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ABSTRACT—Nambaroo bullockensis sp. nov. is a structurally primitive macropodoid from the Bullock Creek Local
Fauna of the Camfield Beds of the Northern Territory, Australia. This species extends the range of Nambaroo from
the late Oligocene or early Miocene up to the middle Miocene. Despite its young age, N. bullockensis retains many
features thought to be plesiomorphic for macropodoids. Cladistic analysis based on characters of m1 for this new
species and all other balbarines shows Nambaroo to be paraphyletic, but supports the monophyly of Ganawamaya and
Balbaroo.

INTRODUCTION

Bullock Creek in the Northern Territory of Australia is one of
only a few Australian localities producing Miocene fossil verte-
brates (e.g., Rich, 1991; Woodburne et al., 1985). The Bullock
Creek Local Fauna (LF), from freshwater limestone facies of the
Camfield Beds (Randal and Brown, 1967; Plane and Gatehouse,
1968; Murray and Megirian, 1992), is a diverse assemblage of
invertebrates, fish, amphibians, reptiles, birds, and mammals. A
general account of the fauna and its occurrence may be found in
Murray and Megirian (1992), with more recent studies by Tyler
(1994), Hand et al. (1998), Murray and Megirian (2000), Megi-
rian and Murray (1999), and Murray et al. (2000). The Bullock
Creek LF is interpreted to be of middle Miocene age on the basis
of marsupial biochronology (e.g., Woodburne et al., 1985; Rich,
1991; Megirian, 1994; Murray et al., 2000).

The Bullock Creek LF is biased towards large animals, and the
small-mammal component of the assemblage is not well docu-
mented. Although macropodoids are the dominant small mam-
mals, only one species, Balbaroo camfieldensis Flannery, Archer,
and Plane, 1983, has been described. Here we describe a new
species of Nambaroo Flannery and Rich, 1986, on the basis of a
dentary retaining m1- 4, and three isolated teeth. Nambaroo
bullockensis sp. nov. extends the range of the genus beyond the
late Oligocene or early Miocene, the age of all previously de-
scribed species, and exhibits dental characters that are of phylo-
genetic interest.

Phylogenetic relationships within macropodoids are not well
resolved, especially among the structurally primitive forms of
which there are now several genera and numerous species rec-
ognized. Balbarinae was erected by Flannery et al. (1983) to
accommodate fossil macropodoids in which the m1 protolophid
is markedly compressed. Case (1984), Woodburne (1984), and
Szalay (1994) disagreed with this analysis and reduced Balbari-
nae to a tribe within the Macropodinae. Flannery (1989) sug-
gested that balbarines may be a paraphyletic group, ancestral to
both macropodines and sthenurines. More recently, Cooke and
Kear (1999) and Kear and Cooke (2001) elevated the Balbarinae
to family level, considering them a group basal to all other mac-
ropodoids.

Flannery (1989) divided the subfamily into two clades, distin-
guished by the presence or absence of a protostylid on m1. These
were the plesiomorphic Nambaroo clade, which retains the pro-
tostylid, into which Cooke (1997) suggests both Wururoo and

Ganawamaya fit, and the derived Balbaroo clade. While neither
Wururoo nor Ganawamaya possesses a protostylid, Cooke
(1997) argued for their placement here on the basis of other
plesiomorphic features. Kear and Cooke (2001), as part of their
elevation of Balbarinae to family level, erected a new sub-
family, Nambarinae, for Nambaroo + Wururoo + Ganawamaya.
They claim Nambarinae are monophyletic on the basis of two
synapomorphies, a posteriorly positioned digastric eminence and
an i1 occlusal surface that lies below the molar occlusal plane.
This subfamily is shown in our analysis to be paraphyletic. While
the possibility of the Balbaridae as a sister group to the Mac-
ropodidae (Cooke, 1999) is not discounted, this is based on an
analysis of cranial and dental characteristics, which, while given
a brief synopsis in Wroe et al. (1998) and Kear and Cooke
(2001), is currently unpublished. For these reasons, the classifi-
cation recommended by Kear and Cooke (2001) is not followed
here.

We recognize the Balbarinae as a taxon composed of the
following species: from the late Oligocene or early Miocene
Tarkarooloo LF, Namba Formation, South Australia, Nam-
baroo saltavus, N. tarrinyeri, and N. novus Flannery and
Rich, 1986; from the late Oligocene or early Miocene beds of
the Carl Creek Limestone, northwestern Queensland, N. cou-
peri, Wururoo dayamayi Cooke, 1997, Ganawamaya acris, G.
ornata, and G. aediculus Cooke, 1992, Balbaroo gregoriensis
Flannery, Archer, and Plane, 1983, and B. fangaroo Cooke, 2000;
and from the middle Miocene Bullock Creek LF, Camfield Beds,
Northern Territory, B. camfieldensis Flannery, Archer, and
Plane, 1983.

MATERIALS AND METHODS

Molar homology follows Luckett (1993) and Cooke (1997),
following Ride (1993). Dental terminology follows Cooke (1997)
(Fig. 1). Lower molars are designated by lower case m, and
uppers by upper case M.

Institutional Abbreviations—CPC, Commonwealth Paleon-
tological Collection; NMV, National Museum of Victoria; NTM,
Northern Territory Museum (Museum and Art Gallery of the
Northern Territory); QVM, Queen Victoria Museum, Tasmania;
QMF, Queensland Museum fossil vertebrate collection; SAM,
South Australian Museum.
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SYSTEMATIC PALEONTOLOGY

MACROPODIDAE Gray, 1821
BALBARINAE Flannery, Archer, and Plane, 1983

NAMBAROO Flannery and Rich, 1986
NAMBAROO BULLOCKENSIS sp. nov.

Holotype—NTM P991-24, right dentary fragment retaining
m1–m4 (Figs. 2, 3A)

Hypodigm—NTM P991-24 (Blast Site); QVM:2000:GFV:18,
left m3 (unrecorded quarry); QVM:2000:GFV:67, left m2 (unre-
corded quarry); QVM:2000:GFV:69, left m4 trigonid (unre-
corded quarry); QVM:2000:GFV:68, left m3 trigonid (unre-
corded quarry); NTM P9464-215, left M2 (Top Site); and NTM
P87110-26, right M3 (Top Site).

Type Locality and Age—Plane and Gatehouse (1968) named
the general area from which they collected fossils from the Cam-
field Beds the ‘Small Hills Locality.’ Later workers differentiated
the various quarries producing the Bullock Creek LF. The ho-
lotype of Nambaroo bullockensis is from Blast Site. Fossils from
Blast Site are the type assemblage of the Bullock Creek LF and
estimated to be middle Miocene in age (e.g., Woodburne et al.,
1985; Rich, 1991; Murray et al., 2000).

Diagnosis—Balbarine macropodoid of the genus Nambaroo
possessing protostylid, protostylid crest, well-developed hypo-
cingulid, and premetacristid on m1; all molars lacking hypo-
conulid and paraconid; hypocingulid spanning full width of
all lower molars; molars increasing in length from m1 to m4;
protolophid of m1 and m2 wider than hypolophid, m3 pro-
tolophid of equal width, and on m4, hypolophid narrower than
protolophid. Largest known species of genus, with molar di-
mensions an average of 60% larger than any known specimens of
the other species (Table 1). Distinguished from N. novus, N.
saltavus, and N. couperi in possessing premetacristid on m1; from
N. tarrinyeri and N. saltavus in possessing well-developed hy-
pocingulid; and from N. couperi and N. saltavus in lacking hy-
poconulid.

Etymology—bullockensis refers to the type locality.

DESCRIPTION

Holotype

Dentary—The tooth row is straight in dorsal aspect (Fig. 2).
The horizontal ramus is twisted slightly such that the long axis of
a cross-section below m1 would point ventro-lingually, but below
m4 would point ventro-buccally. The deepest point of the den-
tary is below m1. The majority of the coronoid process is missing,
but the base of the anterior margin rises at an angle of approxi-
mately 100° to the occlusal plane. Part of the posterior root of p3
is present in its alveolus anterior to m1. The horizontal ramus
anterior to this point is missing. The angular process and condyle
are also missing. The buccal margin of the masseteric canal is
straight, so that the entrance to the masseteric foramen is D-
shaped in posterior view. The masseteric canal appears to pen-
etrate at least to the anterior margin of m3. The large masseteric
foramen is situated low in the masseteric fossa and in buccal view
is hidden by the masseteric crest.

m1—The protolophid is narrower than the hypolophid (Fig.
3A). The precingulid is large, taking up about two thirds of the
trigonid width. The paracristid runs straight antero-posteriorly to
contact the anterior margin at the midpoint of the tooth. No
rudimentary paraconid (sensu Flannery et al., 1983) is present. A
short premetacristid is present, running straight to the anterior
margin. Swelling buccal to the protoconid is slightly indistinct
due to wear but clearly represents the protostylid, joined to the
protoconid by a protostylid crest. The cristid obliqua runs an-
tero-lingually from the hypoconid to terminate on the rear face
of the protolophid at the base of the protoconid. The entoconid
is the tallest cusp, followed by the hypoconid, metaconid, and
protoconid, with the protostylid the shortest cusp. The hypocin-
gulid is well developed, extending the full width of the tooth.

m2—This tooth is larger than m1 (Table 1). The protolophid is
only slightly narrower than the hypolophid. The protoconid is
broken at its tip, but was probably approximately the same
height as the hypoconid, and both cusps are smaller than the
entoconid and metaconid which also approximate each other in
size. The cristid obliqua terminates just lingual of the protoconid,
and along with the paracristid, is more strongly developed than
on m1. The paracristid is straight and the precingulid takes up
only one-third of the area of the anterior margin. A well-
developed hypocingulid is present, extending the full width of
the tooth.

m3—This is larger than m2. The protolophid and hypolophid
are of equal width. The metaconid is the tallest cusp, followed by
the entoconid and hypoconid, which are about the same height,
and the protoconid is the shortest cusp. The cristid obliqua and
the paracristid are more strongly expressed than on m2, probably
due to less wear. The cristid obliqua originates at the hypoconid
and contacts the protolophid just buccal of its midpoint. The
paracristid curves antero-lingually before straightening to con-
tact the anterior margin. The precingulid is similar to that of m2
and the hypocingulid runs the full width of the tooth.

m4—This is larger than m3. The hypolophid is slightly nar-
rower than the protolophid. The metaconid is the tallest cusp,
followed by the hypoconid, protoconid, and finally, the entoco-
nid. The cristid obliqua originates at the hypoconid and termi-
nates at the midpoint of the protolophid at its base. The parac-
ristid curves in the manner described above for m3. The hypocin-
gulid is weakly developed, but extends the full width of the tooth.

Molar Gradients—Along the tooth row from m1 to m4, the
contact point of the cristid obliqua with the rear face of the
protolophid is progressively more lingual. The paracristid, which
contacts the anterior margin on m1 at the midpoint of the tooth,
is a little more buccally situated on m2 and more so on m3 so that
only one third of the anterior margin is buccal to the paracristid.
This trend does not continue on m4, where the paracristid is
again more lingually situated. The molars increase in length

FIGURE 1. Schematic occlusal view of N. saltavus m1 illustrating tooth
terminology. Abbreviations: co, cristid obliqua; Ec, entoconid; Hd, hy-
poconulid; Hy, hypoconid; Me, metaconid; pacd, paracristid; phc, post-
hypocristid; pmc, premetacristid; Pr, protoconid; Prs, protostylid; prsc,
protostylid crest.
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along the molar row (Table 1). The protolophid is narrower than
the hypolophid on both m1 and m2; on m3 they are approxi-
mately the same width, and on m4 the hypolophid is slightly
narrower than the protolophid. The hypocingulid is well devel-
oped on all molars except m4, although tooth wear may be re-
sponsible for its absence. The trigonid basin, as enclosed by the
premetacristid and paracristid, becomes lower and broader pos-
teriorly and its length increases.

Referred Lower Molars

Material—QVM:2000:GFV:18, left m3; QVM:2000:GFV:67,
left m2 lacking hypoconid and with damaged entoconid; QVM:

2000:GFV:69, left m4 trigonid; QVM:2000:GFV:68 left m3 trigo-
nid. All are from unrecorded quarries.

Description—QVM:2000:GFV:69 and QVM:2000:GFV:68 are
interpreted as being, respectively, m4 and m3 on the basis of
comparison with the holotype. These isolated lower molars differ
from the holotype only in the following: on QVM:2000:GFV:18
(Fig. 3B) a weak pre-entocristid is present on the anterior face of
the entoconid and on QVM:2000:GFV:67 the lingual curvature
of the metacristid coincides with a slight bulge in the enamel.

Referred Upper Molars

Material—NTM P9464-215, left M2 (Top Site); NTM P87110-
26, right M3 (Top Site).

FIGURE 2. Right mandible with m1 to m4. A, buccal view of N. bullockensis sp. nov., holotype, NTM P991-24. B, lingual view of holotype.
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FIGURE 3. A, stereopair of occlusal view of N. bullockensis sp. nov., holotype, NTM P991-24, Rm1—m4. B, stereopair of occlusal view of
QVM:2000:GFV:18, Lm3. C, stereopair of occlusal view of NTM P9464-215, LM2. D, stereopair of occlusal view of NTM P87110-26, RM3.
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Description—NTM P9464-215 (Fig. 3C) and NTM P87110-26
(Fig. 3D) are interpreted as M2 and M3 and referred to N. bul-
lockensis by analogy with an undescribed Riversleigh Nambaroo.
This specimen, QMF 34352, has an associated skull and dentary
in which the upper molars are slightly shorter than the lowers,
more fully lophodont, have fewer strong cristae, and poorly de-
veloped metacingulae. The differences between upper and lower
molars seen in this specimen are similar to those differences
observed between the holotype of N. bullockensis and the re-
ferred upper teeth. It is therefore considered probable that the
uppers described here belong to Nambaroo bullockensis. Varia-
tion seen between these upper molars, where the M3 does not
possess a forelink, is considered attributable to variation along
the molar row. Other balbarine species that possess forelinks,
such as Balbaroo fangaroo, also show variation in this feature
along the molar row (L.R.S.S. pers. obs.).

A weak midlink is present on both teeth, and buccal cusps are
higher than lingual cusps. There is no posterior shelf; the post-
hypocrista descends postero-buccally across the metaloph and
ends abruptly at the base of the crown. On NTM P9464-215, a
small swelling is present in the interloph valley on the lingual
side, and is thought to be a possible remnant of the lingual cin-
gulum. Also on this tooth a small preprotocrista (‘forelink’) on
the anterior face of the protoloph, buccal to the paracone, con-
nects the crest of the loph to the anterior edge of the tooth,
creating a small pocket in front of the paracone. NTM P87110-26
is 7.6 mm long, measured along the midline of the tooth, the
protoloph is 4.9 mm wide, and the metaloph is 4.7 mm wide.
NTM P9464-215 is the same length and 4.8 mm across at the
protoloph, but is only 4.5 mm wide across the metaloph. NTM
P87110-26 shows no remnant lingual cingulum in the interloph
valley, and no preprotocrista. The area between the centrocrista
and the midlink is slightly broader than in NTM P9464-215.

CHARACTER ANALYSIS

The phylogenetic relationships of Balbarinae were analysed
using the characters of m1, which is known for all species except
Ganawamaya ornata. The following is a list of characters used in
this analysis. Character polarity for each species is shown in
Table 2.

1. The protostylid. Archer (1978), Archer and Flannery (1985),
and Flannery and Rich (1986) recognized the homology of the
protostylid in macropodoids and phalangeridans. Nambaroo
species all possess a protostylid (0) (Flannery and Rich, 1986;

Cooke, 1997), while the other balbarine genera have lost this
cusp (1) (Flannery et al., 1983; Cooke, 1992, 1997, 1999).

2. The hypoconulid. Cooke (1997) described the presence of a
hypoconulid on the posterior, lingual face of the hypolophid
on N. couperi, interpreting its presence as a plesiomorphic
state for all macropodoids (0). An examination of N. saltavus
(SAM P24242) in the course of this study revealed a small
cusp, of similar dimension and position to that on N. couperi.
A hypoconulid is not present on any other species of balba-
rine (1) (Flannery et al., 1983; Flannery and Rich, 1986;
Cooke, 1992, 1997, 1999).

3. The protostylid crest. In balbarines retaining the protostylid,
a small crest is often present, linking the protostylid to the
protoconid (0). In most of those balbarines without a proto-
stylid, no crest is present (1). There are two species that sug-
gest that the presence or absence of the protostylid crest is not
necessarily linked to the presence of the protostylid. These
are N. tarrinyeri, which possesses a protostylid but no crest
(Flannery and Rich, 1986), and W. dayamayi, which possesses
a remnant of the protostylid crest joined to the cristid obliqua,
but does not possess a protostylid (Cooke, 1997).

4. The cristid obliqua. The contact point of the cristid obliqua on
m1 varies among balbarines. The most primitive position ap-
pears to be that displayed by N. saltavus (Flannery and Rich,
1986), where the cristid obliqua contacts the protostylid (0).
In N. tarrinyeri, the cristid obliqua bifurcates to contact both
the protostylid and the protoconid (1), while in W. dayamayi
it contacts just the protostylid crest (2). In all species of Bal-

TABLE 2. Data matrix of characters of m1 in species of Balbarinae.
0 � plesiomorphic state; 1 � apomorphic state; 2 � apomorphic state
independent of 1; 3 � apomorphic state independent of 1 and 2

Characters

Taxon 1 2 3 4 5

Ganawamaya aediculis 1 1 1 4 2
Ganawamaya acris 1 1 1 4 2
Balbaroo fangaroo 1 1 1 3 2
Balbaroo gregoriensis 1 1 1 3 2
Balbaroo camfieldensis 1 1 1 3 2
Nambaroo novus 0 1 0 3 2
Nambaroo bullockensis 0 1 0 3 2
Nambaroo couperi 0 0 0 0 0
Nambaroo tarrinyeri 0 1 1 1 1
Nambaroo saltavus 0 0 0 0 0
Wururoo dayamayi 1 1 0 2 1

TABLE 1. Comparative tooth measurements for balbarine lower molars. Abbreviations: Aw, anterior width as measured across the protolophid;
Pw, posterior width as measured across the hypolophid; L, length, as measured along the midline of the tooth. Measurements in millimeters.

Taxon Specimen number

m1 m2 m3 m4

SourceL Aw Pw L Aw Pw L Aw Pw L Aw Pw

Nambaroo bullockensis NTM P991-24 7.6 4.0 5.0 7.8 5.1 5.6 8.1 5.7 5.8 9.3 5.9 5.7 This work
sp. nov. QVM:2000:GFV:18 — — — — — — 7.5 5.1 5.2 — — — This work

Nambaroo tarrinyeri SAM P24245 5.8 2.9 3.1 — — — — — — — — — Flannery and Rich (1986)
NMV P157569 — — — 5.2 3.0 3.5 — — — — — — Flannery and Rich (1986)
NMV P157556 — — — — — — 5.0 3.4 3.5 — — — Flannery and Rich (1986)

Nambaroo novus SAM P24244 4.4 2.8 3.0 — — — — — — — — — Flannery and Rich (1986)
NMV P157557 — — — — — — — — — 4.8 3.6 3.9 Flannery and Rich (1986)

Nambaroo saltavus SAM P24242 5.2 3.0 3.4 — — — — — — — — — Flannery and Rich (1986)
NMV P157581 — — — — — — — — — 5.4 3.4 3.3 Flannery and Rich (1986)
NMV P157555 — — — — — — 4.6 3.5 3.3 — — — Flannery and Rich (1986)

Nambaroo couperi QMF 30401 5.2 2.6 3.3 5.4 3.5 3.9 5.6 3.9 4.1 5.4 3.8 3.6 Cooke (1997)
Wururoo dayamayi QMF 19820 5.9 4.1 4.2 6.5 4.8 4.5 6.9 5.1 4.7 6.7 4.3 4.1 Cooke (1997)
Ganawamaya acris QMF 16840 6.0 3.3 3.7 6.3 4.1 4.3 6.6 4.5 4.5 6.7 4.8 4.5 Cooke (1992)
Ganawamaya aediculis QMF 16843 6.1 3.4 3.9 6.7 4.0 4.2 6.6 4.4 4.2 6.4 4.1 3.8 Cooke (1992)
Balbaroo gregoriensis CPC 22186 7.3 4.2 4.3 — — — — — — — — — Flannery et al. (1983)
Balbaroo camfieldensis CPC 22179 7.1 3.6 5.0 7.7 4.9 5.4 8.9 5.4 5.4 8.4 5.5 — Flannery et al. (1983)

NMV P165000 — — — 8.2 — — 8.6 5.6 — — 5.8 5.5 Flannery et al. (1983)
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baroo and in N. novus, the cristid obliqua contacts the proto-
conid (3) while in species of Ganawamaya, it contacts the
protolophid just lingual of the protoconid (4). We follow Flan-
nery and Rich (1986) and Cooke (1997), and so for the pur-
poses of this analysis, this character was considered as an
ordered character.

5. Hypolophid development. Development of the hypolophid in
balbarines is well documented (Flannery and Rich, 1986;
Cooke, 1997), and so this is also considered an ordered char-
acter. The most primitive morphology is that displayed by N.
saltavus and N. couperi in which the posthypocristid descends
buccally from the hypoconid to contact the hypoconulid (0).
In the next evolutionary stage the hypolophid appears com-
plete, but for the presence of a triangular fossette on the rear
face of the entoconid (1), which is eventually lost (2), produc-
ing a complete hypolophid such as that seen in Balbaroo cam-
fieldensis (Flannery and Rich, 1986; Cooke, 1997).

MacClade 4 (Maddison and Maddison, 2001) was used for
cladistic analysis of m1 dental characters. A single-most parsi-
monious tree was produced (Fig. 4), with Treelength � 11, Con-
sistency Index � 0.82 and Retention Index � 0.90, indicating
that there is little homoplasy within the cladogram.

Nambaroo bullockensis is referred to Nambaroo on the basis
of the possession of a protostylid on m1. Other characters, such
as the cristid obliqua contacting the base of the protoconid, and
the fully developed hypolophid, are synapomorphies within the
genus that unite this species with N. novus.

Nambaroo saltavus has all of the features Cooke (1997) sug-
gested were representative of the balbarine ancestral condition.
Nambaroo couperi is here symplesiomorphic with N. saltavus,
although it can be diagnosed as a distinct species by the autapo-
morphic loss of the hypocingulid and the postentocristid (Cooke,
1997). Thus, in this analysis, N. saltavus and N. couperi form the
outgroup to all other balbarines.

FIGURE 4. Most parsimonious cladogram produced from the phylogenetic analysis. Tree length � 11, CI � 0.82, RI � 0.90. N � Nambaroo,
B � Balbaroo, G � Ganawamaya, W � Wururoo.
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Nambaroo bullockensis groups more closely with N. novus
than with all other species of Nambaroo, with Wururoo daya-
mayi interposed between the N. novus + N. bullockensis clade
and the more plesiomorphic Nambaroo species. The N. novus +
N. bullockensis clade is shown to be the plesiomorphic sister
group to the Ganawamaya + Balbaroo clade. Therefore, Cooke’s
(1997) grouping of Wururoo and Ganawamaya with Nambaroo
to the exclusion of Balbaroo is unsupported, as is the Nambari-
nae sensu Kear and Cooke (2001).

The current paraphyly of Nambaroo can be explained by the
use of the protostylid as a distinguishing characteristic of Nam-
baroo species. This is problematic, as possession of a protostylid
is a symplesiomorphy for macropodoids (Flannery and Rich,
1986).

Although phylogenetically distinct, Balbaroo camfieldensis,
the only other macropodoid known from Bullock Creek, and
Nambaroo bullockensis have similarly sized molars and are simi-
lar (also to B. fangaroo) in having m4 as the longest tooth in the
series (Table 1). Balbaroo camfieldensis and N. bullockensis dif-
fer in only two characters, namely the presence in N. bullockensis
of a protostylid and a protostylid crest. As already outlined
above, these characters appear to have been lost independently
of each other within Balbarinae. The derivation of B. camfield-
ensis is therefore partly by loss of primitive structures, and it is
conceivable that these structures could be variably expressed in
some balbarine populations as vestigal characters. The current
concept of Nambaroo relies on the assumption that the presence
or absence of the protostylid is not subject to this kind of varia-
tion, and therefore, despite its morphometric similarity to B.
camfieldensis, bullockensis belongs in Nambaroo, with size simi-
larities ascribed to convergence.

Paraphyly in Nambaroo is not an artifact of taxonomy. As-
signing N. bullockensis to Balbaroo would simply mean that both
Nambaroo and Balbaroo are paraphyletic. Balbaroo emerges
from this analysis as an unresolved trichotomy. Resolution
within the genus is reliant upon the addition of characters other
than those on m1. Like Balbaroo, Ganawamaya is also mono-
phyletic. Kear and Cooke (2001) suggested that two other char-
acter states unite Nambaroo, which they claim is monophyletic.
Neither of these characters is assessable on four out of the five
Nambaroo species currently known, due to limited material for
all species except N. couperi.

The difficulties in attempting to resolve balbarine phylogeny
with sparse material are manifest. The analysis presented here is
limited to characters of m1. For many balbarine species, espe-
cially the first three species of Nambaroo described, the m1 is the
holotype, and often the only material known. Only one species,
Ganawamaya ornata, is not represented by an m1.

CONCLUSION

Nambaroo bullockensis is assigned to the genus Nambaroo
based on its possession of a protostylid. While this character is a
symplesiomorphy for macropodoids, other synapomorphies sug-
gest a close relationship of N. bullockensis to N. novus. These
species are closer to other balbarine genera than they are to the
other species of Nambaroo. Nambaroo bullockensis is both the
largest Nambaroo species known, and the youngest, extending
the range of this genus into the middle Miocene. In the absence
of any molar synapomorphies to unite the genus, and given the
analysis of the Balbarinae performed here, Nambaroo is consid-
ered a paraphyletic group, in agreement with Flannery and Rich
(1986). The creation of Nambarinae as suggested by Kear and
Cooke (2001) is rejected on the basis of the paraphyly of the
proposed subfamily and the likely close relationship between
Ganawamaya and Balbaroo.
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