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A tiny new marsupial lion (Marsupialia, Thylacoleonidae)
from the early Miocene of Australia

Anna K. Gillespie, Michael Archer, and Suzanne J. Hand

ABSTRACT

Microleo attenboroughi, a new genus and species of diminutive marsupial lion
(Marsupialia: Thylacoleonidae), is described from early Miocene freshwater limestones
in the Riversleigh World Heritage Area, northwestern Queensland, Australia. A broken
palate that retains incomplete cheektooth rows demonstrates that this new, very small
marsupial lion possessed the elongate, trenchant P3 and predominantly subtriangular
upper molars characteristic of thylacoleonids, while other features of the premolar sup-
port its placement in a new genus. Phylogenetic analysis suggests that Microleo atten-
boroughi is the sister taxon to all other thylacoleonids, and that Thylacoleonidae may
lie outside Vombatomorphia as the sister taxon of all other wombat-like marsupials
including koalas. However, given limited data about the cranial morphology of M. atten-
boroughi, Thylacoleonidae is concluded here, conservatively, to be part of the vom-
batomorphian clade. This new thylacoleonid brings to three the number of marsupial
lion species that have been recovered from early Miocene deposits at Riversleigh and
indicates a level of diversity previously not seen for this group. It is likely that the differ-
ent size and morphology of the three sympatric taxa reflects niche partitioning and
hence reduced competition. Thylacoleonids may have been the dominant arboreal
predators of Cenozoic Australia.
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INTRODUCTION

Marsupial lions (Thylacoleonidae) are extinct
marsupials found in Australian late Oligocene to
Pleistocene deposits. The family first gained
renown through the description of the Pleistocene
species Thylacoleo carnifex (Owen, 1858), a lion-
sized animal (Wroe et al., 1999) that possessed
uniquely hypertrophied third premolars resembling
a pair of bolt-cutting blades. Thylacoleo carnifex
has been shown (Wroe et al., 2005; Wroe, 2008) to
have had a bite force quotient only slightly less
than that of the African lion. To date, three genera
and eight marsupial lion species have been
described. Of these, T. carnifex is relatively com-
mon in the fossil record. Earlier members of the
family that include domestic cat-sized species of
the genus Priscileo (Rauscher, 1987; Gillespie,
1997) from the late Oligocene and early Miocene,
the dog to leopard-sized species of Wakaleo (Cle-
mens and Plane, 1974; Archer and Rich, 1982;
Murray et al., 1987; Gillespie et al., 2014;Yates,
2015) from the early, middle and late Miocene, and
the Pliocene species of Thylacoleo (Bartholomai,
1962; Pledge, 1977; Archer and Dawson, 1982)
are poorly known. The diversity of the family
throughout this time has been low with, until now,
no more than two species known to co-exist at any
point in time.

The scarce and fragmentary early fossil
record of the group has resulted in a poor under-
standing of this family’s origins and early evolution.
Although there is general agreement regarding the
phylogenetic relationships of species within the
genera, the evolutionary pathways leading to these
lineages are still uncertain. Wakaleo and Thyla-
coleo have been proposed as sister taxa (Raus-
cher, 1987; Archer and Dawson, 1982) with
Priscileo regarded as their sister taxon (Rauscher,
1987). Alternatively, others have proposed a sister-
group relationship for Priscileo and Thylacoleo
(Murray et al., 1987). The position of the family
Thylacoleonidae among the largely wombat-like
families that comprise Vombatiformes has also
been debated (Ride, 1964; Aplin and Archer, 1987;
Murray et al., 1987; Marshall et al., 1990).

The Riversleigh World Heritage Area (WHA)
in northwestern Queensland has already been
known to have hosted four thylacoleonid species
(Gillespie, 1997; Gillespie et al., 2014). Now
remains of a fifth, represented by paired left and
right maxillary fragments and a lower molar, have
been recovered from early Miocene sediments.
The teeth of this species are the smallest known
for any thylacoleonid. Furthermore, although the
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general morphology of the premolar and molars
are characteristically those of a marsupial lion,
some features of the dentition are unique within the
family. This new taxon is the focus of the present
paper.

MATERIALS AND METHODS

The material described here was recovered
from one small block of limestone etched by acetic
acid at the Vertebrate Palaeontology Laboratory of
the University of New South Wales, and is regis-
tered in the palaeontology collection of the
Queensland Museum. Serial homology of marsu-
pial premolars and molars follows Flower (1867).
Institutional Abbreviations. AM F, palaeontologi-
cal collection of the Australian Museum, Sydney;
AR, palaeontological collection of the Vertebrate
Palaeontology Laboratory, University of New South
Wales, Sydney; CPC, Commonwealth palaeonto-
logical collection in the Australian Geological Sur-
vey Organisation, Canberra; NTM P,
palaeontological collection of the Museums and Art
Galleries of the Northern Territory, Alice Springs;
QM F, palaeontological collection of the
Queensland Museum, Brisbane; SAM P, palaeon-
tological collection of the South Australian
Museum, Adelaide.

SYSTEMATIC PALAEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Superorder MARSUPIALIA llliger, 1811
Order DIPROTODONTIA Owen, 1866

Suborder VOMBATIFORMES Woodburne, 1984
Family THYLACOLEONIDAE Gill, 1872
Genus MICROLEO gen. nov.

zoobank.org/24A55B6E-B7DE-4665-836A-907BD13819DB

Type Species. Microleo attenboroughi new genus
and species

Etymology. From micro meaning small (Greek)
and /eo meaning lion (Latin). The species name
honours Sir David Attenborough for his dedication
and enthusiasm in promoting the natural history of
the world and the palaeontological treasures of the
Riversleigh World Heritage Area in particular.

Microleo attenboroughi new genus and species
Figure 1, Figure 2

zoobank.org/922FDD25-1D5D-40AD-9F49-94B57853CE51

Holotype. QM F41143, an incomplete palate con-
sisting of partial left and right maxillae (Figures 1.1-
4, 2). The left maxilla preserves M2-3, roots for
P3-M1, alveoli for M4, and the maxillary root of the
zygomatic arch. The right maxilla preserves P3-



alveolus
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anterior

lingual

FIGURE 1. Microleo attenboroughi n. gen. et sp., Holotype QM F41143: 1) right maxilla and 2) left maxilla in occlusal
view, stereo images; 3) interpretive drawing of right maxilla; 4) interpretive drawing of left maxilla. 5) Paratype QM
F42676, occlusal views of m3 (stereophotos). Abbreviations: aabc, accessory anterobuccal cusp; ac, anterior cusp;
Ib, longitudinal blade; mcl, metaconule; mcus, medial cusp; me, metacone; pa, paracone; pc, posterior cusp; pr, pro-

tocone.

M2, alveoli for P1-2 and M1. QM F42676, para-
type, is a left m3 (Figure 1.5).

Type Locality and Horizon. The Type Locality is
Neville’s Garden Site, D Site Plateau, Riversleigh
World Heritage Area, Boodjamulla National Park,
northwestern Queensland. Neville’s Garden Site is
early Miocene in age (radiometrically dated at
18.24+0.29 Ma and 17.85+0.13 Ma: Archer et al.,
1997; Arena, 2004; Travouillon et al., 2006; Wood-
head et al., 2016).

Diagnosis. Microleo attenboroughi is attributed to
Thylacoleonidae on the basis of its bicuspid, blade-
like P3 and its weakly-crenulated, subtriangular
bunodont molars. Microleo attenboroughi is
smaller than all other thylacoleonids (see below).
Generic distinction is based primarily on its unique
P3 morphology.

Microleo attenboroughi differs from all other
marsupial lions as follows in the morphology of its
premolars. The P2 alveolus is large relative to that
for P3 and occurs in an anterior rather than antero-
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FIGURE 2. Microleo attenboroughi n. gen. et sp., Holotype QM F41143, right maxilla. 1) buccal view; 2) interpretive
drawing in buccal view; 3) lingual view; 4) interpretive drawing in lingual view. Abbreviations: aabc, accessory antero-
buccal cusp; abc, anterobuccal blade; ac, anterior cusp; alc, anterolingual crest; Ib, longitudinal blade; mcl,
metaconule; mcus, medial cusp; me, metacone; pa, paracone; pbb, posterobuccal basin; pbc, posterobuccal crest;
pc, posterior cusp; plc, posterolingual crest; pr, protocone. Scale bar equals 5 mm.

lingual position relative to P3. P3 is fusiform and
has a buccally-convex, longitudinally-orientated
blade, small medial cuspule between the anterior
and posterior cusps, a posterior cusp that is mark-
edly taller than the posterior end of the crown,
anterior part of central v-shaped blade much
shorter than the posterior part, a steep posterior
longitudinal blade, a deep posterobuccal basin
enclosed by a well-developed posterobuccal crest,
lingual mid-crown basal swellings that are sepa-
rated by a narrow groove, a rounded anterobuccal
crest that extends anterodorsally from the anterior
cusp, a short posterolingual crest that extends
anterodorsally from the posterior cusp, a sinuous
valley between the anterolingual and posterolin-
gual crests, little buccal exposure of the roots, and
wear facets on the longitudinal blade that are
directed posterolingually rather than lingually. In
terms of molar morphology, it differs from all other
thylacoleonids in the following features. The molars
are weakly-crenulated. The M2 differs from all
other thylacoleonids in the following features; the
protocone is taller than the paracone, metaconule
is moderately-developed, lingual margin anterior to
metaconule has a distinct notch, postmetacrista
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does not merge with postmetaconulecrista and the
crown below the paracone lacks buccal inflation.
M3 has a pyramidal paracone near the anterobuc-
cal corner of the trigon basin. The m3 talonid basin
has distinct grooves near the midpoint of its buccal
and lingual margins.

Microleo attenboroughi is further distinguished
from species of Priscileo and Wakaleo as follows:
P3 has an accessory anterobuccal crest, lacks
basal lingual development of the anterior crest, and
has a narrow anterolingual crest (vs. lingual infla-
tion or cuspule); m3 is rectangular with a trigonid
basin and a very posteriorly-broad talonid basin.
Microleo attenboroughi is also distinguished from
species of Wakaleo and Thylacoleo in having the
lingual and buccal margins of M2 similar in height.
It is further distinguished from species of Thyla-
coleo in retaining M3—4, in that P3 has a prominent
posterior cusp and the posterolingual crest does
not reach the crown base.

Description

General. The holotype of Microleo attenboroughi is
a partial palate consisting of portions of both maxil-
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TABLE 1. Dental dimensions (mm) for Microleo attenboroughi QM F41143 and QM F42676. Abbreviations: | = length;

w = width; a = alveolar measurement; [ ] = estimate. Measurements are of maximum dimensions.
P3 M1 M2 M3 P3-M4 m3
Specimen # | w | w w | w | | w
QM F41143
(lefy 47a  20a 352  29a 3.6 2.8 3.0 [16] - -
(right) 4.6 2.7 3.6a 2.8a 3.6 - - - - -
QM F42676 - - - - - - - - 3.0 2.5

lae (Figures 1.1-4, 2). The right fragment measures
15.2 mm in length and preserves P3 and M2. Alve-
oli are present for M1. Two small premolar alveoli
lie anterior to P3, which we interpret as housing a
single-rooted P1 and P2. The left maxilla fragment
measures 22.1 mm anteroposteriorly and pre-
serves M2-3. The crowns of P3 and M1 have bro-
ken away at the level of the palate. Alveoli for M4
are present; only the anteromedial one is com-
plete, the lateral and posterior sockets are broken.
The cheektooth row is gently arcuate, with the
molars having progressively more lingual positions
relative to the preceding teeth. The region anterior
to P3 is damaged, exposing the internal walls of
the P2 alveolus and infraorbital canal. Only narrow
portions (3—-5 mm) of the palate medial to both
tooth rows are preserved, and the presence of any
palatal vacuities cannot be discerned. Fragments
of bone from the posterior cranium are preserved
and include a partial atlas. Dental dimensions are
provided in Table 1.
Dentition. P1 and P2 alveoli are small and round.
P1 alveolus is broken but appears to be similar in
size to P2. P2 alveolus is 1.0 mm long and 0.9 mm
wide and sits at the anterior base of P3, directly
behind P1.

P3 is sectorial and is fusiform in occlusal view.
The crown is broadest centrally where there is a
large lingual basal swelling at the level of the junc-
tion of the anterior and posterior roots. A second,
smaller, lingual swelling lies directly anterior to the
large swelling and is separated from the latter by a
narrow groove. In occlusal view, the buccal side is
gently undulating, the two main buccal crests form-
ing slight swellings of the surface. A longitudinal
blade extends the length of the crown, connecting
two principal cusps: an anterior cusp that lies at the
anterior third, and a posterior cusp that lies at the
posterior third. In profile, crown forms an M-shape.
Anterior cusp is shorter than posterior, although it
is evident that the height of the former has been
reduced by heavy wear; the broad, posterolin-
gually-directed wear facet and exposed dentine
suggest the anterior cusp was originally much

taller. In occlusal view, the longitudinal blade that
links the two cusps exhibits a weak buccal bow. In
profile, it forms an uneven V- shape, having a very
short anterior portion and a long posterior portion.
About half way along the posterior portion, a small
swelling is evident on both sides of the blade. The
occlusal edge at this point forms a small circle indi-
cating the presence of worn a medial cuspule.
Slight wear facets are also discernible on the lin-
gual edge of the longitudinal blade anterior to both
the anterior and posterior cusps, and posterior to
the posterior cusp. The anterior vertical crest
descends from the anterior cusp at a gentle angle
for a short distance, then curves medially and
descends steeply to the base of the crown. On the
anterobuccal surface of the crown, near the point
where the anterior vertical crest descends, there is
a short vertical accessory anterobuccal crest. This
crest weakens as it nears the occlusal edge, where
it again thickens and is cuspule-like. On the buccal
surface, rounded, vertical crests descend in a
slightly anterior direction from each of the principal
cusps. These become weaker around the mid-
crown level and eventually fade near the base. The
posterior longitudinal blade descends steeply from
the posterior cusp to the posterior margin of the
crown, where it then curves laterally forming a dis-
crete posterobuccal crest that continues to
descend for a short distance in an anterior direc-
tion, terminating at the lower third of the crown.
This crest creates a small, deep, basin on the pos-
terobuccal surface between the posterior cusp and
the posterior margin of the tooth. On the lingual
surface, a slightly anteriorly-directed crest (antero-
lingual crest) extends from the anterior cusp to a
small basal swelling over the anterior root.
Between this crest and the anterior margin the
crown is gently concave. From the posterior cusp,
a short, rounded, posterolingual crest extends in
an anterior direction and merges with the large
basal swelling that lies above the junction of the
two roots. Posterior to the posterolingual crest, the
lingual flank of the crown is broadly concave. A
narrow, sinuous valley lies between the anterolin-
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gual and posterolingual crests. This valley is deep-
est directly anterior to the posterolingual crest, and
becomes broader and shallower in its basal half. A
weak, rounded, cingulum-like structure courses
anteriorly and posteriorly from each basal swelling:
the anterior part merges with the base of the ante-
rior vertical crest, and the posterior part ascends
the posterior edge of the crown to connect with the
end of the longitudinal blade. P3 has two roots, the
posterior being slightly larger than the anterior.

The crown of M1 is not preserved. In the left
maxillary fragment, the M1 crown is broken away
at the level of the palate, indicating it has a quadri-
lateral basal outline. M1 has three roots: the medial
and posterior roots are subequal in size and larger
than the anterior root.

M2 is trapezoidal and dominated by a large tri-
gon basin. The paracone is located approximately
1mm internally from the anterobuccal corner, is
pyramidal, similar in height to the protocone and
taller than the metacone. From the paracone, a
short preparacrista extends to the anterior edge of
the tooth. A postparacrista curves posterobuccally
to connect with the buccal margin midway along
the crown. These connecting cristae form the lin-
gual margin of a small basin that lies between the
paracone and the anterobuccal edge of the tooth.
A variably developed transverse crest connects the
paracone and the protocone. This crest is unbro-
ken on the right M2, but on the left tooth it is inter-
rupted by a narrow notch about midway between
the cusps. The lateral portion of this crest bows
anteriorly. A narrow anterior cingulum lies at the
anterior margin of the crown and extends between
the preparacrista and the protocone. The proto-
cone shows slightly more wear than the paracone.
Below the protocone the crown bulges lingually. A
gently rounded postprotocrista extends postero-
buccally toward the metaconule. About two-thirds
of the way to the metaconule, the postprotocrista
terminates at a narrow notch, which separates it
from the short premetaconulecrista. The
metaconule is gently rounded and positioned on a
distinct posterior projection of the crown. This pro-
jection gives the crown its trapezoidal shape. The
metacone is shorter than the paracone and proto-
cone, but taller than the metaconule. Two short,
rounded, transverse crests extend towards each
other from the metacone and metaconule. These
two crests are separated by a narrow groove that
connects with the narrow basin of the posterior cin-
gulum. The posterior cingulum is short and extends
around the posterior edge from the metacone to
the metaconule. Very small grooves are found on

the periphery of the trigon basin, suggesting that it
may have been weakly crenulated, and it is possi-
ble that wear has obliterated crenulations that may
have been present in the centre of the basin. M2
has three roots.

M3 is triangular and smaller than M2. M3

abuts and is slightly lingually rotated relative to M2.
The occlusal surface is dominated by a large trigon
basin. The paracone and protocone are subequal
in height. The paracone is pyramidal in contrast to
the other cusps which are gently rounded. From
the paracone a short preparacrista extends anteri-
orly to the edge of the crown and a postparacrista
curves posterobuccally connecting with the buccal
margin half way between the paracone and
metacone. These two cristae and the anterobuccal
edge enclose a small, shallow, anterobuccal basin.
A short crest also lies on the lingual face of the
paracone and extends about one quarter of the dis-
tance to the protocone. The anterior edge is
broadly rounded from this crest to the protocone.
The base of the protocone is gently rounded, and
the underlying crown is deep but not lingually-
inflated. A postprotocrista courses posteriorly
around the margin to connect with the metacone.
The metacone is weakly developed. The trigon
basin appears to lack crenulations; however, small
grooves on its buccal margin and small, shallow,
depressions near the protocone suggest that origi-
nally it may have been weakly crenulated and that
these crenulations have been lost through wear.
There is no posterior cingulum. M3 is anchored by
three roots.
Facial Skeleton. The left maxillary fragment is the
larger of the two fragments and preserves the
region just dorsal and posterior to the infraorbital
foramen and the wing of the zygomatic arch. The
medial edge of the maxillary fragment is uneven
and the presence of, or extent of a posterior palatal
fenestra cannot be determined. The infraorbital
foramen is directed anteriorly and forms the ante-
rior margin of a triangular infraorbital canal. Dorsal
and posterior to the foramen the maxilla is convex
and at the base of the zygomatic wing it becomes
slightly concave. The zygomatic arch projects pos-
terolaterally dorsal to M1-M2. The lateral extremity
of the maxillary root bears a narrow groove near its
inferior border marking the articulation area of the
jugal. A part of the jugal is preserved on the antero-
dorsal surface of the zygomatic arch.

The internal dorsal surface of the maxilla
bears three fossae. The anterior fossa lies anterior
to the level of the infraorbital foramen and is only
partially preserved. The middle and posterior fos-



sae are separated by a remnant of the lacrimal.
Along the lateral wall of the anterior fossa, a shal-
low channel extends posteriorly and is confluent
with a sulcus (nasolacrimal canal) that is present
on the lateral wall of the middle fossa. Posteriorly,
the sulcus terminates just anterior to the fragment
of lacrimal that lies at the base of the anterior wall
of the orbit. The posterior fossa is concave and
broad and forms the anterior floor of the orbit. The
maxillary foramen lies near the posteromedial mar-
gin of the fossa and is totally enclosed by the max-
illa (as it is in Wakaleo vanderleueri). Indentations
on the maxillary bone that forms the roof of the
foramen indicate that the lacrimal extends medially
to this region. Posteriorly, the maxilla extends to
the level of the M4 alveoli and forms a flat medial
shelf at the inferior margin of the orbit.

A narrow fragment of the palatine (3.5 mm
long) is preserved on the medial edge of the maxil-
lary fragment and extends from the level of M3 to
the posterior alveolus of M4. The roughness of this
bone makes it difficult to determine whether this
bone marks the lateral margin of the posterior pala-
tal fenestra.

A small, triangular remnant of the jugal is
present on the superior margin of the zygomatic
arch. At its anterior end the dorsal margin of the
jugal forms a tiny projection, below which lies the
opening for a shallow sulcus that traverses its
anteromedial surface. This sulcus lies parallel to
the maxillojugal suture and terminates at the level
of the lacrimal and is probably a canal for the lacri-
mal gland. Medially, the jugal makes a narrow con-
tact with the remains of the lacrimal. Posterior to
this contact, the maxillojugal suture curves superi-
orly and laterally along the anteromedial surface of
the zygomatic arch.

Description of Referred Specimen. A left m3,
QM F42676 (Figure 1.5), was recovered from the
concentrate associated with the holotype and is
interpreted to be from the same individual. The
tooth is rectangular and measures 3.0 mm long
and 2.5 mm wide. A large, shallow talonid basin
dominates the tooth. The paraconid, protoconid,
metaconid and hypoconid are subequal in height.
A weak crest extends across the anterobuccal cor-
ner of the talonid basin, creating a shallow antero-
buccal basin which separates the paraconid from
the rest of the talonid basin. The anterobuccal,
anterolingual and posterobuccal corners of the
tooth are rounded. The talonid basin rises more
steeply to the hypoconid than to the other cusps. At
approximately the midpoint of the buccal and lin-
gual sides of the tooth, the margins of the talonid

PALAEO-ELECTRONICA.ORG

basin are indented. The talonid basin is very
weakly crenulated, the surface of the basin bearing
very thin, faint grooves, and the margins of the
basin bearing small ridges that descend towards its
centre. The m3 has two roots of equal size.

Comparisons

The blade-like P3 and predominantly (post-
M1) subtriangular upper molars of Microleo atten-
boroughi are characteristic of thylacoleonids. How-
ever, it also exhibits a number of features that
clearly differentiate it from other members of the
family.

Microleo differs from all other thylacoleonids
in its very small size. Its P3 is approximately half
the length of P3 of Priscileo roskellyae, the small-
est taxon previously known; one quarter the length
of Wakaleo vanderleueri; and one tenth the length
of Thylacoleo carnifex (Table 2). Its body mass is
estimated to be one third that of Priscileo roskel-
lyae, the next smallest marsupial lion (see below
for body mass estimates).

Microleo shares with species of Priscileo a
plesiomorphic dental formula (three premolars and
four molars). It also shares the relatively quadrilat-
eral M1 and more triangular succeeding molars,
features that are also possibly plesiomorphic for
thylacoleonids.

In profile the P3 of Microleo is similar to that of
Priscileo roskellyae and species of Wakaleo in that
it is blade-like, with two main cusps connected by a
V-shaped longitudinal crest. Its anterior margin is
relatively steep, similar to that in species of Waka-
leo, in contrast to the more rounded and reclined
margins seen in P. roskellyae and species of Thyla-
coleo. Its occlusal outline is most similar to that of
T. hilli, i.e., it is broadest at midcrown level and
tapers at both ends. This similarity is primarily due
to the swelling of the crown posterior to the antero-
buccal crest that is found in both these species.
The P3 of T. crassidentatus and T. carnifex is
broadest at the level of the anterior cusp, tapers
posteriorly and has a midcrown width that is similar
to the width at the level of the posterolingual crest.
In contrast, in P. roskellyae and species of Waka-
leo the rear half of the crown of P3 is inflated, and
thus it is broader posteriorly and narrower anteri-
orly. In occlusal view, the overall curvature of the
buccal surface of P3 is convex in Microleo,
whereas in species of Wakaleo, although the ante-
rior and posterior ends of the buccal flank are con-
vex, the overall curvature is concave as it is in
species of Thylacoleo.
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TABLE 2. Comparative measurements (mm) of P3 length of thylacoleonid species. Abbreviations: a = alveolus mea-
sure; A = P3/P3-M3; # =P3/P3+M1+M2; M = P3/P3 +M1 (in Thylacoleo carnifex M1 lies anterior to the posterior end of
P3 hence individual tooth lengths are summed for cheektooth row length); ** = measurements from Archer and Dawson

(1982).
P3: cheektooth row
Species Specimen number P3 length P3:M1 length
(P3-M4)
Microleo attenboroughi QM F41143 4.6 1.2 0.29
Priscileo roskellyae QM F23453 8.2 1.4 0.35
Priscileo pitikantensis SAM P37719 11.2a 1.8a 0.36
Wakaleo oldfieldi QM F11852 14.1 1.3 -
Wakaleo vanderleueri CPC 26604 17.4 1.5 0.45"
Wakaleo alcootaensis NTM P1 23.3 1.6 0.49"
Thylacoleo hilli SAM P17621 24 .4 — _
Thylacoleo crassidentatus QM F10622** 41.0 2.7 0.70#
AR 21609 55.4 3.9 0.787

Thylacoleo carnifex

The lingual surface between the anterior and
posterior cusps of P3 in Microleo also differs from
other thylacoleonids. In Priscileo roskellyae and
species of Wakaleo, a narrow depression occurs
immediately posterior to the anterolingual crest, but
beyond this the lingual surface expands to form a
broadly convex flank. In Microleo, a tall, angled,
sinuous valley occurs between the anterolingual
and posterolingual crests. In species of Thylacoleo
this region of the lingual flank is broad and vertical.

In profile, the P3 of Microleo appears to differ
from all thylacoleonids in having an anterior cusp
that is shorter than the posterior cusp. However, a
large exposure of dentine on the anterior cusp indi-
cates that the apex of this cusp has been broken
off and/or has been subject to heavy wear. Thus, it
is probable that its original height was at least simi-
lar to that of the posterior cusp, which is the condi-
tion seen in Priscileo roskellyae and species of
Wakaleo.

The P3 of Microleo also differs from those of
other thylacoleonids in having a longitudinal blade
that has a very slight buccal bow between the
major cusps (rather than bowing lingually) and in
having the notch of the blade closer to the anterior
rather than the posterior cusp. It also differs in hav-
ing a markedly short posterior end of the crown rel-
ative to the height of the posterior cusp and in
having a much steeper posterior portion of the lon-
gitudinal blade. In Priscileo roskellyae and species
of Wakaleo, the posterior end of the crown is only
slightly shorter than the posterior cusp and the pos-
terior portion of the blade forms a relatively low
angle (20°-30°) with respect to this cusp; in con-
trast, the angle for Microleo is much steeper
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(approx. 60°). The posterior cusp in species of
Thylacoleo is barely discernible (T. hilliand T. cras-
sidentatus) or absent (T. carnifex), presumably
because of the posterior enlargement of the crown
in these species. In these taxa the posterior end of
the longitudinal blade forms a convex arc as it
descends to the end of the tooth. Another signifi-
cant feature of the Microleo P3 that is lacking in all
other thylacoleonids is the small swelling of the lon-
gitudinal blade just anterior to the posterior cusp
that suggests the original (in the unworn condition)
presence of a medial cuspule on the blade at this
point.

The anterior vertical crest of P3 of Microleo is
more similar to the anterior crest seen in species of
Thylacoleo in lacking the distinct lingually-enlarged
basal crest present in Priscileo roskellyae and spe-
cies of Wakaleo. However, this crest does differ
from that in species of Thylacoleo, merging with
the weak basal lingual swelling to form a very weak
anterolingual cingulum, a feature that is absent in
Thylacoleo.

The long anterolingual crest is also most simi-
lar to that seen in species of Thylacoleo, reaching
the base of the crown and showing little basal infla-
tion. In Priscileo roskellyae, the basal part of this
crest is inflated and in species of Wakaleo a cus-
pule rather than a crest is present. The Microleo P3
also shares with species of Thylacoleo the pres-
ence of a posterolingual crest, although it is
directed anterodorsally rather than posterodorsally
which is the condition seen in Thylacoleo. Priscileo
roskellyae and species of Wakaleo lack a postero-
lingual crest.



Another feature of the P3 shared with Thyla-
coleo camifex is the small accessory crest on the
anterobuccal edge of the longitudinal blade,
although it is variably present within that species.
In a sample of 14 T. carnifex P3s examined in the
Australian Museum collection, this feature was dis-
tinct in two specimens (AM F106836, AM F16609;
see Supplementary Figure 1) but was absent in the
remaining specimens. Within that sample, premo-
lars that exhibited relatively little wear bore a short,
broad, gently-rounded swelling in this region and in
heavily worn specimens the entire anterobuccal
surface was smooth, which suggests that this fea-
ture may be relatively common but obliterated early
by wear.

Compared to other thylacoleonids, the antero-
buccal crest of P3 of Microleo is relatively broader,
more obtuse and inclined in an anterodorsal direc-
tion, rather than posterodorsally as in Priscileo ros-
kellyae and species of Wakaleo, or vertically as in
species of Thylacoleo. The different inclination of
this crest results in a relatively taller, more rectan-
gular valley between the buccal crests, in contrast
to the broader V-shape valley in P. roskellyae and
species of Wakaleo. The posterobuccal crest of the
Microleo P3 is more strongly developed and its
posterobuccal basin relatively deeper than in P.
roskellyae and species of Wakaleo. Both these
features are absent in species of Thylacoleo.

The Microleo P3 also differs from all other thy-
lacoleonids in its patterns of occlusal wear. In all
other marsupial lions significant occlusal wear on
the P3 is characteristically found evenly distributed
along the lingual edge of the longitudinal blade with
the wear facet extending uninterrupted from the
anterior to the posterior cusps. This wear is created
by occlusion with the longitudinal blade of p3. In
Priscileo roskellyae and species of Wakaleo, less
extensive wear is also present on the lingual edge
of the blade that lies posterior to the posterior cusp,
and is created by occlusion with the buccal face of
the trigonid of m1. In Microleo, although wear on
P3 is evident along the blade between the two
major cusps, the distribution of this wear is not
even. Wear on the anterior cusp is extremely
heavy, but this heavy wear does not extend to the
posterior cusp. The blade ascending to the poste-
rior cusp exhibits only relatively light wear, and
slightly heavier wear is evident on the posterior end
of the blade as it descends from the posterior cusp
to the rear of the crown. The orientation of these
wear facets also differs slightly from those
observed in other thylacoleonids. The wear facets
on P3 in all other species of marsupial lion are pri-
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marily directed lingually. In Microleo, although all
the facets lie on the lingual side of the tooth, both
the facet on the anterior cusp and the facet poste-
rior to the posterior cusp have a predominantly
posterior direction. In addition, the facet immedi-
ately anterior to the posterior cusp has a more hor-
izontal than lingual orientation. The wear facet on
P3 of Thylacoleo carnifex becomes more horizon-
tal with increased age and thus this pattern in the
Microleo specimen may reflect an older individual.
The wear pattern and distribution may also suggest
that the morphology of the Microleo p3 and m1 is
different to those of species of Priscileo and Waka-
leo.

Although not preserved, the M1 of Microleo
probably resembles that of Priscileo roskellyae
because like the M1 of that species, it is quadrilat-
eral (based on the preserved roots) and they also
share similar M2 morphologies.

The M2 of Microleo is essentially similar to M2
of Priscileo roskellyae, but differs in having: a
squarer posterior margin, a notch in the posterolin-
gual margin just anterior to the metaconule, failure
of the postmetacrista and postmetaconulecrista to
meet, and the paracone more centrally located,
resulting in a relatively longer preparacrista. It also
differs in lacking anterobuccal expansion of the
crown below the paracone, and in having a very
weakly crenulated trigon basin. The M2 of species
of Wakaleo are much larger, exhibit buccal expan-
sion of the crown, enlargement of the protocone,
reduction of the metaconule and are strongly cren-
ulated. The M2 is absent in species of Thylacoleo.

The M3 of Microleo has the same triangular
shape as M3 of Wakaleo oldfieldi and W. vander-
leueri but differs in having a well-developed pyra-
midal paracone in the anterobuccal corner of the
trigon basin. The latter feature has been lost or
incorporated into the edge of the trigon basin in
these other species. M3 is not yet known for spe-
cies of Priscileo and is absent in species of Thyla-
coleo.

The m3 of Microleo attenboroughi is similar to
that tooth in Priscileo roskellyae being rectangular,
having a small trigonid basin that is similar in
height to the talonid basin, and that is located at
the anterobuccal corner of the crown, and in having
a broad talonid basin. It differs from all other thyla-
coleonids in having much weaker crenulations and
in having distinct mid-crown indentations on the
buccal and lingual edges of the talonid basin. In
species of Wakaleo, the m3 lacks a trigonid basin,
the talonid basin is relatively narrow compared to
crown width, and the anterior end of the crown is
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relatively taller. The m3 paratype, QM F42676, has
a low-crowned, bunoid, quadritubercular morphol-
ogy similar to that seen in the posterior lower
molars of pilkipildrid, petaurid and burramyid pos-
sums. However, it differs from these families in
lacking a metastylid (which is present in pilkipil-
drids and burramyids), being more weakly-crenu-
lated (in contrast to pilkipildrids), in lacking
development of hemilophs (which are present in
petaurids), and in having a distinct trigonid basin
(in contrast to burramyids). The reasons for con-
cluding that QM F42676 is conspecific with the
holotype are as follows: 1) both specimens repre-
sent a marsupial lion of equivalent size and have
low-crowned molars that display a similar degree
of molar crenulation; 2) the paratype occludes well
with M3 of the holotype; 3) this is a rare taxon and
is currently only known from Neville’s Garden Site;
4) for palaeoecological reasons, it is improbable
that the two specimens would represent two differ-
ent rare but equivalently-sized and morphologically
similar species; and 5) it was recovered from the
same small piece of limestone as the holotype.

PHYLOGENETIC ANALYSIS

To investigate the evolutionary relationships of
Microleo attenboroughi within the Suborder Vom-
batiformes, a phylogenetic analysis employing
PAUP * 4.0b10 (Swofford, 2002) was carried out
using a modified version of the data matrix of Black
et al. (2012) (see Appendix 1 and Appendix 2). The
analysis resulted in nine most-parsimonious trees
of 272 steps in which M. attenboroughi emerged as
the sister-group to all other thylacoleonids in a
strongly-supported thylacoleonid clade (Figure 3;
see Appendix 1 and Supplementary Figure 2 for
bootstrap values).

Previous hypotheses (Rauscher, 1987; Gilles-
pie, 1997) which placed Priscileo outside of a
Wakaleo-Thylacoleo clade (Archer and Dawson,
1982; Archer and Rich, 1982) were supported.
Unequivocal synapomorphies for this latter clade
are an increase in P3 length relative to the cheek-
tooth row length (> 0.4) and loss of M4/m4 (Appen-
dix 2). Apparent paraphyly of Priscileo may be the
result of the large amount of missing data for P. piti-
kantensis. Synapomorphies uniting a Priscileo-
Wakaleo-Thylacoleo clade include P3 having a
posterior longitudinal blade that is gently angled
and a confluent postprotocrista and
premetaconulecrista on M2 (Appendix 2). The sim-
ilar molar morphologies and dental formulae
shared by Microleo attenboroughi and Priscileo
roskellyae suggest the possibility that species of
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Priscileo evolved from a Microleo ancestor. With
respect to M. attenboroughi, P. roskellyae has
retained the plesiomorphic quadrilateral M1 and
trapezoidal/semi-triangular M2 but has an enlarged
and posteriorly-inflated P3.

According to our analysis, many similarities
shared by the diminutive Microleo attenboroughi
and species of Thylacoleo, in particular T. hilli,
appear to be homoplasies or retained symplesiom-
orphies. These features include, in P3, a postero-
lingual crest, a small accessory anterobuccal crest
(variably present in T. carnifex; see Supplementary
Figure 1), occlusal shape (T. hilli), lack of posterior
inflation, simple, long and uninflated anterior and
anterolingual crests, anterobuccal crests that do
not extend posterodorsally, and a quadrilateral M1
(T. crassidentatus and T. carnifex).

The results of the phylogenetic analysis sup-
port the starting assumption that Thylacoleonidae,
including Microleo attenboroughi, is a clade (Figure
3.1). However, it does not provide support for the
concept (Aplin and Archer, 1987) that this family is
the sister-group of a clade containing all of the
other vombatomorphian families. This is because
Phascolarctomorphia (containing only the koala
family Phascolarctidae) is not supported as the sis-
ter group of Vombatomorphia although most previ-
ous analyses have suggested it is (e.g., Aplin and
Archer, 1987; Marshall et al., 1990; Black et al.,
2012). Instead, Phascolarctomorphia appears to
be the sister-group of a clade containing Vombati-
dae (wombats) and the extinct Diprotodontoidea,
Maradidae, Wynyardiidae and llariidae but not Thy-
lacoleonidae.

DISCUSSION

As well as Microleo attenboroughi, Neville’s
Garden Site has yielded another much larger mar-
supial lion, a new, yet-to-be described plesiomor-
phic species of Wakaleo. Other Faunal Zone B
sites at Riversleigh (Upper, Dirk’'s Towers and
Camel Sputum Sites) have yielded Priscileo roskel-
lyae, a species intermediate in size between M.
attenboroughi and this new species of Wakaleo.
Hence the early Miocene rainforests of Riversleigh
appear to have supported at least three marsupial
lion species (Figure 3.2). This level of diversity is
unmatched for the family at any other time in their
evolutionary history.

Estimates of body mass indicate that Priscileo
roskellyae (1813 g) is likely to have been three
times heavier than Microleo attenboroughi (590 g).
These body mass estimates were made using the
regression equation of Myers (2001) from correla-
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FIGURE 3. Cladistic relationships of Microleo attenboroughi within Thylacoleonidae and Vombatiformes: 1) strict con-
sensus tree of nine most parsimonious trees obtained in the phylogenetic analysis (iree length = 272 steps; see
Appendices 1, 2); 2) time-tree of thylacoleonid phylogeny.

tions of marsupial body mass with cranio-dental
measurements (see Appendix 3). The equation
used for the analysis was the highest possible
ranked regression from the ‘Diprotodontians data
set’ of Myers (2001, table 5, p.106) and employed
the measurement for upper molar row length

(UMRL, i.e., M1-M4). This equation (log y =-0.418
+ 3.011 [log x], where x equals UMRL) was chosen
because it was based on alveolar rather than molar
measurements, the posterior teeth being absent in
both taxa. The UMRL measurements for M. atten-
boroughi (11.3 mm), P. roskellyae (16.4 mm) and
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the new undescribed species of Wakaleo (23.3
mm) resulted in body weight estimates of 590 g,
1813 g and 5221 g, respectively. As recommended
by Myers (2001), smearing estimates were applied
to the prediction equation, and the calculated body
mass estimates are likely to be underestimates.
These weights are similar to those for females of
living Eastern Quolls, Tiger Quolls and Tasmanian
Devils, respectively (Jones and Barmuta, 2000).

The significant size differences between these
three early Miocene Riversleigh marsupial lion taxa
probably reflects niche partitioning with reduction in
competition for resources (food and shelter), as
has been argued (Wroe, 2001) for other Australian
Miocene marsupial carnivores. Five thylacinid spe-
cies are known from middle Miocene Australian
deposits, with at least two being sympatric in three
assemblages. Wroe (2001) found marked differ-
ences in estimated body weights among these
(from ~1 to 18 kg) suggesting considerable trophic
diversity in that family at that time. There is specu-
lation that in the Miocene, marsupial lions, thylaci-
nids and bandicoots filled some ecological niches
occupied today by dasyurids, which appear to have
explosively radiated in the later Cenozoic, perhaps
in response to the development of more open
palaeoenvironments (Krajewski et al., 2000). There
is evidence of an increase in size in the thylacoleo-
nid and thylacinid lineages over time, with the late
Miocene Powerful Thylacine (Thylacinus potens),
Tasmanian Thylacine (Thylacinus cynocephalus)
and Pleistocene Marsupial Lion (Thylacoleo car-
nifex) being by far the largest carnivorous marsupi-
als known from Australia (Wroe et al., 1999; Wroe,
2001). Studies of living sympatric marsupial carni-
vores have found partitioning in body size and prey
size and a strong relationship between body size
and arboreal activity (Jones and Barmuta, 2000).
Hence, considering the three early Miocene marsu-
pial lions at Riversleigh, it is possible that the
smaller Microleo attenboroughi and Priscileo ros-
kellyae were arboreal in contrast to possibly more
scansorial species of Wakaleo. The modern Thyla-
cine was a terrestrial predator (Guiler, 1985). If
species of Oligo-Miocene thylacinids were also
cursorial it is possible that members of this group
were the dominant ground-dwelling mammalian
predators while thylacoleonids were the dominant
arboreal/scansorial predators. Calcanea of Oligo-
Miocene marsupial lions, currently under study, are
similar in functional morphology to that of a modern
brushtail possum, a predominantly arboreal spe-
cies.
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The palaeohabitat of Riversleigh Faunal Zone
B assemblages including the Neville’s Garden
Local Fauna, has been inferred to be a closed for-
est environment based on the high diversity of
mammals and on the presence of groups that
today are restricted to rainforests (e.g., musky rat-
kangaroos, Hypsiprymnodon; lyrebirds, Menura;
logrunners, Orthonyx; and striped possums, Dja-
ludjangi) (Archer et al., 1989; Boles, 1995; Bram-
mall, 1998; Bates et al.,, 2014; Nguyen et al.,
2014). Pseudocheirids have a greater abundance
of sympatric species in rainforests (Bassarova and
Archer, 1999) and some of Riversleigh’s early Mio-
cene assemblages contain up to seven sympatric
pseudocheirids (Travouillon et al., 2009). Ceno-
gram analyses of Faunal Zone B (early Miocene)
mammal assemblages suggested a high propor-
tion of arboreal taxa which also suggests a rainfor-
est habitat for these assemblages (Travouillon et
al., 2009). The early Miocene age of the Neville’s
Garden sediments correlates with a time of warm
and wet ‘greenhouse’climatic conditions (McGow-
ran and Li, 1994; Woodhead et al., 2016) and fur-
ther supports a closed forest palaeohabitat
hypothesis.

The bunodont molar dentition of Microleo is
similar to that seen in burramyids and petaurids,
possums that feed predominantly on invertebrates
as well as plant substances (Van Dyke and Stra-
han, 2008). Although it seems likely that M. atten-
boroughi also ate invertebrates, with an estimated
body weight nearly one third greater than that of
the largest petaurid (Dactylopsila trivirgata at 400
g, average; Handasyde and Martin, 1996) and
highly carnassial, longitudinally-bladed P3s, it is
likely to have taken larger prey items as well, such
as the many small vertebrates known to have been
present and abundant in the early Miocene com-
munities of northwestern Queensland. Functional
analysis of the opposing v-shaped sectorial P3s of
Thylacoleo carnifex suggests that these entrapped
hard foods, perhaps small bones, enabling them to
be more readily cut by these carnassial teeth
(Wells et al., 1982). Although the morphology of
the lower P3 of Microleo is currently unknown, its
v-notched P3 suggests it would have functioned in
a manner similar to the carnassials of other thyla-
coleonids. The rest of the dentition of M. attenbor-
oughi lacks any features that characterise
herbivorous marsupials adding further support to
the interpretation that this marsupial lion, like all
others in the family, was faunivorous.

In terms of phylogenetic relationships, the
scarce and fragmentary nature of relatively plesio-



morphic, pre-Pleistocene marsupial lions, has frus-
trated development of understanding. Intrafamilial
relationships have been, and continue to be, pri-
marily based on assessment of dental characters
because at present only three taxa (Priscileo ros-
kellyae, Wakaleo vanderleueri and Thylacoleo car-
nifex) are known from well-preserved cranial
material. Further, known dental material for P. piti-
kantensis, W. alcootaensis and T. hilli is also rela-
tively incomplete. Interfamilial relationships within
the diprotodontian Suborder Vombatiformes have
been difficult to resolve because of the highly auta-
pomorphic features of the dentitions of many of the
families.

Marsupial lions are the only carnivorous vom-
batiform marsupials as well as the only vombati-
forms that have bunodont molars. While our
phylogenetic analysis does not unambiguously
resolve the position of thylacoleonids within the
vombatiform radiation, it is clear that it represents a
highly distinctive and phylogenetically deep-rooted
group within the suborder. We have previously
speculated (Archer, 1976, 1984a) that the ances-
tral molar morphology for diprotodontian marsupi-
als may have been selenodonty similar to that seen
in koalas, ringtail possums and the extinct ilariids
with remnant selenodont patterns discernible in
wombats and wynyardiids. In general, selenodonty
is an indicator in living mammals of a folivorous
diet. However, given that carnivorous adaptations
are evident in the earliest known marsupial lions
(the undoubted carnassial nature of P3/p3) and
that none appear to have molars that exhibit
undoubted aspects of selenodonty, it seems at
least as likely that this group originated from car-
nivorous or at least omnivorous marsupials that did
not have selenodont molars. Because thylacoleo-
nids appear to be the sister-group of all other vom-
batiform marsupials, it is possible that families
within this suborder that exhibit selenodonty, such
as phascolarctids and ilariids, may have evolved
this molar morphology more than once from buno-
dont ancestors. For the same reason, it is at least
as likely that bunodonty rather than selenodonty
was the ancestral pattern for diprotodontians as a
whole.
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SUPPLEMENTARY FIGURE 1. Accessory anterobuccal cusp development on P3s of Thylacoleo carnifex (1-4) and
Microleo attenboroughi (5, buccal view; 6, occlusal view). In a sample of 14 Thylacoleo carnifex P3s examined in the
Australian Museum collection, an anterobuccal cusp was distinct in two specimens: AM F106836 (1, occlusal view; 3,
buccal view); and AM F16609 (2, occlusal view; 4, buccal view). However, in T. carnifex premolars exhibiting rela-
tively little wear, a short, broad, gently-rounded swelling was present in this region and in heavily worn specimens the

entire anterobuccal surface was smooth which suggests that this feature may be relatively common but obliterated
early by wear. Arrows indicate accessory anterobuccal crest (aabc).
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SUPPLEMENTARY FIGURE 2. Strict consensus tree of nine most-parsimonious trees obtained from the phyloge-
netic analysis. Tree length = 272 steps; Cl = 0.580, RI = 0.750, RSI = 0.435. Unequivocal apomorphies for nodes (cir-
cled) are listed in Appendix 2; bootstrap support values for clades in the consensus tree are indicated in italics (50%
majority rule).

18



PALAEO-ELECTRONICA.ORG

APPENDIX 1

Phylogenetic Analysis of Microleo
attenboroughi: Results and Description of
Characters

The phylogenetic relationships of Microleo
attenboroughi within the Thylacoleonidae were
assessed as well as the relationships of thylacoleo-
nids within the Suborder Vombatiformes, using a
branch-and-bound search in PAUP * 4.0b10 (Swof-
ford, 2002) based on a modified data matrix of
Black et al. (2012) employing a total of 93 charac-
ters. Thirty characters were designated ordered. All
characters were equally weighted and parsimony-
informative. Five phascolarctid taxa in that matrix
were not included in this analysis because many
had high levels of missing data and the phascolarc-
tids that were included were deemed informative
for that taxon. The Oligo-Miocene peramelid Galadi
speciosus and dasyurid Barinya wangala were
used as outgroups. Within the thylacoleonid
ingroup taxa, Priscileo pitikantensis, Wakaleo
alcootaensis and Thylacoleo hilli have relatively
high levels of missing data because they are only
known from relatively incomplete specimens. The
dentary specimen of Thylacoleo sp. cf. T. hilli (AM
F63584) was used to code characters for the lower
dentition of T. hilli on the basis of the assumption
that it is likely to be representative of that species.
Sixty five of the 71 characters of the original data
matrix (Black et al., 2012) analysis were utilised.
Six characters were removed because they either
related to phascolarctid taxa not included in the
analysis or were uninformative. One character
relating to P3 morphology (ch.14) was modified to
incorporate states in newly included taxa. A heuris-
tic search was performed using branch and bound
analysis. New characters relating to dental mor-
phology (ch. 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 17 18,
27, 28, 30, 38, 39, 40, 41, 42, 43, 44, 48, 50, 53,
57, 58, 59) were included in the data matrix. Boot-
strap values were calculated using 1000 replicates.

Results

Our phylogenetic analysis recovered nine
most-parsimonious trees (see consensus ftree in
Supplementary Figure 2: tree length = 272 steps,
consistency index = 0.580, rescaled consistency
index = 0.435, retention index = 0.750) in all of
which Microleo attenboroughi is recovered as the
sister taxon to all other known thylacoleonid taxa.
Unequivocal thylacoleonid apomorphies (node 10)
include bunodont molars and features of P3,
including its length relative to M1 length (> 1.2), a

longitudinal blade that has a long v-shaped
(notched) occlusal edge and lack of a basal poste-
rior cingulum. Autapomorphies distinguishing
Microleo from all other thylacoleonids are features
of the P3; its fusiform shape, medial cuspule, a
posterolingual crest and steep posterobuccal crest
at the rear of the crown. Bootstrap support was rel-
atively strong for the thylacoleonid clade (91%) and
for the Priscileo-Wakaleo-Thylacoleo clade (70%;
see Supplementary Figure 2). Synapomorphies for
the Priscileo-Wakaleo-Thylacoleo clade are: a pos-
terior longitudinal blade on P3 that is gently-angled
and M2 with confluent postprotocrista and
premetaconulecrista. Priscileo roskellyae is recov-
ered as the sister taxon to P. pitikantensis which in
turn is recovered as the sister taxon to a Wakaleo/
Thylacoleo clade. Unequivocal synapomorphies of
the Wakaleo-Thylacoleo clade are increased P3
length relative to cheektooth row (> 0.4) and loss of
M4/m4. Bootstrap support for this clade was mod-
erate (83%). Species of Wakaleo form a clade
(bootstrap support 62%) but their relationships are
unresolved probably as a result of the limited data
for both W. oldfieldi and W. alcootaensis. Synapo-
morphies for the Wakaleo clade include; reduced
number of upper and lower premolars, develop-
ment of an anterolingual cuspule and a moder-
ately-developed posterobuccal crest on P3.
Monophyly for species of Thylacoleo was well-sup-
ported (bootstrap frequency = 97%) and based on
synapomorphies of P3 including: width greater
anteriorly than posteriorly, a convex posterior longi-
tudinal blade, a posterolingual crest, a significant
increase in length, and reduction of the number of
lower incisors to one.

Vombatiform Relationships. The strict consen-
sus tree (Supplementary Figure 2) places thyla-
coleonids as the sister taxon to all other
vombatiform families. This phylogeny differs from
previous phylogenies (e.g., Aplin and Archer, 1987;
Marshall et al., 1990; Gillespie, 2007; Black et al.,
2012) which place thylacoleonids within the vom-
batomorphian clade. In our analysis, synapomor-
phies that united phascolarctomorphians and
vombatomorphian families (excluding thylacoleo-
nids, node 2) include presence of a single upper
and lower premolar, presence of a lingual cusp on
P3, a rectangular M2, lower incisors reduced to
one, mandibular symphysis that extends to below
m1 and a diastema that is < 30% the length of the
horizontal ramus. Bootstrap support for this clade
was weak (59%). Black et al. (2012) found phasco-
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larctids were united by characters of the lower
molars and were the sister group to all other vom-
batiform families. Bootstrap support for the phasco-
larctomorphian clade was strong (100%) but was
weaker (63%) for the vombatomorphian clade
(excluding thylacoleonids). With the exception of
thylacoleonids and Marada arcanum, the relation-
ships of all the other vombatomorphian families
agree with those presented by Black et al. (2012).
Our analysis was unable to resolve the position of
Marada with respect to vombatids, diprotodontids
and palorchestids. In previous analyses (Aplin and
Archer, 1987; Black et al., 2012) thylacoleonids
have been united with other vombatomorphian
families predominantly on the basis of cranial char-
acters and their repositioning in this analysis may
be due to the large number of dental characters in
the data matrix. The results of this analysis suggest
that thylacoleonids possibly form a clade within
Vombatiformes that has similar taxonomic status to
phascolarctomorphians. However, in contrast to
thylacoleonids, phascolarctomorphians show a
greater diversity at the generic level and, at pres-
ent, stronger support for the clade is required
before erecting a possible new thylacoleonid
infraorder.

Character Description

Description of 93 characters used in the phy-
logenetic analysis. Reference is given to charac-
ters used in previous analyses and whether they
are modified.* Indicates ordered characters.
Abbreviations for references: A84b, Archer
(1984b); AD82, Archer and Dawson (1982); B07,
Black (2007); B12, Black et al. (2012); BA97a,
Black and Archer (1997a); BA97b, Black and
Archer (1997b); GO7, Gillespie (2007); H93, Hand
et al. (1993); HSV03, Horovitz and Sanchez-Villa-
gra (2003); HW82, Hope and Wilkinson (1982);
LO2, Luo et al. (2002); LO4, Louys (2004); M86,
Murray (1986); M90, Marshall et al. (1990); M94,
Myers (1994); MA97, Myers and Archer (1997);
R87, Reig et al. (1987), R98, Rougier et al. (1998);
S97, Springer et al. (1997); SVWO02, Sanchez-Villa-
gra and Wible, (2002); T10, Travouillon et al.
(2010); WD 87, Woodburne et al. (1987); W98,
Wroe et al. (1998); W00, Wroe et al. (2000).

1.* Number of upper incisors: five (0); four (1); three (2);
two (3); one (4). (S97, R98, W00, HSV03, B12)
2. Size of 11/ relative to 12-3/: equal/similar length (0);

large, elongate (1). (B12)

3. Upper canine: present (0); absent/vestigial (1).
(Modified: S97, HSV03, B12)
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17.
18.

20.¢

21.

22.

23.

24

25

27

28.

Number of upper premolars: three (0); two (1); one
(2). (B12, AD82, B12)

Number of primary cusps on longitudinal blade: one
(0); two (1); three (2); four (3).

P3/ occlusal shape: wider posteriorly than anteriorly
(0); anterior and posterior widths similar, broadest
centrally (1); wider anteriorly than posteriorly (2).
(G07)

Absolute size of P3: small (< 5mm) (0); moderate (5—
10mm); (1); large (10-20mm) (2); very large (20—
30mm) (3); extremely large (>30mm) (4).

Size of P/p3 relative to cheektooth row length: very
short (0); short (1); long (2); very long (3). (GO7)

Curvature of the longitudinal blade of P3: straight (0);
buccally convex (1); lingually convex (2).

Development of the anterolingual crest on P3: absent
(0); weak, long crest (1); moderate, long crest (2);
cuspule (3). (G07)

Slope of the posterior end of P3 longitudinal blade:
steep (0); gently-angled (1); gently convex (2). (G07)

Long v-shaped longitudinal blade on P3: absent (0);
present (1).

P3 Posterolingual crest: absent (0); present (1).

P3 Lingual cusp: absent (0); present (1). (Modified:
MA97, B12)

P3 posterobuccal crest: absent (0); well developed
(1); moderately developed (2); weakly developed (3).
(GO7)

P3 transverse parametacone crest: absent (0);
present (1). (Modified: H93, BA97a, B12)

P3 medial cuspule: absent (0); present (1).

Posterior cingulum development on P3: buccal and
lingual (0); lingual (1); absent (2).

Size of P3/ relative to M1/: P3L/M1L < 0.8 (0); 0.9 <
P3L/M1L < 1.1 (1); 1.1<P3L/ M1L< 1.2 (2); 1.2 <
P3L/M1L=< 1.4 (3); 1.4<P3L/M1L=< 1.5 (4); 1.5 < P3L/
M1L< 1.6 (5) P3L/ M1L > 1.6 (6). (Modified: BA97a,
B12)

Molar morphology: tribosphenic (0); selenodont (1);
semi-lophodont (2); lophodont but stylar cusps
evident on lophs (3); fully lophodont (4); bunodont
(5). (Modified: B12)

Anteriorly concave lower/ anteriorly convex upper
molar lophs: absent (0); present (1). (B12)
Ever-growing unrooted cheekteeth: absent (0);
present (1). (B12)

Enamel crenulations: small (0); strong, crest-like (1).
(Modified: S97, B12)

Stylar cusp development: strong (0); moderate (1);
weak/absent (2). (Modified: BA97b, B12)

Parastyle development on M1: absent/small (0);
moderately developed with expansion of
anterobuccal tooth corner (1); large, cuspate and
pyramid-like (2). (BA97b, B12)

Separation of stylar cusps C and D: close together
(0); separated by large trough (1). (MA97, B12)

M1 occlusal outline: triangular (0); subtriangular/
subsquare (1); square (2); rectangular (3). (G07)

M1 metacone: moderate (0); large (1).



29.%

30.

32.

33.

34.

35.

36.
37>

41.

42.

43,
44,
45,

47.

48.

49.

50.

51.

52.

53.

M1 paraconule: absent/weak (0); moderate/strong,
linear (1); strong, crescentic (2). (Modified: BA9,
B12)

M1 anteroposterior buccal gradient: paracone much
shorter than metacone (0); paracone slightly shorter
than metacone (1); paracone and metacone similar

height (2); paracone slightly taller than metacone (3);
paracone much taller than metacone (4). (G07)

M1 neometaconule: absent (0); weak/small (1);
moderate/well developed (2). (Modified: WD87,
BA97b, S97)

Protostyle: absent (0); present (1). (WD87, BA97b,
B12)

Paracone and metacone placement: medial (0);
buccal (1). (S97, HSV03, B12)

Paracone buccal basin on M1 deep, enclosed:
absent (0); present (1). (B12)

Posterolingual paracristae: absent/weak (0); strongly
developed (1). (BA97b, B12)

Postprotocrista: present (0); absent (1). (A84b, B12)

M2 occlusal shape: triangular (0); subtriangular (1);
rectangular i.e., longer than wide (2); square i.e.,
width = length (3). (Modified: S97, HSV03, B12)

M2 buccal height vs lingual height: similar (0); slightly
taller (1); moderately taller (2); much taller (3). (G07)

M2 buccal inflation of crown below paracone: absent
(0); present (1). (G07)

M2 postprotocrista and premetaconule crista:
confluent (0); not confluent, separated (1).

M2 postparacrista direction: posterobuccal (0);
posterior (1).

M2 width of trigon basin relative to crown width:
broad (0); narrow (1).

m3: present (0); absent (1). (AD82, G07)
M/m4: present (0); absent (1). (AD82, G07)

M4 metaconule: absent or significantly reduced and
retracted towards posterior cingulum (0); distinct,
cuspate (1). (B12)

Number of lower incisors: three (0); two (1); one (2).
(S97, R98, W00, L02, HSV03, B12)

Inclination angle of i1: high, = 30 degrees (0); low <
30 degrees (1). (M90, B07, B12)

Number of lower premolars: three (0); two (1); one
).

p3 morphology: bicuspid, simple (0); multicusped/
bladed (1). (B07, B12)

p3 anterolingual crest: well-developed (0); weakly-
developed: absent (1); absent (2).

Posterior cingulum on p3: absent/weak (0); present
(1). (M94, B12)

Molar gradient: ratio m4/m1 < 1 (0); m4/m1 =1 (1).
(B07, B12)

m2 talonid height relative to paraconid and trigonid:
slightly shorter (0); similar (1); much shorter (2).

54.

55.

56.*

57.*

58.%

59.*

60.*

61.

62.

63.

64.*

65.*

66.

67.
68.*

69.

70.

71.

72.

73

74.
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Development of paraconid and paracristid on m1:
paraconid present and paracristid well-developed (0);
paraconid weak or absent, paracristid present but
low (1); paraconid and paracristid absent (2). (BO,
B12)

Position of protoconid on m1: buccal half of trigonid
(0); lingual third of trigonid (1). (BA97b, B12)

Protostylid on m1: absent (0); small (1); moderate
(2); large (3). (WD87, S97, BA97b, MA97, BO, B12)

m1 talonid basin width between entocristid and
hypocristid: broad (0); slightly narrowed (1); narrow
(2). (GO7)

m1 talonid width relative to trigonid width: broader
(0); slightly narrower (1); much narrower (2). (G07)

m3 talonid basin: broad (0); narrow (1); absent/lost
(2).
Metastylid development: absent (0); present, cuspate

(1); present, metastylid fold (2). (Modified: BA97b,
B12)

Entostylid ridge on m1: absent (0); present (1).
(BA97b, B12)

Cristid obliqua: well-developed, does not meet
postprotocristid (0); well-developed, meets
postprotocristid lingual to horizontal tooth midline (1);
well-developed, meets postprotocristid at or buccal to
horizontal tooth midline (2); weak/absent (3). (B12)

Internal ribs on conids of lower molars: absent (0);
present, meet in longitudinal valley (1); present, do
not meet (2). (B12)

Nasal aperture retracted beyond incisor arcade:
absent (0); retracted to above diastema (1); retracted
to above cheek tooth row (2). (B12)

Masseteric process: absent/weak- dorsal to molar
row (0); at level of molar row (1); elongate- extends
ventral to molar row (2). (W98, B12)

Lacrimal tuberosity: absent (0); present (1). (R98;
HSV03, B12)

Infraorbital shelf: well-developed (0); weak (1). (B12)

Posterior palatal vacuities: anteriorly extensive to
opposite or anterior to M1 (0); extends anteriorly to
opposite M2 (1); confined within palatine, opposite
M3-4 (2); absent (3). (A84b, R87, R98, W00, HSVO03,
B12)

Frontal/squamosal contact: absent, alisphenoid-
parietal contact (0); present (1). (897, W98, HSV03,
B12)

Infratemporal crests: weak/absent (0); well-
developed (1). (B12)

Postglenoid constriction: absent (0); present (1).
(B12)

Glenoid fossa: flat articular eminence, shallow
mandibular fossa (0); flat articular eminence, deep
mandibular fossa (1); prominent articular eminence,
mandibular fossa absent (2). (B12)

Postglenoid process: elongate (0); short (1); absent
(2). (Modified: S97, HSV03, B12)

Medial glenoid process: absent (0); present (1).
(M86, B12)
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75.

76.

77.

78.

797

80.
81.

82.x

83.

Well-developed postglenoid cavity: absent (0);
present (1). (LO4, B12)

Position of postglenoid foramen: posterior to PGP
and bounded medially by petrosal (0); anteromedial
to or in line with postglenoid process (1);
posteromedial to postglenoid process within
squamosal (2); within epitympanic fenestra,
surrounded by bony septum (3). (Modified: S97,
W98, HSV03, B12)

Tympanic cavity roof elements: alisphenoid and
petrosal (0); alisphenoid and squamosal (1);
squamosal (2). (Modified: T10, B12)

Tympanic floor elements: alisphenoid (0); alisphenoid
and squamosal (1); squamosal (2). (B12)

Alisphenoid tympanic wing: absent (0); short (1);
moderate, extends under periotic (2); elongate,
completely floors middle ear (3). (S97, W98, HSV03,
B12)

Epitympanic fenestra: absent (0); present (1). (B12)

Non auditory sinuses: absent (0); present (1). (M86,
B12)

Posterior epitympanic fossa: absent (0); present,
shallow (1); deep, perforating squamosal and
mastoid (2) (M86, B12)

Rostral tympanic process of periotic: strong (0);
absent/weak (1). (R98, SVW02, HSV03, B12)

84.
85.
86.

87.

88.

89.”

90.*

91.

92.

93.

Posterior parietal width: broad (0); narrow (1). (B12)
Interparietal: present (0); absent (1). (L04, B12)

Narrow mastoid strip on occiput: absent (0); present
(1). (M86, B12)

Ventrolaterally flared mastoid process on occiput:
absent (0); present (1). (M86, B12)

Angle of the anterior border of the ascending ramus:
< 70 degrees (0); = 70 degrees (1). (HW82, B07,
B12)

Posterior extent of mandibular symphysis: anterior to
p3 (0); below p3 (1); below m1 (2); below m2-3 (3).
(B0O7, B12)

Diastema (between i1 and p3): absent (0); present,
length < 30% of horizontal ramus length (1); present,
length > 30% of horizontal ramus length (2). (BO7,
B12)

Tooth row length (p3-m4) relative to horizontal ramus
length: > 60% (0); <60% (1). (B12)

Masseteric foramen: absent (0); present (1). (B0O7,
B12)

Flared masseteric eminences: absent/weak (0);
moderately to strongly flared (1). (M98, B12)
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APPENDIX 2

Data Matrix

Data matrix used for phylogenetic analysis of Vombatiformes. Abbreviations: '?' signifies 'missing

data'; '-' signifies 'inapplicable’. Polymorphic states indicated by: A, (0,1).
1 2 3 4 5 6 7
0 0 0 0 0 0 0
Barinya wangala 1000000000 0000000010 00-00-0100 0000000101 0100007002 011000000- -20100?110
Galadi speciosus 0000000000 0000000000 -0-0001000  00000012-0 0100007002 0000000000 0200000000
Litokoala ???2201012 0011001101 -012202121 21011032-1  00000???1? 0070130002  112?1?0100
kutjiamarpensis
Nimiokoala 2002200011 2002200011 -012202121 21011031-1 0000020212 0000130001 1120000700
greystanesi
Vombatus ursinus 4-121010-0  -000000- 02  01-2003102 00100020-- --00121202  00210000-0 02-1010211
Warendja 4-12-000-0 -000000212  01-2003- 02 00100020-- --00121202  00210000-0  02-?000207?
wakefieldi
Kuterintia ngama ???22010-3 0001000011 0000112101 00010021-1 0000121212 1021000000  01-?72?07??7?
Namilamadeta 2002302001 0011001022 00-0112102  00000021-0 0000121210 1021000000 02-1210111
albivenator
Marada arcanum ??7?27?0707?  ?2??77°77?72  00-?7?77772 7?7?7777 77?7 ??00721202 1001000000 < 02-???7?7?7?7?
Propalorchestes ??12022?20 0011000003 10-1013102 0010012001 --00121?0? 1102000000  02-2??1301
novaculacephalus
Ngapakaldia 2112001000 0011010004 10-2013102 0010012001 1-00121202 1102000000 03-1111311
tedfordi
Nimbadon 2112002000 0011010014 10-2013102 0010012001 --0012120- 1101000000 03-0211311
lavarackorum
Microleo ???0110111 0110101235  -002002??? 20?7 001001 0000 ?????? 22?7?7722 07 ??20?772?77?7
attenboroughi
Priscileo 2100101122 1100300235  -002001003 0000001000 0000?10000 0011100000  02- 0000001
roskellyae
Priscileo ?100? 021?27  2?2?2?2?22?7?5 -00 7?2?7277 ??2??20002? 0 2100?77?22 ?2?272???27°°7°? 2?7?7777
pitikantensis
Wakaleo oldfieldi 210A102223 1100200235  -002000103 0000002110 1101-10201 0011102110 020 ?????7?7?
Wakaleo 210A102223 1100200235  -002000104 0000003110 1101-10202 0011102120 0200000101
vanderleueri
Wakaleo 2102103223 1100200235  -002?00??? ?2????? ?? ?? 2?11-222?? ?°?°?2?2-7  ??°07?7°7777
alcootaensis
Thylacoleo hilli 2?7?1237 21 21100002 ??  -0???7?27277?? 22?7?72 7?77  ??7?7?720000 < 0??707??7?7??  ??77°? 72777
Thylacoleo 2100124321 2110000245  -002100104 0000007777 ?111-20?00 00111022-0  0207???7?0??
crassidentatus
Thylacoleo 2100124321 2110000245  -002103104 0000007777 ??11-20001  00111022-0 0200010011
carnifex
8 9 9
0 0 3
Barinya wangala 0100000020 0000070000 100
Galadi speciosus 0100000020 0000100700 100
Litokoala 0100111020 0000000777 7?7?
kutjamarpensis
Nimiokoala ???7?1?1??0 0700077021 010
greystanesi
Vombatus ursinus 1221122200 0110111132 111
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Warendja
wakefieldi

Kuterintja ngama

Namilamadeta
albivenator

Marada arcanum

Propalorchestes
novaculacephal

Ngapakaldia
tedfordi

Nimbadon
lavarackorum

Microleo
attenboroughi

Priscileo
roskellyae

Priscileo
pitikantensis

Wakaleo oldfieldi

Wakaleo
vanderleueri

Wakaleo
alcootaensis

Thylacoleo hilli

Thylacoleo
crassidentatus

Thylacoleo
carnifex

??711?2200

?2???°?°7? ?? ??

1001122120

2??°7°?°? ?? ??

1111172171

1111132201

1111132111

?2???°?7? ?? ?7?

0001122120

2???°?7? ?? ?7?

0001122120

2??7°?7? ?2? ?7?

0001022200

07?01?7022

1211111122

1211110122

1211110121

2???°?7? ?? ??

0010100210

2???°?°? 2?7 ??

0011110010

1M

?77?

010

110
M

110

1A0

?7?

010

?7?

010
010

?7?

?7??

010

010

List of Synapomorphies

List of nodal apomorphies resulting from the
phylogenetic analysis. Node numbers refer to Sup-

plementary Figure 2.

Node Character Change
1 1 12
10 0—1
20 0—-2
24 0—-2
42 1-0
46 0—1
73 0—1
75 0—1
76 0—-2
77 0—-2
89 0—1
91 1-0
92 0—1
2 4 0—-2
14 0—1
37 152
46 1-2

24

Character Change
48 0-2
89 1-2
90 0—1
17 0—1
18 0—1
23 0—1
25 1-2
29 0—2
31 0—-2
32 0—1
34 0—1
35 0—1
37 2—3
56 0—-3
60 0—1
61 0—1
62 2—1
77 2—1
85 1-0
45 0—1
47 0—1
51 0—1
64 0—1
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Node Character Change
66 0—1
71 0—1
82 0—1
86 0—1
87 0—1
5 24 2-0
53 0—-2
65 152
6 3 0—1
10 1-0
27 2-3
33 0—1
38 1-0
68 152
73 0—1
79 2—-0
90 1-2
91 0—1
7 13 0—1
20 23
21 0—1
36 0—1
52 0—1
67 0—1
68 23
80 0—1
81 0—1
82 1-2
84 0—1
8 16 0—1
20 34

Node Character Change

62 2-3

9 1 24
14 1-0

22 0—1

51 1-0

53 0—-2

78 1-2

93 0—1

10 12 0—-1
18 0-2

19 0—3

20 2-5

1 1 0—1
40 1-0

12 7 1-2
37 1-0

38 0—-2

42 0—1

13 8 1-2
44 0—1

14 4 0-2
10 2-3

15 0—-2

48 0—-2

15 6 0—-2
7 2-3

1 1-2

13 0—1

46 1-2

16 7 3—4
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APPENDIX 3

Body Mass Estimate

26

An estimate of the body mass of Microleo attenboroughi, Priscileo roskellyae and Wakaleo sp.
nov. was made using a regression equation formulated by Myers (2001) from correlations of
marsupial body mass with cranio-dental measurements. The equation used for the analysis was
the highest possible ranked regression from the ‘Diprotodontians data set’ of Myers (2001, table
5, p.106) and employed the measurement for upper molar row length (UMRL, i.e., M1-M4). This
equation (log y = -0.418 + 3.011 [log x], where x equals UMRL) was chosen because it was
based on alveolar measurements rather than molar measurements; the posterior teeth are miss-
ing in both fossil taxa. The UMRL measurements (average of the left and right lengths) for M.
attenboroughi (11.3 mm) P. roskellyae (QM F23453, 16.4 mm) and Wakaleo sp. nov. (QM
F45200, 23.3 mm) resulted in body weight estimates of 590 g, 1813 g, and 5221 g, respectively.
As recommended by Myers (2001), a smearing estimate (4.4%) was applied to the equation.
Myers (2001) indicates that the regression equations are not appropriate for the larger species of
marsupial lions (based on their unusual reduced molar numbers that result in large underesti-
mates of body mass), hence, an estimate was not calculated for Wakaleo vanderleueri.



	A tiny new marsupial lion (Marsupialia, Thylacoleonidae) from the early Miocene of Australia
	Anna K. Gillespie, Michael Archer, and Suzanne J. Hand
	INTRODUCTION
	MATERIALS AND METHODS
	SYSTEMATIC PALAEONTOLOGY
	Description
	Comparisons

	PHYLOGENETIC ANALYSIS
	DISCUSSION
	ACKNOWLEDGEMENTS
	REFERENCES
	Phylogenetic Analysis of Microleo attenboroughi: Results and Description of Characters
	Results
	Character Description
	Data Matrix
	List of Synapomorphies
	Body Mass Estimate




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


