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Abstract We provide the first detailed description of the oste-
ology of the enigmatic Oligo-Miocene Australian metatherian
Yalkaparidon. This taxon exhibits a number of unusual
craniodental apomorphies but appears to be plesiomorphic with-
in Metatheria in retaining four molars, rather than three as
previously reported. We demonstrate that the only known skull
of Yalkaparidon almost certainly represents a single individual.
We also tentatively refer a number of isolated tarsals to the
genus. Maximum parsimony analyses of a 258 character mor-
phological matrix (with information from the tarsals described
here either included or excluded) place Yalkaparidon within the
superordinal clade Australidelphia, but Bayesian analyses of the
same matrix are less well resolved, placing Yalkaparidon within
Marsupialia but without unequivocally supporting austra-
lidelphian affinities. Bayesian analyses of a total evidence matrix
that combines the morphological data with 9 kb of sequence
data from five nuclear protein-coding genes (APOB, BRCAI,
IRBP, RAG1 and VWF), 78 indels, and 53 retroposon insertion
characters are similarly poorly resolved and do not clarify the
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supraordinal relationships of Yalkaparidon beyond suggesting
that it is probably a member of Marsupialia. However, if the
tarsal remains are correctly attributed to Yalkaparidon, then
membership of Australidelphia seems likely, as these specimens
exhibit characteristic australidelphian apomorphies. We con-
clude that the ordinal status of Yalkaparidon remains justified
based on current evidence, and we present a revised diagnosis
for Yalkaparidontia. We maintain the two currently recognized
species, Y. coheni and Y. jonesi, but present revised specific
diagnoses. We suggest a revised phylogenetic definition for
Marsupialia, and provide phylogenetic definitions for
Eomarsupialia (the clade comprising all extant Australian mar-
supial orders) and for the clade comprising Dasyuromorphia,
Peramelemorphia, and Notoryctemorphia to the exclusion of
Diprotodontia; we propose the name Agreodontia for the latter
clade.

Keywords Yalkaparidon - Zalambdodont - Marsupialia -
Metatheria - Australidelphia - Riversleigh

Introduction

Yalkaparidon is one of the most intriguing of all the Australian
fossil metatherians discovered to date. Originally described by
Archer et al. 1988, Yalkaparidon is known only from Oligo-
Miocene freshwater limestone deposits at Riversleigh World
Heritage Area, northwestern Queensland. Hundreds of isolat-
ed teeth, dozens of dentaries, several cranial fragments, and a
single relatively well-preserved partial skull of this taxon have
now been obtained from acid processing of limestone blocks
collected from multiple Oligo-Miocene sites at Riversleigh. In
this paper, we also tentatively refer isolated tarsal elements
recovered from several Riversleigh sites to Yalkaparidon.
Based on craniodental specimens collected prior to 1987,
Archer et al. (1988) described two species: Yalkaparidon
coheni (which includes the partial skull) and Y. jonesi. The
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unique dentition of Yalkaparidon—comprising diprotodont
lower incisors, hypseledont first upper and lower incisors, and
extremely zalambdodont molars—together with the highly
plesiomorphic basicranial features preserved in the single
known skull, led Archer et al. (1988) to assign the genus to its
own family (Yalkaparidontidae) and order (Yalkaparidontia).
Marshall et al. (1990) and Szalay (1994) both suggested that
Yalkaparidon is in fact a member of Diprotodontia, based
largely on the shared presence of enlarged (“diprotodont™)
anterior lower incisors; however, diprotodonty appears to have
evolved at least twice within Metatheria (Ride 1962; Marshall
1982). Woodburne and Case (1996) placed Yalkaparidon in
Notoryctemorphia, presumably because both Yalkaparidon
and the exant notoryctemorphian Notoryctes possess zalamb-
dodont molars and despite Archer et al.’s (1988) convincing
arguments against notoryctemorphian affinities. Most recent
studies (Kirsch et al. 1997; McKenna and Bell 1997,
Springer et al. 1997; Kemp 2005; Archer and Kirsch 2006)
have followed Archer et al. (1988) in placing Yalkaparidon
in its own order, rendering Yalkaparidontia the only recog-
nized order of Australian metatherians without living
representatives.

The relationships of Yalkaparidontia to other metatherian
orders remain obscure. It has yet to be firmly established
whether Yalkaparidon is a member of Australidelphia (the
clade that includes all extant Australian marsupial orders and
the South American microbiotherians; Szalay 1982, 1994;
Springer et al. 1998; Amrine-Madsen et al. 2003; Nilsson
et al. 2004, 2010; Beck 2008; Beck et al. 2008b; Meredith
et al. 2008, 2009a), or even if it is a crown-group marsupial.
Archer et al. (1988) argued that australidelphian affinities for
Yalkaparidon seemed likely based on biogeographical grounds
and overall basicranial similarities to peramelemorphians, but
indicated that there was insufficient anatomical evidence for
referring it with confidence to Australidelphia rather than
Ameridelphia. However, Beck’s (2012) recent description of
a calcaneus of a non-australidelphian marsupial from the early
Eocene Tingamarra fauna demonstrates that the Australian
metatherian fauna has not always been restricted to members
of Australidelphia. Furthermore, Y. coheni is basicranially
plesiomorphic relative to most undoubted australidelphians
(Archer et al. 1988; Wroe 1997; Wroe et al. 1998), notably in
its lack of a squamosal epitympanic sinus. It is therefore pos-
sible that Yalkaparidon is not a member of Australidelphia.
However, a squamosal epitympanic sinus is also absent in a
number of undoubted australidelphians, namely the micro-
biotheriids Dromiciops and Microbiotherium (see Segall
1969), some peramelemorphians (Muirhead 2000), the
wynyardiid diprotodontians Wynyardia (see Aplin 1987) and
Namilamadeta (see Pledge 2005), and the thylacinid Badjcinus
(see Muirhead and Wroe 1998). Thus, the absence of this
structure in Yalkaparidon is not, by itself, compelling evidence
of non-australidelphian affinities.
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A study of the enamel microstructure of Y. coheni (Lester
et al. 1988) found similarities to a number of living and extinct
Australian marsupials but failed to identify unambiguous syn-
apomorphies linking it with any other Australian order.
However, the significance of Lester et al.’s (1988) findings
is limited by the fact that non-Australian metatherians were
not examined. Yalkaparidon and Notoryctes both possess
zalambdodont molars, a distinctive dental morphology poten-
tially indicative of a close relationship (as proposed by
Woodburne and Case 1996). However, fundamental differ-
ences in dental morphology between the two taxa (Archer
et al. 1988) and the discovery of a pre-zalambdodont but
fossorially-adapted notoryctid from early Miocene deposits
at Riversleigh (Naraboryctes philcreaseri; Warburton 2003;
Archer et al. 2011) collectively represent strong evidence that
zalambdodonty was convergently acquired by Yalkaparidon
and Notoryctes. Current evidence indicates that zalambdodont
molars have evolved a minimum of five times within therian
mammals (Asher and Sanchez-Villagra 2005; Seiffert et al.
2007). The basicrania of Yalkaparidon and Notoryctes also
show significant differences, although this is largely because
Yalkaparidon retains numerous plesiomorphic basicranial fea-
tures relative to the highly derived and extensively fused
basicranium of Notoryctes (Archer 1976; Aplin 1990;
Ladevéze et al. 2008). Ultimately, none of these hypotheses
regarding the affinities of Yalkaparidon is supported by formal
phylogenetic analyses, and so they remain untested.

Study of the anatomy and phylogeny of Yalkaparidon is
complicated by the fact that the only known cranium (QM
F13008, the holotype of Y. coheni, which also includes an
associated partial right mandible) was recovered as separate
rostral and braincase units that were reported as non-
overlapping (Archer et al. 1988). They could therefore poten-
tially represent two different taxa (a possibility acknowledged
by Archer et al. 1988), although they were found in close
association in a single block of limestone. The rostral unit
undoubtedly represents Yalkaparidon because it preserves the
distinctive incisors and molars characteristic of the genus, as
does the associated mandible; however, it is possible that the
braincase unit represents a second, otherwise unknown
metatherian.

In light of these unresolved mysteries, and given that
Yalkaparidon is known from relatively well-preserved re-
mains, a comprehensive study of this taxon would seem
timely. We initially consider whether the two units of the
QM F13008 cranium could feasibly be from different taxa.
We provide a detailed description of the known craniodental
anatomy of Yalkaparidon, expanding on the original, brief
report by Archer et al. (1988) and correcting a number of
errors. We describe the morphology of isolated astragali and
calcanea that we tentatively refer to Yalkaparidon based on
size, relative abundance, and comparative morphology. We
also re-examine the differences in size and dental formula that
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led Archer et al. (1988) to recognize the two species Y. coheni
and Y. jonesi, and use specimens collected since the initial
description to reassess the species-level taxonomy of the
genus. We briefly reassess Beck’s (2009) conclusions regard-
ing the functional morphology and likely paleoecology of
Yalkaparidon based on its craniodental anatomy, incorporating
new information provided by the tarsal material described here.
We present the first phylogenetic analyses to include
Yalkaparidon, using a modified version of the morphological
matrix of Beck (2012) and the methodologies of maximum
parsimony and Bayesian inference. We also employ a “total
evidence” approach by combining the morphological matrix
with 9 kb of sequence data from five nuclear genes, 78 indel
characters coded from the nuclear sequence data, and 53
retroposon insertion characters taken from Nilsson et al.
(2010), and analyze the combined dataset using Bayesian infer-
ence. Finally, based on its known anatomy and on the results of
our phylogenetic analyses, we discuss whether Yalkaparidon
should continue to be placed in its own order, Yalkaparidontia,
and we provide a revised diagnosis for the taxon.

Materials and Methods
Specimens

All specimens of Yalkaparidon discussed here are registered
in the Queensland Museum Fossil Collection (prefix QM F).
A full list of all known specimens is given in the Electronic
Supplementary Material, including the Riversleigh sites from
which the specimens were collected, the species represented
(based on the revised diagnoses presented here; see “Species-
Level Taxonomy” and Table 1) and dental dimensions (max-
imum depth and mesiodistal width of the lower first incisor,
following Freeman and Lemen 2008; maximum mesiodistal
length and maximum labiolingual width for postcanine teeth;
see Figs. 15 and 16) for each tooth preserved in the specimen.
All measurements of specimens were made using a Wild
MMS235 Digital Length Measuring Set attached to a Wild
3 MB stereomicroscope. We follow Archer et al. (1988) in
recognizing two species of Yalkaparidon, Y. coheni and Y.
Jjonesi, but provide a revised diagnosis for each species (see
“Species-Level Taxonomy”).

The cranial description given here is based primarily on the
cranium of QM F13008 (the holotype of Y. coheni), which is
largely complete except that the posterior part of the rostrum,
the rostral part of the basicranium, and the right zygomatic
arch are all missing, the left zygomatic arch is incomplete, and
the palate is badly damaged. Additional cranial specimens of
Yalkaparidon are highly fragmentary and largely duplicate
regions of QM F13008. However, the following specimens
provide significant additional information: QM F52942 (a
partial right premaxilla and maxilla), QM F36546, F52755,

and F52756 (partial maxillae), QM F40095 (the glenoid re-
gion of a right squamosal), and QM F52958 (an isolated
partial left petrosal). Description of the mandible is based
largely on the partial right mandible associated with the cra-
nium of QM F13008, QM F13009 (the holotype of Y. jonesi, a
partial right mandible), QM F36544 (a left mandible), and
QM F36545 (a right mandible). The latter two specimens
appear to represent a single individual and retain largely intact
dental condyles, coronoid processes, and inflected mandibular
angles, all of which are damaged in most other specimens.

Description of the upper dentition is largely based on QM
F13008 (the cranial portion of which preserves 11-3 and M3),
QM F13011 (a right partial maxilla preserving P3 and M2,
which was designated as the paratype of Y. coheni by Archer
et al. 1988) and QM F52756 (a left partial maxilla preserving
P3 and M1-3). Although Yalkaparidon apparently retained
four upper molars (contra Archer et al. 1988; see the “Skull
Description - Maxilla” and “Dental Description — Upper
Dentition), M4 is not preserved in any cranial specimen,
and we have been unable to identify plausible candidates for
this tooth from amongst the thousands of isolated mammalian
teeth that have been collected from the numerous Oligo-
Miocene sites at Riversleigh.

Description of the lower dentition is largely based on the
mandible of QM F13008, which preserves il and m2, and the
following additional specimens: QM F13009 (the holotype of
Y. jonesi, a partial right mandible preserving il and m1), QM
F20723 (a left mandible preserving il and m2-3), QM
F36544 (a left mandible preserving il, the posterior root of
ml, m2, and the mesial half of m4), QM F36548 (a right
mandible preserving il and m1-2), QM F39984 (a right
mandible preserving part of il and m1), QM F50794 (a left
mandible preserving part of il and m2-3), and QM F52963 (a
right mandible preserving il and a tiny unicuspid tooth occu-
pying one of the alveoli between il and m1). Two alveoli for a
double-rooted m4 are present in all known mandibles of
Yalkaparidon that preserve this region, but of these only QM
F36544 retains m4 in situ, and this tooth is broken distally in
this specimen. We have tentatively identified a number of
isolated Yalkaparidon molars as m4s based on comparison
with the remnants of this tooth in QM F36544 and on extrap-
olation of meristic gradients inferred from m1-3. The differ-
ences in lower dental formula between the holotypes of Y.
coheni and Y. jonesi, as well as further variation seen in
additional isolated Yalkaparidon dentaries, are discussed in
“Species-Level Taxonomy.”

We tentatively refer nine isolated astragali (QM F39989,
F40091, F40093, F40096, F52957, F52982, F53637, F53638,
and F53639) to Yalkaparidon. While they are clearly referable to
an australidelphian marsupial, they show significant differences
to those of all other australidelphians known to have been present
at Riversleigh during the Oligo-Miocene (namely members of
the modermn Australian marsupial orders Dasyuromorphia,
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Table 1 List of mandibular and maxillary specimens of Yalkaparidon.
The number of alveoli between il and m1 in the mandibular specimens is
listed, and where possible specimens are identified to species-level, based
on the revised diagnoses presented here. Measurements of il depth and
width at the alveolus were taken following Freeman and Lemen (2008),
while those for total jaw length, lower molar row length and upper molar
row length were taken following Myers (2001). All linear measurements
are in mm. Body mass estimates in grams were calculated using the “total

jaw length,” “lower molar row length,” and “upper molar row length”
regression equations of Myers (2001) for the “all species excluding
dasyuromorphians” dataset, and incorporate the appropriate smearing
estimate (Myers 2001: table 3). Specimens are arranged by Riversleigh
Faunal Zone (A-C) and by site. Abbreviations: BM: estimated body mass;
FZ: Riversleigh Faunal Zone; i11D: depth of'il at alveolus; i1W; width of
il at alveolus; LMRL: lower molar row length; TJL: total jaw length;
UMRL: upper molar row length

FZ Site Specimen Specimen type number of alveoli Species ilD ilW TIL LMRL UMRL BM
number between il and m1
A Quantum Leap QM F50794  left mandible 3422 Y. coheni 380 1.72 ? 6.9 - 143.3 (LMRL)
B Camel Sputum QM F13008  partial cranium 2 Y. coheni 411 1.78 ? 8.3 7.7 248.4 (LMRL)
and associated 219.1 (UMRL)
right mandible
B Creaser’s QM F20366  right mandible 24212 Y. coheni 302 157 ? 8.1 - 231.0 (LMRL)
Ramparts
B Creaser’s QM F24361  right mandible 2 Y. coheni 376 169 ? 7.6 - 191.1 (LMRL)
Ramparts
B  Dirk’s Towers QM F36345  left mandible ? (postincisive region Y sp.indet. 394 1.88 ? 7.6 - 191.1 (LMRL)
damaged)
B Dirk’s Towers 4 QM F36415  left mandible 3422 Y. coheni 376 182 ? 7.2 - 162.7 (LMRL)
B Inabeyance QM F52757  left mandible at least 1 (postincisive Y. coheni 379 1.70 ? 8.2 - 239.6 (LMRL)
region damaged)
B Judith QM F31370  right mandible 1 Y. coheni 268 132 25 6.6 - 76.0 (TJL) 125
Horizontalis LMRL)
B Neville’s Garden QM F36543  left mandible 2 Y. coheni 330 164 ? 8.1 - 231.0 (LMRL)
B Upper QM F13010¢  right mandible 2 (712 alveolus may also Y. coheni 358 1.70 ? 8.3 - 248.4 (LMRL)
have been present, but
postincisive region
damaged)
B Upper QM F36544  left mandible 3 Y. coheni 374 179 ? 6.0 -
B Upper QM F36545  right mandible 1 Y. coheni 354 170 295 6.6 - 126.1 (TIL) 125
(LMRL)
B Upper QM F36548  right mandible 1 Y. coheni 365 183 ? 8.1 - 231.0 (LMRL)
B Upper QM F36549  right mandible 2 (?i2 alveolus may also Y. coheni ? ? ? 8.3 - 248.4 (LMRL)
have been present, but
postincisive region
damaged)
B Upper QM F36551  left mandible 2+72 Y. coheni ? 8.2 - 239.6 (LMRL)
B Upper QM F39984  right mandible 2+72 Y. coheni ? 7.9 - 214.4 (LMRL)
B Upper QM F40068  left mandible 2 Y. coheni 344 171 ? ? - ?
B Upper QM F52755  right maxilla - Y. sp. indet. - - 6.9 159.8 (UMRL)
B Upper QM F52756  left maxilla - Y. sp. indet. - - 7.2 180.6 (UMRL)
B Upper QM F52759  left mandible 2 Y. coheni 382 174 ? 79 - 214.4 (LMRL)
B Upper QM F52760  right mandible 2 Y. coheni 349 160 ? 8.3 - 248.4 (LMRL)
B Upper QM F52761  left mandible 2+72 Y. coheni ? 7.9 - 214.4 (LMRL)
B Wayne’s Wok QM F20723  left mandible 2 Y. coheni 374 1.70 ? 7.8 - 206.5 (LMRL)
B Wayne’s Wok QM F23526  right mandible 2 Y. coheni 3.60 158 ? 8.0 - 222.6 (LMRL)
B Wayne’s Wok QM F36550  right mandible 2 (712 alveolus may also Y. coheni ? 72 - 162.7 (LMRL)
have been present, but
postincisive region
damaged)
B Wayne’s Wok QM F52758  right mandible 2+72i2 Y. coheni 2.88 142 ? 7.8 - 206.5 (LMRL)
C Gag QM F13009°  right mandible 0 Y. jonesi 332 172 ? 75 - 183.7 (LMRL)

Diprotodontia, Notoryctemorphia, and Peramelemorphia), and
they are of approximately the right size to belong to
Yalkaparidon. We also identified two calcanea (QM F53640
and F53641) from the Riversleigh Upper Site that correspond
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to the astragali in terms of the size and morphology of the
conarticular lower ankle joint facets, and that also show signif-
icant differences to those of all other known australidelphians
(see “Tarsals Description”).
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Anatomical References and Terminology

The cranial description presented here draws heavily on the
following works on metatherian and general mammalian anat-
omy: Archer (1976); Aplin (1987, 1990); Wible (1990, 2003);
Evans (1993); Muirhead (1994, 2000); Marshall and Muizon
(1995); Wroe (1997); Muizon (1998); Rougier et al. (1998);
Wroe et al. (1998); Wible et al. (2001, 2004); Crosby (2002);
Crosby and Norris (2003); Voss and Jansa (2003, 2009);
Ladevéze (2004, 2007); Ladeveéze and Muizon (2007, 2010);
Forasiepi (2009). In an attempt to maintain consistency with
other recent works, we have largely followed the anatomical
terminology used in recent, detailed descriptions of mammalian
osteology by Wible and co-workers (e.g., Wible 1990, 2003;
Wible et al. 2001, 2004, 2005). However, in certain cases (e.g.,
for the palatal fenestrae and the paroccipital process) we have
preferred the terminology of Voss and Jansa (2003, 2009); we
have noted the cases where these two terminologies conflict.

Upper and lower incisors, canines, premolars, and molars
are identified by upper and lower case initials respectively,
ie, “I, C, P, M” and “i, c, p, m.” We refer to the maximum
lower incisor formula for Metatheria as i1-4, rather than
formally endorsing Hershkovitz’s (1982, 1995) hypothesis
that i1 has been lost in metatherians (in which case, the lower
incisors represent i2-5). We follow Luckett (1993) in assum-
ing that the plesiomorphic molar formula for Metatheria is
M1-4 m1-4, and that P3 and p3 are the only dental loci to
show replacement in metatherians. Although the first two
premolar loci were argued by Luckett (1993) to represent
unreplaced deciduous teeth, we refer to them here as P1-2
and pl-2 to maintain consistency with the majority of the
metatherian literature (see also Voss and Jansa 2009: table 7;
Aplin et al. 2010: 7). Thus, the plesiomorphic adult dental
formula of Metatheria (with the possible exception of Sinodelphys
—see Luo et al. 2003; Vullo et al. 2009) is considered here to be
[1-5 C1 P1-3 M 14 for the upper dentition and 114 c1 p1-3 m1-
4 for the lower dentition, with replacement of dP3 and dp3 by P3
and p3, respectively. Terminology for molar morphology follows
Kielan-Jaworowska et al. (2004: fig. 11.1).

It should be noted that in their original description of
Yalkaparidon, Archer et al. (1988) followed Archer’s (1978)
alternative hypothesis regarding the dental formula of
metatherians, which assumes that (1) adult metatherians have
five upper and lower molars, and (2) that “M1”” and “m1” (dP3
and dp3 according to Luckett 1993) are evicted by the erupting
P3 and p3 respectively. Thus, all references to specific molar
loci by Archer et al. (1988) are “one ahead” of those in this
paper, i.e., “M2” of Archer et al. (1988) = M1 here, “M3” of
Archer et al. (1988) = M2 here, and so on.

Interpretation and terminology of the tarsal specimens fol-
lows works by Szalay (1982, 1994), Marshall and Sigogneau-
Russell (1995), Muizon (1998), Szalay and Sargis (2001,
20006), Argot (2002), Muizon and Argot (2003), Beck et al.

(2008b), Forasiepi (2009), and Beck (2012). For the descrip-
tion of the tarsal specimens, “proximal” and “distal” are used
rather than “anterior” and “posterior,” and “ectal facet” is
preferred over “(posterior) calcaneoastragalar facet,” follow-
ing Hooker (2001).

Taxonomy

We have followed the stem-based phylogenetic definition for
Metatheria proposed by Sereno (2006: table 10.1), namely the
most inclusive clade containing Didelphis marsupialis but not
Mus musculus. We restrict Marsupialia to crown-group
metatherians, following most recent studies (e.g., Rougier
et al. 1998; Horovitz and Sanchez-Villagra 2003; Luo et al.
2003; Asher et al. 2004, 2007; Forasiepi 2009) but contra
several others (e.g., Kielan-Jaworowska et al. 2004; Fox and
Naylor 2006; Davis 2007; Beck et al. 2008a).

Sereno (2006: table 10.1) also provided a crown-based
phylogenetic definition for Marsupialia, namely “the least inclu-
sive clade containing Didelphis marsupialis and Phalanger
orientalis.” Implicit in this definition is the assumption that
Didelphimorphia is the sister-group to all other extant marsupials.
Whilst most recent studies have supported this position for
Didelphimorphia (e.g., Amrine-Madsen et al. 2003; Horovitz
and Sanchez-Villagra 2003; Asher et al. 2004; Nilsson et al.
2004; Beck et al. 2008b; Meredith et al. 2008; Horovitz et al.
2009), others have instead placed Paucituberculata (the caenolestid
“rat” or “shrew” opossums) as the sister-group to all other extant
marsupials, or cannot statistically distinguish between the two alter-
natives (Baker et al. 2004; Beck 2008; Meredith et al. 2009a, 2009b,
2011; Nilsson et al. 2010). Szalay and Sargis (2001, 2006) have also
argued that Paucituberculata is the sister-group of the other extant
marsupials based on tarsal morphology. This uncertain position of
Paucituberculata means that Sereno’s (2006) definition of
Marsupialia may not refer to the entire crown-group. We therefore
suggest the following modified phylogenetic definition for
Marsupialia: the least inclusive clade containing Didelphis
marsupialis, Caenolestes fuliginosus, and Phalanger orientalis.

Recent molecular sequence analyses typically support
monophyly of extant Australian marsupials to the exclusion
of the only extant South American australidelphian, the
microbiotherian Dromiciops, particularly when apparent biases
in base composition are corrected for (Amrine-Madsen et al.
2003; Phillips et al. 2006; Beck 2008; Meredith et al. 2008,
2011). Nilsson et al. (2010) also found four homoplasy-free
retroposon insertions supporting monophyly of this Australian
marsupial clade, which represents statistically significant sup-
port (p=0.0123; see Waddell et al. 2001). Archer (1984a)
named this clade Eomarsupialia - Simpson (1970) had earlier
suggested the name Eometatheria for the same clade, but
Eometatheria is now usually recognized as referring to
Australidelphia minus Peramelemorphia, following Kirsch
et al. (1997; see e.g., Burk et al. 1999; Amrine-Madsen et al.
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2003; Asher et al. 2004). The name Euaustralidelphia proposed
by Nilsson et al. (2010) is a junior synonym (see Beck 2012).
We propose the following crown-based phylogenetic definition
for Eomarsupialia: the least inclusive clade containing
Phalanger orientalis, Perameles nasuta, Notoryctes typhlops,
and Dasyurus maculatus.

A clade comprising the extant Australian orders Dasy-
uromorphia, Peramelemorphia, and Notoryctemorphia is also
consistently supported by molecular data (Amrine-Madsen et al.
2003; Phillips et al. 2006; Beck 2008; Meredith et al. 2008,
2009a, 2009b, 2011) and was recovered in the morphological
and total evidence analyses of Beck et al. (2008b) and the
molecular scaffold analyses of Beck (2012), but is currently
unnamed. We propose the name Agreodontia (from the
Ancient Greek agreos — “hunter,” and odous — “tooth”) for this
clade, in reference to the faunivorous dental adaptations charac-
teristic of many of its members, and to mirror the name of its
sister-group, Diprotodontia. We propose the following stem-
based phylogenetic definition for Agreodontia: the most inclu-
sive clade including Perameles nasuta, Notoryctes typhlops, and
Dasyurus maculatus, but excluding Phalanger orientalis.

Phylogenetic Analyses

The phylogenetic analyses presented here are based on the
morphological matrix of Beck (2012), which is the most com-
prehensive currently available for investigating higher-level
metatherian relationships, although taxon sampling is still some-
what limited (a much larger analysis currently in preparation
should shed further light on the relationships of Yalkaparidon
and other metatherians—Voss and Beck, in prep.). This mor-
phological matrix has been modified from previous studies
(Horovitz and Séanchez-Villagra 2003; Sanchez-Villagra et al.
2007; Beck et al. 2008b; Horovitz et al. 2008, 2009; Abello and
Candela 2010). It has been further revised for this study by the
addition of Yalkaparidon, and one new cranial character, namely
presence or absence of a squamosal epitympanic sinus.
Character scores for Yalkaparidon are based on personal obser-
vations of the specimens described in this paper. Scoring of the
presence or absence of a squamosal epitympanic sinus is
based on personal observations and on the relevant literature
(Segall 1969; Archer 1976; Aplin 1987, 1990; Marshall and
Muizon 1995; Wroe 1997; Muizon 1998; Wroe et al. 1998;
Muirhead 2000; Voss and Jansa 2009). Additional character
scores for Dasyurus and Herpetotherium have been taken
from the unpublished thesis of Maga (2008: table 2.4).
Scores for Peradectidae were modified based on observations
on specimens of Mimoperadectes labrus, M. houdei, and
Peradectes elegans (R. S. Voss pers. comm. to R.M.D.
Beck) and on Williamson et al. (2012).

The final morphological matrix comprised 258 characters,
of which 254 are parsimony-informative and 49 are ordered.
These characters were scored for 38 taxa: 33 metatherian in-
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group taxa (23 extant, ten fossil), and two fossil eutherians
(Asioryctes and Ukhaatherium), one stem-therian (Vincelestes) and
two extant monotremes (Ornithorhynchus and Tachyglossus) as
outgroups. A full list of character scores and justifications for
scoring decisions is given in the Electronic Supplementary
Material. Two different versions of the matrix were prepared. In
the first, Yalkaparidon was coded only for craniodental characters,
and could be meaningfully scored (i.e., discounting characters
scored as either missing or inapplicable) for 73 characters,
rendering it 28.3 % complete. In the second, the isolated tarsals
that we have tentatively referred to Yalkaparidon, together with
craniodental specimens, were used to score characters; in this
version, Yalkaparidon could be meaningfully scored for 105
characters, rendering it 40.7 % complete. Both versions of the
morphology-only matrix are available for download from
Morphobank (http://www.morphobank.org, Project 929) and from
Dryad (http://www.datadryad.org; doi: 10.5061/dryad.25nt8).

For total evidence analyses, the morphological matrix was
combined with nuclear sequence data from five nuclear
protein-coding genes—namely APOB, BRCA1, IRBP,
RAGI1, and VWF—for the 23 extant marsupial terminals
and two extant monotreme outgroups (Ornithorhynchus and
Tachyglossus) present in the matrix. Alignments for these
genes were taken from Meredith et al. (2011), with additional
sequences downloaded from GenBank and added manually.
The GenBank accession numbers of all sequences for each
taxon are given in the Electronic Supplementary Material.
Indels in the sequence data were coded using the “simple
coding” method of Simmons and Ochoterena (2000), as
implemented by the IndelCoder module of SeqState 1.4
(Miiller 2005). Retroposon insertion characters for 12 of
the extant marsupial terminals (Didelphis, Monodelphis,
Caenolestes, Dasyurus, Phascogale, Notoryctes, Perameles,
Dromiciops, Trichosurus, Pseudocheiridae, Macropus, and
Vombatus) were taken from Nilsson et al. (2010). The final
total evidence matrix comprised 9012 bp of molecular se-
quence data, 78 nuclear indel characters, 53 retroposon inser-
tion characters, and 258 morphological characters. Both ver-
sions of the total evidence matrix (i.e., including or excluding
character scores for the putative Yalkaparidon tarsals) are
available for download from Dryad (http://www.datadryad.
org; doi: 10.5061/dryad.25nt8).

The two versions of the morphology-only matrix (i.e., with
the tarsals tentatively assigned to Yalkaparidon either exclud-
ed or included) were analyzed using maximum parsimony as
implemented in PAUP*4.0b10 (Swofford 2002). Tree searches
used the two-stage heuristic search strategy of Worthy et al.
(2006). Polymorphic characters were treated as variable, and
branches were collapsed if it were possible for them to have a
length of zero. Support values were -calculated using
bootstrapping (2000 replicates, using default search settings;
Felsenstein 1985), jackknifing with 25 % deletion of characters
(2000 replicates, using default search settings), and the decay
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index (using inverse constraint trees in combination with the
same two-stage search strategy employed for the original tree
search; Bremer 1988). Both versions of the morphology-only
matrix were also analyzed by Bayesian inference, as
implemented by MrBayes 3.2 (Ronquist et al. 2012). The
Bayesian analyses used the Mk model (Lewis 2001), with the
assumption that only parsimony informative characters were
scored and with a gamma distribution to model rate heteroge-
neity between characters (see Ronquist et al. 2005). The
MrBayes analysis of each version of the morphology-only
matrix comprised two independent runs of four chains (three
“heated,” one “cold”), sampling trees every 500 generations.
Each analysis was run for 5x10° generations, by which time
convergence appeared to have been reached, given that the
average standard deviation of split frequencies between the
two runs was <0.01. The first 25 % of trees saved were
discarded as burn-in; stationarity was reached among the post-
burn-in trees in both analyses, as indicated by plots of log
likelihood against generation number, and a minimum effective
sample size (ESS) of >5000 and potential scale reduction factor
(PSRF) of 1.00 for all parameters. The post-burn-in trees were
summarized using 50 % majority rule consensus, with Bayesian
posterior probabilities (BPPs) as support values.

Total evidence analyses of the combined morphological
and molecular supermatrix were carried out using Bayesian
inference, again as implemented in MrBayes 3.2. As for the
morphology-only Bayesian analyses, the Mk model, assum-
ing that only parsimony informative characters were scored
and with a gamma distribution to model rate heterogeneity
between characters, was applied to the morphological parti-
tion. The sequence data were initially partitioned by gene and
codon position, resulting in 15 partitions (five genes, three
codon positions for each gene). The program PartitionFinder
v1.0.1 (Lanfear et al. 2012) was then used to identify the most
appropriate partitioning scheme and models for the different
partitions. PartitionFinder was run twice, firstly assuming
branch lengths were linked between partitions and a second
time assuming branch lengths were unlinked. For both analy-
ses, the “greedy” heuristic search algorithm was used, only
models implemented by MrBayes were tested, and the
Bayesian Information Criterion (BIC) was used for model
selection. For the analysis with linked branch lengths, the best
partitioning scheme comprised eight partitions, with a BIC of
116485.82. For the analysis with unlinked branch lengths, the
best partitioning scheme comprised three partitions, with a
BIC of 117470.78. We have used the linked branch length
partitioning sheme, based on its better (lower) BIC score. The
nuclear indel and retroposon insertion characters was assigned
separate restriction site (binary) models, in both cases with the
assumption that only variable characters were coded, as rec-
ommended by Ronquist et al. (2005). In total, 11 separate
partitions were modelled in the total evidence analyses: eight
for the sequence data (based on the PartitionFinder output),

one for the nuclear indels, one for the retroposon insertions,
and one for the morphological data. Analyses of the two
versions of the total evidence matrix (i.e., with and without
information from the tarsals tentatively referred to Yalkaparidon)
in MrBayes 3.2 each comprised four independent runs of four
chains (three “heated,” one “cold”) each, running for a total of
10%10° generations and sampling trees every 2000 generations.
The temperature of the heated chains was increased from the
default value of 0.1 to 0.2. In both analyses, convergence be-
tween chains was indicated by an average standard deviation of
split frequencies of 0.01-0.02. As for the morphology-only
Bayesian analyses, the first 25 % of trees saved were discarded
as burn-in; stationarity was reached among the post-burn-in
trees, as indicated by plots of log likelihood against generation
number, and a minimum ESS of >500 and PSRF of 1.00 for all
parameters. The post-burn-in trees were summarized using 50 %
majority rule consensus, with BPPs as support values, as in the
morphology-only Bayesian analyses.

Evidence That the Cranium of QM F13008 Represents
a Single Individual

The cranium of QM F13008 was recovered as two separate
units following acid dissolution of a single block of limestone
collected from Camel Sputum site (Riversleigh Faunal Zone
B = early Miocene; Archer et al. 1988, 1989, 1997; Travouillon
et al. 2006). Archer et al. (1988) stated that, although the left
zygomatic process of the jugal of the rostral unit and the left
zygomatic process of the squamosal of the braincase unit
approach each other very closely, there is no actual point of
contact. Although Archer et al. (1988) considered it highly
unlikely, they acknowledged the possibility that the rostral
and braincase units of the skull belong to different taxa. If so,
the rostral unit, with the distinctive enlarged and open-rooted I1
and zalambdodont left M3 (the only postincisive tooth pre-
served), represents Yalkaparidon, whilst the braincase unit
would represent another, potentially unknown taxon with a
basicranium that appears to be highly plesiomorphic relative
to most known Australian marsupials. However, several inde-
pendent lines of evidence support Archer et al.’s (1988) pre-
ferred hypothesis that the two cranial units represent the same
taxon and individual.

Firstly, there is no duplication of any element in QM
F13008, the rostral and braincase units were found in close
juxtaposition in single block of limestone, and the units are of
compatible size. Archer et al. (1988) argued that, if the brain-
case unit was not referable to Yalkaparidon, it might represent a
plesiomorphic peramelemorphian, based on unspecified basicra-
nial features—they were presumably referring to the lack of
squamosal epitympanic sinuses, which are also absent in the
fossil peramelemorphian Yarala burchfieldi and in extant
peroryctine and echymiperine peramelemorphians. However,
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absence of squamosal epitympanic sinuses is a marsupial
plesiomorphy and hence does not support peramelemorphian
affinities per se. Furthermore, the cranium of QM F13008 differs
from those of all known peramelemorphians in at least two
features—Ilack of inflation of the epitympanic recess and reten-
tion of a large interparietal.

The braincase unit of QM F13008 also lacks modifications
of the auditory region that might convincingly link it with
another australidelphian order, such as (1) fusion of the rostral
and caudal tympanic processes of the petrosal into a “petrosal
plate” (seen in modern dasyurids, Dromiciops, Notoryctes,
Tarsipes, and acrobatids; Aplin 1990; Wroe 1999; Sanchez-
Villagra and Wible 2002; Ladevéze 2004, 2007; Ladevéze
et al. 2008), (2) presence of a complete stylomastoid foramen
(seen in modern dasyurids, Dromiciops, Notoryctes, and some
diprotodontians; Aplin 1990; Wroe 1999; Sanchez-Villagra and
Wible 2002; Ladeveze 2004, 2007; Ladeveze et al. 2008), (3)
ventral enclosure of the post-promontorial tympanic sinus by
the caudal tympanic process of the petrosal (present in
dasyurids, Dromiciops, Notoryctes, some diprotodontians, and
some peramelemorphians; Aplin and Archer 1987; Aplin 1990;
Wroe 1999; Sanchez-Villagra and Wible 2002; Ladeveéze 2004,
2007; Ladeveze et al. 2008), (4) a squamosal tympanic process
(present in most vombatimorphian diprotodontians; Aplin
1987; Murray et al. 1987; Aplin 1990), or (5) a greatly inflated
hypotympanic sinus and ventrally directed promontorium of
the petrosal (present in Phascolarctos; Aplin 1987, 1990).

Further compelling evidence that the two units are from a
single individual is found in the extremely weak postglenoid
process and wide, almost planar glenoid fossa of the braincase
unit (Figs. 6, 7 and 8). These are adaptations commonly seen in
mammals with enlarged incisors used for gnawing.
Furthermore, the very posterior position and robust nature of
the entopterygoid crests (which may be connected with the
position of the transverse foramen posterior to the carotid
foramen; Figs. 6, 7 and 8: enpc) also finds parallels in other
taxa that use their enlarged incisors for woodgouging (e.g.,
Dactylopsila and Daubentonia; Cartmill 1974; Beck 2009),
and may be an adaptation to resist stresses generated by dorsal
bending of the rostrum (see Beck 2009). Thus, the presence of
enlarged incisors in the rostral unit and associated mandible of
QM F13008 would be predicted from the morphology of the
braincase unit, and represents strong evidence that they repre-
sent a single taxon.

Finally, close examination of the zygomatic arch of QM
F13008 suggests that the jugal and squamosal probably overlap
by approximately 2 mm. The relative widths of the facet for
squamosal on the dorsal face of the jugal and of the facet for the
jugal on the ventral face of the squamosal are congruent with
this interpretation (Figs. 1 and 2: area of overlap). In conclu-
sion, we argue that there is compelling evidence in favor of
Archer et al.’s (1988) preferred hypothesis that the rostral and
braincase units of QM F13008 represent a single taxon.
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Skull Description
Cranium as a Whole

The maximum anteroposterior length of the cranium of QM
F13008 is 48 mm (Figs. | and 2). However, this is probably a
slight overestimate, as: (1) we believe that the preserved jugal
and squamosal parts of the left zygomatic arch of QM F13008
should overlap by approximately 2 mm (Figs. la, ¢ and 2:
area of overlap); (2) Beck (2009) suggested that the intact
cranium may have been somewhat klinorhynch, based on the
orientation of the cribriform plate (although the precise degree
of klinorhynchy cannot be determined in QM F13008 due to
the severe damage to the posterior part of the rostrum and the
rostral part of the basicranium). The overall proportions of the
cranium of QM F13008 approximate those of other similarly-
sized generalized metatherians, such as didelphids and
dasyurids. However, the rostrum is relatively short and tall
(Fig. 1) and the infratemporal fossa is very large (Figs. 1¢c and
2) — Beck (2009) interpreted these and several other
craniodental features as evidence that Yalkaparidon was prob-
ably a “mammalian woodpecker” similar to the strepsirhine
primate Daubentonia madagascariensis, the petaurid marsu-
pials Dactylopsila spp., and the Palacogene -eutherian
apatemyids. In lateral view (Fig. 1a), the zygomatic arch (only
2 mm deep at the deepest point preserved in QM F13008)
appears more delicate than those of most metatherians; in
this respect, Yalkaparidon resembles caenolestids and many
peramelemorphians. Neither the frontal process of the jugal
nor the postorbital process of the frontal that would indi-
cate the points of attachment of the postorbital ligament
are identifiable. However, the broad and gently concave
curve of the infraorbital margin of the jugal suggests that
the orbit of Yalkaparidon was large and faced somewhat
more dorsally than in most metatherians (Fig. la, b; see
Beck 2009).

Nasal

Only a small rectangular strip representing the posterior part
of the right nasal is preserved in QM F13008 (Figs. 1a, c and
3a: na). It is unclear whether the lateral margin of this remnant
is intact, or whether the nasal was in fact laterally more
extensive when complete. Its external surface is slightly con-
vex when viewed laterally (Fig. 1a), but this appears to be the
result of post-mortem damage. In dorsal view, the suture
between the paired nasals and frontals appears to have been
weakly W-shaped, with the base of the W pointing posteriorly
(Fig. 1c; see Beck 2009). The naso-frontal suture is approxi-
mately level with the alveolus for M4 in the reconstructed
skull (Fig. 1a); however, if, as we believe, the preserved parts
of the jugal and squamosal overlapped by approximately
2 mm (Figs. la, ¢ and 2: area of overlap), then the naso-
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area of
overlap

Fig. 1 Cranium of Yalkaparidon coheni (QM F13008 - holotype).
Hatched areas are not part of the specimen. a left lateral view. b right
lateral view, with associated right mandible in approximate articulation. ¢
dorsal view. Abbreviations: ang = angular process; cor = coronoid
process; iof = infraorbital foramen; ip = interparietal; M4a = fourth upper

frontal suture would be located slightly more anteriorly, ap-
proximately level with the septum between M2 and M3.

Because the right nasal is broken anteriorly (and possibly
also laterally) and the left nasal is entirely missing, the precise
shape and extent of the intact bones cannot be ascertained. For
the same reason, the exact sutural relationships between the
nasals and the other elements of the rostrum (the premaxillae,
maxillae, and lacrimals) are unknown. However, the facial
process of the left premaxilla appears to be largely intact in
QM FI13008 and its dorsal border (which would have
contacted the anterolateral border of the nasal) is angled
slightly posterolaterally to anteromedially (Fig. 1c); this sug-
gests that the nasals broadened posteriorly, as in most other
metatherians (Archer 1984b; Horovitz and Sanchez-Villagra
2003).

Premaxilla

Following Wible (2003), the paired premaxillae can be con-
sidered as each comprising a roughly vertical facial process

pf
molar alveolus; maf = masseteric fossa; ?mafo = ?masseteric foramen;
map = masseteric process; maxf = maxillary foramen; mx-ju = maxilla-
jugal suture; na = nasal; pf = parietal foramen; psmf = posterior shelf of the
masseteric fossa; tc = temporal crest; ve = vascular canal

that forms the sidewalls of the anterior part of the rostrum, a
horizontal palatal process that floors the anterior part of the
hard palate, and an alveolar process that houses the three
upper incisors. In QM F13008, the left and right premaxillae
are relatively well preserved, although both show damage to
the lateral wall of the facial process, exposing parts of the roots
of both the left and right I1 (Fig. 1a, b). The medial part of the
palatal process is also damaged in QM F13008, and hence the
septum that separates the left and right incisive foramina (the
“medial palatine process of the premaxilla” sensu Wible 2003)
is missing (Fig. 2). Four isolated premaxillary fragments (QM
F39999, F52942, F52943, and F52953) are also known. Of
these, QM F52942 (comprising a partial right premaxilla with
a largely complete facial process, as well as the anterior part of
the right maxilla) is the best preserved and forms the basis of
the description of the premaxilla given here (Fig. 4).

In lateral view (Fig. 4a), the facial process of the premaxilla
is tall (8.8 mm tall at its tallest point in QM F52942, which
may not be complete posterodorsally) and is gently convex
dorsoventrally. The facial process is roughly rectangular in
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Fig. 2 Cranium of Yalkaparidon coheni (QM F13008 — holotype) in
stereo-ventral view. Hatched areas are not part of the specimen. Abbrevia-
tions: Cla = upper canine alveolus; ef = ethmoidal foramina (separate
foramina for the ethmoidal artery and nerve are present on the left side);

outline, but it is overlapped posteroventrally by a fingerlike
anteroventral extension of the facial process of the maxilla
(this extension is damaged on both sides of QM F13008 but it
is intact in QM F52942; Fig. 4a: fmx). Beck (2009) suggested
that this extension of the maxilla may help buttress the rostrum
against bending forces generated by woodgouging. The dorsal
half of the anterior border of the facial process of the premax-
illa, which forms the lateral rim of the external nasal aperture
(Fig. 4a: ena), is gently concave; a second, slightly smaller
concavity ventral to this is the lateral rim of the alveolus for I1.
The I1 alveolus faces anteriorly. The root of I1 extends pos-
teriorly within the facial process of the premaxilla, producing
a distinct bulge in the lateral wall of the rostrum. The root then
continues posteriorly within the maxilla, the facial process of
which overlaps the premaxilla medially inside the nasal cavity
(visible in QM F52942). The dorsal border of the facial
process of the premaxilla, which would have contacted the
nasal in life, slopes slightly posterodorsally to anteroventrally.
There is no distinct posterodorsal process (sensu Wible 2003;
where present, this process extends posteriorly between the
nasal and maxilla) identifiable in either QM F13008 or
F52942, but it may have broken off both specimens post-
mortem. Multiple small foramina (presumably nutrient
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gpal = groove for the palatine; M4a = fourth upper molar alveolus; map =
masseteric process; me = mesethmoid; mpf = maxillopalatine fenestra; os =
orbitosphenoid; P3a = third upper premolar alveolus; ps = presphenoid

foramina) are visible in the lateral surface of the facial process
of the premaxilla, which Beck (2009) interpreted as suggesting
the presence of well-developed sensory vibrissae.

The suture between the facial process of the premaxilla and
the maxilla comprises three sections (Fig. 4a: pm-mx): (1)
rostroventrally, a short, curved section (1.5 mm tall in QM
F52942) just posterodorsal to the I3 alveolus and mirroring the
curved rim of this alveolus; (2) a roughly horizontal section
(4.1 mm long in QM F52942) that extends posteriorly below
the bulge caused by the root of 11, to a point level with the
posterior rim of the C1 alveolus; (3) lastly, a roughly vertical
section that extends dorsally and slightly posteriorly along the
entire posterior border of the premaxilla, and which presum-
ably would have terminated at the nasal. A paracanine fossa is
not present, which is unsurprising given that the lower canine
is either absent or greatly reduced (see the “Lower Dentition”
section of “Dental Description”).

In ventral view (Fig. 4b), three alveoli for I1-3 are visible,
arranged along the rostrolateral border of the premaxilla. The
upper incisor arcade as a whole forms a broad v- or u-shape
(Figs. 2 and 4b). The alveolus for I1, at the anterior end of the
premaxilla, faces anteriorly and is considerably larger than
those for I2-3. The alveolus for 12, immediately posterior and
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Fig. 3 Cranium of Yalkaparidon coheni (QM F13008 - holotype).
Hatched areas are not part of the specimen. a rostral view. b occipital
view. Abbreviations: ena = external nasal aperture; fm = foramen mag-
num; iof = infraorbital foramen; ma = mastoid exposure of the petrosal;

slightly lateral to the I1 alveolus, is much smaller and faces
anteroventrally. The alveoli for I1 and 12 do not appear to have
been separated by a bony septum. The 13 alveolus, immedi-
ately posterior and slightly lateral to the 12 alveolus, is slightly
larger than that for 12 and also faces anteroventrally. A bony
septum separates the alveoli for I2 and 13. The rostral tip of the
premaxilla (preserved on the left side of QM F13008 and in
QM F52942) does not extend much beyond the anterior
border of I1. Distortion of the right side of QM F13008 means
that the left and right premaxillae are no longer in contact
between 11 and 12 (Fig. 2). The medial parts of the palatal
processes of the premaxillae and maxillae are missing in both
QM F13008 (Fig. 2a) and QM F52942 (Fig. 4b); however, the
lateral rim of the incisive foramen (which presumably trans-
mitted the nasopalatine duct and branches of the greater pal-
atine artery and nasopalatine nerve; Evans 1993; Sanchez-
Villagra 2001; Wible 2003; Forasiepi 2009) is identifiable
medial to 12 and 13 (Fig. 4b: inf). The incisive foramen
appears to have been quite short (extending for approximately
2 mm from level with the anterior border of the 12 alveolus to
level with the middle of the I3 alveolus) and narrow (approx-
imately 0.7 mm wide at its widest point). A short, narrow,
fingerlike projection of premaxilla, bordered laterally by the
rostral extension of the facial process of the maxilla and
medially by the palatal process of the maxilla, extends poste-
riorly for 1.5 mm from behind the 13 alveolus towards the
canine alveolus in the maxilla; it is most obvious on the left
side of QM F13008 (Fig. 2).

Maxilla

Following Wible (2003), the facial process of each of the paired
maxillae forms the sidewall of the posterior part of the rostrum,

map = masseteric process; ?mf = ?mastoid foramen; mp = mastoid
process; mx-ju = maxilla-jugal suture; na = nasal; oc = occipital condyle;
pap = paroccipital process; ?ptn = ?posttemporal notch

Fig. 4 Isolated partial right premaxilla and maxilla of Yalkaparidon sp.
indet. (QM F52942). a lateral view. b ventral view. Abbreviations: ena =
external nasal aperture; fmx = facial process of the maxilla; I1n = notch
on the distal surface of the first upper incisor for contact with the tip of the
first lower incisor; I1r = open root of the first upper incisor; inf = incisive
foramen; pm-mx = premaxilla-maxilla suture
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whilst the palatal process forms most of the floor of the hard
palate. The maxillae also house the maxillary dentition (which
in Yalkaparidon comprises C1, P3, and M1-4) and contribute
to the anterior floor of the orbit. Only the ventral part of the
facial process (up to the level of the infraorbital foramen) and
the lateral part of the palatal process (including the region that
floors the orbit) of both the left and right maxilla are preserved
in QM F13008 (Fig. la, b). Isolated partial maxillac (QM
F13011, F36546, F36547, F39986, F52753, F52754, F52755,
F52756, and F52956) are also known, but these also preserve
only the ventral part of the facial process and the lateral part of
the palatal process. Both maxillae of QM F13008 are damaged
posteriorly and both palatine bones are entirely missing
(Fig. 2). As a result, the size and number of the palatal fenes-
trae, the morphology of the posterior palatal margin, and the
position and morphology of the posterolateral palatal foramen
sensu Voss and Jansa (2003; = “minor palatal foramen” sensu
Wible 2003) are all uncertain.

As noted above, in lateral view the rostroventral part of the
facial process of the maxilla overlaps the premaxilla almost as
far as the alveolus for I3, and its rostral end is curved, mirroring
the curve of the rim of the I3 alveolus (Fig. 4b: fmx). The
remainder of the suture between the premaxilla and maxilla
extends posteriorly from a point dorsal to I3 to a point above the
alveolus for C1, and then continues dorsally along the posterior
border of the premaxilla. The infraorbital foramen is entirely
within the maxilla and is roughly level with the anterior part of
M2 and posterior part of M1 (Fig. 1a, b and 3a: iof). The
opening for the incisivomaxillary canal (which transmitted
nerves and blood vessels to the anterior dentition; Evans
1993) is visible in the ventromedial wall of the infraorbital
foramen of QM F13008, close to its anterior margin. There is
a small foramen anterior to the ventral rim of the infraorbital
foramen on the left side of QM F13008, while on the right side
a similar foramen is present posterior to the ventral rim of the
infraorbital foramen, just anterior to maxilla-jugal suture. There
are further tiny foramina scattered across the surface of the
facial process of the maxilla. Breakage of the facial process
dorsal to the infraorbital foramen in QM F13008 and in all
other maxillary specimens of Yalkaparidon means that the
precise contribution of the maxilla to the lateral wall of the
rostrum is uncertain, as are its relationships with the nasal,
lacrimal, and frontal bones.

Posterior to the infraorbital foramen and above M2, the
maxilla contacts the jugal along a shallowly v-shaped suture
(Figs. 1a and 3a: mx-ju). The region of the maxilla between
the “legs” of the jugal is the point of origin for the
zygomaticus and levator labii muscles; it is marked by a very
slight depression, in contrast to the sizeable nasolabial fossa
seen in many peramelemorphians (Muirhead 2000). The dor-
sal extent of the maxilla-jugal suture cannot be assessed
because both bones are broken dorsal to the infraorbital fora-
men. The maxilla extends ventral to the inferior leg of the
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jugal and forms a small, low masseteric process, level with the
posterior root of M2 and anterior root of M3 (Figs. la,
2 and 3a: map). The masseteric process is the point of
attachment of the superficial masseter; in Yalkaparidon,
this process protrudes only very slightly below the level
of the dental alveoli.

In ventral view, a small alveolus for the single-rooted
upper canine is visible at the anterolateral end of the
maxilla (Figs. 2 and 5: Cla), separated from the I3 alve-
olus in the premaxilla by a 2 mm long diastema. The
anterior border of the canine alveolus is closely approached
by a narrow, fingerlike posterior extension of the premax-
illa, but this process does not actually contribute to the rim
of the alveolus; thus, the upper canine is housed entirely
within the maxilla. There are two vascular foramina be-
tween C1 and P3 in QM F52756 (Fig. 5b: vf). Posterior to
the canine alveolus, and separated from it by a 2 mm long
diastema (within which there is a small foramen), QM
F13008 preserves two alveoli that are arranged antero-
posteriorly; these would have housed a double-rooted P3
(Fig. 2: P3a). Whilst P3 was double-rooted in QM F13008,
it appears to have been single-rooted in QM F52754 and
F52755 (which may be from the same individual) and QM
F36546. P3 is preserved in situ in QM F52756 (Fig. 5),
where it is clearly double-rooted, and in QM F13011,
where it may be single-rooted (see “Species-Level
Taxonomy”). No specimens show any sign of alveoli be-
tween Cl and P3, indicating that Yalkaparidon has only a
single upper premolar (contra Archer et al. 1988, who
incorrectly stated that three upper premolars were present).

M4a

Fig. 5 Isolated partial left maxilla of Yalkaparidon sp. indet. preserving
P3 M1-3 (QM F52756). a ventral view. b lateral view. Abbreviations:
C1la = upper canine alveolus; M4a = fourth upper molar alveoli; mpf =
maxillopalatine fenestra; vf = vascular foramina
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Immediately posterior to P3, there are three sets of three
alveoli for M1-3 (Figs. 2 and 5); each set of three alveoli is
arranged in a triangular pattern, with the base facing laterally
and the apex pointing medially and slightly anteriorly. The
alveoli for M2 are distinctly larger than those for M1, but
similar in size to those for M3. Multiple small foramina are
present in the palatal process of the maxilla immediately lateral
to and between the molar alveoli. Lateral to the alveolar septum
between M2 and M3 and to the anterior root of M2, the small
masseteric process of the maxilla is visible (Figs. 1a, b, 2 and 3:
map). A small foramen is present posteromedial to the masse-
teric process and lateral to M3 on both left and right sides of
QM F13008. The lateral rim of the maxillopalatine fenestra
(sensu Voss and Jansa 2003; the “major palatine foramen”
sensu Wible 2003), which would have transmitted the major
palatine artery and nerve, is identifiable in a number of speci-
mens. In QM F36546, its rostral end is level with the septum
between P3 and M1, whereas in the QM F13008 it is slightly
more anterior, level with posterior root of P3 (Fig. 2: mpf). The
posterior extent of the maxillopalatine fenestra is uncertain
because the palatine, which would form its posteromedial
margin, is entirely missing in all known specimens. We there-
fore disagree with Archer et al.’s (1988) original assertion that
the maxillopalatine fenestra (the “maxillary palatal vacuity”
sensu Archer et al. 1988) can be described as “very small”
based on available specimens.

On the left side of QM F13008, there is a relatively large
opening in the maxilla immediately posterior to M3 (Fig. 2:
M4a; only the lateralmost part of the rim of this opening is
preserved on the right side). This opening extends through the
bone such that it is visible in dorsal view (Fig. 1c: M4a),
within the roughly triangular maxillary contribution to the
orbital floor. Similar ventral openings are present in all the
isolated maxillae in which this region is intact (QM F13011,
F36546, F39986, F52753, F52756, and F52956; Fig. 5b:
M4a). The rim of this opening is slightly raised, and its lateral
border slopes ventrolaterally, as in the posterolateral alveolus
of M1-3. We suggest here that the opening is an alveolus for
M4 and that the thin bone roofing the alveolus has been
damaged so that the alveolus is now open dorsally. By con-
trast, Archer et al. (1988) suggested that this opening is the
posterolateral palatal foramen (which transmits the minor
palatine artery and nerve; Wible 2003), stating that Yalkaparidon
has only three upper molars and describing it as having a
“very large posterolateral palatal foramen.” Archer et al.’s
(1988) interpretation appears erroneous because, in all other
metatherians that we have examined or for which illustrations
are available, the posterolateral palatal foramen: (1) lies on the
maxillopalatine suture; (2) faces at least partly anteriorly
(allowing the minor palatine artery that passes through the
foramen to extend rostrally along the palate); and (3) is medial
to, and well-separated from, the last upper molar. By contrast,
the opening in Yalkaparidon: (1) is entirely within the maxilla;

(2) faces directly ventrally; and (3) is immediately posterior to
M3 (Figs. lc, 2 and 5b: M4a). It therefore seems more likely
that this opening housed M4 rather than transmitted the minor
palatine artery and nerve. Furthermore, in QM F52755 and
F52756 (Fig. 5b: M4a), this region is largely roofed by bone,
confirming that the dorsally open condition in QM F13008 is
probably the result of damage. In QM F13008 (Figs. lc and 2:
M4a) and F36546, there is no evidence of a septum that might
have divided the M4 alveolus, and the alveolus as a whole is
roughly similar in dimensions to the posterolateral alveolus of
M2 and M3; M4 may have been single-rooted in these spec-
imens. In QM F52753, F52755, F52756 (Fig. Sb: M4a), and
F52956, however, a transverse dividing septum is present,
suggesting that M4 was double-rooted in these specimens.

A 1.5 mm groove in the posteromedial corner of the
preserved part of the left maxilla of QM F13008 may have
housed a process of the palatine (Fig. 2: gpal). A small
foramen immediately lateral to this groove has an exit on
the nasal surface of the maxilla; its likely contents are unclear,
but may have been a small branch of the minor palatine artery
and/or nerve. This foramen is probably not an accessory
palatine foramen sensu Wible (2003) because it lies within
the maxilla rather than within the palatine. Neither QM
F13008 nor any of the isolated maxillary fragments preserve
any portion of the posterolateral palatal foramen, so it is
unclear whether this foramen was complete or whether it
was an incomplete notch (as it is in most dasyurids; Archer
1984a; Wroe 1997).

In dorsal view, the maxillary foramen (the posterior open-
ing of the infraorbital foramen) is visible on the left side of
QM F13008 within the maxilla, medial to the maxilla-jugal
suture (Fig. lc: maxf). The maxilla makes only a very
narrow (0.25 mm at its narrowest point) contribution to the
dorsal roof of the maxillary foramen. This may be the result
of damage, but more likely indicates that the lacrimal (which
is missing in all specimens of Yalkaparidon) also roofed this
foramen, as it does in most other metatherians. Extending
posteromedially from the medial margin of the maxillary
foramen, a low ridge indicates the point of contact with
the palatine. The contribution of the maxilla to the floor of
the orbit is small and triangular, delimited by this ridge
anteromedially, the jugal anterolaterally, and the posterior
margin of the maxilla posteriorly. The dorsally open M4
alveolus of QM F13008 (Fig. 1c: M4a) is visible within
this region, close to the posterior margin of the maxilla.
Isolated maxillae (e.g., QM F52755 and F52756) preserve
the same overall morphology.

Lacrimal

Both lacrimals are missing in QM F13008, and are not pre-
served in any other known Yalkaparidon specimen.
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Palatine

Both palatines are missing in QM F13008 and are not pre-
served in any other known Yalkaparidon specimen.

Jugal

In lateral view, the maxilla-jugal suture, posterior to the
infraorbital foramen, is weakly v-shaped (Figs. la and 3:
mx-ju). At its anterior end, the jugal bifurcates into a very
short inferior process (1.8 mm in length), which terminates
dorsal to the masseteric process of the maxilla, and a superior
process, which forms the ventrolateral border of the orbit
(Fig. 1a). The preserved part of the superior process of the
jugal is 2.0 mm long, but its full extent when intact is uncertain
because it is broken dorsally. The superior and inferior pro-
cesses meet at an angle of about 150°. Posterior to the maxilla-
jugal suture, the zygomatic process of the jugal is shallow,
approximately 2 mm deep at its deepest point (Fig. 1a). As a
result, the zygomatic arch of Yalkaparidon appears delicate
relative to the overall dimensions of the skull. There is no
frontal process on the dorsal surface of the jugal that would
indicate the point of attachment of the postorbital ligament.

A facet for contact with the zygomatic process of the
squamosal is visible on the superior aspect of the lateral face
of the zygomatic process of the jugal, about two-thirds along
its preserved length (Fig. 1a). The shape of the facet indicates
that the jugal-squamosal suture was roughly v-shaped, with
the base of the v facing anteriorly and the jugal forming a
superior and an inferior process. The superior process is very
short (approximately 1.2 mm long). Although broken poste-
riorly, the inferior process is much longer, forming the
posteriormost preserved part of the jugal in QM F13008 and
contacting the anteriormost preserved part of the squamosal
(Fig. 1a). When intact, the inferior process of the jugal would
have extended as far as the glenoid fossa, based on the shape
of the facet for the jugal on the ventral surface of the squamo-
sal (Fig. 2).

In ventral view, the root of the zygomatic process of the
jugal is gently curved, but the process is almost straight more
posteriorly (Fig. 2). The zygomatic arch as a whole appears to
be longer than in most other metatherians because the root of
the zygomatic process of the jugal is located more anteriorly, a
feature that may reflect the functional demands of woodgouging
(see Cartmill 1974; Beck 2009). As discussed in further detail
below (see “Evidence that the Cranium of QM F13008
Represents a Single Individual”), it seems likely that in QM
F13008 the preserved part of the zygomatic process of the left
jugal underlapped the anteriormost part of the preserved section
of the zygomatic process of the squamosal by approximately
2 mm (Figs. la, ¢ and 2: area of overlap); thus, there does
appear to be a small point of contact between the rostral and
braincase sections of QM F13008, contra Archer et al. (1988).
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The facet for the jugal on the ventral surface of the zygomatic
process of squamosal (Fig. 2) indicates that the intact jugal
extended as far as glenoid fossa, but gives no indication as to
the morphology of the preglenoid process of the jugal
However, given the almost planar glenoid fossa and extremely
weak, vestigial postglenoid process of the squamosal (both of
which imply extensive palinal movement of the mandible;
Fig. 8), it is likely that the preglenoid process of the jugal would
also have been poorly developed.

Frontals

The paired frontals form the region of the skull roof between
the nasals and parietals, the medial wall of the orbital fossa
and the anteromedial wall of the temporal fossa. They appear
to be largely intact in QM F13008, apart from damage to their
anterior and anteroventral margins (Fig. 1).

In dorsal view (Fig. 1¢), there is no identifiable postorbital
process at any point along the lateral border of either frontal.
The postorbital constriction of the lateral margin of the fron-
tals is quite weak relative to most other metatherians, and the
frontals are quite broad anterior to this constriction, suggesting
the presence of enlarged olfactory lobes and frontal cortex
(confirmed by CT scans of QM F13008; Beck 2009). The
suture between the paired frontals extends along the midline
for approximately 12 mm; it is gently sinuous in its anterior
half but becomes slightly more complex posteriorly (Fig. 1c).
Although only the posteromedial part of the right nasal is
preserved, the suture between the paired nasals and frontals
appears to have been W-shaped (Fig. lc; see Beck 2009).
Caudally, the frontals are overlapped by the parietals, the
suture forming a very weak, broad W-shape with the base of
the W facing anteriorly (Fig. 1¢). The frontal-parietal suture is
tightly interdigitated dorsally, close to the midline (this suture
has been slightly pulled apart in QM F13008), but much
straighter ventrolaterally (Fig. 1c). Extremely weak paired
temporal crests are just visible on the frontals, extending
posteromedially from the anterolateral corner of each frontal
and continuing onto the parietals. Slightly rugose areas im-
mediately lateral to each temporal crest and close to the suture
with the parietal may represent areas of attachment of the
temporalis muscles.

In lateral view, the lacrimal and palatine are missing from
both sides of QM F13008, as are the bones forming the
primary palate, and the region of the maxilla posterior to M4
is not preserved; hence the relationships between these bones
and the frontals are uncertain. Dorsally, a foramen for the
frontal diploic vein is visible on the left frontal of QM
F13008, about 6 mm from its anterior margin (Fig. 6: fdv); a
second apparent opening 1.7 mm anterodorsal to this is prob-
ably artefactual. On the right side there are several (probably
three) much smaller foramina in roughly the equivalent posi-
tion (Fig. 7: fdv), although this region is somewhat obscured
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by adhesive. Ventrally, the ventralmost preserved part of each
frontal closely approaches the preserved part of the
presphenoid (Fig. 2), although it is unclear if these bones
would have been in contact in life. Posterodorsal to this
region, the frontal contacts the orbitosphenoid (Fig. 7).
Within the frontal-orbitosphenoid suture, immediately adja-
cent to the anterodorsal corner of the orbitosphenoid, is the
ethmoidal foramen. On the left side of QM F13008, the
ethmoidal foramen is divided by a narrow septum into a
relatively large foramen on the frontal-orbitosphenoid suture
and a smaller foramen anterodorsal to this that lies entirely
within the frontal (Figs. 2 and 6: ef); presumably, one foramen
transmitted the external ethmoidal nerve whilst the other
transmitted the ethmoidal artery (see Evans 1993; Giannini
et al. 2006). On the right side of QM F13008, the ethmoidal
foramen is visible as a single opening (Fig. 7: ef), although
remnants of a bony septum that may have originally divided
this foramen into two separate openings are identifiable
around its rim. Dorsal to the orbitosphenoid, the frontal forms
a long, relatively straight suture (Fig. 7), first with the
alisphenoid (for approximately 8 mm) and then with the
parietal (for approximately 8 mm).

In anteroventral view, breakage of the frontals and the loss
of bones of the primary and secondary plate have exposed the
cribriform plate (which is angled at about 50° to vertical) and
the posterior parts of the nasal turbinates (Fig. 2). The bony
part of the nasal septum (the mesethmoid, following Rowe
et al. 2005) is visible extending dorsoventrally along the

Fig. 6 Braincase of
Yalkaparidon coheni

(QM F13008) in left lateral view.
Abbreviations: ef = ethmoidal
foramina (separate foramina for
the ethmoidal artery and nerve are
present); enpc = entopterygoid
crest; fdv = foramen for the
frontal diploic vein;

fro = foramen rotundum;

?mf = ?mastoid foramen;

mp = mastoid process;

oc = occipital condyle;

pf = parietal foramen;

pgp = postglenoid process;

?ptn = posttemporal notch;

?pts = ?posttemporal sulcus;
rtpp = rostral tympanic process of
the petrosal; sgf = supraglenoid
foramina; sps = sulcus for the
prootic sinus; vf = vascular
foramina

midline of the cribriform plate (Fig. 2: me). Paired frontal
sinuses are present on either side of the dorsal end of the nasal
septum. Beck (2009) presented CT scans demonstrating that
the cribriform plate is very large and densely perforated in QM
F13008, suggesting that olfaction was particularly well devel-
oped in Yalkaparidon.

Orbitosphenoid

The orbitosphenoid is more obvious on the left than the right
side of QM F13008 (Figs. 2 and 7: os). In lateral view,
it makes a small (3.4 mm in length, 2 mm in height),
roughly parallelogram-shaped contribution to the ventro-
medial wall of the orbit and contacts the frontal anterodorsally
and the alisphenoid posterodorsally. At its rostral end, the
orbitosphenoid forms the posterior rim of the ethmoidal fora-
men (which is completed by the frontal) and extends slightly
dorsal to this foramen. Ventrally, the relationship between the
orbitosphenoid, presphenoid, and basisphenoid is obscured by
adhesive in QM F13008.

Presphenoid

In QM F13008, only the posteriormost part of the presphenoid
is preserved (Fig. 2: ps). In ventral view, this remnant forms a
small flat plate, 2.7 mm wide and 4.4 mm long, anterior to the
basisphenoid (with which it forms a well-marked, transverse
suture) and ventromedial to the frontal and orbitosphenoid,;
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oc
pcp rtpp

Fig. 7 Braincase of Yalkaparidon coheni (QM F13008) in right lateral
view, with the inferred extent of the cranial sutures (prior to damage)
indicated. Abbreviations: as = alisphenoid; astp = alisphenoid tympanic
process; ef = ethmoidal foramen; enpe = entopterygoid crest; eo =
exoccipital; fdv = foramina for the frontal diploic vein; fr = frontal; fv =
fenestral vestibuli; ip = interparietal; ma = mastoid exposure of the petrosal,

pPgp

sutural relationships with these latter bones are obscured by
adhesive. QM F13008 is damaged anterior to the nasal-frontal
suture; as a result, it can be seen that the presphenoid is fused
dorsally with the ossified nasal septum (mesethmoid sensu
Rowe et al. 2005; Fig. 2: me).

Alisphenoid

The alisphenoid and basisphenoid are seamlessly fused in QM
F13008. We therefore follow Wible’s (2003) criteria for
delimiting the boundary between these bones, namely that
the foramen rotundum lies entirely within the alisphenoid
while the transverse canal and carotid foramina lie entirely
within the basisphenoid.

In lateral view, the precise extent of the alisphenoid in QM
F13008 is difficult to ascertain because much of the thin bone
that would have overlapped the frontal, parietal, and squamosal
bones has flaked off; nevertheless, faint ridges on these bones
allow the approximate boundaries of sutures to be inferred
(Fig. 7). Anteriorly, the alisphenoid forms a roughly vertical
suture with the frontal (this suture is more obvious on the right
side of QM F13008), which extends dorsally from the
orbitosphenoid for about 8 mm and terminates at the parietal
about two-thirds up the medial orbital wall. Posterior to this, the
intact alisphenoid would have contacted the parietal along a
4 mm long, roughly horizontal suture; thus, Yalkaparidon
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mp = mastoid process; oc = occipital condyle; os = orbitosphenoid; pa =
parietal; pep = paroccipital process; pf = parietal foramen; pgp =
postglenoid process; ?ptn = ?posttemporal notch; rtpp = rostral tympanic
process of the petrosal; sgf = supraglenoid foramina; smf = suprameatal
foramen; sof = sphenorbital fissure; sq = squamosal; ssqf = subsquamosal
foramen

exhibits alisphenoid-parietal contact on the lateral wall of the
braincase (Fig. 7). Wroe et al. (1998) incorrectly stated that
frontal-squamosal contact is present in Yalkaparidon, presum-
ably because they failed to account for the damage to the
alisphenoid in QM F13008. The anteroventral border of the
alisphenoid contacts the orbitosphenoid. Posterior to this, the
alisphenoid forms the lateral wall and dorsal roof of the
sphenorbital fissure (Fig. 7: sof). The foramen rotundum,
which is immediately posterolateral and slightly dorsal to the
sphenorbital fissure on the left side of QM F13008 (Fig. 6: fro)
but slightly more posterior on the right side (Fig. 8: fro), is
housed entirely within the alisphenoid. Lateral to the transverse
canal foramen (Fig. 8: tf), which is within the basisphenoid, is
the partially broken tympanic process of the alisphenoid (which
forms the anterior wall and at least part of the floor of the
tympanic bulla; Figs. 7 and 8: astp) and, posterior to this, the
alisphenoid contribution to the roof of the hypotympanic sinus
(Fig. 8: ashs). Medial to the hypotympanic sinus, the large
foramen ovale (Fig. 8: fo), which lies between the alisphenoid
and petrosal, is visible. Extending dorsally for about 7.5 mm
from the anterior margin of the root of the squamosal zygomat-
ic process to the parietal (approximately two-thirds the way up
the medial wall of the braincase), the alisphenoid forms a
roughly vertical suture with the squamosal (Fig. 7). Much of
the squamosal and alisphenoid in this region has flaked off in
QM F13008.
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Fig. 8 Right auditory region of Yalkaparidon coheni (QM F13008) in
stereo-ventral view. Hatched areas are not part of the specimen. Abbre-
viations: amf = anteromedial flange; ashs = alisphenoid hypotympanic
sinus; astp = alisphenoid tympanic process; ¢f = carotid foramen; enpc =
entopterygoid crest; er = epitympanic recess; fgpn = (incomplete) fora-
men for the greater petrosal nerve; fm = foramen magnum; fo = foramen
ovale; fro = foramen rotundum; gf = glenoid fossa; gpt = groove on the

In ventral view (Figs. 2 and 8), the alisphenoid contacts the
squamosal posterolaterally, medial to the glenoid fossa. The
alisphenoid makes a very small contribution to the antero-
medial border of the posterior root of the zygomatic arch,
anterior to the glenoid fossa (Fig. 8) Although this region is
damaged on both the left and right sides of QM F13008, a
facet on the squamosal indicates that a thin strip of the
alisphenoid (the alisphenoid glenoid process sensu Wible 2003;
Forasiepi 2009; the entoglenoid process of the alisphenoid sensu
Muizon 1998, 1999) extended laterally for about a third the width
of the glenoid fossa (approximately 1.3 mm; Fig. 8).

Medial to the posterior half of the glenoid fossa, the
alisphenoid forms the majority of the domed dorsal roof of the
hypotympanic sinus (Fig. 8: ashs); the remainder is excavated
in the petrosal immediately posterior to the alisphenoid contri-
bution. Anterior to the hypotympanic sinus, a well-developed
alisphenoid tympanic process forms the anterior wall and at
least part of the floor of an auditory bulla (Fig. 8: astp). The
alisphenoid hypotympanic sinus and alisphenoid tympanic pro-
cess together form a distinct bowl-like structure in QM F13008
(Figs. 2 and 8), with the alisphenoid tympanic process forming
the anteroventral rim of the bowl, but this morphology is at least
partly due to breakage of the alisphenoid tympanic process
ventrally. Damage to the alisphenoid tympanic process on both
the left and right sides of QM F13008 means that the precise
extent of the intact bulla is unclear, including whether or not it

basisphenoid for the pterygoid; hf = hypoglossal foramina; jf = jugular
foramen; mp = mastoid process; oc = occipital condyle; pap =
paroccipital process; pete = petrosal crest (sensu Archer 1976); pgf =
postglenoid foramen; pgp = postglenoid process; pr = promontorium;
rtpp = rostral tympanic process of the petrosal; sff = secondary facial
foramen; sof = sphenorbital fissure; tf = transverse canal foramen; th =
tympanohyal

extended far enough posteromedially to contact the rostral
tympanic process of the petrosal.

Medial to the hypotympanic sinus, between the alisphenoid
and petrosal, is a large, roughly oval-shaped opening, the
foramen ovale (the exit for the mandibular branch of the
trigeminal nerve; Fig. 8: fo). A small, posterolaterally-
directed prong of the alisphenoid on the anteromedial border
of the foramen ovale may define a partially separate, but
incomplete, foramen for the greater petrosal nerve (Fig. 8:
fgpn). Although the alisphenoid tympanic process is dam-
aged, a complete secondary foramen ovale (i.e., full enclosure
by an outgrowth of the alisphenoid; see Gaudin et al. 1996;
Wroe 1997) was almost certainly not present, because there is
no evidence for a point of attachment for such an outgrowth
anteromedial to the tympanic process. However, a partially
enclosed secondary foramen ovale—in which an outgrowth
extended from the alisphenoid tympanic process but did not
contact the basicranium anteromedially (see e.g., Gaudin et al.
1996: Fig. 6)—may have been present.

In dorsal view, the contribution of the alisphenoid to
the anteromedial border of the root of the zygomatic
arch can be seen (Fig. 1c). This region is damaged on
both sides of QM F13008, but a facet on the squamosal
indicates that the alisphenoid extended laterally for ap-
proximately half the width of root of the zygomatic arch
(roughly 2 mm).
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Basisphenoid

In ventral view, the rostral end of the basisphenoid forms a
well-marked, transverse, straight suture with the presphenoid
at a point that is approximately level with the alisphenoid-
frontal suture and midway between the ethmoidal foramen
and sphenorbital fissure (Figs. 2 and 8). Immediately posterior
to the presphenoid-basisphenoid suture, a broad antero-
posterior groove occupies the lateral part of the basisphenoid
ventromedial to the sphenorbital fissure and extends posteri-
orly for approximately 4 mm (Fig. 8: gpt); comparison with
intact skulls of other metatherians suggest that it housed the
pterygoid.

Posteroventral to the sphenorbital fissure and level with the
foramen rotundum in the alisphenoid, the basisphenoid sends
out a stout, ventrally directed entopterygoid crest (Fig. 8: enpc);
together, the left and right entopterygoid crests form the lateral
walls of the nasopharyngeal fossa. The entopterygoid crest of
Yalkaparidon is much thicker and is located more posteriorly
than those of most other similarly-sized metatherians, such as
dasyurids, didelphids, and peramelemorphians. Beck (2009)
argued that this feature is functionally related to woodgouging,
specifically, to strengthen the skull against stresses generated
when the rostrum is bent upward (see Cartmill 1974). Both the
left and right entopterygoid crests of QM F13008 are broken
anteriorly and hence their full extent is uncertain, but when
complete they would have been much more extensive rostrally
and presumably contacted both the pterygoid and palatine. The
medial face of the entopterygoid crest bears an extensive facet
for contact with the pterygoid; a tiny piece of bone attached to
the posterior part of this facet on the left entopterygoid crest in
QM F13008 may be a remnant of the pterygoid. There is no
distinct pterygoid fossa or ectopterygoid crest lateral to the
entopterygoid crest.

Posterior to the entopterygoid crest is the lumen of the
carotid foramen (Fig. 8: cf). In QM F13008, the right carotid
foramen appears larger than the left due to damage to the
dorsal roof of the groove running into the right foramen.
This groove extends posteriorly and slightly laterally from
the carotid foramen and indicates the course of the internal
carotid artery. Posterolateral and slightly dorsal to the
entopterygoid crest, the foramen of the transverse canal is
visible (Fig. 8: tf). This foramen is lateral and slightly poste-
rior to the carotid foramen, anteromedial to the foramen ovale
in the alisphenoid, and faces posterolaterally. The anterior rim
of'the transverse canal foramen is approximately level with the
posterior rim of the carotid foramen, in contrast to other
marsupials in which the transverse canal foramen is anterior
of the carotid foramen (with the exception of Metachirus, in
which these foramina are reported to be level; Sanchez-
Villagra and Wible 2002). The seemingly unique position of
the transverse foramen in Yalkaparidon was remarked upon
by Séanchez-Villagra and Wible (2002), and may be related to
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the posterior extension and robusticity of the entopterygoid
crest (see Beck 2009). When a bright light is shone directly
into the endocranial cavity, light is clearly visible in the lumen
of both the left and right transverse canal foramen, suggesting
that the transverse canal foramina open directly into the cra-
nial cavity, rather than having an intramural connection with a
complete dorsal roof of bone.

A groove in the basisphenoid extends from just anterior to
the rostral pole of petrosal, between the carotid foramen and
the transverse canal foramen, towards the entopterygoid crest.
This groove, which is more obvious on the left side, probably
housed the greater petrosal nerve as it extended from the
petrosal towards the pterygoid canal (the pterygoid canal is
not preserved in QM F13008 due to loss of the pterygoids and
palatines). The suture between the basisphenoid and
basioccipital that delimits the basisphenoid posteriorly cannot
be identified in QM F13008.

Pterygoid

Both left and right pterygoids are entirely missing from QM
F13008, with the possible exception of a tiny fragment of
bone attached to the posterior part of the medial face of the left
entopterygoid crest of the basisphenoid. The pterygoids are
not preserved in any other Yalkaparidon specimen.

Parietal

The paired, domed parietals form the dorsolateral walls of the
posterior part of the braincase. The parietals contact the fron-
tals anteriorly, the alisphenoid anterolaterally, the squamosal
laterally, the wedge-shaped interparietal posteromedially, and
the dorsal part of the mastoid exposure of the petrosal
posterolaterally.

In dorsal view (Fig. 1c), the parietal overlaps the frontal
anteriorly, and is overlapped by the squamosal and alisphenoid
ventrolaterally (although the overlapping portions of these
bones are broken off, their extent is indicated by faint ridges
on the parietal; Fig. 7). The suture between the parietals extends
along the midline for 10.4 mm and is unfused, although it
becomes tightly interdigitated in its middle third (Fig. 1c).
Very weak temporal lines are just visible on the parietals (as
they are on the frontals), extending posteriorly and slightly
medially close to the midline; they meet on the midline
2.5 mm anterior of the suture with the interparietal, but do not
form a distinct sagittal crest. Posterodorsally, a large parietal
foramen is present on both sides 1.2 mm lateral of the
rostralmost end of the interparietal (Figs la, c, 6 and 7: pf).
Examination of the endocranial space of QM F13008 through
the foramen magnum indicates that these parietal foramina
connect to the transverse sinuses.

In lateral view, a small foramen is present on the left
parietal of QM F13008, close to its posteroventral edge,
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0.8 mm anterior to the dorsalmost extent of the mastoid
exposure and 1.0 mm dorsal of the posteriormost part of the
parietal-squamosal suture. No such foramen is present on the
right side.

Interparietal

As in Monodelphis (see Wible 2003), the interparietal of
Yalkaparidon is an unpaired bone that is roughly moustache-
shaped in dorsal view (Fig. 1c). Rostrally, the interparietal
forms a triangular wedge between the parietals; posteriorly, it
extends laterally and ventrally along the posterior border of
the skull, thinning as it does so (Figs. Ic and 7: ip). The
posterior margin of the interparietal is developed into a nuchal
crest ventrolaterally, but there is no crest in its medial section
(Figs. lc and 3b); this somewhat resembles the condition in
peramelemorphians, but sutures that might indicate the pres-
ence of lambdoidal sesamoids in this region (as seen in
peramelemorphians; Filan 1990) are not visible. An obvious
suture marking the boundary between the interparietal and the
supraoccipital cannot be identified, although faint remnants of
this suture may be present along the nuchal crest. Damage to
the left side of the interparietal, just lateral to the midline, has
partly exposed a canal that extends to a foramen in the
supraoccipital, just below the dorsal margin of the skull, and
which may connect to the parietal foramen. In lateral view, it
can be seen that the ventrolateral end of the interparietal
contacts the most dorsal point of the mastoid exposure of the
petrosal (Fig. 7).

Occipital Complex

We assume here that the occipital complex comprises four
bones (as in e.g., Monodelphis; Wible 2003): the basioccipital,
supraoccipital, and paired exoccipitals. However, sutures
demarcating the boundaries between these bones are not
visible in QM F13008, and the occipital complex is not
preserved in any other known Yalkaparidon specimen. We
therefore describe the occipital complex in two parts: the
ventral occipital (which forms the floor of the rear part of
the braincase, and comprises the fused basioccipital and
exoccipitals), and the occipital plate (which forms the posterior
wall of the braincase, and comprises the fused supraoccipital
and exoccipitals).

Ventral Occipital

In ventral view (Figs. 2 and 8), the ventral occipital is roughly
triangular in outline, except where its posterior border is
notched by the foramen magnum. The occipital condyles are
clearly visible lateral to the foramen magnum (Fig. 8: oc).
Paired hypoglossal foramina are present on both sides, anterior
to each occipital condyle (Fig. 8: hf). They are most obvious

on the right side of QM F13008 and are arranged
anteroposteriorly, with the anterior foramen roughly twice as
large as the posterior. The occipital condyles and hypoglossal
foramina were presumably formed by the exoccipitals (as in
e.g., Monodelphis; Wible 2003). Anterolateral to the hypoglos-
sal foramina, the ventral occipital forms the medial and poste-
rior rim of the jugular foramen (Fig. 8: jf), which is completed
anterolaterally by the promontorium of the petrosal. A separate
foramen for the inferior petrosal sinus, anterior to the jugular
foramen, is not clearly identifiable, but may have been present,
as this region is obscured by adhesive on both the left and right
sides of QM F13008. A separate foramen for the inferior
petrosal sinus is present in the metatherians Monodelphis,
Didelphis, Dasyurus, and Pucadelphys (Wible 2003), but it
shares a common opening with the jugular foramen in the
eutherian Zalambdalestes (see Wible et al. 2004) and also
some diprotodontians. The jugular foramen is bordered
posterolaterally by the paroccipital process sensu Voss and
Jansa (2003; = “paracondylar process” sensu Wible 2003;
Fig. 8: pap), which has broken off the left side of QM
F13008 and is damaged posteriorly on the right side. The
paraoccipital process (presumably formed by the exoccipital,
as in e.g., Monodelphis; Wible 2003) is very small, short, and
directed anteroventrally, almost contacting the posterior sur-
face of the promontorium of the petrosal. Immediately lateral
to the paroccipital process, the ventral occipital contacts the
mastoid exposure of the petrosal. At the rostral end of the
ventral occipital (presumably formed by the basioccipital, as
in e.g., Monodelphis; Wible 2003), the suture with the
basisphenoid is not identifiable.

Occipital Plate

In posterior view (Fig. 3b), the occipital plate is roughly trape-
zoidal in outline. Although the occipital plate presumably com-
prises the supraoccipital dorsally and paired exoccipitals
ventrolaterally, sutures between these elements are not visible.
The occipital plate forms the entire posterior wall of the skull
except the posterolateral corners, which are formed by the mas-
toid exposures of the two petrosals (Fig. 3b: ma). The occipital
plate is dominated by the large, ventromedial foramen magnum
(Fig. 3b: fm), the rim of which is smoothly rounded and lacks a
sharply defined dorsal incisura. The occipital plate is delimited
dorsally and dorsolaterally by the nuchal crest, except for 1.5 mm
immediately either side of the midline where this crest is absent
(Fig. 3b). The nuchal crest probably coincides with the boundary
between the supraoccipital and interparietal, but the suture be-
tween these two bones is not identifiable. Three vascular foram-
ina are present immediately below the dorsal margin of the
occipital plate, close to the midline (Fig. 3b: vf; Wible 2003
reported a single, centrally placed foramen in this region in
Monodelphis); of these, the left foramen is the largest, whereas
the middle and right foramina are distinctly smaller. Multiple
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small foramina are also present around the rim of the occipital
plate close to the nuchal crest. Ventrolaterally, the occipital
plate contacts the mastoid exposure of the petrosal, which is
about half the height of the occipital plate. The occipital con-
dyles (Fig. 3b: oc) form the ventrolateral border of foramen
magnum and are roughly comma-shaped, with the “tail” of
each comma pointing ventromedially.

Squamosal

In lateral view (Figs. 1a, b, 6 and 7), the squamosal forms the
posterior part of the zygomatic arch and contributes to the
lateral wall of braincase. The squamosal overlaps the alisphenoid
anteriorly, the parietal dorsally, and the mastoid exposure of the
petrosal posteriorly (Fig. 7: sq). A large suprameatal foramen
(sensu Wible 2003; Fig. 7: smf), dorsal to the external auditory
meatus, is preserved on the right side of QM F13008, but this
region is damaged on the left side. A small subsquamosal
foramen (sensu Wible 2003; Fig. 7: ssqf) also appears to be
present 3 mm posterodorsal to the suprameatal foramen, close to
the suture with the petrosal. There are three anterolateral-facing
foramina (Figs. 6 and 7: sgf) visible in the lateral face of the
zygomatic process of the squamosal, anterior to the suprameatal
foramen, on both the left and right sides of QM F13008; we refer
to them here as “supraglenoid foramina.” Wible (2003) reported
a single foramen in a similar location in Monodelphis, and this
also appears to correspond to “foramen X identified by Horovitz
et al. (2008) in skulls of the metatherian Herpetotherium from the
early Oligocene of Wyoming. In QM F13008, the largest of the
three supraglenoid foramina (the middle foramen on the right
side, the anterior foramen on the left) has a distinct sulcus
extending anteriorly, grooving the zygomatic process of the
squamosal. In QM F40095 (an isolated glenoid region of a right
squamosal), it can be seen that these foramina communicate
with the postglenoid foramen. Beck (2009) tentatively suggested
that the supraglenoid foramina of Yalkaparidon may reflect the
presence of enlarged pinnae (which would have required an
increased blood supply), but also noted that some extant mam-
mals with similar foramina (e.g., the tapir 7apirus and the rice
tenrec Orizoryctes; Koenigswald 1990; Salton 2005) have rela-
tively small pinnae. Alternatively, they may simply transmit
arterial and venous blood to and from the posterior part of the
temporalis.

On the right side of QM F13008, there is a notch in the
squamosal along its suture with the petrosal, immediately
posterior to the suprameatal foramen, which may be the
posttemporal notch (Fig. 7: ?ptn). On the left side, the squa-
mosal in this region has largely broken off, but there is notch
in the petrosal along a vertical ridge that marks its suture with
the squamosal, which again may represent the posttemporal
notch (Fig. 6: ?ptn). The postglenoid process (Figs. 6 and 7:
pgp) is barely visible in lateral view, forming a slight “bump”
in the ventral border of the zygomatic process of the squamosal,
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anteroventral to the suprameatal foramen and immediately
anterior to the inferred position of the external auditory meatus.
Posterior to the external auditory meatus, a small, ventrally
directed postympanic process of the squamosal overlaps the
anterolateral part of the petrosal. The squamosal does not
contribute to the hypotympanic sinus or tympanic wing in
Yalkaparidon, and there are no squamosal epitympanic sinuses.

In ventral view, the squamosal contribution to the glenoid
fossa and surrounding area is better preserved on the right side
of QM F13008 (Fig. 8). The glenoid fossa (Fig. 8: gf) is wide
and essentially planar; there is no evidence of the separate
articular eminence and mandibular fossa that characterize the
“complex” glenoid fossa of most diprotodontians (Aplin
1987). The postglenoid process (Fig. 8: pgp) is extremely
weak, being little more than a very low ridge that extends
anterolaterally from the lateral rim of the postglenoid foramen
for approximately 1.5 mm. Posterior to the medial region of
the glenoid fossa, immediately medial to the postglenoid
process and lateral to the epitympanic recess of the petrosal,
the large postglenoid foramen (Fig. 8: pgf) is entirely enclosed
by the squamosal. Postzygomatic foramina (sensu Gregory
1910; see Wible 2003) are not visible within the right
postglenoid foramen of the right side of QM F13008 because
this region is obscured by adhesive. However, in QM F40095
(an isolated glenoid region of a right squamosal), two small
foramina are visible within the lumen of the postglenoid
foramen: one foramen, which opens in the lateral wall of the
lumen of the postglenoid foramen, communicates with one of
the supraglenoid foramina on the lateral wall of the root of the
squamosal zygomatic process; a second foramen, in the ante-
rior wall, penetrates the substance of the squamosal but its exit
is uncertain (it may be via another of the supraglenoid foram-
ina). QM F40095 also confirms that the suprameatal foramen
connects to the postglenoid foramen in Yalkaparidon, as in
other marsupials (Wible 2003).

In dorsal view, a distinct temporal crest (sensu Evans 1993)
is present along the lateral margin of the squamosal zygomatic
process (Fig. 1c: tc); this crest forms the posterolateral wall of
a depression (enclosed medially by the braincase) on the
dorsal surface of the root of the squamosal zygomatic process.
This depression represents the origin of the pars zygomatica of
the temporalis muscle (Turnbull 1970), and several small
foramina are visible within the depression in dorsal view.

Petrosal

The petrosal houses the cochlea and semicircular canals,
provides attachments for the muscles and ligaments of the
auditory ossicles, and exhibits grooves, canals, and foramina
for various blood vessels and nerves. It is the most complex
bone of the mammalian skull, and is also one of the most
commonly preserved in fossil deposits due to its high density.
Numerous studies demonstrate its utility in inferring
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phylogenetic affinities (e.g., Wible 1990; Wible et al. 2001;
Ladevéze 2004, 2007; Ladeveéze and Muizon 2007; Beck et al.
2008b). QM F13008 preserves both left and right petrosals
largely intact, apart from slight damage to the left
promontorium anterior to the fenestra vestibuli. An isolated
partial left petrosal (QM F52958; Fig. 9) that preserves the
pars cochlearis and the ventral portion of the pars canalicularis
is tentatively referred to Yalkaparidon here. Comparison of
QM F52958 with QM F13008 suggests that the former is
indeed from Yalkaparidon, although it is slightly smaller
(QM F13008 appears to represent a particularly large individ-
ual; see Table 1) and shows some minor morphological dif-
ferences relative to QM F13008. We first describe the features
of the petrosal that are visible in QM F13008 and go on to
discuss additional details revealed by QM F52958.

In ventral view, the petrosal contacts the occipital com-
plex medially and posteromedially, the alisphenoid
anterolaterally, and the squamosal laterally (Fig. 8). The
jugular foramen (Fig. 8: jf) is posteromedial to the petrosal,
lying between it and the basioccipital, while the foramen
ovale (Fig. 8: fo) and the smaller, incomplete foramen for
greater petrosal nerve (Fig. 8: fgpn) are anterior to the
petrosal, between it and the alisphenoid. The petrosal is
dominated by the promontorium (Fig. 8: pr), which houses
the cochlea. The promontorium itself appears to be roughly
hemispherical in shape, but its outline is distorted by a
ridgelike rostral tympanic process (Fig. 8: rtpp) that ex-
tends anteromedially along the ventral surface of the
promontorium from just ventral to the fenestra cochleae to
the point of contact between the petrosal and the
basioccipital. Anteromedially, the promontorium extends
into a flat piece of bone (Fig. 8: amf; the anteromedial
flange sensu Wible 2003) that is oriented at an angle of
about 45° with respect to the sagittal plane. The
anteromedial flange forms the posteromedial border of the
foramen ovale and overlaps the basisphenoid lateral to this.

Within the promontorium, the laterally-facing fenestra
vestibuli is roughly oval and is recessed within a fossula; it
is largely concealed in ventral view but is visible in lateral
view on the right side of QM F13008 (Fig. 7: fv). The fenestra
cochleae, which opens in the posterior flank of the
promontorium dorsal to the posterior end of the rostral tym-
panic process, is also barely visible in ventral view on either
side of QM F13008. A roughly triangular sheet of bone, which
we term the anterior lamina following Ladeveéze (2004; but see
Rougier and Wible 20006), extends lateral to the promontorium.
Anteriorly, the anterior lamina is partly excavated by the part of
the hypotympanic sinus that lies within the petrosal (the majority
of the hypotympanic sinus lies within the alisphenoid, anterior
to the petrosal). A low crest (Fig. 8: petc; the petrosal crest
sensu Archer 1976) divides the petrosal contribution to the
hypotympanic sinus from the epitympanic recess (Fig. 8: er)
immediately behind it. The precise morphology of the

Fig. 9 Isolated partial left petrosal of Yalkaparidon sp. indet. (QM
F52958). a dorsal (cerebellar) view. b ventral (tympanic) view. ¢ lateral
(squamosal) view. Abbreviations: al = anterior lamina (sensu Ladevéze
2004); amf = anteromedial flange; cc = cochlear canaliculus; cp = crista
parotica; ctpp = caudal tympanic process of the petrosal; er =
epitympanic recess; fai = foramen acusticum inferius; fas = foramen
acusticum superius; fc = fenestra cochleae; fi = fossa incudis; fv = fenestra
vestibuli; ggpn = groove for the greater petrosal nerve; hF = hiatus
Fallopii; iam = internal acoustic meatus; ma = mastoid exposure of the
petrosal; mp = mastoid process; pe = prootic canal; pfc = prefacial
commissure; pr = promontorium; rtpp = rostral tympanic process of
the petrosal; saf = subarcuate fossa; sf = stapedius fossa; sff = secondary
facial foramen; sips = sulcus for the inferior petrosal sinus; smn =
stylomastoid notch; sp = styloid process; sps = sulcus for the prootic sinus;
th = tympanohyal; ttf = tensor tympanic fossa
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epitympanic recess and the fossa incudis cannot be determined
in QM F13008 because they are obscured by adhesive. The
secondary facial foramen (Fig. 8: sff) for the exit of the facial
nerve is visible medial to the epitympanic recess, anterodorsal
to the fenestra vestibuli. A relatively large foramen that repre-
sents the tympanic opening of the prootic canal is present
posterolateral to the secondary facial foramen and posterior
and slightly dorsal to the epitympanic recess; the floor of this
opening is formed by the fossa incudis.

Posterior to the epitympanic recess, the tympanohyal
(Fig. 8: th; after the stapes, the most proximal ossification in
Reichert’s cartilage) is identifiable as a relatively stout,
vertically-directed process. A short, posteriorly directed crest
connects the tympanohyal to the weak mastoid process
(Fig. 8: mp). Anterolateral to the mastoid process and lateral
to the tympanohyal, the petrosal is covered by the
posttympanic process of the squamosal (this process is miss-
ing on the left side of the QM F13008). Medial to the
tympanohyal and mastoid process is a weak stylomastoid
notch for the exit of the facial nerve from the middle ear;
Yalkaparidon lacks a complete stylomastoid foramen enclosed
by the petrosal. Medial to the stylomastoid notch, the caudal
tympanic process of the petrosal forms a crest that extends
laterally to contact the paroccipital process of the ventral oc-
cipital, posterior to the fenestra cochleae.

In lateral view, damage to the squamosal on the left side of
QM F13008 has exposed most of the squamosal face of the
left petrosal (Fig. 6). Three foramina (Fig. 6: vf) close to the
dorsal margin of the squamosal face of the left petrosal prob-
ably represent exits for branches of the sigmoid sinus. A
sulcus extends anteriorly from the most anterior of these
foramina for about 1.5 mm towards the vertically directed
prootic sinus (Fig. 6: sps), the dorsal section of which is
visible where the squamosal has broken away. A structure
that probably represents the postttemporal notch (Fig. 6: ?ptn)
is identifiable as a distinct notch in the posterolateral margin of
the petrosal, about 2.5 mm from its ventral edge. A very weak
sulcus (Fig. 6: ?pts) appears to extend anteriorly from the
posttemporal notch along the squamosal face of the petrosal;
this may be the posttemporal sulcus, which would have trans-
mitted the the arteria diploética magna and accompanying
vein towards the prootic sulcus. A small foramen (Figs. 3b
and 6b: ?mf) on the mastoid face of the left petrosal of QM
F13008, approximately 1 mm posteromedial to the posttemporal
notch, may be a mastoid foramen.

In posterior view, the mastoid exposure of the petrosal
(Fig. 3b: ma) forms the posterolateral corners of the skull,
lateral to the occipital plate. The mastoid exposure is shaped
roughly like a dorsally elongate isoceles triangle. It is
overlapped by the squamosal anteriorly, and contacts the pari-
etal at its dorsal end (Fig. 7). As previously described, the
probable posttemporal notch (Fig. 3b: ?ptn) is visible in the
lateral margin of the mastoid exposure of the left petrosal of
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QM F13008, about a third of the way up its vertical suture with
the squamosal, and there appears to be a small mastoid foramen
(Fig. 3b: ?mf) roughly 1 mm posteromedial to the posttemporal
notch; it is uncertain whether a similar foramen is present on the
right side because this region is obscured by adhesive.

The isolated left petrosal QM F52958 (Fig. 9) retains a
complete pars cochlearis, but the dorsal portion of the pars
canalicularis (including the entire mastoid exposure) is miss-
ing, such that only the anterior half of the subarcuate fossa is
preserved. Examination of QM F52958 confirms many of the
anatomical details visible in QM F13008.

In ventral (tympanic) view (Fig. 9a), the rostral tympanic
process of the petrosal (Fig. 9a: rtpp) is slightly more pro-
nounced posteriorly in QM F52958 than in QM F13008, and
forms a distinct knoblike structure. The bony floor of the
secondary facial foramen (Fig. 9a: sff) has apparently broken
away. The fenestra vestibuli (Fig. 9a: fv) is oval-shaped and
recessed in a well-marked fossula. The fenestra cochleae
(Fig. 9a: fe) is large and is shaped like a slightly rounded
isoceles triangle, the apex of which is directed ventrally. The
epitympanic recess (Fig. 9a: er) is more clearly visible in QM
F52958, and is not greatly enlarged as it is in
peramelemorphians. The tympanic aperture of the prootic
canal (Fig. 9a: pe) is hidden by a ventral “ledge” of bone
extending medially from the epitympanic recess; a small notch
is present at the posterior end of this ledge. Posterolateral to
this notch, the shallow fossa incudis (Fig. 9a: fi) is identifiable
but is not well separated from the epitympanic recess anterior
to it. Immediately medial to the fossa incudis, the crista
parotica (Fig. 9a: cp) extends posteriorly to the tympanohyal
(Fig. 9a: th). Extending anteroventrally from the tympanohyal
is a delicate process of bone (Fig. 9a: sp) that Beck (2009)
referred to as the styloid process and which may be a remnant
of the stylohyal (the next distal ossification in the hyoid
apparatus after the tympanohyal) that has fused to the
tympanohyal. This process is not present on either the left or
right (Fig. 8) side of QM F13008, but may have broken off
during fossilization. Beck (2009) hypothesized that the styloid
process of QM F52958 may reflect the presence of a well-
developed styloglossus muscle (which attaches to the
stylohyal) in Yalkaparidon. Medial to the styloid process is
the stylomastoid notch (Fig. 9a: smn), which (as in QM
F13008) clearly does not form a complete foramen. The
stapedius fossa (Fig. 9a: sf), anterior to the tympanohyal and
caudal tympanic process of the petrosal and posterior to the
promontorium, is deep and well excavated. The tensor tym-
pani fossa (Fig. 9a: ttf) is identifiable as a shallow, elongate
groove along the anteolateral border of the anteromedial
flange (Fig. 9a: amf) of the promontorium.

In dorsal (cerebellar) view, the internal auditory meatus
(Fig. 9b: iam) is clearly identifiable towards the anteromedial
end of the petrosal as a large opening that is subdivided into
the more medial foramen acusticum inferius (Fig 9b: fai) and
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the more lateral foramen acusticum superius (Fig. 9b: fas).
The passage for the facial nerve from the foramen acusticum
superius (which it leaves via the primary facial foramen) to the
hiatus Fallopii and secondary facial foramen can be traced. A
cribriform dorsal vestibular area for passage of some bundles
of the vestibular nerve (Wible 2003) is visible in the posterior
wall of the foramen acusticum superius. The internal structure
of the foramen acusticum inferius is partially obscured by
infilling sediment, but the foramen singulare (which transmits
the remaining bundles of vestibular nerve) is visible as a pit in
its posterior wall. The prefacial commissure (Fig. 9b: pfc),
immediately anterolateral to the foramen acusticum superius,
is narrow. Posteromedial to the internal acoustic meatus, only
the most anterior part of the subarcuate fossa is preserved
(Fig. 9b: saf), although this is sufficient to demonstrate that
the subarcuate fossa was deep and well excavated.

In lateral (squamosal) view, the hiatus Fallopii (Fig. 9c: hF)
is visible; following the definition of Sanchez-Villagra and
Wible (2002), it opens in an approximately “intermediate”
position (i.e., neither clearly dorsal nor clearly ventral). A
short groove (Fig. 9c: ggpn) extending anteriorly from the
hiatus Fallopii indicates the course of the greater petrosal
nerve. Posterior to the triangular-shaped anterior lamina
(sensu Ladeveze 2004; Fig. 9c: al), the ventralmost part of
the sulcus for the prootic sinus (Fig. 9c: sps) is preserved. The
sulcus is vertically directed, and the squamosal aperture of the
prootic canal (Fig. 9c: pe) is present in its anterior wall,
although this opening is partially obscured by the posterior
part of the anterior lamina. In medial view, the large cochlear
canalicularis (which opens into the jugular foramen in the
intact skull) is visible dorsal to the fenestra cochleae.

Mandible

Multiple mandibles are known from Yalkaparidon, although
most have suffered damage to the coronoid process, mandib-
ular condyle, and angular process. QM F36544 and F36545
(Fig. 10a—c) are largely complete and may be from a single
individual; together, these form the basis for the description
presented here. The overall shape of the mandible is superfi-
cially rodentlike, dominated by the enormous, procumbent il.
Following Wible (2003), the mandible comprises the horizon-
tal, tooth-bearing body, the tall, hook-like coronoid process,
the relatively low dental condyle (located only slightly above
the alveolar margin of the body), and the weakly-developed
angular process.

In lateral view, a strong coronoid crest (Fig. 10a: coc) is
present along the anterior margin of the tall and hook-like
coronoid process (Fig. 10a: cor). The masseteric fossa
(Fig. 10a: maf) is well marked and is floored by a ventral
ledge (the posterior shelf of the masseteric fossa sensu
Marshall and Muizon 1995; Fig. 10a: psmf) that is quite wide
posteriorly. The masseteric fossa is anteriorly extensive, with

its anterior margin roughly level with the posteriormost molar
alveolus; Beck (2009) argued that this indicates that a major
function of the masseter in Yalkaparidon is to shift the man-
dible anteriorly, bringing the tips of i1 and I1 into occlusion.
Several small foramina (Figs. 10a, d, g: ?mafo) are present
within the masseteric fossa, and may be homologous with the
masseteric foramen seen in many diprotodontians and in
Caenolestes (see Osgood 1921; Voss and Jansa 2009: 46). A
single mental foramen (Fig. 10: mf) is present below the tooth
that we identify here as m1 in QM F36544, F36545 (Fig. 10a:
mf), and in several other specimens; it is located more poste-
riorly, below m2, in others, e.g., QM F13008 (Fig. 10d: mf)
F20366, F23526, and F36543. Wible (2003) found that posi-
tion of the mental foramen in Monodelphis was at least partly
correlated with size, with the foramen located more anteriorly
in smaller individuals, but there is no clear evidence for such a
relationship in the Yalkaparidon specimens examined here. In
QM F130009 (the holotype of Y. jonesi; Fig. 10g: mf), F31370,
and F50794, two mental foramina are present.

In medial view, the symphysis (Fig. 10b: mas) is identifi-
able as a distinct, oval-shaped, roughened area at the anterior
end of the mandible; it is approximately 4.5 mm long and
5 mm deep at its deepest point in QM F36544 and F3654. The
symphysis is unfused and extends as far posteriorly to a point
just anterior to the alveoli that we interpret as housing ml.
Posterior to this, the mandible maintains a roughly consistent
depth until the coronoid process (Fig. 10a: cor). The root of i1
extends posteriorly within the mandible below the entire mo-
lar row, producing a clearly visible bulge on the medial face of
the mandible, and terminates just anterior to the mandibular
foramen, about level with the anterior margin of the coronoid
process (confirmed by damaged specimens; Fig. 10h).
Posterior to the end of the il root, the mandibular foramen
(Figs. 10a, e, h: manf) is located about halfway up the body of
the mandible, level with the anterior margin of the angular
process (Figs. 10 a—c: ang). In QM F31370, a particularly
small right mandible, two mandibular foramina are present,
with one distinctly larger and anterodorsal to the other.

In dorsal view, the angular process (Fig. 10c: ang) forms a
shallow hook extending posteromedially; it shows only a
relatively weak medial inflection compared to most
metatherians (see Sanchez-Villagra and Smith 1997). The man-
dibular condyle (Fig. 10c: con) is roughly bean-shaped in
dorsal view, and is obliquely oriented from posterolateral to
anteroventral, with a gently rounded dorsal surface. The dental
alveoli terminate posteriorly anterior and slightly medial to the
coronoid process, creating a short retromolar space sensu Wible
(2003). An apparent retromolar foramen is present in QM
F31370, medial to the anterior margin of the coronoid process,
but the retromolar space is imperforate in all other Yalkaparidon
specimens. We discuss the number of dental alveoli in the
mandibular body and their implications for the dental formula
of Yalkaparidon below.
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Fig. 10 Mandibular morphology
of Yalkaparidon. a isolated right
mandible of Yalkaparidon coheni
(QM F36545) in labial view. b
QM F36545 in lingual view. ¢ left
(QM F36544) and right (QM
F36545) mandibles of Y. coheni
(probably from a single
individual) in occlusal view. d
partial right mandible of holotype
of Y. coheni (QM F13008) in
labial view. e QM F13008 in
lingual view. f QM F13008 in
occlusal view. g holotype partial
right mandible of Y. jonesi (QM
F13009) in labial view. h QM
F13009 in lingual view. i QM
F13009 in occlusal view.
Abbreviations: ang = angular
process; coc = coronoid crest;

con = mandibular condyle;

cor = coronoid process; ilr = open
root of first lower incisor;

maf = masseteric fossa;

?mafo = ?masseteric foramina;
manf = mandibular foramen;

mas = mandibular symphysis;

mf = mental foramen;

psmf = posterior shelf of the
masseteric fossa; vf = vascular
foramen
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Dental Description
Dentition as a Whole

As noted by Archer et al. (1988), the dentition of Yalkaparidon is
unique amongst known metatherians (and, indeed, known mam-
mals) in that it combines three highly distinctive dental speciali-
zations. Firstly, Yalkaparidon is diprotodont, i.e., the anteriormost
lower incisor is greatly enlarged and procumbent, or “gliriform™
(Figs. 1b and 10). Within Metatheria, diprotodonty is present in
diprotodontians and the South American “pseudodiprotodont”
groups Paucituberculata and Polydolopimorphia (Goin 2003).
Whether the gliriform tooth is homologous across all of these
groups remains uncertain: the gliriform tooth of diprotodontians
and paucituberculatans is clearly an incisor, but the precise dental
locus may differ between these two groups (Ride 1962), and it has
been suggested that the gliriform tooth of polydolopimorphians
may in fact be a canine (Marshall 1982; Flynn and Wyss 2004).
However, in the absence of compelling evidence for non-
homology, we assume that the gliriform tooth of diprotodontians,
paucituberculatans, and Yalkaparidon represents the same locus,
namely i1 (we have not included any representatives of
Polydolopimorphia in the phylogenetic analysis presented here,
and so do not consider the homology of the gliriform tooth of
these taxa further).

Secondly, the first upper and lower incisors of Yalkaparidon
are hypseledont, i.e., open-rooted, and hence grow continuous-
ly throughout life (Figs. 4 and 10h). Within Metatheria,
hypselodont incisors are also found in some diprotodontians,
including the extant vombatids Lasiorhinus and Vombatus, as
well as the South American pseudodiprotodont argyrolagoids
(Flynn and Wyss 1999). The enamel of 11 and i1 of Yalkaparidon
is restricted to the anterolabial face of the tooth (Figs. 1, 3, 4 and
10), a feature that is best known in rodents and lagomorphs but
within Metatheria is found in several diprotodontians and some
argyrolagoids; this distribution of enamel ensures that the incisors
maintain a sharp, chisel-like edge as the teeth wear.

Thirdly, the molars of Yalkaparidon are extremely zalamb-
dodont, i.e., the upper and lower molars are highly modified
through loss of the protocone and talonid, respectively, and each
tooth is dominated by a single major cusp from which two crests
emanate, resulting in a distinctive v-shape when seen in occlusal
view (Figs. 2, 5, 10, 11 and 12; see Asher et al. 2002; Asher and
Sanchez-Villagra 2005; Seiffert et al. 2007). Amongst unequiv-
ocal metatherians, zalambdodonty is also present in Notoryctes,
albeit in a less extreme form than in Yalkaparidon in that the
protocone is still clearly identifiable (Asher and Séanchez-
Villagra 2005; Archer et al. 2011). Incipient zalambdodonty,
achieved through paracone reduction, is present in the fossil
notoryctid Naraboryctes philcreaseri from the early Miocene of

Riversleigh (Archer et al. 2011) and in Kiruwamagq chisu, a
probable metatherian from the ?middle-late Eocene Santa Rosa
formation of Peru (Goin and Candela 2004). Murray and
Megirian (2006: Fig. 6a—f) described an isolated upper molar
(NTM P2815-6) from the late Oligocene Pwerte Marnte Marnte
Local Fauna in the Northern Territory that they identified as the
M2 of peramelemorphian and which is characterized by a
reduced paracone. We suggest that this specimen is probably a
plesiomorphic notoryctemorphian (a possibility also acknowl-
edged by Murray and Megirian 2006) that documents an earlier
stage (given its larger paracone and metaconule) in the acquisi-
tion of zalambdodonty than does Naraboryctes. Necrolestes,
an enigmatic fossorial mammal from the early Miocene of
Argentina, has been suggested to be a zalambdodont
metatherian (Asher and Sanchez-Villagra 2005; Asher et al.
2007; Ladevéze et al. 2008). However, more recent research
indicates that it is a non-therian that diverged from therians
prior to the evolution of tribospheny (Chimento et al. 2012;
Rougier et al. 2012; Averianov et al. 2013).

The living marsupial mole Noforyctes has evolved
zalambdodonty by loss of the paracone (Archer et al. 2011).
This is in contrast to most zalambdodont placentals, which
have lost the metacone (Asher and Sanchez-Villagra 2005).

Fig. 11 Details of the lower dentition of Yalkaparidon. a QM F52963
(right partial mandible of Yalkaparidon coheni) in lingual view. b QM
F52963 in occlusal view. Note broken right i1 and unicuspid tooth in one
of the alveoli between il and m1. ¢ QM F39984 (right mandible of Y.
coheni preserving m1) in lingual view. d QM F39984 in occlusal view. e
QM F50794 (left partial mandible of Y. coheni preserving m2 and m3) in
lingual view. f QM F50794 in occlusal view. g QM F40059 (an isolated
right ?m4) in lingual view. h QM F40056 in occlusal view. Abbrevia-
tions: u = unicuspid tooth in the region between il and m1
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Fig. 12 Variation in the number
of alveoli between il and m1 in
Yalkaparidon mandibles. a QM
F50794 (Yalkaparidon coheni). b
QM F13008 (Y. coheni holotype).
¢ QM F31370 (Y. coheni), d, QM
F13009 (Y. jonesi holotype).
Abbreviations: 1-3 = postincisive
unicuspid teeth; 1a = alveolus for
first postincisive unicuspid tooth;
2a = alveolus for first postincisive
unicuspid tooth; ilr = (open) root
of first lower incisor; ?i2a =
?alveolus for second lower
incisor; mla = alveoli for first
lower molar

Archer et al. (1988) assumed that Yalkaparidon achieved
zalambdodonty via the same evolutionary pathway as in
Notoryctes, i.e., by suppression of the paracone. However, at
least one placental, the vespertilionid bat Harpiocephalus, has
evolved incipient zalambdodonty via paracone reduction (i.e.,
the pattern typical of metatherians; Asher and Sanchez-
Villagra 2005). Thus, zalambdodonty is not always acquired
in placentals by suppression of the paracone. This raises the
possibility that zalambdodonty in metatherians is not always
the result of suppression of the metacone. Until such time as
intermediate  fossils documenting the evolution of
zalambdodonty in Yalkaparidon are found, it cannot be as-
sumed a priori that the major cusp of the upper molars of
Yalkaparidon is the metacone.

Asher and Sanchez-Villagra (2005) and Asher et al. (2007)
argued that occlusal relations can be used to infer probable
cusp homologies, and we have attempted to apply this ap-
proach here to Yalkaparidon. When QM F52756 (a left max-
illa preserving P3 and M1-3; Fig. 5) is brought into approx-
imate occlusion with QM F20723 (a left mandible preserving
il and m2-3), the major cusp of the upper molars appears to
occlude closer to the paracristid of the more posterior lower
molar (data not shown). Following Asher and Sanchez-
Villagra (2005) and Asher et al. (2007), we tentatively inter-
pret this as evidence that the major cusp of the upper molars of
Yalkaparidon is most likely the metacone, as was originally
assumed by Archer et al. (1988).

However, occlusal relations are clearly not infallible indica-
tors of cusp homologies: Asher and Sanchez-Villagra (2005)
and Asher et al. (2007) used them to conclude that the major
lingual cusp of the upper molars of Necrolestes is the metacone,
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whereas it now seems clear that this cusp is in fact the paracone,
based on comparison with other meridiolestidans (Rougier
et al. 2012). Chimento et al. (2012) used occlusal relations to
conclude that the major lingual cusp of the upper molars of
Necrolestes is the paracone, in agreement with Rougier et al.
(2012). However, Chimento et al.’s (2012) model of occlusion
in Necrolestes is clearly incorrect because it reconstructs the
upper and lower molars occluding one-to-one (rather than as
interlocking triangles), which would render the molar crests
non-functional.

Amongst zalambdodont mammals, Yalkaparidon is unusu-
al in that the occlusal and labial surfaces of the upper molars
(Fig. 5) and the occlusal and lingual surfaces of the lower
molars are entirely enamel-free (Figs. 11 and 12). This distri-
bution of enamel is also seen in the enigmatic mammal
Yingabalanara richardsoni described by Archer et al.
(1990), which is known only from the Faunal Zone B (early
Miocene) deposits at Riversleigh (see the “Lower Dentition”
section of the “Dental Description”). Beck (2009) observed
that this restricted distribution of enamel ensures that the
molar crests remain sharp as the molars wear, and proposed
that it represents a specific adaptation for feeding on soft-
bodied invertebrates.

Archer et al. (1988) briefly described the dentition of
Yalkaparidon, and Long et al. (2002) included a labelled
diagram of its dentition that assumed the dental formula and
cusp homologies proposed by Archer et al. (1988). Here we
provide the first detailed description of the individual teeth
of Yalkaparidon and propose a revised interpretation of the
dental formula that differs somewhat from that of Archer
et al. (1988).
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Upper Dentition

The upper dental formula of Yalkaparidon is relatively easy to
determine from known specimens. 11-3 lie within the pre-
maxilla, as is evident from QM F13008 and F52942 (Figs. 1
and 3). A diastema separates 13 from the single-rooted Cl1,
which lies entirely within the maxilla, as seen in QM F13008
and F52756 (Fig. 2). A second diastema separates C1 from the
P3 (Figs. 2 and 5), which may have been single-rooted in
some specimens (e.g., QM F52754,F52755, and F36546), but
was clearly double-rooted in others (e.g., QM F13008 and
F39986; Fig. 2: P3a). In QM F13008, there are three sets of
three alveoli posterior to P3, with each set arranged in a
triangular pattern and the apex of the triangle pointing lingual-
ly (Fig. 2); these would have housed M1-3, as confirmed by
QM F52756 (Fig. 5), in which M1-3 are preserved in situ.
Posterior to M3, there is either a single alveolus (e.g., QM
F13008; Fig. 2: M4a) or pair of alveoli (e.g., QM F52756;
Fig. 5: M4a) for a single- or double-rooted M4 (see the
“Maxilla” section of “Skull Description”). Thus, the full upper
dentition of Yalkaparidon is 11-3 C1 P3 M1-4, and not 11-3
Cl P1-3 MI-3 as was originally stated by Archer et al.
(1988). The presence of four rather than three molars in
Yalkaparidon is perhaps not surprising, given that loss of the
fourth molar is rare in metatherians, and is usually associated
with hypertrophy of the third premolar (Arena et al. 2011),
which is clearly not the case in Yalkaparidon.

The I1 (Figs. 1, 2, 3 and 4) is by far the largest upper tooth
in Yalkaparidon, considerably larger than both 12 and 13, and
is also hypseledont (Fig. 4). Damage to the facial process of
the maxilla on both the left and right sides of QM F13008
means that the open root of I1 can be seen extending back
within the premaxilla to a point level with anterior root of P3
(Fig. 1a, b). In lateral view (Figs. 1a, b and 4a), the crown of I1
is relatively featureless, curving smoothly ventrally from the
premaxilla to a point 6 mm below the ventral margin of the
cranium. Enamel is restricted to the anterolabial face of the
tooth. A small notch in the dentine on the posterior face of 11
(Fig. 4a: I1n), level with occlusal surfaces of 12 and I3,
indicates the point of contact with the tip of il. In occlusal
view (Figs. 2 and 4b), I1 is roughly triangular in cross-section,
comprising a flat, unenamelled distal face, a flat, unenamelled
lingual face and a rounded, enamelled mesiolabial face.

The 12 (Figs. 1, 2, 3 and 4) is immediately posterior and
slightly lateral to I1. In lateral view (Figs. la, b and 4a), the
crown of 12 curves ventrally for about 2 mm below the
premaxilla, and its occlusal surface faces anteroventrally. In
occlusal view (Figs. 2 and 4b), the outline of 12 is a medio-
laterally compressed oval, and the tooth appears somewhat
“squashed” between 11 and I3. Its occlusal surface is essentially
flat and featureless, and appears to have been slightly worn
through contact with il. 12 appears to entirely lack enamel,
comprising a simple, slightly curved cylinder of dentine.

The 13 (Figs. 1, 2, 3 and 4) is posterolateral to 12, is slightly
larger, and in lateral view (Figs. la, b and 4a) its occlusal
surface faces slightly more anteriorly. Besides this, 13 is very
similar in terms of morphology and dimensions to 12, and has
a similarly featureless, slightly worn occlusal surface (Figs. 2
and 4b). Like 12, I3 appears to be unenamelled.

The Cl1 is not preserved in any known specimen of
Yalkaparidon. However, an alveolus for C1 is preserved in
QM F13008 (Fig. 2: Cla), F36546, and F52756 (Fig. 5b:
Cla) and indicates that this tooth was tiny and single rooted; it
is unlikely that it played a major role in occlusion.

The P3 is preserved in QM F13011 (a paratype of Y. coheni)
and F52756 (Fig. 5). Maximum mesiodistal crown length is
1.21 mm and maximum labiolingual crown width is 0.72 mm in
QM F52756 (Fig. 5; see Electronic Supplementary Material for
measurements of other specimens). In labial view (Fig. 5a), the
crown of P3 is roughly triangular, with its posterior crest slightly
longer than the anterior crest and with a trace of a cusp present at
the end of the posterior crest. In occlusal view (Fig. 5b), its
outline is a mediolaterally compressed triangle, with its apex
pointing lingually and its posterior half slightly larger than its
anterior half. Enamel is entirely restricted to the lingual face of
P3 (Fig. 5). As noted above, P3 is clearly double-rooted in some
specimens (e.g., QM F13008 and F39986; Fig. 2: P3a) but may
have been single-rooted in others (e.g., QM F52754, F52755,
and F36546; see “Species-Level Taxonomy™).

The M1 is preserved in situ in a single maxillary specimen,
QM F52756 (Fig. 5), but we have also identified several
isolated examples (see Electronic Supplementary Material).
Maximum mesiodistal crown length is 2.07 mm and maxi-
mum labiolingual crown width is 1.43 mm in QM F52756
(Fig. 5; see Electronic Supplementary Material for measure-
ments of other specimens). In labial view (Fig. 5a), the lingual
cusp of M1 (probably the metacone, as discussed above) is
considerably taller than the anterolabial and posterolabial
cusps (which are presumably stylar in origin, but the exact
homologies of which cannot be identified with any certainty).
In occlusal view (Fig. 5b), M1 is shaped like a rounded “tick”
or “checkmark,” with a long tail extending posterolabially.
Enamel is present on anterior and posterolingual faces, present
but extremely thin on the labial face and entirely absent from
the occlusal face (Fig. 5). Three roots are present: anterolingual,
anterolabial, and posterolabial (Fig. 2).

The M2 (Fig. 5) is considerably wider and more symmet-
rical than M 1. Maximum mesiodistal crown length is 2.00 mm
and maximum labiolingual crown width is 2.34 mm in QM
F52756 (Fig. 5; see Electronic Supplementary Material for
measurements of other specimens). The tooth is shaped like an
arrowhead in occlusal view (Fig. 5b), with a very deep
ectoflexus. The anterolabial cusp and posterolabial cusp (at
the ends of the anterior and posterior lobes, respectively) are
further labial than the equivalent cusps on M1, and the lingual
cusp (the metacone) is slightly further lingual. The posterior
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lobe is slightly wider than the anterior lobe. The morphology
of M2 is otherwise similar to that of M1, with enamel absent
from the occlusal face and absent or extremely thin on the
lingual face, and with the metacone considerably taller than
the anterolabial and posterolabial cusps (Fig. 5). As for M1,
three roots are present (Fig. 2).

The M3 (Figs. 2, 3a and 5) is almost identical to M2, but
slightly wider (such that the metacone is slightly further
lingual), more symmetrical and with a deeper ectoflexus.
Maximum mesiodistal crown length is 2.06 mm and maxi-
mum labiolingual crown width is 2.49 mm in QM F52756
(Fig. 5; see Electronic Supplementary Material for measure-
ments of other specimens).

The M4 is not preserved in any cranial specimen of
Yalkaparidon and an examination of isolated molars from
various Riversleigh sites failed to identify plausible candi-
dates. Although the presence of either one (e.g., QM
F13008; Fig. 2: M4a) or two (e.g., QM F52756; Fig. 5b:
M4a) alveoli in the maxilla posterior to M3 confirms that
Yalkaparidon retained four molars, the M4 alveolus (or alve-
oli) is extremely shallow and M4 itself is not preserved in any
known specimen. M4 was therefore very short rooted and
probably of limited importance in mastication.

Lower Dentition

With the exception of the enormous, open-rooted anterior
lower incisor (identified here as il; Figs. 1b and 10), tooth
homologies of the lower dentition of Yalkaparidon are rather
more difficult to interpret than for the upper dentition. Archer
et al. (1988) determined the lower postincisive dental formula
of Yalkaparidon as comprising between one and three premo-
lars and three molars. However, examination of all known
Yalkaparidon material, including specimens unavailable to
Archer et al. (1988), leads us to an alternative interpretation
that we present here.

Of central importance is QM F13008, the holotype of Y.
coheni, which is the only Yalkaparidon specimen with an
associated upper and lower dentition. The right mandible of
QM F13008 (Figs. 1b, 10d-fand 12b) preserves a single molar
that Archer et al. (1988) identified as m1 (but which they
referred to as “m2,” following the alternative hypothesis of
metatherian dental homologies proposed by Archer 1978).
However, if the cranium and mandible of QM F13008 are
arranged so that the occlusal surface of il contacts the occlusal
surfaces of 11-3 and the tip of il contacts the small notch
(Fig. 5a: I1n) on the posterior face of I1 (as in Fig. 1b), the
single preserved lower molar clearly lies posterior to the
alveoli for M1 and anterior to the alveoli for M2. Thus, the
lower molar in QM F13008 would appear to be m2, not m1.
There are four alveoli posterior to the m2 (Fig. 12b), which
presumably housed a double-rooted m3 and a double-rooted
m4, and we interpret the two alveoli immediately anterior to
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m?2 (Fig. 12b) as most likely housing a double-rooted ml.
Thus, the lower molar formula of QM F13008 is probably
ml—4 (not m1-3, as suggested by Archer et al. 1988), as in
most metatherians and as would be expected given the pres-
ence of four upper molars (see “Upper Dentition” above).
Application of this model of dental homologies to the holo-
type mandible of Y. jonesi (QM F13009) suggests that the
single preserved tooth is a heavily worn m1 (Figs. 10g—i and
12d), not p3 as argued by Archer et al. (1988). QM F39884
preserves a relatively unworn tooth that appears to be ml
(Fig. 11c, d), given that there are three pairs of alveoli (for
m2-4) posterior to it. Comparison of this specimen with QM
F13009 confirms that the tooth preserved in the latter is
probably m1, albeit with heavy wear.

In the mandible of QM F13008, there are two alveoli
between the ml and il (Figs. 10f and 12b: 1a, 2a). These
alveoli are relatively well separated (the bony septum between
them is thicker than that between the alveoli of a single molar),
which may indicate that they were occupied by two single-
rooted teeth. In apparent agreement with this, QM F52963
preserves a tiny, single-rooted unicuspid tooth (Fig. 11a—b: u)
with a very low, roughly hemispherical crown, in the alveolus
anterior to the alveolus for the anterior root of m1. The precise
homology of the teeth between il and m1 in QM F13008 is
uncertain, but, assuming a maximum of four lower incisors,
one canine, and three premolars, they were presumably two
out of i2-4, c1, and p1-3. Thus, the lower dental formula of
QM F13008 (the holotype of Y. coheni) appears to comprise a
single enlarged incisor (i1), two single-rooted teeth (two out of
i2-4, c1, and p1-3), and four double-rooted molars (m1—4). In
contrast, there are no alveoli between il and ml in QM
F13009 (Figs. 10i and 12d), suggesting a lower dental formula
of il c0 p0 m1-4 for this specimen. This variation in dental
formula between QM F13008 and F13009 was the major
factor that led Archer et al. (1988) to identify them as
representing different species. Further variation in the number
of alveoli between il and ml is seen in other Yalkaparidon
dentaries (Fig. 12). In several specimens (e.g., QM F36415,
F50794, F39984, F36551, and F20366), a tiny anteriorly-
directed alveolus is present immediately posterodorsal to the
posterior margin of the il alveolus (Fig. 12a: ?i2a). No tooth
has been found preserved in this alveolus in any Yalkaparidon
specimen, but it may have housed a vestigial i2. Posterior to
this, most isolated dentaries show the same morphology as in
QM F13008, i.e., two alveoli between i1 and m1 (Fig. 12b;
Table 1); however, some specimens (e.g., QM F36415 and
F50794) have three alveoli (Fig. 12a; Table 1), and some (e.g.,
QM F31370, F36545, and F36548) have only a single alveo-
lus (Fig. 12c; Table 1). QM F13009 is the only Yalkaparidon
mandible currently known to entirely lack alveoli between il
and m1 (Fig. 12d, Table 1). The implications of this variation
in lower dental formula for the species-level taxonomy are
discussed in “Species-Level Taxonomy” below.
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The i1 (Figs. 1b and 10), is a relatively enormous, curved,
procumbent, rodentlike tooth, extending anterodorsally for
approximately 8.5 mm beyond the mandible in QM F13008;
it is 4.11 mm deep and 1.78 mm wide at the alveolus (mea-
surements follow Freeman and Lemen 2008; see Table 1 and
Electronic Supplementary Material for measurements of other
specimens). The tooth extends within the mandible beneath
the entire molar row as far as the mandibular foramen
(Fig. 10h). Isolated teeth and broken dentaries demonstrate
that it is open rooted (Fig. 10h). Enamel is restricted to the
anterolabial face and the anteroventral margin of the lingual
face. The tip of il is located approximately 3.5 mm above the
alveolar margin of the mandible in QM F13008, and well
above the occlusal plane of the lower molars (Figs. 1b and
10d, e). As discussed above, a very small, anteriorly directed
alveolus is present immediately behind il in some specimens,
e.g., QM F50794 (Fig. 12a: ?i2a; Table 1). No tooth has been
found occupying this alveolus, but it may have housed a
greatly reduced i2.

As noted above, at least one alveolus is present between i1
and ml in all known dentaries of Yalkaparidon, with the
exception of QM F13009 (the holotype of Y. jonesi; Fig. 12,
Table 1). However, only one specimen (QM F52963) pre-
serves an apparently complete tooth in this region, in the
alveolus immediately anterior to m1 (Fig. 11a, b: u): this tooth
is tiny and single rooted, with a very low, roughly hemispher-
ical crown. Maximum mesiodistal crown length is 0.59 mm
and maximum labiolingual crown width is 0.62 mm in QM
F52963 (Fig. 11b). The three alveoli between il and ml in
QM F50794 are occupied by roots (Fig. 12a), but the crowns
of these teeth are either extremely worn or have broken off
entirely, as no part of these teeth extends above the alveolar
margin. It remains uncertain exactly which dental loci are
represented in this region.

The occlusal outline of the lower molars of Yalkaparidon
(Figs. 10, 11 and 12) differs from that of other zalambdodont
mammals, including Notoryctes (see figures in Asher and
Sanchez-Villagra 2005). In Yalkaparidon, the v-shaped crests
are considerably less acute and the molars are relatively asym-
metrical, with the posterior half of each molar forming a
relatively elongate posterolingually-directed “tail” (Figs. 10,
11 and 12). This unusual morphology raises the possibility that
the talonid has not been entirely lost in Yalkaparidon, and that
the posterior “tail” represents the remnant of the talonid,; if so,
the posterior crest and posterolingual cusp of the lower molars
may not be the metacristid and metaconid, respectively.
However, in the absence of convincing evidence to the con-
trary, we have assumed that the talonid has been entirely lost in
Yalkaparidon and that the posterolingual cusp is the metaconid,
as in other zalambdodont taxa.

We note intriguing similarities between the overall morphol-
ogy of the lower molars of Yalkaparidon and the trigonid of the
enigmatic Riversleigh mammal Yingabalanara richardsoni

(Archer et al. 1990; these authors also discussed this resem-
blance in their “Hypothesis 17 and “Hypothesis 6). Enamel is
absent from the occlusal surface of the trigonid of an isolated
lower molar of Y. richardsoni (QM F31586), as in Yalkaparidon,
and the trigonid is approximately the same size as a
Yalkaparidon lower molar. Given that Yingabalanara exhibits
an extremely reduced talonid, it is possible that it represents a
plesiomorphic pre-zalambdodont yalkaparidontian, but this hy-
pothesis remains speculative in the absence of more complete
specimens of this taxon.

The morphology of ml is best preserved in QM F39984
(Fig. 11c, d) and F36548, but QM F13009 (the holotype of Y.
Jjonesi) also preserves a worn ml (not a p3, contra Archer et al.
1988, as discussed above; Figs. 10g, i and 12d). Maximum
mesiodistal crown length is 1.68 mm and maximum labiolingual
crown width is 0.98 mm in QM F52756 (Fig. 11d; see
Electronic Supplementary Material for measurements of other
specimens). The tooth is roughly triangular in occlusal outline,
with its distal half only slightly longer than mesial half; hence
the posterolingual “tail” is shorter than in the more posterior
molars. In QM F39984 (Fig. 11d), the labial border is almost
straight, with only a very weak inflection. The apex of the
protoconid is located roughly midway along the lingual mar-
gin of the tooth. Enamel is entirely absent from the occlusal
and labial faces; hence, a labiolingually narrow, enamel-free
basin is present labial to the protoconid, enclosed by the
paracristid mesially and the metacristid distally, but open
labially. In labial view (Fig. 11c), the protoconid is by far the
tallest cusp. The paraconid is identifiable as a slight rise at the
mesial end of the paracristid, which is notched as a result. The
metacristid is distinctly bipartite: it descends at an angle of
about 60° from the protoconid, then levels off to form an
almost horizontal crest.

The m2 (based on QM F20723 and F50794, which are the
least worn known examples; Fig. 11e, f) is considerably larger
than ml, the paraconid is much better developed and the
posterolingual tail is more elongate, but it is otherwise similar
in overall morphology. Maximum mesiodistal crown length is
1.79 mm and maximum labiolingual crown width is 1.14 mm
in QM F50794 (Fig. 11f), although this specimen appears to be
from a particularly small individual (Table 1; see Electronic
Supplementary Material for measurements of other specimens).

The m3 (again based, on QM F20723 and F50794;
Fig. 1le, ), is extremely similar to m2 but slightly wider
and the paracristid and metacristid are oriented slightly more
transversely relative to the long axis of the mandible.
Maximum mesiodistal crown length is 1.76 mm and maxi-
mum labiolingual crown width is 1.49 mm in QM F50794
(Fig. 11f; see Electronic Supplementary Material for measure-
ments of other specimens).

The m4 of Yalkaparidon is preserved in situ in only a single
mandible, QM F36544 (Fig. 10c), but the tooth is heavily worn
and broken distally in this specimen. We have tentatively

@ Springer



156

J Mammal Evol (2014) 21:127-172

identified a number of isolated, complete m4s based on com-
parison with QM F36544 and on inferred meristic gradients
suggested by m1-3 (e.g., QM F40056 and F40059; Fig. 11g, h;
see Electronic Supplementary Material). These specimens in-
dicate that m4 is similar to m3, but the paraconid and
metaconid are both slightly longer mesiodistally (Fig. 11g, h),
and the paracristid and metacristid are oriented slightly more
transversely so that the tooth as a whole does not appear as
elongate (Fig. 11h). Maximum mesiodistal crown length is
1.90 mm and maximum labiolingual crown width is 1.81 mm
in QM F40056 (Fig. 11h; see Electronic Supplementary
Material for measurements of other specimens).

Tarsals Description

We tentatively refer nine isolated astragali (QM F39989, F40091,
F40093, F40096, F52957, F52982, F53637, F53638, and
F53639) to Yalkaparidon, based on relative size, abundance,
and comparative morphology. We also identified two calcanea
(QM F53640 and F53641) that appear to match the astragali in
terms of size and conarticular joint morphology, from amongst
isolated postcranial material from Upper Site (the Riversleigh site
from which the most Yalkaparidon craniodental specimens have
been collected to date; see Electronic Supplementary Material).
Because the morphology of the tarsus plays a central role in our
current understanding of metatherian phylogeny (e.g., Szalay
1982, 1994), these specimens may be particularly useful in
deciphering the phylogenetic affinities of Yalkaparidon.
However, the critical question is whether they can be assigned
to Yalkaparidon with any degree of confidence.

Collectively, the tarsal specimens appear to represent a mem-
ber of Australidelphia, given the presence of: (1) partially fused
ectal and sustentacular facets, forming the continuous lower
ankle joint characteristic of australidelphians; and (2) a tripartite
calcaneocuboid facet, which is the second major tarsal synapo-
morphy of Australidelphia (Figs. 13 and 14; see Szalay 1982,
1994; Beck et al. 2008b; Beck 2012). However, the overall
morphology of these tarsals differs significantly from that of all
other undoubted australidelphians, namely dasyuromorphians,
diprotodontians, notoryctemorphians, and peramelemorphians
(members of which are known from the Oligo-Miocene deposits
at Riversleigh), the South American microbiotherian Dromiciops,
and the early Eocene Australian australidelphian Djarthia (see
Szalay 1982, 1994; Beck et al. 2008b; Beck 2012).

Perhaps the most distinctive features of these tarsals are the
extremely elongate astragalar neck (Figs. 13a, b and 14a, b),
which is about as long proximodistally as is the body of the
astragalus, and the distally extensive sustentacular facet of
both the astragalus (Figs. 13b and 14b) and calcaneus
(Figs. 13d, f and 14d, f); these two characters are correlated
because the sustentacular facet of the astragalus extends onto
the ventral surface of the astragalar neck, and hence distal
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extension of this facet necessitates a concomitant elongation
of the astragalar neck. In addition to these features, the tarsals
differ from: (1) those of dasyuromorphians in lacking a distal
calcaneoastragalar facet at the distal end of the sustentaculum
(Szalay 1994; the sustentacular facet instead extends the entire
length of the sustentaculum); (2) those of macropodoid
diprotodontians (including Miocene taxa from Riversleigh;
Kear et al. 2001a, 2001b, 2007) in their smaller size, and in
lacking a sharply angled “mortise-and-tenon” upper ankle joint,
accessory astragalocalcaneal facet, or strongly “stepped”
calcaneocuboid facet (Szalay 1994); (3) those of vomba-
timorphian diprotodontians in their smaller size and in having
less distally extensive medial and lateral astragalotibial facets
(Szalay 1994); (4) those of notoryctemorphians in their larger
size and in having a narrower astragalofibular facet, a distally
less extensive medial astragalotibial facet, and a proportionally
shorter and more robust calcaneal tuber (Szalay 1994); (5) those
of peramelemorphians (including undescribed specimens from

Fig. 13 Isolated tarsals tentatively referred here to Yalkaparidon sp.
indet. a QM F53639 (isolated left astragalus) in dorsal view. b QM
F53639 in ventral view. ¢ QM F53639 in distal view. d QM F53641
(isolated left calcaneus) in dorsal view. e QM F53641 in distal view.
f QM F53641 in medial view
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Fig. 14 Labelled diagrams of isolated tarsals tentatively referred here to
Yalkaparidon sp. indet., with major features indicated. a QM F53639
(isolated left astragalus) in dorsal view. b QM F53639 in ventral view. ¢
QM F53639 in distal view. d QM F53641 (isolated left calcaneus) in
dorsal view. e QM F53641 in distal view. f QM F53641 in medial view.
Abbreviations: ac = astragalar canal; AFi = astragalofibular facet; ampt =
astragalar medial plantar tuberosity; AN = astragalonavicular facet; at =
anterior plantar tubercle; ATil = lateral astragalotibial facet; ATim =
medial astragalotibial facet; CaCu = calcaneocuboid facet; cflf =
calcaneofibular ligament facet; CLAJP = continuous lower ankle joint
pattern; Ec = ectal facet; pp = peroneal process; Su = sustentacular facet

Riversleigh; pers. obv.) in lacking a sharply angled “mortise-
and-tenon” upper ankle joint and a calcaneofibular facet, and in
having a less quadrate astragalus and a sustentacular facet that
faces more medially (Szalay 1994); (6) those of the
plesiomorphic australidelphian Djarthia, the microbiotherian
Dromiciops, and “possum-like” diprotodontians in having a
more sharply angled upper ankle joint with crests separating
the tibial and fibular facets, distinct “pinching” or “waisting” of
the continuous lower ankle joint (i.e., a narrow, rather than
broad, connection between the ectal and sustentacular facets)
and a less distinct tripartite division of the calcaneocuboid facet
(Szalay 1994; Beck et al. 2008Db).

Given that: (1) the craniodental morphology of Yalkaparidon
differs significantly from that of all known australidelphians, (2)
Yalkaparidon is the only undoubted metatherian currently
known from Riversleigh that cannot be assigned to a known
order, and (3) the tarsal remains discussed here are likewise very

different from those of any other australidelphian and cannot be
clearly assigned to any of the australidelphian orders present at
Riversleigh, it seems plausible that these highly distinctive
metatherian tarsals are indeed referable to Yalkaparidon. The
alternative requires that either: (1) these tarsals belong to another
Riversleigh metatherian taxon that is currently completely
unrepresented by craniodental remains, or (2) a member of
one of the known marsupial orders present at Riversleigh and
known only from craniodental specimens possessed a tarsal
morphology that differs radically from that of relatives that are
known from associated postcranial material. We consider both
possibilities unlikely. However, the referral of these tarsal spec-
imens should, of course, be treated as tentative pending the
discovery of associated craniodental and postcranial remains
of Yalkaparidon (see Gelfo and Lorente 2012 for a general
critique of attempts to refer isolated postcranial specimens to
taxa known only from craniodental remains). We now present a
detailed description of these tarsal specimens.

Astragalus

In dorsal view (Figs. 13a and 14a), the astragalofibular facet is
broad and the lateral astragalotibial facet is distinctly
trochleated. The medial astragalotibial facet is concave, with
its distal margin well distal of the lateral astragalotibial facet
and its proximal margin well distal of the proximal margin of
the astragalus; as a result, the astragalar medial plantar tuber-
osity is visible in dorsal view (Figs. 13a and 14a: ampt). In
distal view (Figs. 13c and 14c), the astragalofibular, lateral
astragalotibial, and medial astragalotibial facets are separated
from each other by well-marked crests, and the distinctly
trochleated shape of the lateral astragalotibial facet is clearly
visible. The degree of angulation between the medial
astragalotibial and lateral astragalotibial facets and between
the lateral astragalotibial and astragalofibular facets is more
than in Djarthia, Dromiciops, and possum-like diprotodontians,
but less than in the “mortise-and-tenon” upper ankle joint of
peramelemorphians and macropodoids; some dasyoromorphians
(e.g., Antechinomys; Szalay 1994: fig. 7.38 J) and some
didelphids (e.g., Didelphis; Szalay 1994: fig. 7.11 J) show a
similar degree of angulation. A crest extends from distal to the
crest separating the astragalofibular and lateral astragalotibial
facets to the dorsomedial corner of the astragalonavicular facet
(Figs. 13a, c and 14a, c).

In distal view (Figs. 13c and 14c¢), the astragalonavicular
facet is about as extensive dorsoventrally as it is mediolaterally,
and it extends onto the ventromedial part of the astragalar neck.
In dorsal (Figs. 13a and 14a) and proximal views, a foramen for
the astragalar canal is visible, below the proximal border of
lateral astragalotibial facet. The presence of a large astragalar
canal (almost certainly a plesiomorphic retention; Szalay 1994;
Szalay and Sargis 2006) would probably have limited the
degree of plantar flexion possible around the upper ankle joint.
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In ventral view (Figs. 13b and 14b), the ectal facet is weakly
concave and the sustentacular facet is weakly convex. These
two facets contact each other, forming the continuous lower
ankle joint pattern (“CLAJP”) characteristic of austra-
lidelphians, but the point of contact is relatively narrow; this
“pinched” morphology of the CLAJP is characteristic of
peramelemorphians and macropodoids (Szalay 1994), but
also appears to be present to varying degrees in some dasy-
uromorphians (e.g., Antechinomys; Szalay 1994: fig. 7.38)
and some “possum-like” diprotodontians (e.g., Petaurus;
Szalay 1994: fig. 7.55). The proximal margin of the
sustentacular facet is distal of the more proximal half
of the ectal facet, unlike the condition in peramelemor-
phians, macropodoids, and some dasyuromorphians (e.g.,
Antechinomys and Thylacinus; Szalay 1994: figs. 7.38-39)
in which these two facets are aligned mediolaterally. The
astragalar medial plantar tuberosity appears relatively small
and does not overhang the sustentacular facet. The ventral
opening of the astragalar canal, dorsal and slightly lateral to
the astragalar medial plantar tuberosity, is partially visible.
The astragalonavicular facet is continuous with sustentacular
facet in some specimens (e.g., QM F40096, F53639; Figs. 13b
and 14b) but apparently not others (e.g., QM F39989), and
extends proximally along the ventromedial face of the
astragalar neck in all specimens.

Calcaneus

In dorsal view (Figs. 13d and 14d), the calcaneus appears
quite slender and elongate (despite loss of the proximal epiph-
ysis in both of the known specimens), with a relatively long
tuber. The peroneal process is identifiable as a small but
distinct protuberance on the lateral margin of the calcaneus,
set well back from its distal end. The sustentaculum is long,
and the sustenacular facet extends the entire length of the
sustentaculum. The sustentacular facet is concave in medial
view (Figs. 13f and 14f), and its anterior half faces more
medially than does the posterior half. The ectal facet is
anteroposteriorly convex and faces dorsomedially (Figs. 13d, e
and 14d, e); as in the astragalus, the proximal part of the ectal
facet is further proximal than the sustentacular facet (Figs. 13d
and 14d). The sustentacular facet is considerably longer
proximodistally than the ectal facet (Figs. 13d, f and 14d, f).
As in the astragalus, although the sustentacular and ectal facets of
the calcaneus contact each other (forming the australidelphian
CLAIJP), the area of contact between the two facets is relatively
narrow, giving the CLAJP a distinctly “pinched” outline in
dorsal view (Figs. 13d and 14d). When viewed medially
(Figs. 13f and 14f), there is a distinct “step” at the point where
the ectal and sustentacular facets contact each other, with the
posterolateral margin of the sustentacular facet located below the
level of the medial margin of the ectal facet (also seen in
peramelemorphians and macropodoids). A relatively deep sulcus
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between the posterior regions of the ectal and sustentacular facets
would have accepted the part of the astragalus immediately
posterior to the astragalofibular facet during extremes of plantar
flexion. There is no evidence for a distinct calcaneofibular facet
lateral to the ectal facet.

A small but identifiable anterior plantar tubercle (Figs. 13f
and 14f: at) is present at the ventrodistal end of the calcaneus,
below the calcaneocuboid facet. In distal view (Figs. 13e and
14e), the calcaneocuboid facet appears to be tripartite, which
is a second tarsal apomorphy characteristic of Australidelphia.
However, the division between the three facets is less distinct
than in Dromiciops, possum-like diprotodontians, or Djarthia
(Szalay 1994; Beck et al. 2008b); in this respect, the
calcaneocuboid facet resembles the condition seen in
peramelemorphians (Szalay 1994), except that the dorsolateral
part of the facet is more extensive medially in Yalkaparidon,
extending along the anterior margin of the sustentaculum.

Species-Level Taxonomy

In their original description, Archer et al. (1988) identified
two species of Yalkaparidon, Y. coheni and Y. jonesi. The
species were distinguished by: (1) the presence in Y. coheni
of two alveoli between the enlarged, procumbent il and the
tooth that we identify here as m1 (Figs. 10f and 12b: 1a,
2a), whereas a true, edentulous diastema occupies this
region in Y. jonesi (Figs. 10i and 12d); (2) the slightly larger
size of Y. coheni. We now consider whether recognition of
two species of Yalkaparidon still appears reasonable in the
light of the larger sample of Yalkaparidon specimens now
known from Riversleigh.

We observed possible polymorphism in P3 root number,
with this tooth clearly double-rooted in some specimens (e.g.,
QM F13008 and F39986; Fig. 2: P3a), but possibly single
rooted in others (e.g., QM F52754, F52755, and F36546).
However, polymorphism in P3 root number has been reported
in the extant dasyurid Pseudantechinus mimulus (see Woolley
2011), and variation in the number of premolar roots is ob-
served in several other mammalian taxa (e.g., primates;
Kupcezik et al. 2005). As a result, we do not consider the
apparent P3 variation seen in Yalkaparidon to be a basis for
recognizing multiple species, particularly given the small size
and probable limited functional significance of this tooth.

The holotype of Y. coheni (QM F13008) has two alveoli
between il and m1, as do several additional specimens (e.g.,
QM F24361, F36543, F52759; Figs. 10f and 12b: 1a, 2a;
Table 1), but Yalkaparidon mandibles with three prominent
alveoli between il and ml are now also known (e.g., QM
F50794; Fig. 12a; Table 1), as are mandibles with a single
alveolus in this region (e.g., QM F31370; Fig. 13c; Table 1).
An additional tiny, anteriorly-directed alveolus immediately
posterior to il, possibly for i2, is also present in some
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specimens (e.g., QM F20366; Fig. 12a; Table 1). QM F13009,
the holotype of Y jonesi, remains the only known
Yalkaparidon mandible to entirely lack alveoli between il
and ml (Fig. 12d; Table 1). Collectively, these specimens
may document a gradual anagenetic trend towards loss of
the teeth between il and m1 within a single lineage, culmi-
nating in the true diastema seen in QM F13009.

The temporal distribution of Yalkaparidon mandibular
specimens may support this hypothesis. QM F50794
(Fig. 12a; Table 1) is putatively the oldest known
Yalkaparidon mandible, as it comes from Quantum Leap
Site, which is usually considered to belong to Riversleigh
Faunal Zone A (the oldest of the Riversleigh Faunal Zones,
interpreted as late Oligocene in age; Archer et al. 1989, 1997,
Travouillon et al. 2006), although it may in fact be part of
Faunal Zone B (P. Creaser, pers. comm., June 2008;
Travouillon et al. 2013). This specimen has three alveoli
between il and m1, plus an additional alveolus that may be
for i2 (Fig. 12a). QM F13009 (Figs. 10g—i and 12d; Table 1),
the holotype of Y. jonesi, is the youngest known Yalkaparidon
mandible, from the Riversleigh Faunal Zone C Gag Site
(interpreted as middle Miocene in age; Archer et al. 1989,
1997; Travouillon et al. 2006), and is the only known speci-
men without alveoli between il and m1. The remaining man-
dibles currently known, in which the number of alveoli varies
between one and four (including the tiny ?i2 alveolus), are all
from Faunal Zone B sites, which are interpreted as early
Miocene in age (Figs. 10a—f and 12b, c; Table 1; Archer
et al. 1989, 1997; Travouillon et al. 2006). In a potentially
parallel example, the extinct eutherian apatemyids, which may
be ecological analogues of Yalkaparidon (Beck 2009), appear
to show a gradual temporal trend towards the development of
a diastema over the course of the Palacogene, via reduction of
p3 and p4 (West 1973).

An alternative interpretation for the differences in alveolus
number in known mandibles of Yalkaparidon is that it reflects
variation within a single species. Rates of dental abnormalities
can be surprisingly high in marsupials: Archer’s (1975) survey of
dasyurids found that 18 % of Sarcophilus harrisii specimens and
26 % of Planigale maculata specimens examined showed some
kind of dental abnormality, and Martin’s (2007) study of the
microbiotheriid Dromiciops gliroides and the caenolestids
Caenolestes fuliginosus and Rhyncholestes raphanurus found
that the frequency of anomalies ranged from 8.8 % in D.
gliroides to 15 % in C. fuliginosus and 29.6 % in R. raphanurus.
Significantly, most of the anomalies in C. filiginosus and R.
raphanurus reflect supernumerary or missing teeth in the region
immediately posterior to the incisors; this is probably because
these teeth are of limited importance in mastication (the upper
and lower dentitions do not occlude in this region) and so are
not under tight functional constraint. Archer (1975) also report-
ed that the number of alveoli between il and p3 in the
pseudocheirid Pseudocheirus peregrinus varied between one

and three; in pseudocheirids, as in caenolestids, the teeth in this
region do not contact the upper dentition during occlusion.
Likewise, in Yalkaparidon it appears that the teeth present
between il and m1 were non-functional or of minimal impor-
tance in mastication: these teeth could not have contacted the
upper dentition (Fig. 1b), and in the one known mandible that
preserves a complete tooth in this region (QM F52963;
Fig. 11a, b), the tooth is extremely low-crowned and may even
have failed to breach the gum. Thus, a single species of
Yalkaparidon might be expected to exhibit a similarly high rate
of supernumerary and missing teeth in the postincisive region
as do the extant C. filiginosus and R. raphanurus. However,
whether this would extend to complete absence of teeth in this
region, in which case QM F13009 could represent Y. coheni
(rather than a second species Y. jonesi), is uncertain. By com-
parison, none of the C. fuliginosus or R. raphanurus specimens
examined by Martin (2007) and none of the P. peregrinus
specimens discussed by Archer (1975) entirely lack teeth in
the region immediately posterior to the incisors.

The second criterion used by Archer et al. (1988) to distin-
guish Y. coheni from Y. jonesi is the slightly larger size of the
former, based on comparison of the holotype mandibles of the
two species (QM F13008 and F13009, repectively). However,
several Yalkaparidon specimens with at least one alveolus
between il and m1 overlap in dental dimensions and estimat-
ed body size with QM F13009 (Fig. 16, Table 1); thus, size is
not an absolute criterion for distinguishing the two species
recognized by Archer et al. (1988). The observed variation in
size may reflect differences in the individual age of particular
specimens. However, all known Yalkaparidon mandibles, in-
cluding QM F36545 and F31370 (the two smallest known
mandibles), exhibit alveoli for m4, indicating that this tooth
(the last molar to erupt in marsupials) was fully erupted. CT-
scans and dental X-rays of QM F36545 and F31370 also fail
to indicate the presence of an unerupted p3 in either specimen
(data not shown). Hence, all known Yalkaparidon mandibles
appear to represent adults.

Other possible explanations for the variation in dental di-
mensions and estimated body mass include sexual dimorphism
(although there is no clear evidence for a bimodal distribution
of body sizes; Table 1) and “ordinary” intraspecific variation. If
the very low body mass estimate (76.0 g; Table 1) for QM
F31370 based on “total jaw length” is excluded, estimated
body mass in Yalkaparidon ranges from 125 to 248.8 g.
Estimated body mass for QM F13009, the holotype of Y. jonesi,
is 183.7 g, i.e., close to the midpoint of the range seen in
Yalkaparidon as a whole. A proportionally similar range in
body mass is seen in extant Dactylopsila species, which may
be modern ecological analogues of Yalkaparidon (see Beck
2009): body mass is 260-550 g in D. palpator and 280-
470 g in D. trivirgata (Flannery 1994, 1995).

Plots of depth and mesiodistal width of i1 and labiolingual
width and mesiodistal length of P3, M1-3, and m1-4 for
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known Yalkaparidon specimens (Figs. 15 and 16) do not result
in obviously discrete clusters that might represent different
species. Specimens that lie outside the 95 % confidence ellip-
ses appear to represent heavily worn teeth, the dimensions of
which (particularly mesiodistal length) are almost certainly
underestimates of their unworn size. The il and ml dimen-
sions of QM F13009 do not represent outliers (Fig. 16). There
is no evidence for a relationship between dental dimensions
and the relative age of different Yalkaparidon specimens
(Figs. 15 and 16), assuming that Riversleigh Faunal Zones
A, B, and C represent the late Oligocene, early Miocene, and
middle Miocene, respectively (following Archer et al. 1989,
1997; Travouillon et al. 2006). Thus, there does not appear to
have been a consistent trend regarding change in tooth size
over time.

Is there any other source of morphological variation that
might be of use in clarifying species boundaries within
Yalkaparidon? Closely related fossil mammal species are usually
distinguished by discrete dental characters, particularly charac-
ters of the molars. However, the dental morphology of
Yalkaparidon is extremely simple compared to most other

mammals (Figs. 5, 10, 11 and 12), and most isolated mandibles
of Yalkaparidon are edentulous, with the molars in those man-
dibles that preserve them (including QM F13009, the holotype
of Y. jonesi) often heavily worn. As a result, we have been unable
to identify discrete, consistently identifiable dental characters
that might be useful in determining species boundaries within
Yalkaparidon. Furthermore, only one specimen, QM F13008, is
known with associated partial upper and lower dentitions, of
which only the incisors, a single upper (M3) and a single lower
(m2) molar are preserved (Figs. 1, 2, 4, 10d—f and 12b). Thus, it
seems impossible, at present, to determine whether isolated
lower teeth and mandibles represent the same or different species
as isolated upper teeth, premaxillae, and maxillae.

Collectively, these issues render attempts to determine
species boundaries within Yalkaparidon extremely difficult,
given the specimens currently available. We have elected to
maintain the two species described by Archer et al. (1988), but
we argue that the only diagnostic character that distinguishes
the two is presence in of at least one alveolus between i1 and
ml in Y. coheni (Fig. 12a—c) versus complete absence of any
alveoli in this region (i.e., presence of a true edentulous
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Fig. 15 Graphs of maximum labiolingual width against maximum
mesiodistal length for P3 and M1-3 of Yalkaparidon. 95 % confidence
ellipses (assuming a bivariate normal distribution) are shown, as calcu-
lated by PAST (Hammer et al. 2008). Symbols indicate whether
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specimens are from Riversleigh Faunal Zone A, B or C sites (see Archer
et al. 1989, 1997; Travouillon et al., 2006). All specimens and raw
measurements are listed in Electronic Supplementary Material
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Fig. 16 Graphs of maximum mesiodistal width against depth of il at the
alveolus (following Freeman and Lemen (2008) and maximum
labiolingual width against maximum mesiodistal length for m1-4 of
Yalkaparidon. 95 % confidence ellipses (assuming a bivariate normal
distribution) are shown, as calculated by PAST (Hammer et al. 2008).

diastema) in Y. jonesi (Fig. 12d). Archer et al.’s (1988) use of
size as a diagnostic character is not supported by the larger
sample of specimens available to us here (Figs. 15 and 16;
Table 1). We therefore refer all Yalkaparidon mandibles with
at least one alveolus between il and ml to Y. coheni. QM
F13009, the only known mandible that entirely lacks alveoli
between il and m1, represents Y. jonesi.

This approach means that only specimens preserving the
postincisive region of the mandible can be identified to species

Symbols indicate whether specimens are from Riversleigh Faunal Zone
A, B, or C sites (see Archer et al. 1989, 1997; Travouillon et al., 2006).
The il and m1 of QM F13009 (the holotype of Y. jonesi) are indicated. All
specimens and raw measurements are listed in Electronic Supplementary
Material

level. We argue that all other specimens should be referred to
Yalkaparidon sp. indet., pending the identification of additional
diagnostic characters. As a result, the paratype of Y. jonesi (QM
F13012, a right i1) and one of the paratypes of Y. coheni (QM
F13011, a maxillary fragment with P3 and M2) listed by
Archer et al. (1988) should now be considered as
Yalkaparidon sp. indet. (see Electronic Supplementary
Material). The discovery of Yalkaparidon specimens with as-
sociated upper and lower dentitions and with reasonably
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complete cranial material (which might reveal the presence of
significant non-dental variation) should permit a more confi-
dent resolution of the species-level taxonomy within the genus.

Functional Morphology and Paleoecology

The functional morphology and likely paleoecology of
Yalkaparidon have been discussed at length by Beck (2009),
who proposed that Yalkaparidon is a fourth example of a
“mammalian woodpecker,” after the strepsirhine primate
Daubentonia madagascarensis, the petaurid possums
Dactylopsila spp., and the fossil eutherian apatemyids (recent-
ly, the South American notoungulate Hegetotherium mirabile
has been suggested to be a fifth such example; McCoy and
Norris 2012). This conclusion was based on the presence of a
number of unusual craniodental features in Yalkaparidon, par-
ticularly the combination of: (1) enlarged, hypselodont inci-
sors, (2) cranial adaptations that appear to strengthen the skull
against rostral bending, and (3) extremely zalambdodont,
“self-sharpening” molars, which Beck (2009) suggested were
a specific adaptation for feeding on soft-bodied invertebrates
such as insect larvae.

Although we do not present a detailed functional analysis
of the tarsal specimens tentatively referred to Yalkaparidon
here, their overall morphology does not conflict with the
hypothesis of Beck (2009), which was based solely on the
craniodental anatomy of Yalkaparidon. The ridges and degree
of angulation between the astragalotibial and astragalofibular
facets of the astragalus (Figs. 13c and 14c) suggest that the
upper ankle joint of Yalkaparidon was not as mobile as that of
Djarthia, Dromiciops, and “possum-like” diprotodontians
(Szalay 1994; Beck et al. 2008b), which may be evidence that
Yalkaparidon was not a dedicated arborealist. However, the
upper ankle joint morphology of Yalkaparidon does not ap-
proach the cursorially-adapted “mortise-and-tenon” condition
of peramelemorphians and macropodoid diprotodontians, and
also differs from these taxa in lacking a calcaneofibular facet
(which would further stabilize the tarsus). There is only a
narrow connection between the ectal and sustentacular facets
in Yalkaparidon, resulting in a distinctly “pinched” CLAJP
(Figs. 13b, d and 14b, d). This morphology is characteristic of
peramelemorphians and macropodoids, and probably helps
stabilize the lower ankle joint in these cursorial forms
(Szalay 1994; Beck et al. 2008b; Beck 2012). However, the
lower ankle joint of Yalkaparidon appears to have been highly
mobile, given (1) the distally elongate sustentacular facet
(Figs. 13b, d, f and 14b, d, f), (2) the small size of the
(concave) ectal facet of the astragalus compared to the
(convex) ectal facet of the calcaneus (Figs. 13b, d and
14b, d), and (3) the fact that the ectal and sustentacular facets
are not transversely aligned as they are in peramelemorphians
and macropodoids (Figs. 13b, d and 14b, d). Furthermore, the
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ectal and sustentacular facets of Yalkaparidon face dorsomedially
(Figs. 13e and 14e), suggesting that the foot was habitually
inverted, as in arboreal and scansorial metatherians (Muizon
1998; Beck 2012). By contrast, these facets face more dorsally
in the cursorially-adapted peramelemorphians and macropodoids
(Szalay 1994) and in the more terrestrial members of Didelphidae
(e.g., Metachirus and Monodelphis; Argot 2002; Muizon and
Argot 2003) and Dasyuromorphia (e.g., Antechinomys and
Thylacinus; Szalay 1994: figs. 7.38E, 7.39E).

Thus, the tarsals of Yalkaparidon exhibit a combination of
arboreal and scansorial/terrestrial adaptations: whereas the
upper ankle joint was apparently less mobile than that of
habitually arboreal metatherians, the lower ankle joint appears
to have been able to accommodate considerable inversion and
eversion. It should be noted that Beck’s (2009) hypothesis that
Yalkaparidon was a “mammalian woodpecker” is compatible
with a partly terrestrial lifestyle for this taxon: Dactylopsila
palpator, which shows the most extreme “mammalian wood-
pecker” adaptations of all Dactylopsila species, was reported
by Flannery (1994, 1995) to be predominantly terrestrial in
habits and to look “awkward and uncomfortable” when placed
on narrow branches.

Results of Phylogenetic Analyses

The trees produced by the various phylogenetic analyses
are shown in Figs. 17, 18 and 19. Although we present
support values (bootstrap values, jackknife, values and
decay indices for the maximum parsimony analyses;
Bayesian posterior probabilities for the Bayesian analyses),
it should be noted that the inclusion of more fossil taxa will
typically reduce support for clades (Horovitz 1999; Asher
2005; Cobbett et al. 2007), particularly when these fossils
are stem-taxa that subdivide long branches between clades
that previously received high support values. As such,
differences in support values should not necessarily be
interpreted as evidence that a particular clade is more likely
to be “correct” than another, but may (in some cases) be an
artefact of differences in taxon sampling. Indeed, a major
weakness in the analyses presented here is the limited
sampling of fossil members of Australidelphia; an ongoing
project (Voss and Beck, in prep.) will attempt to remedy
these deficiencies.

Maximum parsimony analysis of the morphology-only
matrix, with Yalkaparidon scored only for craniodental char-
acters, recovers three most parsimonious trees of length 1105;
the strict consensus of these is illustrated in Fig. 17a.
Yalkaparidon is recovered as a member of a monophyletic
Australidelphia (bootstrap=<50 %; jackknife=<50 %; DI=+1).
The early Eocene Australian taxon Djarthia is sister to all other
australidelphians including Yalkaparidon (bootstrap=<50 %;
jackknife=<50 %; DI=+1), the supraordinal relationships of
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which are unresolved. When the MP analysis of the morphology-
only matrix was repeated including data on the tarsals that we
tentatively refer to Yalkaparidon, six most parsimonious trees of
length 1113 were recovered. The strict consensus of these is
slightly more resolved than in the previous analysis (Fig. 17b):
Yalkaparidon is recovered within Australidelphia
(bootstrap=<50 %; jackknife=<50 %; DI=+1), Djarthia is
sister to all other australidelphians (bootstrap=<50 %;
jackknife=<50 %; DI=+1), and Yalkaparidon is sister to a
clade comprising the five extant australidelphian orders
(bootstrap=<50 %; jackknife=<50 %; DI=+1).

Bayesian analysis of the morphology-only matrix, with
Yalkaparidon scored only for craniodental characters, resulted
in a harmonic mean of the log likelihood of the post-burn-in
trees of —3429.29. The 50 % majority rule consensus of the post-
burn-in trees (i.e., excluding trees from the first 25 % of the
5x10° generations) is illustrated in Fig. 18a. Interordinal rela-
tionships are largely unresolved, but Yalkaparidon is recovered
within Marsupialia, in a clade that also includes the four
Australian orders, Paucituberculata, and the fossil austral-
idelphian Djarthia, to the exclusion of Didelphimorphia.
When character scores from the putative Yalkaparidon tarsals
were included, Bayesian analysis of the morphology-only ma-
trix resulted in a harmonic mean of the log likelihood of the post-
burn-in trees of —3448.63. The 50 % majority rule consensus of
the post-burn-in trees recovers the same interordinal relation-
ships as when information from the putative Yalkaparidon tar-
sals was excluded (Fig. 18b).

Bayesian analysis of the total evidence matrix, with
Yalkaparidon scored only for craniodental characters, resulted
in a harmonic mean of the log likelihood of the post-burn-in
trees of —62641.72. The 50 % majority rule consensus of the
post-burn-in trees (i.e., excluding trees from the first 25 % of the
10x10° generations) is illustrated in Fig. 19a. The only
interordinal relationship recovered within Marsupialia is
Dromiciops + Diprotodontia (Bayesian posterior probability=
0.80). Yalkaparidon is placed in a large polytomy that also
includes Dromiciops + Diprotodontia, the other extant marsupial
orders, Djarthia, and the fossil metatherians Herpetotherium
and Peradectidac. When character scores from the putative
Yalkaparidon tarsals were included, Bayesian analysis of the
total evidence matrix resulted in a harmonic mean of the log
likelihood of the post-burn-in trees of —62655.55. The 50 %
majority rule consensus of the post-burn-in trees recovers similar
interordinal relationships as when information from the puta-
tive Yalkaparidon tarsals was excluded (Fig. 19b), but is
slightly more resolved, with weak support (Bayesian posterior
probability=0.54) for a clade comprising Notoryctes,
dasyurids, and peramelids, i.e., the clade that we name here
“Agreodontia” (see the “Taxonomy” section of “Materials and
Methods”). Yalkaparidon is again placed in a large polytomy
that includes the modern Australian marsupial orders, Djarthia,
Herpetotherium, and Peradectidae.

Justification for Ordinal Status of Yalkaparidontia

Archer et al. (1988) argued that Yalkaparidon is most appro-
priately placed in its own order, Yalkaparidontia, based on the
absence of convincing craniodental apomorphies linking it
with any known metatherian order. The current study has also
failed to find compelling apomorphies in either the skull or
dentition that would unite Yalkaparidon with another order.
Furthermore, Yalkaparidon is also characterized by a number
of striking craniodental apomorphies—notably extreme
zalambdodonty of the molars, rostral extension of the facial
process of the maxilla, a transverse canal foramen posterior to
the carotid foramen, and extreme robusticity of the
entopterygoid crests—that are not seen in any other known
metatherian and emphasize the distinctiveness of this taxon.
The tarsal specimens that we have tentatively referred to
Yalkaparidon also appear to represent a highly distinctive
australidelphian taxon that cannot be easily placed within
any known order. Bearing in mind the inherent arbitrary
nature of taxonomic ranks, the apparent absence of compel-
ling apomorphies linking Yalkaparidon with members of a
known metatherian order, combined with its unique speciali-
zations, appear to justify ordinal status for this taxon.

This qualitative assessment of the craniodental and tarsal
evidence is congruent with the results of our phylogenetic
analyses (Figs. 17, 18 and 19). Maximum parsimony analyses
of both versions of the morphology-only matrix (i.e., with
character scores for the referred tarsals either included or
excluded) recovered Yalkaparidon within Australidelphia,
but without close relationships to any other australidelphian
taxon (Fig. 17). Bayesian analyses of the same matrix were
less resolved, placing Yalkaparidon within Marsupialia but
without supporting specifically australidelphian affinities
(Fig. 18). Finally, Bayesian analyses of both versions of the
total evidence matrix are even less well resolved with regard
to the relationships of Yalkaparidon (Fig. 19). It is notable that
none of the analyses support a particularly close relationship
between Yalkaparidon and either Diprotodontia or
Notoryctemorphia. There is therefore currently no justifica-
tion for including Yalkaparidon in either order (contra
Marshall et al. 1990; Szalay 1994; Woodburne and Case
1996). Ultimately, confident resolution of the phylogenetic
affinities of Yalkaparidon will require a much increased sam-
pling of fossil and extant metatherians, particularly within
Australidelphia (Voss and Beck, in prep.). Based on current
evidence, we argue that the order Yalkaparidontia should
continue to be recognized, and we present the following
diagnosis, modified from that of Archer et al. (1988).

SYSTEMATIC PALEONTOLOGY

CLASS MAMMALIA LINNAEUS, 1758
SUBCLASS THERIA PARKER AND HASWELL, 1897
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Fig. 17 Phylogenetic relationships of Yalkaparidon based on maximum
parsimony analysis of the morphology-only matrix. a strict consensus of
three most parsimonious trees (tree length=1105; consistency index exclud-
ing uninformative characters=0.402; retention index=0.644; rescaled con-
sistency index=0.261) following maximum parsimony analysis of the mor-
phology-only matrix with Yalkaparidon scored for craniodental characters
only. b strict consensus of six most parsimonious trees (tree length=1113;
consistency index excluding uninformative characters=0.400; retention

INFRACLASS METATHERIA HUXLEY, 1880

SUPERCOHORT MARSUPIALIA (ILLIGER,
CUVIER, 1817

COHORT ?AUSTRALIDELPHIA SZALAY, 1982

1811)

ORDER YALKAPARIDONTIA ARCHER ET AL., 1988

DIAGNOSIS: That of Yalkaparidontidae until additional fam-
ilies are recognized.

FAMILY YALKAPARIDONTIDAE ARCHER ET AL,
1988

TYPE GENUS: Yalkaparidon Archer et al., 1988.

DIAGNOSIS: That of Yalkaparidon until additional genera are
recognized.

GENUS YALKAPARIDON ARCHER ET AL., 1988
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index=0.642; rescaled consistency index=0.258) following maximum parsi-
mony analysis of the morphology-only matrix with Yalkaparidon scored for
both craniodental and tarsal characters. Numbers to the left of nodes and
above branches represent bootstrap values of >50 % (based on 2000 bootstrap
replicates); numbers to the left of nodes and below branches represent
jackknife values (with 25 % deletion of characters); numbers to the right of
nodes represent decay index values. Extinct taxa are identified by daggers.
Yalkaparidon is indicated in red (electronic version) or gray (print version)

TYPE SPECIES: Yalkaparidon coheni, Archer et al., 1988.
INCLUDED SPECIES: Yalkaparidon jonesi, Archer et al., 1988.
DISTRIBUTION AND AGE: Riversleigh World Heritage Area,
northwestern Queensland. Yalkaparidon is known from
Riversleigh Faunal Zones A, B, and C, which are interpreted
as late Oligocene, early Miocene, and middle Miocene in age,
respectively (Archer et al. 1989, 1997; Travouillon et al. 2006).
REVISED DIAGNOSIS: Yalkaparidon differs from all other
metatherians in the following combination of features: upper
dental formula comprising 11-3, C1, P3, M1-4; lower dental
formula comprising il (and possibly i2 in some specimens),
between zero and three unicuspid teeth of uncertain homology,
ml—4; hypselodont 11 and il with enamel restricted to
anterolabial face; relatively enormous, procumbent il; 12 and
I3 without enamel; diastemata separating the I3 from C1 and
Cl from P3; extreme zalambdodonty, with no trace of
protocone on the upper molars or talonid on the lower molars;
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Fig. 18 Phylogenetic relationships of Yalkaparidon based on Bayesian
analysis of the morphology-only matrix. Each analysis comprised two
independent runs of 5x10° generations each, sampling trees every 500
generations. a 50 % majority rule consensus of post-burn-in trees
(3.75x10° generations), with Yalkaparidon scored for craniodental char-
acters only (harmonic mean of InL across both runs=-3429.29). b 50 %

major cusp of the upper molars appears to be the metacone (i.e.,
the paracone has been lost); occlusal and labial surfaces of the
upper molars and occlusal and lingual surfaces of the lower
molars are entirely enamel-free; facial process of the maxilla
with distinct rostroventral extension that overlaps the facial
process of the premaxilla as far as I3; no squamosal epitympanic
sinus; middle ear roofed only by alisphenoid and petrosal;
alisphenoid hypotympanic sinus and small alisphenoid tympan-
ic process present; rostral tympanic process of the petrosal
crestlike and extends the entire length of the promontorium;
primary foramen ovale between the alisphenoid and petrosal;
transverse canal foramina posterior to the carotid foramina;
entopterygoid crests very robust and extend far posteriorly;
broad squamosal-alisphenoid contact; squamosal postglenoid
process vestigial; ectotympanic not fused to the basicranium. If
the tarsal specimens described here are correctly referred to
Yalkaparidon, the diagnosis can be extended to encompass the
following features of the tarsus: astragalus with astagalar canal;

tPer

majority rule consensus of post-burnin trees (3.75x 10° generations), with
Yalkaparidon scored for craniodental and tarsal characters (harmonic
mean of InL across both runs=—3448.63). Numbers to the right of nodes
represent Bayesian posterior probabilities. Extinct taxa are identified by
daggers. Yalkaparidon is indicated in red (electronic version) or gray
(print version)

distinct ridges separating somewhat angled astragalotibial and
astragalofibular facets; elongate neck; elongate sustentacular
facet that extends onto the neck of the astragalus and extends
the entire length of the sustentaculum of the calcaneus; proximal
part of the ectal facet further proximal than the sustentacular
facet; narrow connection between the ectal and sustentacular
facets; calcaneus relatively elongate and slender; ectal facet of
the calcaneus faces dorsomedially; no calcaneofibular facet;
tripartite but weakly subdivided calcaneocuboid facet.

SPECIES YALKAPARIDON COHENI ARCHER ET AL.,
1988

HOLOTYPE: QM F13008, a partial cranium and associated
partial right mandible

PARATYPE: QM F13010, a partial right mandible.

TYPE LOCALITY: Camel Sputum Site, D-Site Plateau,
Riversleigh World Heritage Area,, northwestern Queensland,
Australia.
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Fig. 19 Phylogenetic relationships of Yalkaparidon based on Bayesian
analysis of the total evidence matrix. Each analysis comprised four
independent runs of 10x10° generations each, sampling trees every
2000 generations. a 50 % majority rule consensus of post-burn-in trees
(3.75% 10° generations), with Yalkaparidon scored for craniodental char-
acters only (harmonic mean of InL across all four runs=—62641.72). b

REFERRED SPECIMENS: see Table 1 and Electronic
Supplementary Material.

DISTRIBUTION AND AGE: Riversleigh World Heritage Area,
northwestern Queensland. A single Y. coheni specimen (QM
F50794) is known from Quantum Leap Site, which may be
part of Riversleigh Faunal Zone A (currently interpreted as
late Oligocene in age) or may represent Faunal Zone B (P.
Creaser, pers. comm., June 2008; Travouillon et al. 2013;
currently interpreted as early Miocene in age). Yalkaparidon
coheni is also known from the following Riversleigh Faunal
Zone B sites: Camel Sputum Site, Creaser’s Ramparts Site,
Dirk’s Towers Site, Inabeyance Site, Judith Horizontalis Site,
Neville’s Garden Site, Upper Site, and Wayne’s Wok Site (see
Table 1; Electronic Supplementary Material).

REVISED DIAGNOSIS: Yalkaparidon coheni differs from Y.
Jjonesi in exhibiting at least one alveolus between il and m1.

NOTES: QM F13011 (a partial right maxilla) was listed as a
paratype of Y. coheni by Archer et al. (1988) but cannot be

unequivocally referred to the species under the revised
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50 % majority rule consensus of post-burnin trees (3.75x10° genera-
tions), with Yalkaparidon scored for craniodental and tarsal characters
(harmonic mean of InL across all four runs=—62655.55). Numbers to the
right of nodes represent Bayesian posterior probabilities. Extinct taxa are
identified by daggers. Yalkaparidon is indicated in red (electronic version)
or gray (print version)

diagnosis proposed here. Only Yalkaparidon specimens
preserving the postincisive region of the mandible can
be identified to species level; all other specimens (in-
cluding QM F13011) should be considered as
Yalkaparidon sp. indet.

SPECIES YALKAPARIDON JONESI ARCHER ET AL.,
1988

HOLOTYPE: QM F13009, a partial right mandible with il
and worn m1.

PARATYPE: none.

DISTRIBUTION AND AGE: Riversleigh World Heritage Area,
northwestern Queensland. Yalkaparidon jonesi is represented
by a single specimen (QM F13009) from Gag site, which is part
of Riversleigh Faunal Zone C, and is currently interpreted as
middle Miocene in age (see Table 1; Electronic Supplementary
Material).

REVISED DIAGNOSIS: Yalkaparidon jonesi differs from Y.
coheni in lacking any alveoli between il and m1.
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NOTES: QM F13012 (an isolated M1) was listed as a
paratype of Y. jonesi by Archer et al. (1988) but cannot be
unequivocally referred to the species under the revised
diagnosis presented here. Only Yalkaparidon specimens
preserving the postincisive region of the mandible can be
identified to species level; all other specimens (including
QM F13012) should be considered as Yalkaparidon sp.
indet.

Summary and Conclusions

The detailed description of the osteology of Yalkaparidon
presented here corrects a number of errors (particularly re-
garding the dental formula) present in the original brief de-
scription by Archer et al. (1988) and provides new informa-
tion on anatomical regions that are currently thought to be
particularly phylogenetically informative, namely the denti-
tion, basicranium, and tarsus. Nevertheless, we have not been
able to confidently resolve the phylogenetic relationships of
this taxon. Maximum parsimony analyses of morphology only
suggest that Yalkaparidon is member of Australiadelphia
(Fig. 17), but Bayesian analyses of morphology-only
(Fig. 18) and of total evidence (Fig. 19) matrices are less

resolved, suggesting only that Yalkaparidon is a probable
crown-group marsupial. Nevertheless, the tarsal specimens
we tentatively refer to Yalkaparidon exhibit characteristic
australidelphian apomorphies, specifically the CLAJP and
tripartite calcaneocuboid facet of the calcaneus (Szalay
1982, 1994; Beck et al. 2008b; Beck 2012); if these tarsals
are correctly attributed, then Yalkaparidon would appear to be
most likely a member of Australidelphia.

Confident resolution of the precise affinities of yalka-
paridontians will probably require the discovery of plesio-
morphic members of the order. It is possible that the engimatic
Riversleigh taxon Yingabalanara richardsoni (see Archer
et al. 1990) represents a plesiomorphic pre-zalambdodont
yalkaparidontian, but Yingabalanara is currently known only
from two isolated lower molars. Neither Yalkaparidon nor any
potential close relatives have been found at any fossil site
besides Riversleigh, and no fossils that might represent early
yalkaparidontians have been identified from the early Eocene
Tingamarra Local Fauna, which is the source of the only
known Australian metatherians older than the late Oligocene
(Godthelp et al. 1992, 1999; Archer et al. 1993; Beck et al.
2008Db). There is also no clear evidence for yalkaparidontians in
any South American fossil deposit. Kiruwamaq chisu (known
from a single left upper molar from the ?Eocene Santa Rosa

Fig. 20 Life reconstruction of Yalkaparidon coheni by Filipe Martinho
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fauna of Peru; Goin and Candela 2004) may represent a proto-
zalambdodont metatherian that is in the process of losing the
paracone; as such, it resembles the dental morphology expected
in early yalkaparidontians prior to their evolution of fully
zalambdodont molars. However, zalambdodonty has evolved
multiple times within Theria (Asher et al. 2002; Asher and
Sanchez-Villagra 2005; Seiffert et al. 2007) and the precise
biogeographical links between the metatherian faunas of South
America and Australia during the Cenozoic remain controversial
(Woodburne and Case 1996; Goin 2003; Beck et al. 2008b;
Beck 2012); thus, the relevance of Kirugamagq (if any) to the
origins of Yalkaparidontia cannot be confidently ascertained
given current evidence. Regardless, given that the zalambdodont
molars of Yalkaparidon are highly modified from a presumably
fully tribosphenic ancestry, it may prove extremely difficult to
identify more ancient, less specialized relatives of Yalkaparidon
based on isolated dental specimens alone.

Ultimately, the origins of Yalkaparidon are likely to remain
obscure without an enormous improvement in the quantity
and quality of metatherian fossils known from Australia,
Antarctica, and South America. Discovery of more of the
skeleton (particularly the postcranium) of Yalkaparidon
should also shed further light on its affinities, functional
morphology, and paleobiology. Of particular interest, an asso-
ciated postcranial skeleton of Yalkaparidon would reveal
whether any of the manual digits are elongate, as would be
expected if it was indeed a “mammalian woodpecker,” as
hypothesized by Beck (2009).

In its unusual morphology, absence of obvious close rela-
tives, and uncertain phylogenetic relationships, Yalkaparidon
(Fig. 20) resembles the recently described Australian fossil
metatherian Numbigilga ernielundeliusi from the -early
Pliocene Bluff Downs Local Fauna (if the latter is not a highly
derived peramelemorphian; Beck et al. 2008a). That two such
distinctive taxa have been discovered so recently raises the
prospect that equally distinctive fossil Cenozoic Australian
metatherians will be found with future work. Undoubtedly,
many more surprises await mammalian paleontologists work-
ing in Australia.
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