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ABSTRACT

The causes of the Late Pleistocene extinction of most larger-bodied animals on the Australian continent have long been controversial. This
is due, in no small part, to inadequate knowledge of exactly when these species were lost from different ecosystems. The Nombe rockshelter
in the highlands of Papua New Guinea is one of very few sites on Sahul with as-yet-unrefuted evidence for the survival of megafaunal
species until more recently than 40 thousand years (ka) ago. However, our understanding of the age of this site has been based on
radiocarbon dating. Here we present new U–Th ages on large marsupial specimens from the deposit and identify a range of postcranial
elements to species that include the diprotodontid Hulitherium tomasettii, kangaroo Protemnodon tumbuna and thylacine Thylacinus
cynocephalus. Direct U–Th ages of 27–22 ka ago on faunal remains of Protemnodon tumbuna and another large unidentified macropodid
are consistent with the existing radiocarbon chronology, yet are minimum ages due to the potential for post-depositional uptake of 238U and
stratigraphic reworking. Pollen analyses indicate perhumid, montane forests dominated by Nothofagus persisted, with minimal human
disturbance from at least c.26–20 ka ago up to the terminal Pleistocene. Collagen fingerprinting (ZooMS) demonstrates the potential of
protein-based identification of megafaunal remains at Nombe in the future. This study leaves open the possibility of extended coexistence
between some megafaunal species in the montane rainforests of New Guinea and intermittently visiting groups of people, and underscores
the need for further investigation of the Nombe deposit. Although preliminary, these findings reinforce the view that debates regarding
megafaunal extinctions on Sahul require a greater appreciation of species-specific temporalities and the degrees of human impact on
diverse habitats across the continent.
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RÉSUMÉ

Les raisons de l’extinction, à la fin du Pléistocène, de plusieurs grands animaux sur le continent australien, restent sujettes à controverse.
Le manque d’information quant au moment exact de la disparition de ces espèces des écosystèmes est un problème inhérent à ce débat.
L’abri-sous-roche de Nombe, dans les Hautes Terres de Papouasie Nouvelle-Guinée, est l’un des rares sites de Sahul attestant clairement
de la survie d’une mégafaune jusqu’à une période plus récente que 40 000 ans. Néanmoins, l’âge du site restait jusqu’à présent basé sur
des datations radiocarbone. Nous présentons ici de nouvelles datations U/Th obtenues sur des spécimens de marsupiaux provenant de ce
dépôt, et identifions plusieurs éléments postcrâniens au rang de l’espèce, dont le diprotodontidae Hulitherium tomasettii, le kangourou
Protemnodon tumbuna, et le thylacine Thylacinus cynocephalus. Les restes de Protemnodon tumbuna et d’un grand macropode non
identifié ont été directement datés à 27-22000 ans, une fourchette chronologique cohérente avec les datations radiocarbone. Il s’agit d’âges
minimums en raison de la possible assimilation post-dépositionnelle de 238U et de reprise stratigraphique. Les analyses palynologiques
indiquent que des forêts de montagnes perhumides dominées par Nothofagus ont persisté, sans grande perturbation anthropique, depuis au
moins 26-20000 ans jusqu’au Pléistocène final. Les analyses de collagène (ZooMS) témoignent aussi du potentiel d’identification des
restes mégafauniques de Nombe dans le futur. Cette étude laisse ouverte la possibilité d’une coexistence étendue entre des espéces de
mégafaune dans les forêts tropicales de Nouvelle Guinée et les visites intermittentes de groupes humains, et souligne l’importance de
poursuivre l’étude de ce site. Bien que préliminaires, ces résultats montrent qu’une meilleure connaissance des temporalités propres aux
espèces et de l’impact anthropique sur les habitats sont indispensables aux débats sur les extinctions de mégafaune à travers le continent.
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224 Re-evaluating the evidence

INTRODUCTION

Sahul (Pleistocene landmass of Australia and New Guinea)
was once inhabited by a diverse array of large marsupials,
reptiles and birds that became extinct during the Late
Pleistocene (Prideaux, 2006; Wroe et al., 2013; Johnson
et al., 2021). Since the late nineteenth century, many
researchers have speculated about the putative roles of
human activities and climate change in their disappearance.
Despite some improvements over the past two decades in
the dating of Late Pleistocene “megafaunal” occurrences
(Roberts et al., 2001; Wells et al., 2006; Prideaux et al.,
2010; Price et al., 2011, 2015, 2021; Macken et al., 2012;
Jankowski et al., 2016; Hocknull et al., 2020) and human
settlement (reviewed in O’Connell et al., 2018), the topic of
causation remains controversial. For instance, the redating
of fossil bearing deposits at Seton Rockshelter on Kangaroo
Island (McDowell et al., 2015) and the dating of
megafaunal remains from the Willandra Lakes region
(Westaway et al., 2017) are suggestive of considerable
periods of coexistence between people and megafauna.
There are too few reliable dates on Late Pleistocene fossils,
we have insufficient data on the rate and intensity of human
settlement for different ecoregions, and we suffer from
continual over-interpretation of datasets lacking in
chronological and contextual integrity (Price et al., 2018).

For New Guinea, which today constitutes about 10% of
the land area of Sahul and has a physiography, climate,
vegetation and fauna distinct from present-day Australia,
the data are especially poor. Among the known sites,
Nombe rockshelter in montane Papua New Guinea stands
out as the only New Guinea site that incorporate artefacts
and megafaunal remains in the same stratigraphic layers
(Mountain, 1991a). There are four in Australia: Clogg’s
Cave (Flood, 1974; David et al., 2021), Cuddie Springs
(Field & Dodson, 1999; Field et al., 2008; Grün et al.,
2010), Seton Rockshelter (Hope et al., 1977; McDowell
et al., 2015) and Warratyi Rockshelter (Hamm et al., 2016).
None of these Australian sites is north of latitude 30°S,
which underscores the unique importance of Nombe rock
shelter. Prior taxonomic identifications of large mammalian
remains at Nombe, including extinct species, have relied
largely upon cranial elements (Flannery et al., 1983).
Current radiocarbon dates on charcoal from Nombe
Stratum D, which includes the co-interred megafaunal and
archaeological evidence, range from c.25500–19600 calBP.
This range is much younger than the currently widely
accepted age of around, or just less than, 40 ka ago for
megafaunal extinction on mainland Australia and Tasmania
(Turney et al., 2008; Prideaux et al., 2010; Jankowski et al.,
2016; Hocknull et al., 2020). More broadly, with the
possible exception of Kelangurr Cave in West Papua (Hope
et al., 1993; Flannery, 1999; Roberts et al. 2001), which
requires further investigation, the Nombe evidence provides
the only dates associated with Late Pleistocene megafaunal
remains in New Guinea.

However, there is uncertainty associated with exactly
how to interpret the Nombe megafaunal remains, because

of the complex depositional history of the site. The surface
layer of the shelter floor has been disturbed by people and
pigs, a trench was excavated by people in the Late
Pleistocene near the back of the shelter, and there has been
reworking of charcoal fragments, pig teeth and sediment
associated with natural and anthropogenic processes in
other areas of the site (Gillieson & Mountain 1983;
Mountain 1991a; Hedges et al. 1995; Denham & Mountain
2016). All of these factors have contributed to making
aspects of the depositional history, including the precise
stratigraphic context of the archaeological, faunal and dated
material, challenging to interpret. For these reasons, Nombe
has been identified by some (e.g. Roberts et al., 2001;
David et al., 2021) but not all (Sutton et al., 2009; Wroe
et al., 2013; Gaffney et al., 2021) researchers as a site from
which more contextualising data are required before late
survival of megafauna can be verified with a broadly
acceptable level of confidence.

The aims of this paper are four-fold:

(1) to review the large-mammal material from Nombe
rockshelter, with a focus on hitherto unidentified or
poorly identified postcranial specimens;

(2) to report the first direct U-series dates on large-mammal
bones and to refine interpretations of hitherto published
radiocarbon dates;

(3) to report upon and interpret the significance of pollen
and protein preserved in the sequence; and,

(4) to articulate the multiple possible interpretations of the
Nombe evidence vis-à-vis timing of large mammalian
extinctions.

Note: all radiocarbon results reported in this paper are
given as calBP, that is, conventional radiocarbon ages
converted into calendar dates using the INTCal 13
calibration curve (Reimer et al., 2013; Denham &
Mountain, 2016). All other dating results and age
statements that were not obtained by radiocarbon do not
refer to 1950, i.e. are not accompanied with
“BP”.

ARCHAEOLOGICAL INVESTIGATIONS AT
NOMBE

The Nombe rockshelter is located in the Porol Range, a
limestone outcrop in the highlands of Papua New Guinea
(Figure 1). The rockshelter was first excavated by Peter
White in 1964 (White, 1972) and a series of excavations
was subsequently conducted by Mary-Jane Mountain
between 1971 and 1980 (Figure 2; Mountain, 1991a). Given
complex stratigraphy and evidence of disturbance, the
archaeostratigraphy at Nombe was grouped into four major
strata (Table 1). The gross periodisation of strata at Nombe
into broad chronological periods has been necessary given
the radiocarbon dates suggest considerable admixture
within strata, yet limited admixture between strata
(Mountain, 1991a; Denham & Mountain, 2016). The
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Archaeology in Oceania 225

Figure 1. Map of Porol Range showing Nombe and other archaeological sites (redrafted from Mountain 1991a: fig. 2.2),
with inset showing site location within Papua New Guinea (produced by Karina Pelling).

© 2022 The Authors. Archaeology in Oceania published by John Wiley & Sons Australia, Ltd on behalf of University of Sydney.

This is an open access article under the terms of the CreativeCommonsAttribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

 18344453, 2022, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/arco.5274 by Flinders U

niversity L
ibrary, W

iley O
nline L

ibrary on [30/10/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://creativecommons.org/licenses/by-nc-nd/4.0/


226 Re-evaluating the evidence

Figure 2. Excavations at Nombe: main figure shows stratigraphic section from backwall (A1) to front (A7) of rockshelter
(Mountain 1991a: Site Profile 4; original drafted by Win Mumford, refined by Karina Pelling; reproduced from Denham and
Mountain 2016: fig. 2), with insets showing excavation plan (upper left) and photograph (upper right; taken in 1979 by Barry
Shaw).

apparent exception is Stratum B, which dates to the
early-to-mid Holocene (c.10400–6300 calBP), contains the
densest cultural deposits, and exhibits good
chronostratigraphic integrity; that is, radiocarbon dates
increase in age with depth.

Of major significance and debate at Nombe are the
co-occurrence of artefacts and the remains of several
species of extinct megafauna in Stratum D, the basal
stratum divided into five sub-strata (Mountain, 1991a). A
red-brown clay (Stratum D1), and a contemporaneous
variant containing limestone flecks that occurs in some
areas of the site (Stratum D5), are the uppermost of these
basal deposits. Strata D1 and D5 (sometimes referred to as
Stratum D1/D5) date to at least 25500–19600 calBP
(Denham & Mountain, 2016).

Stratum D1/D5 overlays a “ginger”-tinged red-brown
clay (Stratum D2), which in turn overlays heavy, dense
red-brown clay (Stratum D3) and dense brown clay
(Stratum D4). Hence, Strata D2–D4 pre-date
c.25500–19600 calBP and contain potentially reworked
material deposited as the bed and banks of a former
drainage channel within the rockshelter, whereas Stratum
D1/D5 is considered to represent primary deposits laid
down after channel abandonment. See Mountain (1991a)

for discussion of site stratigraphy (chapter 3) and
taphonomy (chapter 6).

From previous analyses, a thylacine hitherto identified as
Thylacinus sp. occurs in Pleistocene and Holocene strata
(Mountain, 1991a; Sutton et al., 2009). Four extinct species
of herbivorous marsupials were reported for Pleistocene
strata, principally Stratum D1/D5, as well as more recent
strata (Flannery et al., 1983; Long et al., 2002):
Dendrolagus noibano, Protemnodon tumbuna, Nombe
nombe (as Protemnodon nombe) and a pig-sized
diprotodontid identified herein as Hulitherium tomasettii.

Cultural materials are sparse within Pleistocene strata,
but a waisted blade and other artefacts have been collected
from contexts containing megafaunal remains, as well as
from older contexts. Of particular note are the following: an
edge-ground axe found in red brown clay (Spit 8, Stratum
D1) in Unit D71 (Mountain, 1991a: Plates 6 and 14), and a
waisted blade found within a well-defined crack, filled by
red brown clay variants (Strata D1 and D3), in Unit M71
(Mountain, 1991a: Plate 15). Although the waisted blade
has previously been reported as deriving from Stratum
D1/D5 within this crack (Mountain, 1991a), a reassessment
of the field records indicates that it originated from the
lowest portion of Stratum D1 or from Stratum D3 within
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Table 1. Archaeological and stratigraphic summary for Nombe rockshelter (modified interpretations revising Mountain
1991a: table 3.6; Denham and Mountain 2016: table 1 and AMS-based chronology; and incorporating megafaunal data from
Flannery et al. 1983). Stratum C is subdivided to account for human digging activities defined as C(X).

Stratum Bracketing dates (calBP)† Sediment deposition Human use and site environment

A 5600–0 ● Light dusty sediment
● Darker sediment

Continuation of previous processes, with
lower rates of periodic cultural
deposition (as measured by frequencies
of stone artefacts and bone)

B 10400–6300 ● Brown loams with many
artefacts and bones

●Mixed loams and clays
● Red-brown clays

Most intensive period of human
occupation and cultural deposition.
Abundant artefacts and heavily burnt
bones in the main activity areas of the
rockshelter‡

C(X) Holocene/Pleistocene
transition

● Probable upcast from trench
excavated in Units A1-A2

A brief period when people dug a trench
or pit, thereby redepositing older
sediments and materials contained
therein as upcast onto the (then)
surface of the rockshelter

C 16400–13500 ● Flowstones
● Red-brown sediments
● Tephra blocks

Very low intensity site use and period of
major sediment accumulation, with
heterogeneous sediments including
tephra deposition and secondary
flowstone formation¤

D(1/5) 25500–19600 ● Red-brown (5YR 4/6) clay
(D1)

● Red-brown (5YR 4/6) clay
with limestone flecks (D5)

Low intensity site use. Clays deposited
after abandonment of drainage channel
within rockshelter. A possible
disconformity between the top of these
clays and the overlying tephras and
flowstones (Stratum C)¶

D(2-4) 32400–29900 to
38700–34400 and older

● Ginger-mottled red-brown
(7.5YR 5/6) clay (D2)

● Dense red-brown (5YR 4/8)
clay in Units D71-M71, R79,
Z6 (D3)

● Dense brown (5YR 3/6) clay
near back of shelter (D4)

Very sparse human presence. Basal
deposits within the shelter, some of
which were deposited within the bed
and banks of a former drainage
channel and thereby incorporate
redeposited and older palaeontological
materials¶

†Rounded to nearest 100 years
‡ MNI = 1 Protemnodon tumbuna collected from Stratum B, described as burnt and likely in secondary context (Flannery et al. 1983: 84)
¤MNI = 1 P. tumbuna and MNI = 1 Dendrolagus noibano collected from Stratum C (Flannery et al. 1983)
¶MNI = 9 P. tumbuna, MNI = 6 D. noibano and MNI = 2 P. nombe collected from Stratum D (Flannery et al. 1983)

this crack. It was definitely collected below and separately
from megafaunal-bearing deposits recorded and sampled as
Spit 9, Stratum D1. Waisted blades are among the oldest
artefact types associated with early human occupation on
New Guinea at Bobongara (Groube et al., 1986) and the
Ivane Valley (Summerhayes et al., 2010), although they also
occur in more recent archaeological contexts (Bulmer,
2005).

In terms of taphonomy, especially in regards to
Pleistocene strata, Mountain (1990, 1991a: Chapter 6)
concluded that bones were relatively well-preserved due to
being embedded in more anaerobic clay-rich strata than
overlying units, despite some chemical degradation, e.g.,
loss of collagen (nitrogen) and carbon. Mountain (1990,
1991a) noted that Pleistocene strata likely contained an
admixture of faunal remains derived from different sources:
the relatively high proportion of very small bone in
comparison to Holocene strata was suggestive of a

combination of factors. Trampling and reduction of heat
affected bone in the ashy Holocene strata (A and B) had
greatly reduced the presence of smaller bones (Mountain,
1990). The key factors behind the incorporation of faunal
remains in Pleistocene-aged units (Strata C and D) were
predation by owls and dasyurids, the incorporation of some
medium and large bone by thylacine, and, relatively
infrequent human visitation. The co-occurrence of
megafaunal remains and cultural materials within a deposit
may be suggestive of contemporaneity, but the
establishment of a robust chronostratigraphy and direct
dating of taxonomically identified megafaunal remains is
necessary to demonstrate contemporaneity. Cut marks
representative of human predation on megafaunal fossils
has not been observed. In this regard, an important body of
experimental literature is emerging in Australia to help
differentiate between cut marks and carnivore damage
(Miscamble & Manne, 2016).
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NEW MULTIDISCIPLINARY INVESTIGATIONS

Renewed multidisciplinary investigations of previously
excavated materials have sought to resolve questions
concerning the antiquity of megafaunal remains at Nombe,
as well as the potential for human–megafaunal coexistence
in the highlands of New Guinea. The complex site
formation history of the archaeological stratigraphy at
Nombe required Mountain (1991a) to adopt a broad-brush
approach to the zonation and interpretation of the
stratigraphy and archaeological materials contained therein.
More recent AMS dating enabled the identification of areas
within the site that exhibit relatively reliable and more
fine-grained chronostratigraphic integrity (Denham &
Mountain, 2016). Two of these areas, Unit X2 and Units
H71, M71 and Z6, are megafaunal-bearing and investigated
further here. The direct dating of megafaunal remains from
these two areas of the site, together with taxonomic
identification and a range of complementary analyses,
enable more robust chronostratigraphic interpretation
because it relies on the consilience of two different dating
techniques, AMS and U-Series. A more reliable
interpretation of the chronology for the stratigraphy (AMS)
and megafaunal remains (U-Series) can facilitate a more
dependable assessment of the stratigraphic provenance,
association and potential co-occurrence of cultural
materials and megafauna within these two areas at Nombe.

Taxonomic identifications and direct U–Th dating were
conducted on a subset of megafaunal remains.
Palynological analyses provide information on vegetation
history and biostratigraphic integrity for the base of
Stratum C and Stratum D variants. Collagen fingerprinting
assessment, namely Zooarchaeology by Mass Spectrometry
(ZooMS), of megafaunal-bearing deposits yields additional
information on the occurrence of large-bodied mammals
within Stratum D variants.

Taxonomic identifications
Three-dimensional surface scans of each specimen were
obtained with an Einscan Pro+ 3D scanner with use of a
tripod and turntable at a resolution of 0.2 mm.
Measurements were taken with Absolute Digimatic digital
callipers or from the .stl files in 3-Matic 14.0. Element and
taxon identifications were made via comparisons with
mammalian specimens housed in the Flinders
Palaeontology collection, on loan from other institutions,
and our extensive digital library of 3D specimen scans.
Once specimens were identified to element, fossils were
then compared with members of each Australian marsupial
family before generic and species affinity were established,
where possible. Terminology follows Prideaux (2004),
Richards et al. (2019), Warburton et al. (2019) and
Warburton & Prideaux (2021).

Thylacinidae
Thylacinus cynocephalus
NCA A3 11 – partial left scapula (Figure 3)

This specimen is composed of four relatively large
fragments of mainly thin cortical bone. The largest
fragment is broadly planar but with a thickened, concave
articular facet, facing outwards. It also possesses a thin
spine, projecting sub-perpendicular to the main plane of the
element, beginning 15 mm from the articular facet and
continuing in a straight line until obscured by fracturing.
The second-largest fragment is planar and roughly
rectangular. The third-largest fragment is broadly planar and
triangular, possessing a thickened ridge, its peak fractured
and running two-thirds of the length of the fragment before
flattening. The cortical bone in all segments is thin and
planar, with the exception of areas thickened due to muscle
or ligament scarring. The fragments have been
reconstructed into a semi-complete element (Figure 3).

The apparent lack of a distal articulation in NCA A3 11
immediately identifies this as either a distal element of a
limb, a pelvic element or part of the shoulder girdle. The
concave, tubercular articular facet, with narrowing at base
adjacent to a planar expansion with a thin spine, is
consistent with the general plan of the mammalian scapula.
The four large fragments preserve the following features, in
order of decreasing size:

(1) The proximal scapular head consisting of the glenoid
fossa, supraglenoid tubercle, infraglenoid tubercle and
coracoid process, with the proximal quarter of the
scapula including the scapular notch, the base of the
proximal scapula spine and the acromion (missing all
but the base).

(2) A large portion of the infraspinous and subscapular
fossae.

(3) A portion of the distal infraspinous and supraspinous
fossae, the distal extremity of the scapular spine, the
facies serrata and the cranial angle.

(4) A section of the middle of the scapular spine, with
a small portion of the infraspinous and supraspinous
fossae; although very little of the supraspinous fossa
is preserved and the cranial border is almost entirely
absent.

The general size, geographic location and geological age
of NCA A3 11 restrict its identity to being either a very
large monotreme or a relatively large-sized marsupial.
Monotremes can be ruled out because they lack the planar
scapular form typical of marsupial and placental mammals.
They also have no acromion, no thin and raised scapular
spine, and no dorsal coracoid process, but rather possess a
strongly distally- and caudally-projected supraspinous
fossa. Thus, this scapula specimen is from a marsupial. Its
large size means that it could theoretically belong to a
representative of any of the marsupial families with
mid-sized members extant in the late Quaternary:
Macropodidae, Thylacinidae, Thylacoleonidae,
Diprotodontidae and Vombatidae. All macropodids of
sufficient size to represent this fossil possess scapular
spines that are cranially deflected, whereas the scapular
spine of NCA A3 11 is deflected caudally at an angle of
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Figure 3. Surface scans of a partial left scapula of Thylacinus cynocephalus (NCA A3 11). a, medial view; b, lateral view;
c, distal view.

c.10° from the perpendicular (Figure 3). Additionally,
species of the New Guinean macropodid genera Dorcopsis
and Dorcopsulus are far too small to be considered
candidate taxa.

Thylacoleo carnifex is characterised by a
craniocaudally-compressed scapula with a relatively
straight proximal cranial border leading proximally into a
very shallow scapular notch, a condition that contrasts with
the very deflected scapular notch and proximal cranial
border present in NCA A3 11 (Figure 3). Phascolonus
gigas, the only sufficiently large late Quaternary vombatid,
exhibits a scapula with a significant inward deflection, such
that the cranial and caudal borders are bowed outwards.
This unusual feature excludes vombatids from
consideration. The two known late Quaternary species of
New Guinean diprotodontid, Hulitherium tomasettii and
Maokopia ronaldi, would have possessed larger and far
more robust scapulae, based on inferences from close
relatives in Australia for which the scapula is known.

This leaves the Thylacinidae as the remaining candidate
family. It has already been recorded from the late
Quaternary of the Chimbu Province in the form of
fragmentary specimens tentatively ascribed to the
recently-extant Thylacinus cynocephalus (van Deusen,

1963; Plane, 1976; Flannery et al., 1983; also see Gaffney
et al., 2021). Here we confidently identify NCA A3 11 as a
scapula of Thylacinus cynocephalus based on size and
morphology. The scapula of this species shares with NCA
A3 11 the caudally-deflected scapular spine arising adjacent
to the midpoint of the glenoid cavity, “C”-shaped coracoid
process, oval-shaped glenoid cavity, significantly in-curved
scapular notch and straight caudal border. There are slight
differences between this fossil and what is considered
typical of Australian specimens of T. cynocephalus, e.g. the
angle between the proximal cranial border and the scapular
notch is greater in NCA A3 11 than in T. cynocephalus.
However, given the differences in habitat between the
highlands of New Guinea and the lower-altitude, generally
drier woodlands of Australia, it would not be unreasonable
to expect such slight intraspecific differences.

NCA X2.12 255 – partial left dentary (Figure 4)

The presence of distinct coronoid and condylar
processes, the shallow temporo-masseteric concavity and
the flattened nature of the specimen immediately identifies
NCA X2.12 255 as the ascending ramus of a mammalian
dentary from which the basal portion is missing. Only the
upper extremity of the inferior mandibular foramen is
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230 Re-evaluating the evidence

Figure 4. Surface scans of a partial right dentary of Thylacinus cynocephalus (NCA X2.12 255). a, lateral view; b, medial
view; c, dorsal view.

preserved. The mandibular condyle is broad and
barrel-shaped in dorsal view, and slightly abraded laterally.
The coronoid process is broad (anteroposteriorly extended)
in lateral view. A small chip of bone is missing from the
posterodorsal aspect of the coronoid process and another
from the centre of the process. A piece of bone extending
from the root of the ascending ramus and including the
body of the dentary in the region of m4 was removed for
U–Th dating.

The general morphology, geographic location and
geological age of NCA X2.12 255 indicate that it belongs to
a relatively large-sized marsupial. Macropodids,
diprotodontids and vombatids may be eliminated from
contention because they are each characterised by a
coronoid process that, in lateral view, narrows markedly
dorsally and curves posteriorly. This leaves two contender
families – Thylacoleonidae and Thylacinidae – both of
which have a coronoid process that is broad in lateral view,
likely reflective of the enlarged temporalis musculature in

these carnivore groups. NCA X2.12 255 differs in
morphology from the Pleistocene thylacoleonid, Thylacoleo
carnifex, by lacking a distinct posterior “hook” on the
coronoid process, by possessing a proportionally smaller
mandibular notch and by bearing a distinct coronoid crest
on the lateral side of the anterior edge of the ascending
ramus. In all attributes, NCA X2.12 255 is an identical
match for Thylacinus cynocephalus, the presence of which
is also confirmed by NCA A3 11.

Diprotodontidae
Hulitherium tomasettii
NCA Z6 13/14 316 – right humerus, proximal portion

(Figure 5)

This large specimen has a length of 151 mm and a
diameter of 87 mm at its broken distal extremity. Overall
proportions and the presence of what are clearly
recognisable as a deltoid tuberosity, pectoral crest, greater
tubercle and lesser tubercles leave no doubt that this is the
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Figure 5. Surface scans of the proximal portion of the right humerus of Hulitherium tomasettii. a–c, NCA Z6 13/14 316
(Nombe rockshelter), cranial, caudal and proximal views. d–f, PNGMR 25063 (Pureni Swamp, holotype, reversed), cranial,
caudal and proximal views. Gt, greater tubercle; Lt, lesser tubercle; Pec, pectoral crest; Ba, fossa for m. brachialis; Del,
deltoid tuberosity; Bg, bicipital groove; H, humeral head.

Table 2. Humerus dimensions of Hulitherium tomasettii (NCA Z6 13/14 316 compared with the holotype, PNGMR 25063).

Measurement (mm) NCA Z6 13/14 316 PNGMR 25063

Minimum circumference 87.0 89.5
Humeral head width from the lesser to greater tubercle 62.0 68.5
Height of greater tubercle 30.7 34.7

proximal portion of a right humerus (Figure 5). The caudal
half of humeral head is missing. The epiphysis is fused,
indicating that the specimen was an adult. The greater
tubercle is flat and slopes cranio-distally, merging into the
pectoral crest. The lesser tubercle is positioned below the
level of the humeral head. The fossa for m. brachialis is a
shallow and positioned on the caudolateral aspect of shaft,
just beneath the humeral head (Figure 5). The shaft is
craniocaudally flat, with parts of its surface concealed by
calcified sediments. On the cranial face, the pectoral crest is
laterally concave and terminates parallel to the termination
of the deltoid tuberosity. This tuberosity is rounded and
craniocaudally flat, its lateral side running parallel to the
pectoral crest, reaching its maximum eminence
three-quarters of the way down and ending at the distal
break. A sample of bone has been removed from the medial
side of the specimen for dating.

In its proportions and general size (Table 2), it is clear
that NCA Z6 13/14 316 belongs to a very large, robust,
vombatiform marsupial. Compared with the humerus of the
large vombatid Phascolonus gigas, NCA Z6 13/14 316 is
distinctly smaller, and the greater tubercle is smooth on the
cranial face and slopes cranio-distally, while also being
positioned lower in relative position to the humeral head. In
addition, the pectoral crest and deltoid tuberosity run
parallel to each other and do not join at the distal extremity.
The bicipital groove is markedly deeper. In all of these
attributes, NCA Z6 13/14 316 aligns with the
Diprotodontidae.

Two diprotodontids have thus far been described from
the New Guinea Quaternary, Hulitherium tomasettii and
Maokopia ronaldi. The humerus is known with certainty for
H. tomasettii, because the holotype (PNGMR 25063,
formerly CPC 25718) is a partial skeleton that includes a
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232 Re-evaluating the evidence

Figure 6. Surface scans of a distal ulna fragment of Hulitherium sp. cf. H. tomasettii (NCA X2.12 250) in three views (a–c).

partial humerus (Flannery & Plane, 1986). By contrast,
none of the partial humeri referred to M. ronaldi (AM
F88936, AM F109975, AM F113167, AM F113138) are
definitively known to belong to this species, although it is
very likely that one or more specimens do. In addition, two
partial, apparently-conspecific diprotodontid humeri
(UCMP RAS 5010) have been collected from the Pliocene
Otibanda Formation (Awe Local Fauna), and may belong to
one of the two species described from this assemblage
(Kolopsis rotundus, Kolopsoides cultridens) or an
undescribed species. Comparisons are made between NCA
Z6 13/14 316 and all of these specimens.

NCA Z6 13/14 316 differs from the Awe specimens by
having a shallower and more curved pectoral crest, and a
larger and more elongate deltoid tuberosity. It differs from
each of the putative M. ronaldi specimens in the following
ways: from AM F109975 by being considerably larger in
shaft diameter and possessing a much larger and more
proximal distally elongated deltoid tuberosity with
noticeably fewer rugose attachments for the m. scapula
deltoid; from AM F113167 possessing a noticeably weaker
pectoral crest (however this could be because the pectoral
crest on NCA Z6 13/14 316 is slightly abraded); and a more
elongate deltoid tuberosity; and, from AM F88936 by
possessing a more prominent and elongate deltoid

tuberosity. All overlapping features of AM F113138 are too
abraded to confidently make any comparative remarks.

In all attributes, NCA Z6 13/14 316 is very similar to the
humerus of the holotype of Hulitherium tomasettii
(Figure 5), leaving little doubt that it represents the same
species. Although NCA Z6 13/14 316 is smaller than
PNGMR 25063 (Figure 5, Table 2), this size difference is
well within the range of variation observed within other
diprotodontid species (J. van Zoelen, pers. obs., July 2022).
In morphology, NCA Z6 13/14 316 differs from PNGMR
25063 by having a smaller greater tubercle that extends
slightly above the humeral head, a more enclosed bicipital
groove, and a deeper fossa for the m. brachialis. The m.
brachialis is associated with the flexion of the elbow and,
while it does not appear to vary much within Australian
diprotodontids such as Zygomaturus trilobus and
Diprotodon optatum, it is conceivable that the hypothesised
bipedal capability of H. tomasettii (Flannery & Plane,
1986) may allow for more variation within the forelimbs. In
any case, these differences are insufficient to warrant
recognition of NCA Z6 13/14 316 as anything other than a
representative of H. tomasettii.

Hulitherium sp. cf. H. tomasettii
NCA X2.12 250 –ulna, distal fragment (Figure 6)
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Figure 7. Surface scans of a proximal ilium fragment of Protemnodon tumbuna (NCA A1:6 18). a, lateral view; b, medial
view.

NCA X2.12 250 is a roughly cylinder-shaped fragment
of a limb element with cross-sectional dimensions of 23.6
mm × 21.0 mm and a length of 77.0 mm. One side is
highly abraded, one edge of which bears probable rodent
gnaw marks (Figure 6). One end bears the remnants of a
large, inflected process. The overall form of the element and
the manner in which the process emerges from it is most
consistent with the distal end of an ulna. The large size,
relative to the shaft, of what is, therefore, the styloid
process (Figure 6) means that NCA X2.12 250 does not
belong to a macropodid, phascolarctid or vombatid. A large
styloid process is characteristic of Pliocene and Pleistocene
members of the Diprotodontidae. No other distal portions
of a Pleistocene diprotodontid ulna have been recognised
within the collections housing New Guinea fossil mammal
material, so we are currently unable to identify NCA X2.12
250 to below family level with certainty. However,
Hulitherium tomasettii is the only diprotodontid known
from the site, so we have opted to tentatively ascribe it to
this species for the moment.

Macropodidae
Protemnodon tumbuna
NCA A1:6 18 – ilium fragment (Figure 7)

NCA A1:6 18 is a bone fragment with a maximum
length of 122 mm and a maximum width of 51 mm.
Breakage patterns on both ends indicate that the specimen
is a small portion of a much larger bone. In cross section,
one end of the bone is roughly triangular with slightly
convex edges, and this changes to a thickened planar
cross-sectional shape about two-thirds of the way along its
length (Figure 7). On the face of the triangular
cross-section, the edge of an articular facet is preserved.
One face of the thickened planar segment shows signs of
significant muscle or ligament scarring (Figure 7).

The morphology of NCA A1:6 18 is consistent with that
of the proximal portion of a right ilium. The thickened
planar section of the fragment possesses a sub-rectangular
projection with significant muscle scarring. This portion
represents the caudodorsal iliac spine and the scarring the
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234 Re-evaluating the evidence

sacral surface. The articular facet on the opposite end of the
fragment is consistent in size and shape with the
ventrocaudal margin of the acetabulum.

The relative size of NCA A1:6 18 suggests that it could
only belong to a large marsupial. This ilial fragment is
mediolaterally compressed into a thickened planar shape
with the iliac spine medially projected. This allows us to
eliminate the Vombatidae from contention; in large
wombats, exemplified in the late Quaternary Phascolonus
gigas, it is round in cross section with the iliac spine twisted
to a dorsal orientation. Palorchestidae can be ruled out; in
the late Quaternary Palorchestes azeal the robust pelvis
bears a very large, projected rectus tubercule and broad iliac
spine, which is triangular in cross section (Richards et al.
2019). The close proximity of the iliac spine to the
acetabulum on NCA A1:6 18, in addition to its overall
robusticity, rule out it being a thylacinid (Warburton et al.,
2019). The presence of a large, projected iliac spine
indicates that NCA A1:6 18 is not referable to the
Thylacoleonidae (Finch & Freedman, 1988) or
Diprotodontidae.

The laterally compressed and medially projected iliac
spine, the moderate robusticity, the narrow “waist” of the
triangular cross-sectioned ilium and the
moderately-developed rectus tubercule (Figure 7) suggest
that NCA A1:6 18 is from a macropodid. The absence of a
laterally-projected section of the iliac spine mirroring the
medial projection immediately rules out all members of
Macropus, Congruus and other genera of the Macropodini,
with the exception of Protemnodon. The size and
robusticity of this fragment exclude attribution to
Dorcopsis, Dorcopsulus and Dendrolagus.

Species of Protemnodon possess a robust ilium, with a
laterally-projected iliac spine present only as a slight
proximal bulging ridge on an otherwise
mediolaterally-compressed and medially-projected iliac
spine, features shared by NCA A1:6 18. The extent of the
scarring on the sacral surface is also similar to that seen in
Pleistocene members of Protemnodon, as are the concave
shape of the ilium body ventral to the rectus tubercle, and
the size and shape of this tubercle. Recent research has
shown that “P”. nombe belongs in its own genus, Nombe,
which is not closely related to Protemnodon (Kerr &
Prideaux, 2022). Therefore, we ascribe NCA A1:6 18 to P.
tumbuna, the only unequivocal species of Protemnodon
recorded from the site and, indeed, the Late Pleistocene of
Papua New Guinea.

Protemnodon tumbuna
NCA M71 9 – partial right ulna (Figure 8)

NCA M71 9 is a long, flattened shaft that narrows along
its length, slightly curved towards the narrow edge, with a
raised, clustered group of three flared articular facets
approximately one-fifth of the way along its length and set
into the thin side of the flattened shaft (Figure 8). The
specimen is composed of two abutting fragments and has a
length of 130 mm and maximum thickness of 32 mm.

The morphology of NCA M71 9 is in every way
consistent with being part of a limb element. The length of
the specimen combined with the lack of a thickened, ungual
surface discount it from being a manual or pedal element.
The mediolaterally-compressed shaft, with short
protuberance of shaft extending past the cluster of articular
facets is consistent with being a proximal portion of a
marsupial ulna (Figure 8). The orientation of the facets,
which articulate with the humerus and radius, indicate that
NCA M71 9 is part of a right ulna. Although abraded, it is
evident that the olecranon process lacked a fused proximal
epiphysis, suggesting that this may be from a juvenile
individual.

The ventral margin of NCA M71 9 is deflected slightly
outwards, which rules out Thylacinus cynocephalus, in
which this is distinctly inflected. The late Quaternary
members of Vombatidae are characterised by a robust ulna
with a relatively large olecranon process, whereas in NCA
M71 9 it is relatively short. Additionally, all Quaternary
vombatids lack the posteromedial segment of the anconeal
process, which is very distinct on NCA M71 9. We can also
rule out Thylacoleo carnifex, in which the proximal end of
the ulna is very robust, particularly beneath the coronoid
process, such that a raised ‘peak’ beneath the coronoid
process angles the entire humeral articulation posteriorly.
This feature is absent from the relatively gracile and
uniform shaft of NCA M71 9.

An outwardly deflected ventral margin of the ulna, a
moderately developed olecranon process, a
mediolaterally-compressed shaft, and moderate
development of the coronoid process and ulnar tuberosity
are all features shared by NCA M71 9 and a range of
macropodids. The ulna of sthenurines, as yet unknown from
New Guinea, are more gracile than in NCA M71 9, in
addition to having simpler, less well-developed humeral
articular facets with narrower, less-flared anconeal and
coronoid processes. Most macropodine taxa known from
the late Quaternary of New Guinea are much too small to
be candidate taxa, so we can exclude Watutia, Dendrolagus,
Dorcopsis and Dorcopsulus. The other large macropodines,
Congruus and Bohra, possess ulnae with a distinctly greater
degree of outward deflection of the ventral margin, resulting
in a far more curved ulnar shaft in lateral view than is seen
in NCA M71 9.

NCA M71 9 shares the greatest degree of similarity in
ulnar morphology with the species of Protemnodon, in
particular with P. otibandus and P. tumbuna. The former
species is known from the Pliocene Awe Local Fauna, and
is represented by an articulated forearm (UCMP 70059,
Plane, 1967). NCA M71 9 and UCMP 70059 share general
similarity in size and robusticity, the slight outward
deflection in the ventral angle of the ulna, the size and angle
of the olecranon process, the slightly higher coronoid
process relative to the anconeal process, the presence and
degree of concavity on the surface ventromedial of the
trochlear notch, and the inset rather than flared, projecting
radial notch. A semi-complete specimen of P. tumbuna
(PNGMR 25622) was described by Menzies and Ballard
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Figure 8. A partial left ulna of Protemnodon tumbuna (NCA M71 9). a, cranial (dorsal) view; b, lateral view; c, medial view.

(1994), but has not yet been examined by us. The left ulna
is sufficiently figured to determine that it was characterised
by similar robusticity, olecranon length and ventral margin
shape to NCA M71 9. Menzies and Ballard (1994) state that
the ulna is mediolaterally compressed, with a very deep
trochlear notch. The insertion of the m. biceps brachii is
placed laterally, close to the radial facet, rather than
dorsally, as seen in Dendrolagus. These features are present
in NCA M71 9. Finally, NCA M71 9 bears distinct
similarities with an abraded left proximal ulna fragment
(AM F88914) of Protemnodon tumbuna from the West
Baliem River in West Papua. The ulnae share the degree of
concavity on the area ventromedial to the trochlear notch
and a distinctly medially flared coronoid process. Given
these affinities with P. tumbuna and the known occurrence
of P. tumbuna in the Nombe assemblage, we consider it
highly likely that NCA M71 9 represents this species.

Macropodinae gen et sp. indet.
NCA X2.13 241 – partial right ulna (Figure 9)

NCA X2.13 241 is a laterally flattened portion of limb
element, with a length of 77.7 mm and maximum

cross-sectional dimensions of 30.7 mm by 15.6 mm
(Figure 9). By identical logic to that applied to the partial
ulna of Protemnodon tumbuna, NCA M71 9 (Figure 8), we
can infer that this specimen is a partial ulna referable to a
species of Protemnodon. However, NCA X2.13 241 differs
sufficiently from NCA M71 9 to suggest that it is not
referable to P. tumbuna. NCA X2.13 241, although an adult
given its fused proximal epiphysis, is smaller than NCA
M71 9, which is a juvenile. The coronoid process is
narrower and less developed dorsally, and is flared medially
with a less laterally-developed anconeal process (Figure 9).
Given that this specimen retains features suggestive of
Protemnodon, but differs from P. tumbuna, we do not
allocate it to that species. As no postcranial material is
known of the only other sufficiently large macropodine
from Nombe rockshelter, Nombe nombe, we allocate NCA
X2.13 241 to Macropodinae gen. et sp. indet.

NCA H71 9 – partial left ulna (Figure 10)

NCA H71 9 consists of two fragments of limb element,
each proximally and distally fractured. The first is a
laterally flattened portion, with a length of 68.2 mm and
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236 Re-evaluating the evidence

Figure 9. Surface scans of a partial right ulna of
Macropodinae gen. et sp. indet. (NCA X2.13 241). a,
cranial (dorsal) view; b, lateral view; c, medial view.

maximum cross-sectional dimensions of 21.7 mm by 13.9
mm, while the second is a taller, broader articular section
with a length of 47.9 mm and maximum cross-sectional
dimensions of 35.4 mm by 29.7 mm (Figure 10). The two
fragments articulate at the taller of their fractured ends. By
the same logic to that applied to the two above ulnar
specimens, we also infer that this specimen is a partial ulna
referable to a species of Protemnodon. NCA H71 9 differs
sufficiently from NCA M71 9 to suggest that it is not
referable to P. tumbuna. The specimen possesses a narrow,
strongly medially flared coronoid process and deeply
concave medial fossa, in common with NCA X2.13 241.
The more complete shaft of this specimen exhibits a broad
cranial groove on the ulnar shaft, for articulation with the
radius, bounded proximomedially and distolaterally by tall,
rounded ridges, which stabilise the radius while the manus
is pronated. The incipient proximal components of similar
cranial ridges are preserved in NCA X2.13 241, providing
further evidence that these two specimens represent the
same species. As with NCA X2.13 241, we allocate NCA
H71 9 to Macropodinae gen. et sp. indet.

NCA X2.13 249 – left capitatum (magnum), left trapezoid,
left scaphoid, ?pisiform fragment, distal phalanx
(Figure 11)

One partial element and four small, complete elements
are registered with this specimen number. Their
morphology and the fine, spongey nature of the visible
cancellous bone confirms that these specimens are from the
manus of a marsupial of at least moderately large size.

The partial element measures 14.3 mm by 9.1 mm by 7.1
mm, and has a rough, pitted surface with a small,
slightly-flattened swollen area connected by a short shaft to
a larger, more angular swollen area (Figure 11). Its
morphology is consistent with it being a carpal, probably a
partial pisiform.

The smallest complete bone measures 10.5 mm by 9.8
mm by 8.2 mm, and is smooth on its surface, with thick
cortical bone. It is roughly four-sided with rounded edges,
and curves in at its centre to form a very shallow arch-like
shape (Figure 11). Adjacent to one corner, on the upper face
of the arch, is a thickened, conoid peak. Its morphology is
consistent with it being a carpal, specifically a left
trapezoid.

The second smallest complete bone is pentahedral, with
all sides bar one displaying articular facets (Figure 11). Its
morphology is consistent with it being a carpal, specifically
a left capitatum ( = magnum).

The second largest complete bone has a length of 20.2
mm and maximum cross-sectional dimensions of 11.5 mm
by 8.7 mm. It has a rounded, smooth-surfaced, thickened
articular end that gradually thins to a flattened shaft, ending
in a rounded point with a pitted surface (Figure 11). It is
clearly recognisable as a distal phalanx.

The largest bone measures 28.2 mm by 15.0 mm by 11.2
mm. It is robust and proximo-distally compressed,
narrowing toward its ends into rounded articulations with
adjacent ligament scarring (Figure 11). It bears four small
articular facets. It is clearly recognisable as a left scaphoid.

The short, broad, dorsoventrally-flattened nature of the
distal phalanx indicates that it cannot have belonged to a
habitually climbing or digging marsupial, which possess
long, dorsoventrally tall, curved and often narrow distal
phalanges. This excludes from consideration the
Vombatidae, Phascolarctidae and, among the
Macropodidae, tree-kangaroos. The ventral face of the
distal phalanx is flat when viewed laterally, unlike the
phalanges of thylacoleonids and thylacinids, which possess
dorsoventrally-curved or ‘hooked’ phalanges. The manual
distal phalanges of sthenurine kangaroos are very long, with
extended flat phalangeal blades, unlike the short blade of
the NCA X2.13 249 phalanx. Therefore, we deduce that the
NCA X2.13 249 phalanx belongs to a representative of a
medium-sized ground-dwelling macropodine of
indeterminate genus. The carpals are of a size that would be
consistent with their belonging to the same taxon.

U-series age estimates
U-series results are minimum age estimates. Uranium
migration into a sample may occur shortly after burial, but
overprinting by later diffusion into the sample can yield
apparently “younger” age estimates. Five pieces of bone
and one tooth were selected for dating based on robustness
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Figure 10. Surface scans of a partial left ulna of Macropodinae gen. et sp. indet. (NCA H71 9). a, cranial (dorsal) view; b,
lateral view; c, medial view.

Figure 11. Five manual elements referable to
Macropodinae gen. et sp. indet. (NCA X2.13 249).

of sample and likely ability to obtain a taxonomic
identification (Table 3; SOM 1 – U Series Dating). Bone
samples were cut and laser spot samples were analysed (50
seconds each) along a transect perpendicular to the surface
of the bone. Spot samples are numbered from the outside
(spot sample # 1) to the inside of the bone. Within the tooth
sample, three laser holes were ablated for 600 seconds (see
Benson et al. 2013).

NCA X2.12 255 (Thylacinus cynocephalus) was
recovered in 1980 from sample 255 within Stratum D2 in
Unit X2.12. There were no age trends noted in the tooth
extracted from the mandible. The integrated values for the
three ablated holes yielded respective age estimates of
126.7 ± 5.2 ka, 134.1 ± 5.8 ka and 136.8 ± 5.9 ka. NCA
X2.12 255 is older than modern human occupation on
Sahul, and indicates the incorporation of older fossil
material within Stratum D2.

NCA Z6 13/14 316 (Hulitherium tomasettii) was
collected in 1980 from the base of Stratum D1, at the
interface with Stratum D3, in Unit Z6, proximal to Unit
M71. No trends in spot analyses were noted in the right
humerus fragment. The most reliable age estimate of 54.6
± 1.6 ka represents the integrated values.

An ilium fragment of Protemnodon tumbuna (NCA A1:6
18) was derived from an admixed deposit in Unit A1 dug in
1974. The admixed deposit has been classified as Stratum
C(X) and interpreted to be upcast from a trench dug into
underlying deposits during the Late Pleistocene (Denham
and Mountain 2016). All spot analyses within this sample
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show that a leaching event occurred, i.e. 230Th/234U activity
ratios are all much greater than 1. The age of this sample
cannot be estimated using U series and is not discussed
further.

Three other large macropodid samples are derived from
Stratum D1/D5. These were all ulna fragments and yielded
age estimates within the range c.27–22 ka. These forelimb
bones are over-represented in the megafaunal assemblage at
Nombe, potentially suggesting human bias in the faunal
exploitation of these species at the site.

NCA X2.13 241 (Macropodinae gen. et sp. indet) was
recovered in 1980 from sample 241, within Stratum D5 in
Unit X2.13. Spot analyses indicate some delayed uranium
diffusion into the centre of the bone. The interior of the
bone (spot analyses # 10–28) yields an age estimate of 18.6
± 0.5 ka, which is c.3.7 ka younger than the outside (spot
analyses # 1–9) at 22.3 ± 0.6 ka. The latter is used here to
provide the more reliable, as well as more conservative, age
estimate.

NCA M71 9 (Protemnodon tumbuna) was excavated in
1971 from the basal spit (Spit 9) within Stratum D1 in Unit
M71. There is no age trend across the analysed transect for
this sample. The integrated spot analysis results in 25.1 ±
0.6 ka.

NCA H71 9 (Macropodinae gen. et sp. indet) was
excavated in 1971 from the basal spit (Spit 9) within
Stratum D1 in Unit H71, along with teeth of the same
species (PNG/82/40/5; Flannery et al. 1983). The outside of
the bone (spot analyses # 1–7) yields an age estimate of
25.7 ± 0.7 ka, whereas the interior (spot analyses # 8–18)
yields 28.3 ± 0.7 ka. Although these results suggest a slight
overprinting within the outer portion of the bone, the
integrated age estimate of 27.2 ± 0.7 ka provides the best
estimate for this sample.

ZooMS assessment
Collagen fingerprinting (or ZooMS) was undertaken on 163
unidentified bone fragments from Strata B (lower) and C, as
well as Strata D1, D5 and possibly D2 (within sample 257)
in Units M71, H71 and column X2.11 (SOM 2 – ZooMS
Analysis). Both acid insoluble and soluble protocols were
conducted on 69 samples (see Figure 12). Optimal spectra
were consistently derived using the insoluble protocol that
was thus adopted for all remaining samples. In total, the
163 samples yielded: 3 Diprotodontia, 23 Macropodidae,
31 samples with no taxonomic identification (with sufficient
protein preservation), and 106 samples contained
insufficient protein preservation. Although only
circumstantially relevant, the three diprotodontian
fragments were derived from Stratum D1/D5 deposits that
also yielded U-series dates for the large macropodid
specimens in Units X2.11 (sample 228, Stratum D5), H71
(Spit 9, Stratum D1) and M71 (Spit 9, Stratum D1).

Palynology
Pollen analysis was conducted on the well-dated
stratigraphic column (X2.11) within Unit X2 (Figure 12;
SOM 3 – X2.11 Multidisciplinary Data; following
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Figure 12. Summary of zooarchaeological materials, cultural materials, pollen and microcharcoal analyses, and ZooMS
data for Units X2.11 (upper) and Units H71 and M71 (lower). Note: waisted blade weighed 445.7 grams.

protocols in van der Kaars et al., 2017). Pollen preservation
was poor in the upper friable layers (Strata A and B)
hindering quantitative assessment, but was sufficient in
clay-rich Strata D1, D5 and potentially D2 (within sample
257), and samples from the base of Stratum C to provide an
indicative vegetation history for periods of the Late
Pleistocene. Pollen signals are consistent with an
upper-montane, Nothofagus-dominated forest, with
abundant mosses, tree ferns, ferns, and other pteridophytes
(Read et al., 1990). The abundance of these plant types
indicates cool, moist conditions with persistent cloud cover.
Species of Nothofagus (brassii-type) are characterised by an
altitudinal range of 600–3100 m in New Guinea today. Taxa
indicative of environmental disturbance, such as species of
Trema, are generally poorly represented, with only minor
signals from grasses (Poaceae) and sedges (Cyperaceae).

Overall, the vegetation history for Pleistocene-aged
deposits within basal Strata C and D variants within this
column shows minimal environmental disturbance
attributable to people or natural causes (e.g. climatic shifts,
volcanic eruptions) (Hope, 1983, 1998, 2009; Hope &
Haberle, 2005). The pollen data for a relatively undisturbed
upper montane forest are consistent with the density of
artefacts, which indicates the rockshelter was only
intermittently visited by people during the Late Pleistocene.
In this regard, the microcharcoal signal may represent a
combination of on-site and off-site processes, namely,

hearths in the rockshelter and fires in the landscape,
respectively.

Stratigraphic contexts
Multidisciplinary analyses focussed on two different
excavated areas at the rockshelter that yielded megafaunal
remains. These areas have pre-existing radiocarbon-based
chronologies and now have new taxonomic information,
directly-dated faunal remains and biostratigraphic
signatures (pollen and/or ZooMS). The multidisciplinary
data enable a reasonably well-constrained
chronostratigraphic interpretation of these two areas of the
rockshelter.

Unit X2. The revised AMS radiocarbon chronology for
Nombe was largely derived from continuous samples in
Unit X2.11 (Figure 13; Denham & Mountain, 2016; SOM 4
– AMS Chronology). Of significance for providing a
chronostratigraphic context for dated megafaunal remains
are ages in the range 25500–19600 calBP for the deposition
of red-brown clay with limestone flecks (Stratum D5)
within subsampled column X2.11 (samples 228, 239, 257).
This range is consistent with the U-series date of 22.3 ± 0.6
ka on a macropodid ulna fragment (Macropodinae gen. et
sp. indet., NCA X2.13 241) from the same, contiguous
red-brown clay deposit (Stratum D5) within column X2.13
(sample 241). Further, the much older specimen of
Thylacinus cynocephalus (NCA X2.12 255), dated to 133 ±
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Figure 13. Stratigraphic section of the north-east wall of Units T79, 792 and X2 (Mountain 1991a: Site Profile 7; original
drafted by Win Mumford, refined by Karina Pelling; reproduced and amended from Denham and Mountain 2016: fig. 3), with
numbered sample locations discussed in the text overlain in red.

5.6 ka, is derived from the underlying Stratum D2 in the
adjacent column X2.12 (sample 255), which likely contains
older, locally-reworked megafaunal material within alluvial
deposits. Furthermore, this vicinity also yielded a specimen
of Hulitherium tomasettii (sample 250, column X2.12) at
the interface between Strata D5 and D2, as well as a
specimen of another large ground-dwelling macropodine
(sample 249, column X2.13) from Stratum
D5.

Pollen samples from the base of Stratum C and Stratum
D variants within column X2.11 indicate relatively
undisturbed montane forest dominated by beech
(Nothofagus spp.) and abundant ferns, including tree ferns,
mosses and pteridophytes, suggestive of a cool, perhumid

climate (Figure 12; SOM 3 - X2.11 Multidisciplinary Data).
This vegetation community persisted c.25500–19600 calBP
(Stratum D5) to the Terminal Pleistocene (base of Stratum
C). Paired analysis of 69 subsamples for ZooMS (from
sample 162, mid-Stratum B down to the base of the
sampled column) identified one diprotodontian bone
fragment in sample 228 (Stratum D5).

The distribution of cultural materials, especially burnt
bone and lithics, suggests minimal cultural deposition in
this part of the site during the Pleistocene. The earliest
definitive traces of people comprise sparse stone artefacts
and ochre fragments in mid-upper Stratum C (samples 184
and 197), although burnt bone occurs earlier in the
Pleistocene in upper Stratum D5 (sample 228). The
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Figure 14. Stratigraphic section of the southeast wall of Units M71, H71, D71, D79 and T79 (Mountain 1991a: Site Profile
9; original drafted by Win Mumford, refined by Karina Pelling).

majority of cultural materials – as with the site as a whole –
occur in Stratum B (samples 144, 148, 162 and 170) and
represent the major period of occupation during the
early-mid Holocene (Mountain, 1991a). The frequency of
land snails drops significantly in Stratum B and seems
inversely proportional to the intensity of cultural activity in
this area.

Overall, Unit X2 provides robust chronostratigraphic
and biostratigraphic contexts for the interpretation of a
directly-dated megafaunal fragment. Direct U-series dating
of the partial macropodid ulna and AMS dating through the
stratigraphy provide consistent ages for Stratum D1/D5 in
this portion of the site. Taken at face value, they suggest the
persistence of a large macropodid species for at least 30000
years after human arrival on Sahul (O’Connell
et al., 2018).

Units H71, M71 and Z6. Units H71 and M71 were
excavated in 1971 and contain a relatively undisturbed thick

deposit of red-brown clay (Stratum D1; Figure 14; SOM 5 –
MH71 Multidisciplinary Data). Previous radiocarbon dating
within these excavation units provides a poorly constrained
age band for the deposition of Stratum D1 in this portion of
the site: bone (ANU-3686) from the base of overlying
Stratum B dated to 11920–10190 calBP and calcite capping
(ANU-2578) on underlying cemented clay at the interface
between Strata D1 and D3 dated to 32425–29940 calBP
(Mountain, 1991a; Denham & Mountain, 2016; SOM 4 –
AMS Chronology). Although broad, these dates provide a
chronostratigraphic window for the deposition of Stratum
D1 within these units.

Units H71 and M71 exhibit relatively undisturbed and
continuous stratigraphy. The basal 20 cm thick spit (Spit 9)
of red-brown clay (Stratum D1) in these deposits yielded
large macropodine ulnae, which were directly U-series
dated to 27.2 ± 0.7 ka (Macropodinae gen. et sp. indet.,
NCA H71 9) and 25.1 ± 0.6 ka (Protemnodon tumbuna;
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NCA M71 9), respectively. These U-series date ranges are
broadly consistent with chronostratigraphic
interpretations for the deposition of Stratum D1 in this
portion of the site, as well as with deposition of the
chronostratigraphically-equivalent Stratum D5
c.25500–19600 calBP in X2.11. Other megafaunal remains
collected from Stratum D1 include craniodental specimens
of Protemnodon tumbuna (PNG/82/4015; Flannery et al.,
1983). Furthermore, of the 95 bone fragments from Strata B
and D1 that were were analysed in these units, ZooMS
identified two diprotodontian fragments in Spit 9, Stratum
D1.

Within the contiguous Unit Z6, a right humerus
fragment of Hulitherium tomasettii was recovered from the
base of red-brown clay (Stratum D1) and directly dated to
54.6 ± 1.6 ka (NCA Z6 13/14 316). The Hulitherium
fragment seems old for its stratigraphic position, although it
is noted as coming from the base of red-brown clay
(Stratum D1) and thus was plausibly derived from the
interface with the underlying heavy red-brown clay
(Stratum D3), which infills an underlying ‘crack’ between
cemented blocks of clay with calcite capping
(Figure 15).

Of significance, a waisted blade was excavated in Unit
M71 from the “crack” fill, which consists of the very basal
portion of Stratum D1 and the denser red-brown clay
variant Stratum D3. The crack extends between M71 and
Z6 (Figure 16). The infill of this crack is overlain by the
main red-brown clay deposit (Spit 9, Stratum D1)
containing the dated megafauna in this part of the site. Field
records also note a discrete lens with charcoal and artefacts
underlying at least part of the red-brown clay (Stratum D1)
in Unit Z6 (Mountain 1991a: Site Profile 11).

This area of the site was more intensively utilised by
people during the Pleistocene (represented by Strata D1 and
D3) than X2. As in X2, snail shell frequencies decline
dramatically with increased cultural activity in this area.
Stone artefacts and burnt bone occur throughout Stratum
D1 (Spits 8 and 9) in Units H71 and M71, as well as in
Strata D1 and D3 in the “crack” in Unit M71. The
megafaunal remains recovered from these strata include
Protemnodon tumbuna and Macropodinae gen. et sp. indet.
from the basal portion of Stratum D1 (spit 9) in Units H71
and M71, and Hulitherium tomasettii from the “crack” filled
with Strata D1 and D3 in Units M71 and Z6. Consequently,
there is clearly co-occurrence of cultural materials and
extinct megafauna in the basal portion of Stratum D1 and
some of the underlying Strata D1 and D3 filled
“crack”.

In sum, the deposition of cultural materials, including
burnt bone and lithics, throughout Stratum D1 in Units H71
and M71 (Figure 12), indicate a human presence prior to
the extinction of at least two megafaunal species,
Protemnodon tumbuna and Macropodinae gen. et sp. indet.,
as well as potentially allude to an earlier, human presence
approximately coeval with another megafaunal species,
Hulitherium tomasettii.

DISCUSSION

Refining the taxonomic record
Craniodental elements have overwhelmingly been used over
time to diagnose fossil marsupial taxa. As a consequence,
they have been the primary focus for taxonomically
identifying mammalian remains in Quaternary
palaeontological and archaeological sites, including Nombe
rockshelter (Flannery et al., 1983; Mountain, 1991a).
However, recent studies reveal that marsupial postcranial
elements, including those of extinct thylacines,
macropodids and diprotodontoids, can be highly diagnostic
(e.g. Prideaux & Warburton 2008, 2009, 2010; Camens &
Wells, 2010; Richards et al., 2019; Warburton et al., 2019;
Warburton & Prideaux, 2021). This and ongoing research
on the fossil macropodid and diprotodontid fauna of New
Guinea have allowed us to confidently ascribe several large
forelimb and pelvic fragments from Stratum D to three
extinct species: Thylacinus cynocephalus, Hulitherium
tomasettii and Protemnodon tumbuna, as well as a second
large macropodine not yet identifiable to genus or species.

Thylacinus cynocephalus and P. tumbuna have
previously been recorded on the basis of craniodental
material from this stratum, but Hulitherium tomasettii was
identified only as a “pig-sized diprotodontid” (Flannery
et al., 1983). Nombe nombe is also represented in Stratum D
by the holotype dentary (PNG/82/40/23), and it is possible
that this taxon and the unidentified large macropodine are
one and the same. The large tree-kangaroo species
described from the deposit by Flannery et al. (1983) as
Dendrolagus noibano has subsequently been considered
more likely to fall within D. dorianus (Flannery et al.,
1996). The ZooMS assessment shows the considerable
potential of this technique to aid taxonomic identification of
morphologically undiagnostic bone fragments in Holocene
and Pleistocene strata at Nombe.

Potential human–megafauna overlap at Nombe
U-series dates on proximal ulna fragments referable to two
large, extinct macropodine species, two of which are
derived from the basal 20 cm of Stratum D1, provide
minimum age estimates in the range 27–22 ka. These align
with the radiocarbon ages on charcoal (Denham &
Mountain, 2016). Although this may indicate the
persistence of megafaunal kangaroos in montane New
Guinea for a minimum of 30 ka after regional human
arrival, it remains possible that the U-series and
radiocarbon dates are each substantially younger than the
true ages of Stratum D1 and the interred faunal remains.
That two independent techniques could generate similar
dates that are substantially younger than the true age is
precedented (Grün et al., 2006). The U-series date of 55 ka
on the humerus fragment of H. tomasettii may represent its
true age, even though there is uncertainty as to whether it
originated from the base of Stratum D1 or the surface of the
underlying Stratum D3.

Significantly, the lens of charcoal and artefacts within
Unit Z6 indicates human presence prior to or during the
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Figure 15. Detailed plan of the central portion of the site following excavation and removal of flowstones (Mountain 1991a:
fig. 3.3). The crack containing the waisted blade (Figure 16) and filled with Stratum D3 is depicted extending through M71,
R79 and Z6.

initial deposition of Stratum D1. Further, the waisted blade
from the crack filled with Strata D1 and D3 in Unit M71 is
overlain by megafauna-bearing Spit 9, Stratum D1 within
that same unit. This evidence also suggests late survival of
megafaunal species to around 25 ka ago, following initial
arrival of people on the continent c.55 ka ago. However, the
potential for older material to become reworked into

overlying sediments cannot be completely dismissed, as
demonstrated by the partial dentary of T. cynocephalus
dated to around 133 ka old within Stratum D2.

To help resolve lingering uncertainties of age and
association, the precise nature of stratigraphic relationships
within Stratum D requires further clarification via
re-excavation and fine-scale lithological analysis, as well as
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Figure 16. Waisted blade found in basal Stratum D1 or
Stratum D3 from crack in Unit M71 (original photograph
by D. Markovic; Mountain 1991a: Plate 15).

dating using multiple methods. Combined
U-series/electron-spin resonance dating of teeth, U-series
dating of flowstones interbedded between the strata,
optically-stimulated luminescence dating of sediments, and
rare-earth-element analysis of bones would each offer the
potential to increase confidence in the chronology and the
relative contemporaneity of bones, artefacts, charcoal,
pollen and sediment strata. Furthermore, taphonomic
investigation could focus on preservation, potential
presence of cut marks (although cf. Pickering, 1995), and
selectivity in carcass dismemberment (also Miscamble &
Manne, 2016). Until recently, Cloggs Cave in eastern
Victoria was another site with young dates on megafaunal
kangaroo remains (Flood, 1974), but a comprehensive
re-dating and re-excavation programme has shown that
these are minimally about 45000 years old (David et al.,
2021). Ideally, a similar approach is required for Nombe as
well as for Seton rockshelter on Kangaroo Island, South
Australia (McDowell et al., 2015) and other megafaunal
remains encountered in the Willandra Lakes region
(Westaway et al., 2017).

Pleistocene forays into the interior
The archaeological record of early human, or hominin,
forays into the highland interior of New Guinea is sparse.
Multiple, open sites in the Ivane Valley indicate that people
had explored and utilised high-altitude environments

(c.1900–2000 m) in the Owen Stanley Ranges by c.45 ka
ago (Summerhayes et al., 2010). Here, people exploited
starch-rich tuberous plants and species of Pandanus, with
evidence of stone artefacts and burning of the adjacent
Kosipe Swamp (Hope, 2009). Comparably-aged
environmental evidence of anthropic disturbance and
burning occurs in several major inter-montane valleys along
the highland spine of New Guinea, although only two
combustion features in the Upper Wahgi Valley and Upper
Baliem Valley, respectively, provide more direct – yet still
equivocal – evidence for people before 30 ka ago (Hope,
1998). Nonetheless, people likely engaged in
broad-spectrum plant and faunal exploitation across the
interior of New Guinea soon after initial colonisation, just
as they did across the larger contiguous landmass of
Australia (Denham & Barton, 2006; Denham, 2007).

The pollen record suggests upper montane beech forest
prevailed in the vicinity of Nombe rockshelter throughout
periods of the Late Pleistocene. These periods were
characterised by minimal environmental disturbance
attributable to people or other natural causes, which is
consistent with a relatively low density of artefacts,
suggesting low rates and intensities of visitation by people
until the Holocene (Mountain, 1991b; also see Gaffney
et al., 2021). Montane beech forests are generally
considered to be depauperate in natural resources relative to
lower altitude forests (Golson, 1991; Mountain, 1991b;
Fairbairn et al., 2006; Denham, 2007). Low population
densities of hunter-gatherer groups and low frequencies of
human visitation in the Late Pleistocene, with resultant low
rates of hunting pressure and minimal environmental
degradation, could have facilitated the late survival of some
megafaunal species until around 25 ka ago in the Nombe
region.

Our research raises the prospect that megafaunal species
adapted to more remote or rugged habitats might also have
persisted beyond 40 ka ago in other pockets of Sahul that
disfavoured substantial occupation by early modern humans
until tens of millennia after initial arrival. Research on
nearby Sunda has argued that megafaunal extinctions were
much later than initial occupation by early modern humans,
due in part to pre-existing coexistence with and adaptation
to archaic hominins (Louys & Roberts, 2020). The
existence of an archaic hominin lineage of Denisovans on
New Guinea has been inferred from genomics (Jacobs
et al., 2019), however, no fossils have been identified to
confirm this hypothesis. Current Nombe evidence indicates
that some species of megafauna, such as the diprotodontid
Hulitherium tomasettii, were present in the highlands
around the time of human colonisation of Sahul. Hunting
pressures, frequency of visitation and environmental
disturbance may have been sufficiently low to enable some
large species, including Protemnodon tumbuna and a
second macropodine taxon (possibly Nombe nombe), to
coexist with humans for tens of millennia after initial early
modern human colonisation of Sahul (also see Louys et al.,
2021). Nevertheless, uncertainties about the survival until
well after 40 ka ago for some Sahul megafaunal species will
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remain until: chronological, taxonomic and taphonomic
ambiguities with key sites, including Nombe, are resolved;
new excavations with high degrees of contextual and
chronological control are undertaken of known or
previously unexcavated sites (e.g., David et al., 2021); and
the ecology of different types of megafaunal species are
better understood (Prideaux et al., 2009; Price et al., 2018).
In addition, we require more refined region-specific datasets
on extinction trajectories for individual species, as well as a
clearer understanding of the rate and intensity of human
settlement.

CONCLUSION

This study reassesses the remains of extinct, large-bodied
marsupials recovered from Pleistocene-aged contexts at
Nombe rockshelter in the Papua New Guinea highlands.
Postcranial elements previously ascribed to a “pig-sized
diprotodontid” are identified as those of Hulitherium
tomasettii, while others belong to Thylacinus cynocephalus,
Protemnodon tumbuna and a second large kangaroo, which
may be Nombe nombe. Minimum U-series ages on several
of these specimens are broadly consistent with the existing
radiocarbon chronology for the deposit. The findings
suggest that H. tomasettii still inhabited the upper montane
forests around Nombe 55 ka ago, and that two large,
now-extinct kangaroos persisted until at least 27–22 ka ago,
implying at least a 30 ka regional coexistence with humans.
If this late survival is confirmed by further research at
Nombe, it may be that it was facilitated by low rates of
hunting pressure and minimal, anthropogenic
environmental degradation as a result of low intensities and
frequencies of human visitation during the Late Pleistocene.
At this point, Nombe remains one of a small number of
known Sahul sites for which human–megafauna interaction
and late megafaunal survival should not be ruled out on
current evidence.
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