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a b s t r a c t

The reasons for megafaunal extinction in Australia have been hotly debated for over 30 years without any
clear resolution. The proposed causes include human overkill, climate, anthropogenic induced habitat
change or a combination of these. Most protagonists of the human overkill model suggest the impact was
so swift, occurring within a few thousand years of human occupation of the continent, that archaeo-
logical evidence should be rare or non-existent. In Tasmania the presence of extinct megafauna has been
known since the early twentieth century (Noetling, 1912; Scott, 1911, 1915) with earlier claims of human
overlap being rejected because of poor chronology and equivocal stratigraphic associations. More recent
archaeological research has not identified any megafauna from the earliest, exceptionally well-preserved
late Pleistocene cultural sites. In 2008 however an argument for human induced megafaunal extinctions
was proposed using the direct dates from a small sample of surface bone from two Tasmanian non-
human caves and a museum sediment sample from an unknown location in a cave, since destroyed by
quarrying (Turney et al., 2008). Turney et al. (2008) supplemented their data with published dates from
other Tasmanian caves and open sites to argue for the survival of at least seven megafauna species from
the last interglacial to the subsequent glacial stage.

To investigate the timing of extinctions in Tasmania and examine the latest claims, new excavations
and systematic surveys of limestone caves in south central Tasmania were undertaken. Our project failed
to show any clear archaeological overlap of humans and megafauna but demonstrated that vigilance is
needed when claiming survival of megafauna species based on old or suspect chronologies.

The results of our six-years of fieldwork and dating form the first part of the present paper while, in
the second part we assess the data advanced by Turney et al. (2008) for the late survival of seven
megafauna species. A model of human prey selection and the reasons for the demise of a range of
marsupials, now extinct, are discussed in the third part of the paper.

! 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The demonstration of direct human interaction with extinct
fauna in Australia has been elusive. Nowhere are there deep
Pleistocene deposits like those of the European record and clear

associations of artefacts and extinct animals only occur at two
sites (Field et al., 2008; Fillios et al., 2010). This has led to intense
debate over the stratigraphic integrity of megafaunal remains,
associated chronologies and the reasons for their disappearance
(Miller et al., 2005; Prideaux, 2004; Roberts et al., 2001;
Trueman et al., 2005; Wroe et al., 2004). In Europe the expla-
nations given for late Pleistocene mammal extinctions are
climate changes and human impacts (Barnosky et al., 2004; Koch
and Barnosky, 2006). In Australia the arguments that propose an
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exclusively human cause for extinctions are based on absolute
dating techniques and isotope analyses applied to articulated
animal remains and Genyornis newtoni eggshell (Miller et al.,
1999, 2005; Roberts et al., 2001), but critically nowhere have
these claims demonstrated a clear humanemegafauna strati-
graphic association. The reasons put forward for this lack of
correlation are that the human impact was so swift it did not
leave any archaeological trace (Roberts et al., 2001). Although
this is seen by some to explain the lack of archaeological
evidence, it’s been observed that cultural associations are
important in supporting the human causation theory (Cosgrove
and Allen, 2001; Diamond, 2008: 834; Wroe et al., 2004; Wroe
and Field, 2006). This is because the chronology from non-
cultural sites only shows a coincidence of overlap, not a direct
correlation with human hunters and archaeologists remain
skeptical of this (Field, 2006: 5). Others believe that direct bone
dating in non-human sites overcomes these problems and that
this is sufficient to demonstrate humanemegafauna overkill
(Roberts and Jacobs, 2008: 17). However this does not make it so,
it simply shows overlap.

Suggestions by Turney et al. (2008) of human induced mega-
faunal extinctions in Tasmania have also relied on dating sediment
from non-human cave and open sites without much discussion of
the Tasmanian archaeological record. Because the geochronological
evidence dominates much of the current debate, its uncoupling
from the very rich archaeological data (Grayson andMeltzer, 2003),
diminishes the range of alternative cultural and palaeoecological
explanations for the disappearance of Tasmania’s megafauna (Wroe
and Field, 2006).

Turney et al. (2008) bring a more precise chronological assess-
ment to the problem by direct bone dating but argue that climatic
change had no influence on extinctions. They state that their
megafaunal dating program shows survival of some species until
human arrival, although in their analysis only one subadult species,
Protemnodon anak (c. 60 kg; Turney et al., 2008: 12152) is dated to
the period of argued overlap with people. They also believe that
their evidence supports a model of over hunting of up to seven
megafaunal species soon after people arrived via the Bassian
Landbridge. This is similar to arguments made for the Australian
mainland megafauna where humans have been implicated in their
rapid disappearance due to overkill. However there are a number of
significant problems with their Tasmanian data and these are dis-
cussed in the second part of this paper.

As Tasmania was connected by a narrow landbridge c.
40,000 calBP that allowed humans entry after this time, Tasmania
provides an ideal ‘laboratory’ to test the impact of humans on
a range of animal species, including megafauna. The two oldest
recorded human sites are Warreen Cave dated to 34,790" 510 BP
(39,906" 879 calBP) and Parmerpar Meethaner dated to
33,850" 450 BP (39,310"1151 calBP) and their ages fit
comfortably with access via the Bassian landbridge (Fig. 1).
However, analysis of over 950,000 bones from the eight well-
dated and stratigraphically controlled late Pleistocene archaeo-
logical sites from western, central and northern Tasmania (Fig. 1)
have not identified megafauna as part of human prey or any
extended period of overlap with them (Cosgrove et al., 1990;
Cosgrove, 1999; Cosgrove and Allen, 2001; Garvey, 2007). These
span the time period from 13,000 BP to 35,000 BP. Indeed only
six fragments of bone attributed to the largest extant macropod,
Macropus giganteus giganteus have been recorded in the entire
eight Southern Forests faunal assemblages (Garvey, 2006;
McWilliams et al., 1999). Because these are large bones found
well preserved in limestone cave deposits it’s unlikely that their
low number is due to taphonomic effects. This is discussed
further below.

2. New surveys, excavation and dating

The first part of the paper focuses on the results of excavation,
cave survey and bone dating between 2003 and 2009 at the non-
human sites of Titan’s Shelter (JF97), no-name cave (JF155), Ulti-
mate Cave (JF168) and Emu Cave (JF154). All four are limestone
caves in the Florentine River valley (Fig. 2). Our aims are to:

a) Describe the results of these cave surveys and excavation at
Titan’s Shelter in the Florentine River valley.

b) Present the results of AMS and ESR dating of collagen and teeth
derived from Macropus giganteus titan and Simosthenurus sp
found as a result of the above fieldwork.

c) Review the evidence for the presence of seven megafaunal
species at human arrival (Turney et al., 2008).

d) Discuss the implications of these results for humans as agents
of megafaunal extinction in Tasmania.

3. Study area

The Florentine River valley (Fig. 2) has been the subject of palae-
oentological research since the 1970s (Goede and Murray, 1977: 9;
Murray et al., 1980: 151e2). A claim for the survival of M. giganteus
titan until 14,000 BP was later retracted in 1985 when ESR dating
showed that some bones weremuch older than the deposit inwhich
they lay and that the charcoal was intrusive (Goede and Bada, 1985:
160; Goede and Murray, 1979: 52). Other megafaunal elements
recorded from the valley included a possible Zygomaturus tooth,
a Sthenurine maxilla, P. anak andM. giganteus titanmetatarsals.

An ESR date from Titan’s Shelter site G (nowG1) had returned an
age of 27,000 BP while an aspartic acid date of 40,000 BP was
obtained from the same location (Figs. 3 and 4). At site F an ESR date
of 49,000 BP was obtained (Goede, 1998: 151; Goede and Bada,
1985: 160). The range of ages suggests a complex taphonomic
history in this cave.

Recent improvements in dating techniques and protocols for the
extraction of collagen provided an opportunity to revisit the
question of the age of large mammal remains in the Florentine
River valley.

3.1. Titan’s shelter

3.1.1. Excavation methods
Our team undertook systematic archaeological investigation

between 2004 and 2007 at Goede and Murray’s (1979) site G, while
bone samples were excavated from a small remnant deposit at site
F (Figs. 3 and 4). Two new excavations designated G2 and G3 were
located to the northwest and southeast of the original pit. Square
G2was a 50 cm# 50 cmwhile G3 was 25 cm# 25 cm. Both squares
had very similar stratigraphy and contents. The following descrip-
tion relates to both squares.

The excavation proceeded in 5 cm spits to a depth of c. 90 cm.
There were three main layers (Fig. 5). The G2 square was located
under a lintel of flowstone to give excavators access to deposit
without the need to break through the thick overlying calcium
carbonate. Square G3 was located at the southeast corner of the
original G pit.

Layer 1 consisted of a friable, unconsolidated brown cave earth
(7.5YR 4/4). No brown earth was found under the flowstone, con-
firming that thebrowncaveearthoriginated fromup-slope, overlying
layer two, supporting the stratigraphic interpretation originally
described by Goede and Murray (1979). Whole bone was recovered
from this layer, including an upper right Thylacoleo carnifex incisor,
a M. giganteus titan right mandible, two 4th metatarsals and
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a Simosthenurus sp. right phalanx (Figs. 6e8). Soil conditions were
excellent for the preservation of bone with a pH of 8.5.

Layer 2 was a dark, yellowish brown, silty clay soil (10YR 4/4).
This layer contained abundant and highly fragmented bone in an
unconsolidated matrix, quite different from the mainly complete
bone in Layer 1. Some limestone nodules were apparent throughout
and in some places had begun to decompose. The pH was 8.5.

Layer 3 was a slightly more consolidated silty clay layer with
some charcoal but fewer bone fragments. The colour was dark
brown (10YR 4/4) with a pH of 9.0.

3.1.2. Fauna
Bones from G2 were collected from the 7 mm and 3 mm

sieves and analysed (Table 1). Four hundred and twenty three

bones were identified to 18 mammal species, with nine rodents
and four birds. A further 75 bones remained unidentified
(Table 1).

Both extant and extinct species were recovered within the
deposit and suggested that the valley contained a wide variety of
mammals during the late Pleistocene including the extinct
Simosthenurus, the large browsing kangaroo (Goede and Murray,
1979). Our excavation revealed a range of species that included T.
carnifex and Sarcophilus laniarius, the larger form of the Tasma-
nian devil (Table 1). The suite of large to medium sized herbi-
vores such as M. giganteus titan, Simosthenurus sp., M. giganteus
giganteus, Macropus rufogriseus, Vombatus ursinus and Thylogale
billardierii suggests the valley vegetation consisted of open
sclerophyll woodland and grassland at these times. Large

Fig. 1. Distribution of late Pleistocene archaeological sites. Names in bold refer to the megafauna sites mentioned in the text.
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Fig. 2. The Florentine River valley in south central Tasmania showing altitudinal cross-section and the major archaeological and megafauna sites.
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carnivores such as T. carnifex, S. laniarius and Thylacinus cyn-
ocephalus indicate a sufficiently abundant and diverse animal
community to support non-human hunters and scavengers.
Medium to small carnivores such as Dasyurus, and Sarcophilus
probably preyed on the smaller tree and ground dwelling animals
such as Pseudocheirus peregrinus, and Potorous tridactylus. The
presence of other smaller animals and birds indicate that owls
may have used the cave site as a roost.

3.1.3. Chronology
Bone of two extant species, wallaby (M. rufogriseus) andwombat

(V. ursinus.), from Warreen cave, further west in the Maxwell River
valley (Allen, 1996: 153), from levels radiocarbon dated to
30,210" 300 BP (Beta-42059; ETH-8501) and 34,790" 510 BP
(Beta-42122B; ETH-7665B) were submitted to the radiocarbon
laboratory at AINSE, Sydney, as control samples. The results of the
pair-matched bone collagen analyses reveal a good correlationwith

Fig. 3. Plan of Titan’s Shelter (after Goede and Murray, 1979). Excavation squares are marked as G1, G2 and G3. Squares G1, F and E were excavated previously by Goede and Murray
(1979).
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Fig. 4. Schematic cross-section through A0eA of Titan’s Shelter (after Goede and Murray, 1979). It is a collapsed view of the angled profile between two points AeA0 . The scale
should be read from Fig. 3.

Fig. 5. Stratigraphic drawing of square G2 and its three layers. Macropus giganteus titan, Simosthenurus sp. and Thylacoleo carnifex were found within Layer 1.
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the charcoal dates of 31,660" 250 (OZF415) & 30,610" 350
(OZF416) respectively (Table 2). Four bones of M. giganteus titan
from Titan’s Shelter (JF97) were then submitted for dating. One
sample (LL580/OZG073) came from a metatarsal IV bone that was
excavated in 1979 from the uppermost layers at site F, within
a surface band of bone rich sediment 25 cm thick by Goede and
Murray (1979). Three other foot bones were excavated during the
present study; two from site F (LL1177/OZI214; LL581/OZF761) from
the uppermost layer and one from site G2 from Layer 1 (OZI215)
(Table 3). The latter bone did not contain any collagen and was too
degraded to process. To assess any age differences between filtered
and non-filtered collagen treatments, two samples (LL1177/OZI214
and LL581/OZF761) were pair-matched at Lawrence Livermore and
Oxford laboratories. The results of this analysis showed a difference
of 2650 and 1380 years respectively. Despite the fact that the

Oxford age assays included the ultrafiltration technique, the non-
filtered Lawrence Livermore National Laboratory dates are older. At
present we have no explanation for this discrepancy but we have
used the older Livermore ages in calculating the relationships
between the human and M. giganteus titan chronologies as they
suggest a more complete removal of younger carbonates. Protocols
for pre-treatment are given in Appendix A.

Nevertheless the central tendency of dates from Livermore and
AINSE clearly demonstrate the presence of M. giganteus titan in the
valley between 40,486" 874 calBP and 42,214" 404 calBP. We
note Turney et al. (2008) have similar dates for P. anak at Titan’s
Shelter of c. 44,000 BP.

Given the degradation of collagen in the bone from site G2,
a tooth (2379A/2379B) from the M. giganteus titan mandible was
submitted for ESR analysis to the Australian National University
(Table 4). This mandible was stratigraphically equivalent to the
Thylacoleo upper incisor and a right phalanx of Simosthenurus. An
age of 53,000" 4000 was obtained for the tooth. Because the two
other species are in close stratigraphic relationship, we assume
a similar age. The protocols for this analysis are presented in
Appendix B.

3.2. Un-named cave [JF155]

3.2.1. Survey and collection methods
The site is located 6 km north of Titan’s Shelter, has a vertical

entrance and a steep pitch of over 12 m to the cave floor (Fig. 9).
This cave was originally inspected by one of us (A.G.) in October
1978 after J. Parker discovered it in September of the same year.
Goede collected non-megafaunal bone samples embedded in
a small talus including M. rufogriseus bones and possibly M.
giganteus giganteus for dating on the 21st October 1978 and 15th
November 1978. Bone samples were dated by aspartic acid to
30,000 BP and by ESR to 97,000 BP (Goede and Bada, 1985).

Cosgrove, Garvey and Serena Benjamin further surveyed the
cave in 2007when exploration revealed a brown cave earth deposit
containing in situ megafauna bone in a very precarious location at
the ‘Roof Site’ at the top of a ‘chimney’ near the cave roof (Fig. 9). A
Simosthenurus sp. femur, and a possible pelvis and rib from the
same species were carefully recovered from the brown earth for
dating.

3.2.2. Chronology
The rib and a sample of femur were submitted for analysis.

Originally these returned ages of 50,600" 3000 and 50,000" 3000
respectively but because they were very close to an infinite age, the

Fig. 6. Thylacoleo carnifex upper right incisor shown in three views.

Fig. 7. Macropus giganteus titan right mandible shown in three views.
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Livermore Laboratory re-ran the samples. The final ages assayed are
44,700" 3300 (49,121"3003 calBP) and >46,200 uncalBP
respectively (Table 5). These ages lie well outside the range of
known human occupation in the Florentine River valley.

3.3. Emu cave [JF154]

3.3.1. Survey and collection methods
This cave is located in the upper part of the Florentine River

valley about 100 m north of JF155 and was discovered in 1978. It
has a horizontal entrance with very narrow (c. 45 cm) squeeze into

the main chamber. It was further explored in 2007. No cultural
remains were noted but megafauna remains were discovered.

3.3.2. Fauna
One of us (A.G.) collected 12 pieces of emu bone (one cranial

fragment and 11 pieces of long bone) from the upper layer of brown
cave soil in 1978. The presence of this species indicates an open
grassy environment when it occupied the valley. In 2007 further
inspection identified a complete skull of a Simosthenurus sp.
embedded in the wall of a narrow passage leading into the main
chamber of the cave. A portion of the occipital bone that had been
broken off was collected and a sample submitted for dating.

3.3.3. Chronology
The collagen in this bone was dated to >45,400 BP and again is

outside the earliest known evidence of human occupation in Tas-
mania (Table 5).

3.4. Ultimate cave [JF168]

3.4.1. Survey methods
Peter Murray identified and collected anM. giganteus titan pelvis

from the surface of Ultimate Cave (JF168) after its discovery in 1978.
Although the cave is yet to be fully described, it has a very tight and
awkward vertical entrance that drops down 3 m into a small
horizontal cave system. Further inspection in 2007 revealed
a jumble of bones exposed on the surface, some of them cemented
to the floor of the chamber.

3.4.2. Chronology
A bone sample from the pelvis (LL579/OZG072) was assayed to

39,530" 580 BP (calBP 43,506" 635) (Table 3).

4. Evidence for late-surviving megafauna

In the second part of the paper, we turn our attention to an
assessment of the fossil bone deposits used by Turney et al. (2008)
to argue for the survival of seven megafauna species from the last
interglacial to the subsequent glacial stage. A close re-examination
of their original stratigraphic interpretation, chronology and our

Fig. 8. Simosthenurus sp. right phalanx shown in three views.

Table 1
The range of species excavated from Titan’s Shelter, square G2 and their frequency
(NISP).

Species Common name NISP Status

Thylacoleo carnifex Marsupial lion 1 Extinct
Simosthenurus sp. Sthenurine kangaroo 5 Extinct
Macropus giganteus titan Larger Pleistocene eastern grey

kangaroo
12

Macropus giganteus Eastern grey kangaroo 24 Extant
Macropus rufogriseus Bennett’s wallaby 99 Extant
Unidentified Macropod

sp.
Macropod 106

Thylogale billardierii Tasmanian Pademelon 10 Extant
Vombatus ursinus Common Wombat 3 Extant
Dasyurus viverrinus Eastern Quoll ’Native Cat’ 20 Extant
Dasyurus maculatus Spotted-tailed Quoll ‘Tiger Cat’ 3 Extant
Sarcophilus harrisii Tasmanian Devil 9 Extant
Sarcophilus laniarius Larger Pleistocene Tasmanian Devil 5
Thylacinus

cyanocephalus
Tasmanian Tiger 3 Extinct

Pseudocheirus peregrinus Common Ringtail possum 2 Extant
Potorous tridactylus Long-nosed Potoroo 1 Extant
Mastacomys fuscus Broad toothed rat 28 Extant
Pseudomys higginsi Long tailed mouse 1 Extant
Antechinus sp. Antechinus 2 Extant
Rodent Rodent 9
Ornithorhynchus

anatinus
Platypus 1 Extant

Bird Bird unidentified 4
Unidentified Unidentified to species 75

Total 423
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identification of the erroneous attribution of an OSL date to cave
deposits reveal some misplaced confidence in the strength of the
evidence.

4.1. Scotchtown cave

Based on a single OSL date of 56" 4 ka, Turney et al. (2008)
assume that all seven megafauna species identified at the now
destroyed Scotchtown Cave are of similar age. This conclusion is
unjustified because of the manner in which the bones and sedi-
ments were found, collected and stored. Mining activity in 1942
exposed this cave in a limestone quarry that contained between
182 cm and 70 cm of brown cave earth (Gill and Banks, 1956; Scott,
1942a,b). The cave was 274 m long and 18 m high before destruc-
tion by quarrying. Mr E.G.O. Scott collected fragmented bones from
the deposits exposed in the cave. Although no field notes or
stratigraphic drawings are known, Scott’s correspondence sheds
some light on the bone collection. The condition of the bone was
highly fragmented and probably disturbed. He says in a letter to the
then director of the Australian Museum, Sydney, Dr A. B. Walkom;

As I have already said, however, the material was in an
extremely disappointing state. There was, indeed plenty there;
but everything was so badly mutilated e either as a result of the
activities of a possible carnivorous haunter (sic) of the cave, or as
the outcome of the collapsing of the roof e that it was almost
impossible to secure a single bone (other than vertebrae) intact.
Long bones were almost invariably in splinters, and, even if
a good deal of the bone was visible in situ (sic), as sometimes
happened, the specimen fell into pieces as soon as it was
touched. As might have been expected, teeth and lower jaws
had survived; but even lower jaws were in a bad state. We
obtained in all about forty mandibular rami, but not a single one
of these was perfect being commonly about one-third, or less,
complete (E.O.G. Scott letter to A.B. Walkom, 21st April 1942).

The sediment sample that provided the Turney et al. (2008) date
came from a portion of un-provenanced cave sediment containing
unidentified bone fragments stored in a museum cabinet (Craig
Reid, Queen Victoria Museum, personal communication) and its
location relative to the other bones and sediment is unknown.
Turney et al. (2008) found no collagen for dating in the bones
presumably because of their badly eroded condition.

It is doubtful that the OSL age of 56" 4 ka dates all the mega-
fauna bones as assumed by Turney et al. (2008). Indeed the origin of
the bone is not known e there is only a supposition made by Scott
that the bones might have been brought in by a carnivore or frag-
mented by roof collapse. No taphonomic analysis was undertaken
to establish whether the bones were from local animal pit falls or
deposited there from another location via mechanical or fluvial
transport. It is clear that the vectors of bone accumulation are not
known. As well, the deposit was possibly disturbed as noted by
Scott in his 1942 letter.

4.2. Mowbray swamp

In Table 1 (Turney et al., 2008), one species of Zygomaturus tri-
lobus is associated with an age of >37.8 ka.

E.C. Lovell, a farmer discovered bones in Mowbray Swamp, 5 km
southwest of Smithton (Fig. 1). All the fossil bones come from the
bottom of the peat (E.C. Lovell pers. comm. to Gill and Banks, 1956:
20). Two specimens of Z. trilobus (Nototherium) were located, one
collected by Lovell, the other excavated by Gill and Banks (1956).
Both were located at a depth of 1.83 m below the surface, overlain
by ‘whitish sand’ at 1.22 m suggesting two periods of peat accu-
mulation. Peat was collected by Gill and Banks above the band of
‘whitish sand’ between 0.61 and 1.20 m and dated to >37,760 BP (Y
148/2). On the basis of three lines of evidence however, Gill and
Banks (1956: 28) date the initial age of the peat accumulation
and associated megafauna to the interglacial period of MIS stage 5
because:

a) All the megafauna bones were found at the bottom or base of
the peat,

b) The deposit contained a layer of calcium carbonate suggesting
to them a period of open water,

c) Pollen evidence show species adapted to open grassy
woodlands.

Although no direct age for the bones or precise stratigraphic
locations were obtained, they concluded that climatic conditions
must have been wet enough to form extensive peat bogs but dry
enough to support open woodlands. This interpretation has
subsequently been confirmed by Colhoun (1982) at nearby Pul-
beena Swamp where pollen sequences between c. 35,000 BP and c.
65,000 BP have been interpreted as showing the presence of forest,
grassland and shrubs. Both Pulbeena and Mowbray Swamps have
similar pollen and biostraigraphic zones (Colhoun, 1982). Further,
additional work by van de Geer (Colhoun, 1982: 119) at Mowbray
Swamp indicate that the sands noted by Gill and Banks (1956) are
believed to be between >75,000 BP and <130,000 years old. On
this basis, the age of Z. trilobus bones are probably >75,000 BP. It is
possible that these animals became extinct well before human
arrivals.

4.3. Pulbeena swamp

Palorchestes azael is dated to>54 ka and included in Turney et al.
(2008, Table 1). This specimen was found at a depth of 2.30 m
below the surface, aged by association with a piece of wood to
54,000þ11,000/$4500 (GrN 7322) (Banks et al., 1976; Colhoun,
1982: 118). This assay exceeds the background limit for conven-
tional radiocarbon dating and must be considered an absolute
minimum only. Warnings on the use of individual 14C wood dates
of this magnitude have been made previously by one of the authors
of the Turney et al. (2008) paper (Colhoun, 1986). No evidence for
this species later survival has been recorded in any of the fossil sites
and it’s possible it went extinct before human arrival.

4.4. Titan’s shelter

The collagen date from the Protemnodon reported by Turney
et al. (2008, Table 1) of 44,000 BP is from site G, the lowest level
of the cave. Although Simosthenurus is associated with this age in
their Table 1, there is no collagen date reported by Turney et al.

Table 2
AINSE test series on bone collagen and pair matched 14C dates from Warreen Cave.

Site Code (Field code) Species Element Weight N% C/N 13C % Modern Carbon AMS Bone Age Charcoal 14C

Warreen Cave OZF415 (WC/A/11/16 ID 91) Macropus rufogriseus Tibia 4.2 g 6.50 3.50 $21.75 1.94 31,660" 250 30,210" 300
Warreen Cave OZF416 (WC/A/18 ID 84) Vombatus ursinus Proximal femur 5.0 g 11.5 3.33 $20.26 2.21 30,610" 350 30,210" 300
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(2008) for Simosthenurus and therefore there is no basis for
assuming a similar age. The stratigraphic location of this specimen
is unclear. Prideaux (2004) is referenced as the source for this
sample but his Table 44 and fossil site descriptions only shows that
it comes from Titan’s Shelter, not a specific stratigraphic location
(Prideaux, 2004: 98, 334). Goede and Murray (1979) note a single
Sthenurus (Simosthenurus) metatarsal IV coming from site F and
three isolated teeth located in site G. The lower unit of the latter site
is interpreted as being water sorted and transported material
(Goede and Murray, 1979: 49). Three subsequent ages for site G of
27,000 (ESR), 40,000 (aspartic acid date) and 14,310 (14C) were
obtained by Goede and Bada (1985). These dates are consistent
with charcoal intrusion and sediment reworking in the lower site G
unit as originally suggested (Goede and Bada, 1985). The age and
provenance of the Simosthenurus specimen is therefore unknown.

4.5. Un-named cave (JF155)

The ‘Un-named cave JF155’ (Turney et al., Table 1) is not, in fact
JF155. There are several reasons for believing this. Firstly Goede
recovered only the bones of extant animals as described above from
JF155. These were stored in the Tasmanian Museum and Art Gallery
(TMAG).

Secondly the TMAG database show that the JF155 (15/11/79)
museum record is immediately above the record for Breccia Ridge
Cave (JF109; no date) that contains the megafauna. It is possible
that this led to an erroneous site name substitution by Turney et al.
(2008).

Thirdly JF155 is a large limestone cave (Fig. 9), whereas Breccia
Ridge Cave is described as,

Located on ridge on SW side of Settlement road about 400 m past
Beginner’s Luck and on opposite side of road. Discovered and
explored in 1975. Sloping entrance leads to a single chamber with
collapse hole in cave fill in floor. Small passage to left continues
approx. 10 metres after two tight squeezes. Cave is important
because it contains late Pleistocene deposits (Goede, 1976b).

Cave JF155 is about 4 km north of Beginner’s Luck and is size-
able, with steep pitches and a very high chamber (Fig. 9), quite
different to the Breccia Ridge Cave description.

Fourthly, the label on the bag of bones that Turney et al. (2008:
Table S4) took the sediment dating sample from read, ‘small shelter
on breccia ridge, Settlement Rd, Florentine Valley 21 XI 1976’ sug-
gesting that the OSL date came from this location.

Although sediment was dated from the bone collection it is
unclear how the date relates to any of the bones since, when Breccia

Table 4
ESR results, ANU, Canberra on Macropus giganteus titan M3 molar extracted from
mandible, Titan’s Shelter, square G3, Layer 1. It dates the Thylacoleo carnifex (G2,
spit 1) and Simosthenurus sp. (G2, spit 5) by stratigraphic association in Layer 1
brown earth to the same time period.

Site Sample Species Site Location Spit Age

Titan’s Shelter, G3 2379A Macropus
giganteus titan

Titans Shelter G3
5 55,000

" 3000
Titan’s Shelter, G3 2379B Macropus

giganteus titan
Titans Shelter G3

5 51,000
" 3000

This results in a best
estimate of 53,000
" 4000
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Ridge Cave was revisited in 1976, the trip report does not describe
the exact locations of the bones and sediment samples (Goede,
1976a: 5e6). Max Jeffries and Therese Goede first collected bones
from an unspecified location inside Breccia Ridge Cave (JF109) on
October 1975. Another expedition to this cave in 1976 included
Albert Goede, Peter Murray and Max Jeffries. Several bones were
dug from cave fill and the party also collected bones from the floor
of a medium sized chamber inside JF109. A leg bone of an extinct
kangaroo was collected from a separate, small horizontal cave at
the base of Breccia Ridge hill. Peter Murray also recovered a large
tooth from indurated cave breccia in another separate location also
exposed in the side of the hill (Goede, 1976a:6). It is thus unclear as
to what locality the description on the bag of remains refers to. The
lack of any stratigraphic context for the dated sediment sample
makes it impossible to relate it to any of the bones.

Therefore the OSL age of 103" 9 ka on sediment reported by
Turney et al. (2008) is not associated with the ESR date of 97 ka or
the AAR date of 30 ka obtained from non-megafaunal bone in JF155
(Goede and Bada, 1985). Like the Scotchtown Cave, there is no
information on the stratigraphic relationship between the OSL age
and the extinct species listed in the Turney et al. (2008) Table S4
from Breccia Ridge Cave (JF109) or the other small caves. In any case
the age is far in excess of initial human colonisation of Tasmania.

4.6. Mt Cripps

OSL dates from un-provenanced sediments trapped either
inside bones or adhering to their surface only provide a minimum
age for the last time these sediments were exposed to light, and do
not date the bone itself. Although themethod is an excellent one for

Fig. 9. Plan and cross-section of un-named cave JF155. Simosthenurus sp. femur and associated large rib and pelvis were collected from the ‘Roof Site’.

Table 5
Lawrence Livermore AMS collagen ages for Simosthenurus rib, femur and occipital bone from JF155 and JF154 respectively.

Site ACRF Sample ID Sample wt (mg) d13C d15N wt% C wt% N C/N ratio Atomic C/N Collagen yield (wt%) 14C Age BP (Sigma)

JF155 2072 JF155/Roof 0.794 $21.6 2.4 41.4 14.7 2.8 3.3 4.2 44,700" 3300
JF155 2073 JF155/2 1.259 $21.2 1.9 35.0 12.7 2.7 3.2 8.2 >46,200
JF154 2074 JF154/1 1.114 $22.6 2.3 38.5 13.8 2.8 3.2 5.2 >45,400
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dating beach, dune, shallow lake and shelter cave sediments, this is
not true in deep caves where sediments and bones may be
reworked by mass movement and fluvial processes in total dark-
ness. This was quite clearly evident in our surveys of sites JF168
(Ultimate Cave), JF160, JF155, JF154 and JF97 (Titans Shelter) in the
Florentine River valley where bones were grouped together on the
cave floor associated with various sediment types. This problem
would apply to the kind of deposits that are found at Site G in Titans
Shelter and Site M in Beginners Luck Cave where reworking of both
bone and sediments by running water has very likely occurred
under conditions of either very low light intensity or total darkness.

The level of possible disturbance to the Mt Cripps sediments is
unknown. We note that Turney et al. (2008) analysed 900 quartz
grains for OSL dating from the nasal cavity of the Mt Cripps P. anak
specimen, but only 69 were measured. Five were “omitted for clarity
of presentation” (p2, Turney et al., Supplementary Information) from
this group, leaving 64 grains for the final age determination. Samples
k2 and k3 returned ages of 13.2"1.4 BP (n¼ 15 grains) (increased to
30" 3 BP) and 36" 3 BP (n¼ 49 grains) respectively from these 64
grains. OSL dates with this pattern commonly indicate bioturbation
(Fillios et al., 2010), and this may have occurred to the Mt Cripps
sediments in the ways discussed above.

4.7. Summary

The ages reported by Turney et al. (2008, Table 1) for fauna
found in the Scotchtown Cave, Mowbray Swamp, Pulbeena Swamp
and JF109 are unlikely to represent a suite of late-surviving
megafauna as there is no evidence that any of the megafauna
survived beyond 50 ka. If we eliminate all but P. anak, where the
Tasmanian subadult is c. 60 kg (Turney et al., 2008: 12152) then it
appears to be the sole survivor of a progressive extinction process
of browsing mammals in Tasmania predating human arrival (Wroe
and Field, 2006).

Reliance on the ambiguous chronologies from the Scotchtown
Cave, Mowbray Swamp, Pulbeena Swamp and JF109 to support
claims of megafaunal survival until human arrival is unwarranted.

5. Evidence of human and palaeoecological impact

We now turn to the third part of the paper. The results of
megafauna and initial human settlement chronologies are pre-
sented in Fig.10. All calibrations weremade using the on-line CalPal
program (Danzeglocke et al., 2010). They are given as age ranges as
they better express the statistical likelihood of humanemegafauna
temporal overlap.

Turney et al. (2008) underpin their argument for a human cause
of megafauna extinction by appealing to the fact that the Bassian
Landbridge was open at c. 43,000 years ago and people crossed it
immediately and dispatched the megafauna. As stated the oldest
presently recorded human sites in Tasmania are Warreen Cave
dated to 39,906" 879 calBP and Parmerpar Meethaner dated to
39,310"1151 calBP where the lowest stone artefacts and bones are
found. Redating by ABOX S-C method of the lowest cultural level at
Warreen Cave returned an age of 33,170" 670
(37,905"1229 calBP; ANU-11710/143B, Keith Fifield, personal
communication), well within the older AMS dates.

In Parmerpar Meethaner, sterile deposits 8 cm below the very
rich cultural layers are dated to 43,792" 842 calBP (Cosgrove,
1995a), critically at the alleged entry date for people cited by
Turney et al. (2008). However, humans make their first appearance
here at 39,310"1151 calBP and 37,785" 852 calBP. The Mount
Cripps site (Fig.1) is only 25 km northwest of ParmerparMeethaner
but the latter site contains no megafauna. Importantly, like
Warreen Cave that also dates to this period, only extant prey species

are known. In the earliest layer of Warreen Cave in Stratigraphic
Unit 7 (39,906" 879 calBP), the human prey animals are extant
macropod, wombat and possum andmake up 14.6% (n¼ 211) of the
total (Table 6). The other bones are of rodents, birds and small
carnivorous marsupials. Cultural material diminished a few centi-
metres below where the oldest 14C sample was assayed, and the
excavation was probably approaching sterile deposits, when finally
further excavation was blocked by rocks (Allen, 1996).

Another date of >42,000 BP (Beta-61606) in sterile layers that
underlie archaeological deposits at the Parawee chert quarry in
northwestern Tasmania support the notion that Tasmania was not
occupied by people at this time.

Johnson (2006 97) has speculated that the power of the Tas-
manian archaeological evidence ‘to detect humanemegafauna
overlap may be very low if megafauna species went extinct within
a few thousand years of human arrival’. Although this is possible, at
present there is no evidence to support human settlement before
40,000 calBP and, only one species, P. anak, is chronologically close
to this time. Importantly, we can detect human overlap with the
large M. giganteus titan but there’s nothing to suggest that they
were ever hunted (Fig. 10).

Although the eastern grey kangaroo, M. giganteus giganteus and
their larger Pleistocene version,M. giganteus titan are present in the
Florentine River valley’s late Pleistocene pit fall fauna, only four
bones ofM. giganteus giganteus from over 2000 have been recorded
from cultural levels at Nunamira Cave (Cosgrove, 1995b: 70). The
overwhelming human prey animal is the smaller Bennett’s wallaby
(M. rufogriseus) (Cosgrove and Allen, 2001). Likewise, only two M.
giganteus giganteus bones have been recovered from the c. 250,000
bones in the Kutikina Cave assemblage in western Tasmania
(Garvey, 2007).

Historic hunting of M. giganteus giganteus observed by G.A.
Robinson in eastern Tasmania in the 1820s (Barker and Caughley,
1990; Plomley, 1966) and the data from ice age sites in western
Tasmania together with the pre-European distribution of M.
gigantues giganteus shows that this animal avoided dense scrub and
is absent fromwestern Tasmania today (Hocking and Guiler, 1983).
Since some of the late Pleistocene cave sites are situated outside the
ecological range of this large kangaroo, where patches of grassland
surrounded by infertile scrub restricted the distribution of these
animals (Cosgrove, 1995b: 96e101), it is unsurprising that they are
rarely detected in the western archaeological sites. They have a low
tolerance for scrub, browse and infertile landscapes as shown by
the limited historical distribution of these animals (Barker and
Caughley, 1990). M. gigantues giganteus are selective feeders
(Johnson, 1985: 8; Strahan, 1983: 244) when compared to Bennett’s
wallaby (M. rufogrieus) that are described as,

. intermediate feeders between the purely browsing and
grazing macropods such as the swamp wallaby and eastern grey
kangaroo respectively (Johnson, 1985: 8).

Compared to the eastern grey kangaroo, M. rufogriseus, has
a wide distribution (Johnson, 1985: 7), from the highest alpine
zones >1200 m to coastal plains (Driessen, 1988:5; Gibson and
Kirkpatrick, 1985) and are absent from areas with less than
400 mm of rainfall (Johnson, 1985: 7). This species seems resilient
in the face of climatic perturbations and human hunting, clearly
surviving the height of the last glacial maximum as an important
human prey (Cosgrove, 1995b: 101e103).

Although this explains the lownumbers ofM. giganteus giganteus
inwesternTasmania andpossibly P. anak, it does not explain the lack
of representation in sites in the drier north and east. No bones ofM.
giganteus giganteus are recorded in late Pleistocene levels of ORS 7
and Parmerpar Meethaner despite both being within the ecological
range of this animal (Cosgrove, 1995b: 85, 1995a). The lack of any
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large fauna over 30 kg from late Pleistocene Tasmanian human sites
is surprising, suggesting a complex interaction betweenhunters and
their prey. This is discussed further below.

Turney et al. (2008) dismiss a role for climate in causing P. anak
extinction. This is based on a pollen core from Lake Selina in far
western Tasmania claimed to be representative of palaeoecological
changes in southern midlatitudes. In fact, it does not serve this
function very well as its position in mountainous terrain close to the
west coast and the prevailing rain laden winds generally buffers it
from any extreme climatic events in the east and north. Today it
receives an average annual rainfall of at least 3500 mm (Bureau of
Meteorology, 2008: 29). To the east the drier Midlands Valley
receivesonly500e600 mm,while theFlorentineRivervalley receives

an average annual rainfall of 1272 mm. During the late Pleistocene,
these levels would have been reduced further by up to 45e50%
indicated by the increase in herbs, small trees and subalpine species
(Colhoun, 2000; Kirkpatrick, 1986). Kirkpatrick and Folwer’s model-
lingof late Pleistocene vegetation shows that in addition to the alpine
herbs in the west, grass and grassy woodland was distributed in the
southeast, Midlands and north (Kirkpatrick and Folwer, 1998). While
Lake Selina has oneof the best long chronologies, the resolution is too
low to identify the magnitude and frequency of short-term climatic
shifts of less than 2000 years, which are important scales for under-
standing faunal responses. Nor is it sensitive enough to indicate the
entire range of vegetation mosaics during this time. Thus the Lake
Selina record is unlikely to be representative of small-scale climate
and vegetation change for the whole of Tasmania.

Critically the time close to the assumed human overlap with P.
anak in Tasmania coincides with the Lake Mungo Geomagnetic
Excursion. Bowler et al. (2003) observes that “A most significant
climatic change of the last 60 kyr occurred near 40 kyr when early
lake shore Homo sapiens..were forced to adapt to increasing
aridity”. How far this impacted on populations of Tasmanian P. anak
is unknown at present but sudden climatic shifts towards aridity
may have increased pressure on their demographic resilience
(Wroe and Field, 2006). It may be that at these higher latitudes the
impact on population levels may have been greater.

The influence of climate change in the region is demonstrated
on smaller species such as the extinct Eastern Hare wallaby
(Lagorchestes leporides) and Rufus Bettong (Aepyprymnus rufescens).
They continued to co-exist with humans in the Bass Plain region at
least until 18,000 BP (Brown, 1993). Both require grassed open
forest and access to tussocks under which they build grass-lined
nests and, the climate at this timewould have suited these animals.
The Toolache wallaby (Macropus greyi) also now extinct was
present in northwest Tasmania (Horton and Murray, 1980) dated to

Fig. 10. The diagram shows the age range of extinct species relative to earliest presently known human occupation dates in Tasmania. M. g. titan is considered to be the larger late
Pleistocene version of the extant M. giganteus that overlaps in time with humans. Protemnodon anak lies outside this range and there is no evidence at present for this animal in any
of the archaeological sites. Calibrated ages and their range are based on the CaPal on-line program (Danzeglocke et al., 2010).

Table 6
Warreen Cave faunal frequency and proportion from square A in the first 4000 years
of occupation. Prey animals (in bold) make up 14.56% of Stratigraphic 7. Small
mammals and marsupials make up the remainder.

Species Frequency Percentage

Antechinus sp. 7 0.767
Bird 10 1.095
Cercartetus nanus 8 0.876
Dasyurus viverrinus 34 3.724
Large macropod 8 0.876
Large mammal 22 2.41
Macropus rufogriseus 27 2.957
Mastacomys fuscus 64 7.01
Medium mammal 55 6.024
Pseudocheirus peregrinus 2 0.219
Rodent 187 20.482
Small macropod 5 0.548
Small mammal 460 50.383
Unidentified taxon 10 1.095
Vombatus ursinus 15 1.534
Total 913 100.00
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between 22,750" 420 and 14,850"190 BP at Cave Bay Cave on
Hunter Island and 22,130"180 BP at Pulbeena Swamp. It’s sug-
gested that they were open country species avoiding thick forest
and scrub (Finlayson, 1927). But they too, become extinct after this
time presumably due to increasing forest cover associated with
changes in climate.

6. Discussion

We have argued elsewhere that the dominance of Bennett’s
wallaby (M. rufogriseus) in the archaeological sites over all other
animals can be explained by Aboriginal prey choice and patch
selection (Cosgrove and Allen, 2001). The theory posits that where
highly ranked prey species are available, they will be chosen above
all others as economically attractive. The focus of Aboriginal
hunting on Bennett’s wallaby and wombat to the exclusion of other
species explains the present archaeological patterns (Cosgrove
et al., 1990; Cosgrove and Allen, 2001). The over-representation of
macropod long bones in the Tasmanian sites is argued to be
a function of intensive marrow extraction in high latitude glacial
climates to compensate for a lean meat diet and low amounts of
dietary carbohydrates (Cosgrove, 1995b: 105e106, 1999; Cosgrove
and Allen, 2001: 412; Pike-Tay et al., 2008). M. giganteus titan, M.
giganteus giganteus, P. anak and other megafauna would be very
attractive targets as their bones have much bigger marrow cavities
containing fats and proteins (Garvey, 2010).

Importantly the Tasmanian emu (Dromaius diemenensis) is also
very rare in the archaeological record although their eggshell is
persistent (n¼ 333) in Nunamira Cave suggesting selective
exploitation of the eggs of this species at 28,000" 720 BP
(32,659" 648 calBP) and after 16,120"180 (19,282" 305 calBP)
(Cosgrove, 1995b: 76e77).

The obvious question is, why is there little or no archaeological
evidence of exploitation of either large extinct and/or extant
animals? We present several possibilities.

Firstly the sites are not representative of late Pleistocene human
occupation and the lack of evidence is more to do with sampling
(Johnson, 2006). This is possible but as argued elsewhere, is not
convincing (Wroe and Field, 2006: 2695). Given their attractiveness
as human prey, the likelihood of a minimum encounter and capture
every thousand years or so, and the demonstrated overlap with
humans of M. giganteus giganteus and M. giganteus titan, the
expectationwould be that the remains of some large animals might
be preserved in the deposits. It is possible that M. giganteus titan
and P. anak bones are contained within the caves and remain
undiscovered. Our large sample of bones from sites across a range
of environments and their absence from the 40,000 calBP levels of
Warreen Cave and Parmerpar Meethaner seems sufficient to
discard this notion at present.

Secondly this expectation is wrong and that the Aborigines did
not take these animals on encounter. This possibility cannot be
totally discounted but hunters have taken prey animals in this size
range everywhere in the world over the last 100,000 years or more
(e.g. Burke, 2004; Byers and Hill, 2009; Byers and Ugan, 2005;
Gaudzinski et al., 1996; Winterhalder and Lu, 1997). Indeed, the
ethnohistorical records of Tasmania describe Aborigines encoun-
tering and occasionally killing both emu (D. diemenensis) and M.
giganteus giganteus during their daily movements (Plomley, 1966:
214, 487, 490; Ross, 1830). If, as likely, animals of this size would
have been attractive late Pleistocene human prey, then the total
absence of M. giganteus titan and P. anak from archaeological sites
within their ecological range again indicates a relatively low pop-
ulation and/or prior extinction of the latter.

Thirdly, broad temporal and spatial overlap notwithstanding,
people in this time period rarely if ever encountered M. giganteus

titan and other extinct species, because human populations were
very small. Evidence for reduced artefact discard rates from the
earliest levels of the oldest sites suggests relatively low numbers of
people on the landscape (Cosgrove,1995a).Webbalso considers that
initial Sahul humanpopulations were too small to have a significant
impact on megafauna (Webb, 2008). This is also borne out by the
much lower erosional rates recorded in Tasmania between
45,000e40,000 BP. After this time, particularly at 35,000 BP they
increase dramatically, argued to be a product of increased human
disturbance that coincides with archaeological evidence for first
human arrivals (McIntosh et al., 2009). The indications are that
human populations were initially low and the potential for human
impact on P. anakwas therefore probably very limited.

It is not possible to reconstruct the community ecology of large
mammals during this period for the reasons outlined in Cosgrove
and Allen (2001: 398). Nevertheless, if conditions were as open
and conducive as the fossil and pollen record indicate for large
grazing macropods, (Colhoun, 2000; Kirkpatrick and Folwer, 1998;
Macphail, 1975, 1979) we could expect reasonable numbers on the
landscape based on modern analogues of M. giganteus giganteus
distribution patterns and populations numbers (Barker and
Caughley, 1990; Tanner and Hocking, 2001).

There is also good evidence for the seasonal movement of
people in winter to lower elevations and to higher altitudes in
summer (Pike-Tay et al., 2008). Whether the seasonal movement of
humans coincided with similar movements of M. giganteus titan
and P. anak is difficult to assess. Again based on modern repre-
sentatives of M. giganteus giganteus, these animals are relatively
gregarious and have home ranges of up 20e27 hectares (Dawson,
1995: 37) with greater movements in summer of between 1 and
3 km (Clarke et al., 1989: 614). Jarman and Southwell (1986: 402,
424) also found small seasonal movements by grey kangaroos in
their two-year study at Wallaby Creek, with highest concentrations
of animals along the drainage lines. The undulating and open
Florentine River valley could easily accommodate concentrations of
megafauna within its area of c. 200 km2. It is likely therefore that
hunters venturing into the Florentine, the Ouse and Forth River
valleys in the summer could have encountered megafauna and
large macropods such as M. giganteus titan.

If P. anak and Aborigines did overlap and these animals were
taken on encounter, then there maybe a number of reasons for their
archaeological absence.

Firstly the bones didn’t make it back to sites because of transport
considerations. This is possible but people would have had to be so
diligent about not carting any large bones back to cave sites as to be
fastidious in the extreme. The Tasmanian P. anak was over 60 kg
(Turney et al., 2008) and butchery studies of animals in this size
range show that body parts were routinely transported back to
campsites (Marean and Cleghorn, 2003; Metcalfe and Barlow,1992;
O’Connell et al., 1990; O’Connell and Hawkes, 1988).

Secondly theyweren’t preserved as well as other faunal remains
(Roberts and Jacobs, 2008). This is unlikely as the bone preservation
in the limestone caves of even the tiniest marsupial mouse scapula
in the 35,000-year old layers is excellent. In addition, megafauna
bones are much larger, more robust and denser than the two major
prey species, Macropus rufogriseus and V. ursinus (Cosgrove and
Allen, 2001; Garvey, 2010).

Thirdly the sites sampled were used primarily if not exclusively
in connection with specialised wallaby hunts and/or used for spe-
cialised open-air kill sites. This remains a possibility although, as
mentioned above, sites in a range of different late Pleistocene
environments attractive to large grazing and browsing animals
have been excavated without any evidence of megafauna (Bowdler,
1984; Kiernan et al., 1983; Brown, 1993; Allen, 1996; Sim, 1998;
Cosgrove, 1995a; Cosgrove, 1989).
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7. Conclusion

The results show three important patterns of late Pleistocene
human prey choice.

a) If there were some human overlap with P. anak at 41 ka we
cannot find any convincing archaeological evidence for this
(contra Turney et al., 2008),

b) The dates demonstrate a human overlap withM. giganteus titan
and the later M. giganateus giganteus. These were apparently
overlooked by human hunters in favour of the more abundant
and predictable Bennett’s wallaby (M. rufogriseus) and wombat
(V. ursinus),

c) Although P. anak was an attractive human prey, its absence in
archaeological record is either because their populations were
quite low, encountered so infrequently that they don’t show
up, or had already become extinct by the time humans arrived.

Based on our recent evidence we find no support for the overkill
hypothesis as framed by Roberts et al. (2001), Turney et al. (2008)
and Roberts and Jacobs (2008) for Tasmania.
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Appendix A. ANSIE: chemistry report on the AMS dates of
large macropod bones

Samples OZI213-OZI215 were pre-treated at the Oxford
Radiocarbon Accelerator Unit (ORAU), collagen that was extracted
from samples OZI213 and OZI214 at the ORAU showed sufficient
preservation and effective removal of contamination to achieve

reliable radiocarbon results. An initial test of Sample OZI215
showed it to be degraded and attempts at collagen extraction were
not successful. The collagen that was obtained from OZI213 and
OZI214was then processed to graphite andmeasured at the ANSTO.

Pre-treatment method

The ORAU uses the ultrafiltration protocol (Higham et al., 2006;
Bronk Ramsey et al., 2004; Brown et al., 1988) to pretreat bone
samples for radiocarbon dating. The ultrafiltrationmethod has been
shown to remove carbonaceous contamination more effectively
thanothermethods (BronkRamseyet al., 2004;Highamet al., 2006).

The main steps in the ultrafiltration protocol are:

1. The bone sample is cleaned with an airbrasive system and then
crushed.

2. The crushed bone samples are demineralised with 0.5 M HCl.
3. Humics are removed with 0.1 M NaOH.
4. Dissolved CO2 is removed with 0.5 M HCl.
5. Samples are gelatinised with pH 3 ultrapure water (heated to

75 &C for 20 h).
6. Samples are filtered through 100 mmpolyethylene eezi-filters"

to remove insoluble residues.
7. Eezi-filtered gelatin is then transferred to pre-cleanedMillipore

30 kD ultrafilters and centrifuged until sufficiently filtered.
8. The >30 kD solution is then freeze dried.

The main enhancement of this pre-treatment method is the
ultrafiltration step. Ultrafiltration acts to remove material with
a molecular weight below 30 kD. By eliminating the particles with
a molecular weight below 30 kD contaminants such as salts, fulvic
acids and degraded collagen are removed. Fragments of unde-
graded collagen are retained by the 30 kD filter. The ORAU has
shown that ultrafiltration enhances the quality of the extracted
collagen and improves the reliability of the age that is obtained
(Higham et al., 2006).

Some problems have been encountered with the ultrafiltration
method in the past and have been fully explored in Bronk Ramsey
et al. (2004). More specifically contamination was arising from the
use of the ultrafilters that were used at the ORAU. This contami-
nation originates from the glycerol which is added to the ultrafilter
membrane during production. The ultrafiltration step in this
method only adds carbonaceous contamination to the samples if
the filters are not sufficiently cleaned. The laboratories at the ORAU
discovered that a vigorous cleaning procedure, excess to the
manufacturer’s suggestions, was required when using the ultra-
filters for the purification of gelatin from bones.

Since the problems with the ultrafiltration protocol have been
discovered the new cleaning protocol coupled with quality assur-
ance measures have become routine at the ORAU and there is
confidence that the use of ultrafilters does not pose a contamina-
tion risk for samples.

The collagen that was obtained from OZI213 and OZI214 was
then processed to graphite at the ANSTO laboratories as per Hua
et al. (2001). The radiocarbon dates that resulted are detailed
below.

Results

Preservation of collagen
Chemical indicators confirmed that the collagen that was

extracted from samples OZI213 and OZI214 was preserved suffi-
ciently for dating (quality tests are explained below). Sample
OZI215 was too degraded to process (Table A1).

Client Dr Richard Cosgrove
Sample codes
Lab Code Client Code
OZI213 MT IV JF97F
OZI214 MT IV Macropus titan e Titan’s shelter F2
OZI215 MT IV Macropus titan e Titan’s shelter G2
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Samples OZ213 and OZ214 exhibited an acceptable level of
nitrogen in the whole bone sample. Measuring the N% of the whole
bone allows us to estimate the quantity of collagen present before
chemical treatment commences. The quantity of nitrogen usually
ranges from approximately 4% in a fresh bone to below 0.2% in
a poorly preserved bone (Tisnérat-Laborde et al., 2003). Sample
OZI215 did not contain sufficient nitrogen to give a measurement
on the stable isotope mass spectrometer.

The C:N ratios of the collagen were within the acceptable range
indicating that the collagen preservation was acceptable for dating
and contaminants had been effectively removed. At ANSTO C:N
ratios between 2.9 and 3.5 are considered acceptable. These
acceptable values are based on numerous studies (primarily
DeNiro, 1985) that have investigate the use of C:N ratios as a tool to
detect the contamination of collagen.

The collagen yields for both OZI213 and OZI214 indicated an
acceptable level of preservation. Attempts were made to pretreat
OZI215 but no collagen of acceptable quality could be extracted.

Quality assurance tests for ultrafilters
As explained earlier the effective removal of glycerol from the

ultrafilters is imperative to ensure that radiocarbon dates have not
been affected by using these filters. A number of tests are per-
formed to make sure all carbonaceous contamination has been
removed. The quality assurance tests include:

Measuring the quantity of carbon that is remaining on the
ultrafilters after they have been cleaned. To achieve this a ultrafilter
is selected (randomly) and a sample is taken fromthe top of thefilter
for carbon content analysis. The test sample thatwasmeasuredwith
samples OZI213 and OZI214 exhibited no measurable carbon indi-
cating that the ultrafilters had been cleaned satisfactorily.

1. A set of standards with known ages are run alongside the
samples with unknown ages. The old high mass standard that
ran alongside the samples yielded an age of >50,000yrs BP,
which demonstrates that no modern contamination resulted
from the pre-treatment of the bone samples.

2. The glycerol that coats the ultrafilters is extracted and dated.
The glycerol used on the batch of ultrafilters that was used in
processing OZI213 and OZI214 resulted in a date of 1.06 pMC
(with an error of "0.0034). Therefore if the samples were
affected by contamination resulting from the ultrafilters you
would expect older age offsets.

Summary

Chemical indicators showed that the collagen extracted from
samples OZI213 and OZI214 was sufficiently preserved and carbon
contamination had been effectively removed for reliable radio-
carbon dates to be obtained. Quality assurance tests have confirmed
that the use of ultrafilters during the pre-treatment of these
samples did not affect the dates of these samples. Sample OZI215
was poorly preserved and collagen of acceptable quality could not
be obtained.

Appendix B. Report on the ESR dating

Grün (2006, 2007, 2008) has recently reviewed ESR dating. The
dating procedures of the sample 2379 from Titan’s Sheter, square
G3, spit 5 followed those routinely applied in the ANU ESR dating
laboratory. An enamel fragment with attached dentine was
removed from the tooth and analysed for uranium and thorium
using laser ablation ICPeMS (Eggins et al., 2003, 2005). Two laser
ablation tracks across the enamel and dentine yielded concentra-
tion values of 0.13" 0.01 and 2.1"0.1 ppm U for enamel and
dentine, respectively. U-series isotopic ratios could only be
measured in the dentine, yielding a 234U/238U activity ratio of
1.329" 0.044 and a230Th/234U activity ratio of 0.295" 0.065. The
U-series ratios correspond to respective apparent U-series ages of
37.5þ10.2/$9.4 ka. These values were used for both dentine and
enamel. For ESR dose analysis, the enamel was powdered and 2
aliquots (2379A and B) were successively irradiated in 16 steps to
932 Gy. Radiation doses were monitored with alanine dosimeters
and evaluated against a calibrated dosimeter set (A. Wieser, Mes-
stechnik, München). Dose values of 25.4" 0.7 and 23.2" 0.4 Gy
were obtained fitting the natural spectrum back into the irradiated
ones (Grün, 2002).

For the assessment of the environmental dose rate, a sediment
samples was collected in the immediate vicinity of the tooth and
analysed by solution ICPeMS analysis, yielding 1.43" 0.2 ppm U,
5.69" 0.2 ppm Th and 0.96" 0.05% K. An in situ gamma spec-
trometric measurement yielded an environmental gamma dose
rate of 295"16 mGy/a. The tooth was found at a depth of
10" 2 m below the rock surface. This value was used for the
calculation of the cosmic dose rate of 63"11 mGy/a (Prescott and
Hutton, 1994). Water concentrations were measured for three
sediment samples, yielding 38" 4% and in dentine it was
assumed to be 10" 5%.

For the calculation of the internal dose rate values, beta atten-
uation values of Marsh (1999) and an alpha efficiency of 0.13" 0.02
(Grün and Katzenberger-Apel, 1994) were used. Combining the ESR
and U-series data for the modelling of the U-uptake (Grün et al.,
1988), US/ESR ages of 55" 3 ka (2379A) and 51"3 ka (2379B)
were obtained (with an associated p-value of $0.58" 0.41). This
results in a best estimate of 53" 4 ka.

The calculations are critically dependent on the external dose
values, which constitute more than 93% of the total dose rate. It was
therefore of utmost importance that the external gamma dose rate
was measured in situ. Any assumptions with respect to uranium
uptake and disequilibrium have very small effects on the final age
calculation (<2%).
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