talonid basin (Gil-
lespie et al. 2014).

M,. Not preserved. The alveolus is small and slightly
oval. There is no evidence of a septum indicating the pres-
ence of two roots. This suggests either that the two roots
were so compacted that there was no room for a septum to
develop, or possibly the tooth had a single root. In either
case, the tooth was only weakly anchored.

Humerus. Three humeri of Wakaleo schouteni have been
recovered from the Riversleigh localities: QM F23443 and
QM F57905, left and right distal ends, respectively, and
QM F57904, a complete left humerus (Fig. 7A-F).
Assignment of the humerus QM F23443 (Fig. 7A, B) to
W. schouteni is based on the following reasons: (1) com-
parison to similar elements of other thylacoleonids (in
particular, to that of P. pitikantensis) and other marsupial
groups indicate its thylacoleonid affinities; (2) it was
found in association with a palate of W. schouteni
(Fig. 5F) and an edentulous dentary and other postcranial
elements, all regarded as being from the same individual,
in a small limestone sample; (3) the humerus is of a
medium-sized mammal and is an appropriate size in rela-
tion to the size of the palate found at the site; and (4) no
elements of other mammalian taxa were recovered from
the sample. Assignment of the isolated bones, QM
F57905 (Fig. 7C, D) and QM F57904 (Fig. 7E, F) to W.
schouteni are based on comparisons with QM F23343.
Description of the humerus of W. schouteni is based on
the complete element QM F57904.

QM F57904 (Fig. 7E, F) is 119.7 mm in length and has
a maximal distal width of 42.5 mm. It has a moderately
large humeral head, a deltoid crest that extends over the
proximal half of the element, and distally is broad and has
a well-developed lateral epicondylar crest. The humeral
head of QM F57904 is broadly rounded, slightly shorter
than the greater tubercle, and taller than the lesser tuber-
cle. The lesser tubercle of QM F57904 is appressed
against the humerus head. The proximal end of the shaft
has a greater anteroposterior thickness than the distal
shaft. The deltoid crest extends over the proximal half of
the diaphysis. The anterior surface of the crest is gently
rounded and is slightly concave when viewed in profile,
the distal end of the crest protruding slightly anteriorly.
On the lateral edge of the deltoid crest, near its midpoint,
is a small tuberosity marking the attachment site for the
deltoideus pars spinalis muscle. The intertubercular
groove is broad and shallow. This groove becomes deeper
proximally. A narrow, 5 mm long, muscle scar marking
the attachment site for the latissimus dorsi muscle occurs
on the posteromedial edge of the shaft adjacent to the end
of the deltoid crest. The area of the shaft proximal to the
latissimus dorsi scar is smooth.

The shaft distal to the deltoid crest narrows and then
broadens markedly (42.5 mm wide). The shaft spreads lat-
erally to form a tall, straight, lateral epicondylar crest. A
well-developed medial epicondyle occurs at the distome-
dial extremity. A large entepicondylar foramen is
enclosed just proximal to the medial epicondyle. The
trochlea is centrally situated, relatively broad, and gently
rounded. The capitulum is strongly rounded and is slightly
medial to the lateral epicondyloid crest, and the olecranon
fossa is very shallow.
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The humeri of W. schouteni differ from that of P. piti-
kantensis (SAM P37720) in being generally larger distally
and QM F57904 exhibits differences in proximal mor-
phology (see below).

Wakaleo pitikantensis (Rauscher, 1987) comb. nov.

1987 Priscileo pitikantensis Rauscher: 424, figs 1-5.

Holotype. SAM P37719, a left maxillary fragment with
partial alveoli for C—P3, broken Ml'z, alveoli for M3'4,
and two right maxillary fragments with partial alveoli for
C-P?, roots of M'2, alveoli for M>™*.

Revised species diagnosis. Wakaleo pitikantensis differs
from all other species of Wakaleo in being smaller and,
with the exception of W. schouteni sp. nov., in having
three premolars and four molars. It differs from W. schou-
teni sp. nov. in having a humerus with the following dis-
tinguishing features: (1) humeral head that is slightly
more laterally compressed, more proximally rounded, and
taller than the greater tubercle; (2) lesser tubercle that is
medially broad (rather than appressed against the head)
and which contributes to a relatively broader proximal
humeral width; (3) deltoid crest with deep anterior con-
cavity; (4) greater development of the teres major and del-
toideus pars spinalis tubercles; and (5) a more distal,
lower-angled enclosure of the entepicondylar foramen.

Wakaleo schouteni differs from W. pitikantensis comb.
nov. in having a relatively longer diastema between the
canine and P'. The humerus differs from that of W. piti-
kantensis in having: the humeral head broader and less
proximally rounded; lesser tubercle appressed against the
humeral head; greater tubercle that is taller than the
humeral head; deltoid crest that lacks anterior concavity;
shaft that lacks development of the teres major and deltoi-
deus pars spinalis tubercles; and steeper enclosure of the
entepicondylar foramen.

Referred specimens. SAM P37720, fragments of right
nasal and jugal, proximal right scapula lacking spine, left
humerus, right radius, distal left radius, four rib fragments,
left magnum, left ectocuneiform, phalanx. UCMP 88457,
a crushed right humerus.

Occurrence. The holotype is from UCMP locality V-
5857, south-western end of Lake Pitikanta (faunal zone C
of the Etadunna Formation), Tirari Desert, South Australia
(Rauscher 1987), which is estimated to be late Oligocene
in age (Woodburne et al. 1993).

Remarks. The similarities of the dental formula, M?
morphology, and size of Priscileo pitikantensis Rauscher,
1987 with W. schouteni warranted a reassessment of the
holotype (SAM P37719) and its associated humerus
(SAM P37720).

Figure 8. Measurements of alveoli and M? mid-crown length
for comparison of SAM P37719 (pictured), Priscileo roskellyae
and species of Wakaleo shown in Table 2.

The limited amount of material for the holotype of Pris-
cileo pitikantensis (SAM P37719) restricts comparative
dental measurements (Fig. 8, Table 2). The positions of
the single-rooted anterior premolars (P! and P?) in SAM
P37719 are similar to those of Wakaleo schouteni sp. nov.
(QM F23443, QM F23446 and QM F57945), ie. P'
occurs midway between C' and P? and P? is situated at
the base of P°. In Priscileo roskellyae, P' is relatively
closer to P? than to C'. In SAM P37719 the lingual margin
of the P* alveolus forms an acute angle to the lingual mar-
gin of the molar row which is similar to that in W. schou-
teni sp. nov. and W. vanderleueri and is more acute than
the angle in P. roskellyae.

Comparative measurements show that SAM P37719 is
smaller than other species of Wakaleo and approaches the
size of W. schouteni sp. nov. (Table 2). SAM P37719 is
distinctly larger than P. roskellyae in all dental measures
(Table 2). Compared to the average values for W. schou-
teni sp. nov., SAM P37719 is 10% shorter in P>-M*
length and approximately 17% shorter in C'-P* length
and P? alveolus length. Similarly, the humerus of P. piti-
kantensis (SAM P37720) is generally smaller than that of
W. schouteni (Table 3). It is distally narrower than all .
schouteni specimens except QM F57904 which it only
just exceeds in width but is 8% shorter in total length.

Only the protocone, paracone, and crenulated trigon
basin of M? are preserved in SAM P37719. The remains
of this crown show greater similarities to the M? of Waka-
leo schouteni sp. nov., W. oldfieldi and W. vanderleueri
than to the M? of Priscileo roskellyae. These similarities
include the following:

1. The trigon basin is relatively triangular primarily
because of the posterobuccally directed postprotoc-
rista. In P. roskellyae the postprotocrista is more
posteriorly directed and the trigon basin extends
posterolingually, resulting in a squarer basin.
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Table 2. Comparative measurements (in mm) of alveoli and M? length for SAM P37719, Priscileo roskellyae and species of Wakaleo.

A B C D E
Species c'-p? P? alveolus M!a-M*a P*a-M*a M? length
Specimen No. diastema length length length midcrown
Priscileo roskellyae
QM F23453* 6.9 9.1 15.5 23.5 4.2
Wakaleo pitikantensis comb. nov.
SAM P37719 9.6 11.2 [22.0] 313 5.5
Wakaleo schouteni sp. nov.
QM F45200* 11.9 12.3 233 342 5.8
QM F23443* 124 13.9 233 35.8 5.5
QM F24680 [10.9] 132 24.0 35.7 6.2
QM F57314 — 15.1 [25] 35.6 —
QM F23446 12.9 12.6 20.2 32.00 5.8
QM F57945 9.9 13.3 21.8 333 5.8
QM F57311 — — [24] — [5.6]
QM F30378 — — — 6.2
QM F52252 — — — — 59
QM F20573 — — — — 5.7
QM F23801 — — — — 6.6
n 5 6 7 6 10
Mean 11.6 134 23.0 34.4 59
Range 9.9-12.9 12.3-15.1 20.2-25 32.0-35.8 5.5-6.6
Wakaleo oldfieldi
QM F24745 — — — 7.5
QM F31398 — — — — 7.1
Wakaleo vanderleueri
CPC 26604" 11.7 20.1 242 41.17 6.6

Abbreviations: a = alveolus; [ ] = estimate; * = average of left and right; » = measurement to M? because M* is lost.

2.

The crown below the protocone is relatively bul-
bous and deep. In P. roskellyae the crown support-
ing the protocone is less bulbous and the protocone
has a relatively more anterior position.

The crown below the metaconule does not extend
lingually and results in an outline that is roughly tri-
angular. In P. roskellyae the posterolingual corner of

Table 3. Measurements (in mm) of humeri of SAM P37720 and
Wakaleo schouteni sp. nov.

Species Proximal Distal Lat. epicondylar
Specimen no. Length width width crest height
Wakaleo pitikantensis comb. nov.

SAM P37720 109.8 32.1 43.1 36.5
Wakaleo schouteni sp. nov.

QM F57904 119.7 29.8 42.5 355

QM F57905 — — 49.1 394

QM F23443 — — 52.9 46.0
n=3 Mean 48.1 40.3

the crown is better developed, the metaconule is rela-
tively more lingual and the crown is less triangular.

. The trigon basin is relatively narrow with respect

to crown width. In SAM P37719 the buccal flank
of the trigon basin is relatively steep and it is likely
that the longitudinal crest that would have marked
its buccal margin lies very close to its fractured
edge. The distance between the broken edge of the
trigon basin and the buccal edge of the roots indi-
cates the buccal flank (stylar shelf) was relatively
broad. The trigon basins of M? in species of Waka-
leo also have a steep buccal flank and the crowns
have a moderately broad stylar shelf. In P. roskel-
lyae the stylar shelf of M? is relatively narrow and
the trigon basin extends to within a short distance
of the buccal margin of the crown.

. The paracone is situated medially relative to the

buccal edge of the anterobuccal root.

. The posterior margin of the trigon basin is rela-

tively straight. In P. roskellyae the lingual meta-
crista forms an anteriorly bowed crest.
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7. There is a large exposure of the lingual root below
the protocone.

8. The canine alveolus is relatively large in relation to
the C'-P? interval, as it is in species of Wakaleo.
Furthermore, the heavy wear facet on the anterior
edge of the protocone is identical to the area of
wear on M?s of other species of Wakaleo. In P. ros-
kellyae and Microleo attenboroughi the area of
heaviest wear on M? is in the centre of the trigon
basin.

Comparison of the Priscileo pitikantensis humerus
(SAM P37720) with those of Wakaleo schouteni sp. nov.
(Fig. 9) and Thylacoleo carnifex, the only other thylaco-
leonids for which humeri are known, reveals overall great-
est similarity with W. schouteni. Although there are some
differences in the development of the tubercles in relation
to the humeral head and in development of some of the
muscle attachments, the near identical morphology of the

distal articular facets (trochlea and capitulum) and the
olecranon fossae suggest a relationship that is at least con-
generic. In contrast, notwithstanding the size difference,
the humerus of Thylacoleo has disproportionately taller
distal facets and a more medially situated trochlea.

In contrast to the humerus of W. schouteni (QM
F57904), the humeral head of SAM P37720 is more promi-
nently rounded and is taller than the tubercles (Fig. 9C-F).
SAM P37720 also differs in having a much broader lesser
tubercle whereas in QM F57904 it is appressed against the
humerus head (Fig. 9E-H). The differences in the develop-
ment of the lesser tubercle results in the proximal end of
the shaft of SAMP37720 being distinctly broader than that
of W. schouteni. SAM P37720 further differs from QM
F57904 in having a deeply concave anterior surface on the
deltoid crest and a much larger and more distinctive attach-
ment point for the deltoideus pars spinalis muscle (Fig. 9C,
D, I, J). In SAM P37720 the scar marking the attachment
site for the latissimus dorsi is more extensive and spreads

Figure 9. Comparison of the humeri, SAM P37720 from Lake Pitikanta, South Australia and QM F57904 from Riversleigh, Queens-
land. A-C, E, F, I, SAM P37720; A, anterior view; B, posterior view; C, medial view; E, dorsal view; F, posterior view of proximal
end; I, lateral view of proximal end. D, G, H, J, QM F57904; D, medial view; G, dorsal view; H, posterior view of proximal end; J, lat-
eral view of proximal end. Abbreviations: ¢, capitulum; dc, deltoid crest; DSp, deltoid pars spinalis tubercle; ef, entepicondylar foramen;
gt, greater tubercle; LtD, latissimus dorsi rugosity; le, lateral epicondyle; lec, lateral epicondylar crest; It, lesser tubercle; me, medial epi-
condyle; of, olecranon fossa; t, trochanter; TMj, teres major tubercle. Scale bar = 10 mm.
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onto the anterior surface (Fig. 9A, C). The area of the shaft
proximal to the latissimus dorsi scar on SAM P37720 bears
a broad area of scarring and a small but prominent, medi-
ally projecting tuberosity marking the attachment site of
the teres major muscle and is unlike QM F57904 which has
a smooth, scar-free surface (Fig. 9A, C, D).

On the basis of the overall similarities of its M?* with
that of Wakaleo schouteni sp. nov., W. oldfieldi and W.
vanderleueri, and of its humerus with that of W. schouteni
sp. nov., pitikantensis Rauscher, 1987 is referred here to
the genus Wakaleo. The generic name Priscileo is there-
fore regarded as a junior synonym of Wakaleo Clemens &
Plane, 1974. In contrast, ongoing research indicates that
‘Priscileo’ roskellyae, originally described on the basis of
its upper dentition, demonstrates generic level differences
in its cranial and dental morphology from species of
Wakaleo and Thylacoleo. Taxonomic reassessment of this
species is in progress.

Results

Phylogeny

Our analysis recovered three most-parsimonious trees of
132 steps (consistency index = 0.780; retention index =
0.817; rescaled consistency index = 0.638). The strict
consensus tree (Fig. 10) recovers Wakaleo as monophy-
letic but with weak bootstrap support (51%). The relation-
ships of Wakaleo pitikantensis and W. schouteni to each
other and to the remaining species of Wakaleo are unre-
solved. It is likely that the high levels of missing data for
W. pitikantensis contributed to the weak support value for
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Figure 10. Strict consensus tree of three most parsimonious
trees (TL = 132; CI = 0.780; RI = 0.817; RCI = 0.638; see sup-
plemental material for character matrix). Bootstrap support val-
ues are indicated next to the internodes.

the Wakaleo clade. Our results differ from those of Gilles-
pie et al. (2016) which placed Wakaleo pitikantensis (rec-
ognized as Priscileo pitikantensis in that analysis) outside
the Wakaleo clade. These differences can be attributed to
the addition of W. schouteni and new, as well as revised,
characters to the data matrix.

The placement of the Wakaleo clade as a sister taxon to
Thylacoleo (89% bootstrap support) is in agreement with
previous phylogenies (Archer & Dawson 1982; Archer &
Rich 1982; Rauscher 1987; Gillespie ef al. 2016).

Body mass

The total skull length variable (TSL = 164 mm) employed
in the regression equations of Myers (2001) resulted in
body mass estimates of 22.6 kg and 24.0 kg for Wakaleo
schouteni.

Discussion

The new thylacoleonid material recovered from FZ A and
FZ B assemblages of the Riversleigh WHA is referred to
Wakaleo on the basis of dental and cranial morphology,
involving many synapomorphic features shared with other
species of Wakaleo and in particular with W. vander-
leueri. These features include: large sagittal and nuchal
crests, well-developed supraorbital processes, lateral pter-
ygoid processes of the alisphenoid, shallow and concave
pterygoid fossa, a medially confined postglenoid cavity
that does not invade the postglenoid process, a large ros-
tral tympanic process on the periotic, cheekteeth with
exposed roots, anterolingual cuspule on P?, large meta-
cone on M', and narrowed and deep talonid basins on
the lower molars.

At the time of its description, the holotype of
‘Priscileo’ pitikantensis Rauscher, 1987 differed signifi-
cantly from other known thylacoleonids, being markedly
smaller and having a relatively more plesiomorphic dental
formula (three premolars and four molars). Since its
description, three more thylacoleonid species that also
possess this primitive condition have been described
(Microleo attenboroughi, ‘Priscileo’ roskellyae and
Wakaleo schouteni). Consequently, the condition is no
longer diagnostic at the generic level. The limited material
of P. pitikantensis restricts assessment of possible generic
diagnostic characters. However, enough of its M? is pre-
served to indicate that it exhibits derived features found in
the M? of Wakaleo species, i.e. reduced trigon basin width
relative to crown width, broad stylar shelf, deep bulbous
crown below the protocone, and tall, exposed roots. Refer-
ral to Wakaleo is also supported by the strong morphologi-
cal similarities of its humerus with that of the new
Riversleigh taxon. Although Priscileo pitikantensis is syn-
onymized with  Wakaleo, ‘Priscileo’  roskellyae
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demonstrates differences in cranial and dental morphol-
ogy that support its generic distinction and generic revi-
sion of this taxon; these differences include a relatively
shallow skull, small sagittal and nuchal crests, lack of a
well-developed rostral tympanic process on the periotic,
stylomastoid sulcus within the mastoid of the periotic, an
extra tooth between the I; and P3, and molars with much
broader trigon and talonid basins (Gillespie et al. in prep.).

With attribution of SAM P37719 to Wakaleo, consider-
ation was given to its possible conspecificity with Riv-
ersleigh’s W. schouteni, given their similar size. The
differences in the morphology of the proximal humerus of
W. pitikantensis and W. schouteni are greater than the
intraspecific variation observed in samples of the humeri
of the Pleistocene thylacoleonid Thylacoleo carnifex, the
koala (Phascolarctos cinereus), spotted cuscus (Spilocus-
cus maculatus), brushtail possum (Trichosurus vulpecula)
and the mountain brushtail possum (7r. caninus), and
greater than interspecific differences observed in the
humeri of the latter two species. The differences in the
humeri of the two Wakaleo species possibly reflect differ-
ences in the functional demands on their forelimbs.

The size differences within the Wakaleo schouteni humeri
sample (24% for distal width, 29% for lateral epicondylar
crest height) are larger than those observed in a sample of
humeri of Thylacoleo carnifex from Naracoorte Caves,
South Australia (21% for distal width; see Supplemental
Table 2). Although metric studies of the dentition of 7. car-
nifex fail to show a bimodal distribution (Archer & Dawson
1982; Finch & Freedman 1982), Archer & Dawson (1982)
note that sexual dimorphism is a likely explanation for the
significant differences observed in the size of skulls and
mandibles of that species collected from Wellington Caves,
New South Wales (Archer & Dawson 1982, fig. 1). The
small sample of humeri of 7. carnifex examined in this study
was insufficient to allow a meaningful statistical analysis for
bimodality. However, the relatively large size difference in
the humeri of W. schouteni suggest it too may have been
sexually dimorphic. Sexual dimorphism is a common phe-
nomenon in many marsupials (Van Dyck & Strahan 2008).
For example, males of the larger species of extant kangaroos
have been found to be twice the weight of the largest
females and may have forearms that are 10-40% longer
than those of females (Jarman 1989).

Although loss of the anterior upper premolars cannot be
used to separate the genera Wakaleo and Priscileo, it can
be used to assess relationships within Wakaleo and sug-
gests that W. pitikantensis and W. schouteni are plesio-
morphic with respect to the other species in the genus. In
contrast to P. roskellyae, species of Wakaleo exhibit loss
of an anterior lower premolar and hence this character is a
possible synapomorphy for the genus. However, it has
been considered to be an ambiguous character by the anal-
ysis probably because of the lack of data for W. pitikan-
tensis. Our phylogenetic analysis supports most previous

phylogenies, placing Priscileo as the sister taxon to a
Wakaleo+Thylacoleo clade (Rauscher 1987; Gillespie
2007; Yates 2015; Gillespie et al. 2016). The position of
Wakaleo alcootaensis within Wakaleo differs from that of
Yates (2015) which placed this species as the plesiomor-
phic sister taxon to a W. oldfieldi + W. vanderleueri clade.
This difference results from the different outgroup taxa
used in the analyses and the resulting differences in inter-
pretation of the character states in relation to the lower
anterior premolars. Our analysis used dasyurid and pera-
melemorphian taxa (Barinya and Galadi, respectively) as
outgroups because they have dentitions generally
regarded as exhibiting features that are plesiomorphic
within the marsupial radiation, such as multiple lower
incisors and multiple premolars (Archer 1976b, 1984).
Hence, we regard premolar reduction as a derived condi-
tion. In contrast, in the analysis of Yates (2015), two of
the outgroup taxa (the phascolarctid Nimiokoala greysta-
nesi and the wynyardiid Namilamideta albivenator) lack
teeth between I; and P; This condition was therefore
regarded to be plesiomorphic. Hence, Wakaleo alcootaen-
sis, which also lacks teeth in this region, was interpreted
as exhibiting the primitive state, whereas the presence of
a single alveolus in W. oldfieldi and W. vanderleueri was
interpreted as a derived condition. The presence of two
teeth in this region in the geologically older thylacoleo-
nids W. schouteni and P. roskellyae lends support to the
interpretation of premolar reduction as an apomorphic
condition for thylacoleonids.

Wakaleo schouteni and P. roskellyae, from late Oligocene
assemblages at Riversleigh, and W. pitikantensis from late
Oligocene sediments of the Etadunna Fm FZ C, are the geo-
logically oldest members of the family. Their numerous
dental similarities suggest that the two lineages may have
diverged possibly in the middle or early late Oligocene.

Wakaleo premolars

The reasons for the variability in the presence of the ante-
rior upper premolars in W. schouteni are unclear. Studies
of tooth abnormalities in marsupials indicate that missing
teeth mostly occur in the region of the premolars (Archer
1975) and this variability may be an example of abnormal
development. In QM F24680 and QM F57314 the alveoli
for P? are completely absent and those for P! appear to be
malformed, occurring as shallow, narrow troughs rather
than the round, deep sockets such as occur in QM
F23443. Both the former specimens have relatively large
alveoli for P3, hence the loss of P? and the malformed/
rudimentary, or possibly lost, P', has probably occurred in
response to hypertrophy of P*.

Wakaleo vanderleueri also shows variation in the pres-
ence of its anterior premolar, which was originally identi-
fied as P* (Murray ef al. 1987). In ‘Priscileo’ roskellyae,
W. pitikantensis and W. schouteni, P' occurs
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approximately midway between the canine and P°, and P?
abuts the base of P°. In the cranium of W. vanderleueri
(CPC 26604), the sole premolar alveolus lies nearly mid-
way along the diastema between the canine and P°. Con-
sidering the pattern evident in other thylacoleonids, it is
probable that this alveolus corresponds to P' and that P2,
normally situated at the base of P°, has been lost as a
result of hypertrophy of P*.

The complete dental formula for W. schouteni is: 1%,
C'% P'3/,3 M™%/, 4. However, as indicated by Archer &
Dawson (1982), the homology of the single-rooted teeth
that lie between the procumbent I, and P; in thylacoleo-
nids is open to speculation. They may represent posterior
incisors and a canine, or a canine and anterior premolars.
In species of Wakaleo, the anteriormost alveolus with its
slightly horizontal, anteriorly directed orifice is similar to
that for an incisor such as occurs in the mandibles of
many diprotodontian taxa. For this reason, it is here
regarded to similarly represent an alveolus for an incisor.

Wakaleo morphocline
The Wakaleo lineage has been considered to represent a
morphocline characterized by successive increase in size
through time (Murray & Megirian 1990), although
recently the position of W. alcootaensis as the terminal
member of this cline has been questioned (Yates 2015).
Previously, Wakaleo oldfieldi represented the earliest
stage of this cline, being the smallest taxon and from
assemblages (Kutjamarpu LF and Riversleigh FZ C
assemblages) regarded to be older than those yielding
other species of Wakaleo. At present, the age of the Kutja-
marpu LF is unresolved. It shares taxa with Riversleigh’s
FZ B and FZ C and could be early or middle Miocene in
age (Black et al. 2012). Wakaleo pitikantensis now repre-
sents the probable earliest stage of this cline because it is
smaller than W. schouteni, which in turn is smaller than
W. oldfieldi. In addition, both these smaller taxa have
been recovered from sediments that are estimated to be
older (i.e. late Oligocene) than those yielding W. oldfieldi.
Riversleigh’s D Site maxilla, QM F23446, differs from
all other Wakaleo schouteni specimens in lacking a fourth
molar, a loss shared with W. oldfieldi which it also
approaches in size. However, attempted manipulated
occlusion with mandibles of W. oldfieldi (SAM P17925
and QM F20895) results in a very poor fit, the mandibles
being significantly oversized. In contrast, occlusal fit with
mandibles from the White Hunter LF is remarkably close.
Further support for this maxilla’s referral to W. schouteni
includes its full complement of premolars (P'~) and the
likelihood of age equivalence between D Site and the
other Riversleigh FZ A deposits that have produced W.
schouteni (Arena et al. 2015). The slightly greater size
and robustness of QM F23446 and the combination of the
plesiomorphic premolar and apomorphic molar features

alternatively suggest that it might represent an annectant
form between W. schouteni and W. oldfieldi in the Waka-
leo morphocline. Better, more complete specimens of this
enigmatic taxon from D Site would be required to test
these alternative possibilities.

Palaeoecology

The increase in size of the Wakaleo lineage through time is
an example of Cope’s rule (more or less that taxa within
phylogenetic sequences show a tendency to increase in size
through time). The reasons for this increase are thought to
be related to changes in the availability and nature of the
resources that are consumed (McNab 2010). Carnivorous
lineages show a tendency to increase in size as they change
from omnivory (small prey and plant matter) to hypercarni-
vory (mostly flesh: Van Valkenburgh et al. 2004). The
increase in body size of Wakaleo is most likely linked to
increases in body size of their prey such as the larger herbi-
vores that co-existed during the Miocene. In turn, the latter
were responding to changes in the vegetation that occurred
as the continent became drier and cooler, at least during the
latter part of the middle Miocene and into the late Miocene
(McGowran & Li 1994). Species of the calf-sized diproto-
dontid genus Neohelos, which are also present in Riv-
ersleigh’s faunal zones A—D, show a morphoclinal trend of
increasing size through the Miocene (Black et al. 2013).
Most mammalian hypercarnivore lineages exhibit an
increase over time in size of the carnassial teeth (Radinsky
1981; Van Valkenburgh 1991) and often a reduction in size
and number of the teeth on either side of the carnassials.
The relatively larger trigon and talonid basins found in the
cheekteeth of the earlier species of Wakaleo (W. pitikanten-
sis, W. schouteni and W. oldfieldi) suggest that for these spe-
cies, transverse slicing (involving an oblique horizontal
motion of the dentary) was still an important function in
food processing, and it is likely that these species were at
least somewhat more omnivorous. The dentary of W. schou-
teni is also suggestive of omnivory because it is relatively
shallow and is unlike that of hypercarnivores which have
deep jaws (Van Valkenburgh 1999). The larger middle Mio-
cene and late Miocene species, respectively W. vanderleueri
and W. alcootaensis, exhibit an increase in length of the pre-
molar (P*/3) and loss and/or reduction of the posterior
molars. In the former, the crown of M3 is reduced to a small
longitudinal crest and the talonid basin is lost. In the latter,
the cheektooth number has been reduced to two (Archer &
Rich 1982; Yates 2015). These dental changes reflect a tran-
sition to hypercarnivory that appears to have been well
established by the late Miocene.

Body mass estimate
Very few estimates have been made of the body mass of
marsupial lions. Estimates for the Pleistocene species
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Thylacoleo carnifex have used regression equations
employing measures of postcranial circumference (Wroe
et al. 1999) and endocranial volume (Wroe et al. 2003).
Gillespie ef al. (2016) used upper molar alveoli row length
(UMRL) with regression equations of Myers (2001) to
estimate the body mass of Wakaleo schouteni (Wakaleo
sp. nov. in that analysis) and two other early Miocene thy-
lacoleonids (Microleo attenboroughi and ‘Priscileo’ ros-
kellyae). That analysis produced an estimate of 5.2 kg for
W. schouteni. However, Myers (2001) indicated that these
regressions probably result in underestimates for marsu-
pial lions because of the latter’s unusual dentitions (i.e.
lengthened third premolar and reduced molars). By com-
parison, the largest extant marsupial carnivore, the Tas-
manian devil (Sarcophilus harrisii), which has a smaller
skull (length = 132 mm; Jones 1997), has a body mass of
8.5 kg (mean values for males; Jones 1997) and the pla-
cental carnivore, the clouded leopard (Neofelis nebulosa),
which has a similar skull length (145 mm; Christiansen &
Kitchener 2010), has a weight range of 11.5-23 kg. Given
its skull length of 164 mm, a body mass estimate of 5.2 kg
for Wakaleo schouteni appears to be an underestimate.
Total skull length (TSL) has been used to determine body
mass in many mammalian groups including rodents (Rin-
derknecht & Blanco 2008; Millien & Bovy 2010; Bertrand

et al. 2016), primates (Martin, R. D. 1990; Sears et al. 2008)
and phocids (Churchill et al 2014). Van Valkenburgh
(1990) found TSL was the second best variable for estimat-
ing body mass in fossil mammalian carnivores. Myers
(2001) also found that TSL was a good predictor for marsu-
pials in general, but significantly so for diprotodontians. Our
estimates of the body mass of W. schouteni based on TSL
results in estimates of 22.6 kg and 24.0 kg. These estimates
are four to five times greater than that obtained using
UMRL and, compared with the body mass of other mamma-
lian carnivores with similar skull lengths (e.g. the clouded
leopard), are probably more realistic estimates of the body
mass of W. schouteni. 1t is likely that W. pitikantensis, which
is smaller than W. schouteni in all dental and most postcra-
nial measurements, had a smaller body mass.

It is possible that W. schouteni and W. pitikantensis may
have been arboreal or semi-arboreal given that the late
Oligocene environments in which they occurred were
likely to have been forested (Fig. 11). Palaeoecological
analyses of vertebrate faunas of Riversleigh suggest that
the habitat of the area in the late Oligocene was open for-
est and in the early Miocene, open forest or rainforest
(Travouillon et al. 2009). Palynological and macrofossil
plant remains from central Australia indicate the presence
of rainforest and sclerophyllous vegetation in that region

Figure 11. Reconstruction of Wakaleo schouteni challenging the thylacinid Nimbacinus dicksoni over a kangaroo carcass in the late Oli-

gocene forest at Riversleigh (illustration by Peter Schouten).



Downloaded by [219.79.196.102] at 18:26 07 December 2017

A new Oligo—Miocene marsupial lion from Australia 29

during this period (Byrne ef al. 2011; Martin, H. 1990,
1998). The morphological features of their humeri add
support to an arboreal/scansorial hypothesis. The short
greater tubercle, broad lesser tubercle and rounded head
of the humerus of W. pitikantensis are features that allow
the shoulder girdle to have a large range of motion; reduc-
ing the height of the greater tubercle reduces the likeli-
hood of impingent of the tendons of the shoulders’ rotator
cuff muscles during the reaching motion, i.e. when the
upper arm is abducted and/or flexed. A broader lesser
tubercle provides a larger attachment site and greater lever
arm for the subscapularis muscle, a muscle which stabil-
izes the shoulder and helps hold the head of the humerus
in the glenoid cavity (Argot 2001). These features are
characteristic of the humerus of arboreal species such as
the koala (Phascolarctos cinereus) and the spotted cuscus
(Spilocuscus maculatus; Lee & Carrick 1989; Heinsohn
2002). Functional morphological studies of the humerus
of W. pitikantensis and W. schouteni are currently being
undertaken to test these hypotheses.

Conclusions

Craniodental and postcranial material of a new marsupial
lion, Wakaleo schouteni sp. nov., is described from the Riv-
ersleigh WHA. Although this taxon has not reduced/lost the
anterior upper premolars, previously regarded to be diagnos-
tic for Wakaleo, it exhibits other Wakaleo apomorphies of
the skull and molars. Comparison of the holotype of Prisci-
leo pitikantensis Rauscher, 1987 from the Ngapakaldi LF
with Wakaleo schouteni sp. nov. and other Wakaleo species
reveals apomorphies of the M? and similarities in humerus
morphology that support its referral to Wakaleo. Priscileo
pitikantensis is therefore regarded as a junior synonym of
Wakaleo pitikantensis comb. nov. Wakaleo schouteni is dis-
tinguished from W. pitikantensis on the basis of its different
proximal humerus morphology and larger size, being 10%
larger in most dental measures. Markedly different sizes in a
sample of humeri of W. schouteni suggest this species was
sexually dimorphic. Retention of three upper premolars and
four molars are symplesiomorphic features for Wakaleo and
Priscileo but distinguish W. pitikantensis and W. schouteni
from later species of this genus, all of which exhibit premo-
lar and molar reduction. These two species are the most
primitive members of the genus and indicate a pre-late Oli-
gocene origin for the lineage.
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