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The global blitzkrieg hypothesis explains differential rates of megafaunal extinction between
the world's landmasses in the late Quaternary based on a proposed leap in predation

efficiency enjoyed by colonising societies. It is characteised by appealing simplicity.

Selective over hunting, facilitated by naiveté to human predation, produced rapid mass
extinctions of large animals wherever subsistence societies colonised new landmasses.

Taken at face value the circumstantial case for blitzkrieg is compelling and despite a paucity
of direct evidence it has gained considerable support. Our review of the model suggests that
it overlooks much contradictory data and rests on simplistic interpretations of complex

biogeographical and anthropological phenomena. These interpretations and assumptions do
not account for major differences between the biotas, ecologies and human cultures of the
landmasses involved. The assertion that responses of remote island species to human

predation provide realistic models for those of continental taxa is poorly founded,
exaggerating the likely predation efficiency of humans colonising continents. An absence of
terrestrial predators over evolutionarily significant periods, together with restricted ranges
and small populations, renders island faunas uniquely vulnerable to invaders. The argument,
that climate cannot explain these phenomena because previous Glacial Maxima did not
cause comparable extinctions, presupposes that their local effects were at least as severe as
those of the Last Glacial Maximum. This has yet to be demonstrated and at most it would
indirectly support a role for anthropogenic influence, not overkill per se. Overlooked or
underplayed are the influences of translocated and other invading species. Similarly,
differences in the origins, technologies and traditions of colonising human societies are
rarely considered. These factors strongly impact on the predation efficiency, density and
range of human populations, critically affecting the outcomes of predator-prey modelling.
When a fuller constellation of influences and constraints is considered it is reasonable to
posit that rapid mass extinction through selective human predation may largely describe
megafaunal extinctions on remote islands, but the argument is not convincing for continents.
This is especially so regarding Australia. Because even the largest Australian species were
prey to endemic carnivores, their responses to human predation would not have been

comparable to those of oceanic island pecies. No kill-sites or specialized big-game
hunting/butchering tools are known and, on the basis of ethnographic and archaeological
data, it is probable that predation efficiency, population density and range of the first
Australians were insufficient to effect rapid mass extinction. Chronologies of human arrival
and the disappearance of megafauna remain poor, but the most recent estimates for human-
megafaunal coexistence in Australia range from 10,000 to 43,000 years. Although human
predation may have been a contributing factor in megafaunal extinctions, rapid overkill is
unlikely to describe the actual mechanism in most instances. The role of human predation
and its significance relative to competing factors, human and otherwise, varied considerably
between landmasses, as did the speeds with which extinctions occurred. Blitzkrieg and other
mono-factorial models are heuristically valuable devices, but a growing body of evidence
suggests that extinction can rarely, if ever, be attributed to a single cause.
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THE PLEISTOCENE world was dominated by
conspicuous, mostly mammalian giants, collectively
referred to as megafauna. Over the last 100,000
years or so, waves of extinction have squeezed much
of this spectacular fauna into oblivion. Shedding
light on the causes of these extinctions has occupied
scientists since the early nineteenth century. Two
agents have figured prominently; humans and
climate. A third alternative, disease, has also gained
some support (Edwards 1967, MacPhee & Marx
1997). However, the case for none has gained clear
ascendancy (Grayson 1984), until now. In recent
years a succession of technical and popular articles
has strongly implicated humans as the driving force
behind the disappearance of the megafauna (Miller
et al. 1999, Holdaway & Jacomb 2000, Alroy 2001,
Roberts et al. 2001). Various models of human
causation have been forwarded. These include
indirect means, such as habitat disturbance, the
trandocation of other exotic species and human-
induced trophic cascades. However, one model has
gained particularly widespread and public attention,
‘blitzkrieg'.

First advanced under the name of ‘overkill' 30
years ago, bhlitzkrieg has become a hypothesis
aspiring to globa reach (Martin 1963, 1984;
Mosimann & Martin 1975). It is characterised by
appealing simplicity and a compelling circumstantial
case has been erected around five centra
observations:

(i) rates of megafauna extinction have been
much higher on landmasses only colonised by
hunter-gathers in the last 60,000 years or so, than in
Africa, where Homo evolved;

(i) remote idand species, not previousy
exposed to humans, are pathetically vulnerable to
human predation;

(iii) ethnographic data and theoretical modelling
suggest that hunter-gatherers preferentialy select

large prey;

(iv) late Quaternary extinctions took a
significantly higher toll on large animals than on
small; and

(v) climate fluctuated widely throughout the late
Quaternary without producing comparable mass
extinctions of megafauna- hence climate change can
be eliminated from the short-list of alternative
causes.

The resultant model explainsthe global pattern of
late Quaternary extinction as follows - because they
were unable to incrementally develop human
specific anti-predator responses, as African taxa
presumably had, megafauna el sewhere were rapidly
and selectively hunted to extinction wherever
colonising hunter-gatherers made footfall. It has
been applied to North America, South America,
Australia, Madagascar, New Zeadland and many
smaller islands. At face value the overkill hypothesis
appears consistent with the evidence as presented
and sometreat it asfact (e.g. Alroy 1999). Thethesis
revolves around a proposed leap in predation
efficiency enjoyed by colonising humans. This
increased efficiency was not strictly the product of
technological advancement, but a function of naiveté
to human predation among new prey species.

The issues here are important. Interpretations of
megafaunal extinction have been manipulated by
politicians and special -interest groups. It has been
argued that becauseit is now 'known' that Australian
Aborigines rapidly wiped out the megafauna,
pastoralists are simply applying replacement therapy
by stocking hard-hoofed cattle. Others have used
this 'fact' to discredit Aborigines as environmental
custodians (Barnett 1998). At another level, the 're
introduction’ of exotic Komodo dragons to Australia
(Flannery 1994) and elephants to North America
(Martin 2000) has been advocated. Moreover, a
sound understanding of extinctions, past and
ongoing, is of obvious importance with respect to
the construction and
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implementation of conservation policies and while
the blitzkrieg hypothesis has certainly been a useful
heuristic tool, it continuesto generate spirited debate
(Graham & Lundelius 1984, Guthrie 1984, Diamond
1992; but see Diamond 1989, 2001; Meltzer 1995,
Beck 1996, Flannery 2001, Grayson 2001, Grayson
& Meltzer 2003, Wroe & Field 200la, Brook &
Bowman 2002, Johnson 2002, Wroeet al. 2002).

Among skeptics one obstacle in particular has
fuelled reservation: a near complete absence of
direct evidence. On only one of the three continents
allegedly subject to blitzkrieg, North America, is
there undisputed evidence of megafaunal kill-sites
(as opposed to butchery-sites that might only
indicate scavenging). In North America such
evidence includes only two species - the woolly
mammoth, Mammuthus columbi and the American
mastodon, Mammut americanum (Grayson &
Meltzer 2002, 2003). In response it has been argued
that because blitzkrieg was quick, few kill-sites
would be preserved in the fossil record (Martin
1984). This reasoning is logical, but whether it can
account for the observed paucity of evidence
remains debatable (Grayson & Meltzer 2003).
Certainly it fails to predict differential preservation
of taxain kill contexts. In North America, the most
abundant late Pleistocenefossil taxonisEquus, yet it
is not represented in a single confirmed Kkill-site,
whereas Mammuthus is represented in thirteen
(Grayson 2001). Notwithstanding the possibility that
onelocality may be a horse kill -site (Kooyman et al.
2001), this differential is difficult to explain if we
are to accept over-hunting as the sole cause of both
extinctions. Either way, a lack of kill-sites is not
evidence for rapid overkill. Consequently, blitzkrieg
is commonly presented as a negative argument.
Having established that humans were often at the
scene, the argument rests on demonstrating that no
other mechanisms can explain differences in
megafaunal extinction rates between Africa and
elsewhere.

In this paper we investigate the validity of
conclusions and assumptions used to support the
globa blitzkrieg hypothesis, as well as the role of
other influences that might explain the observed
pattern of extinctions. Specific questions we will
address include
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(i) whether the behaviour of remote oceanic isand
species in response to human colonisation
provides a reasonable basis for inferring the
anti -predator responses of extinct
continental taxa;

(ii) to what extent might area-dependent variables
explain the observed differencesin
extinction rates;

(iit) were the impacts of past global climatic
phenomena uniformly distributed
and can we assume that for each landmass,
the Last Glacial Maximum (LGM) was not
the most extreme;

(iv) what were the impacts of other exotic species;
and

(v) to what degree are differencesin origins,
tradition, technology and the availability of
other foods, likely to have influenced the
impact of colonising hunter- gatherers?

The case for global blitzkrieg is weakest with
respect to Australia (Martin 1984) and we conclude
with a review of the Australian evidence, but first
we examine what is meant by the terms 'megafauna
and 'blitzkrieg'.

Ashistorically applied in this debate, megafaunal
species are those with an average body-mass that
exceeds 44 kg (Martin 1984). However, thisis an
arbitrary figure and distinctions can strongly
influence results and perceptions. In Australia, many
species less than 44 kg are commonly treated as
megafauna. In New Zealand the majority were
smaller still, although all taxa exceeding around 10
kg went extinct (Anderson 1997). Alternatively, if
we use a more exclusive definition of >1000 kg,
great differences between constituent continents of
the Old World are evident with the distinction
between Africa and Europe as great as that between
Africa and the New World or Austraia. All
inhabited landmasses other than Africaand Asialost
all taxa >1000 kg. Considering only species of 10-
100 kg, South America stands together with Eurasia
and Africa in suffering relatively minor late
Pleistocene extinctions (<15% of species). North
America and Australia document extinctions in this
range
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exceeding 50% (OwentSmith 1999). Using the
‘standard’ definition typica of the megafauna
extinction debate, severity can be shown in different
ways. In Australia, one genus containing megafauna
has survived, but in North America 12 remain

(Martin 1984). On many islands all megafauna, by
any of these criteria, were lost. Although there is

clearly correlation, it is aso significant that gestation
period or reproductive rate, not body mass, were the
critical factas determining the likelihood of
extinction among late Pleistocene mammals (Kiltie
1984, Johnson 2002).

The term ‘blitzkrieg has been widely
misinterpreted and misrepresented. Asdefined by its
origina author the overkill hypothesis describes a
process whereby megafaunathat have not previously
encountered humans, are rapidly and selectively
hunted to extinction immediately following first
contact (Martin 1963, 1984). Extinction
incorporating other human-related mechanisms, no
matter how rapid, such as habitat disturbance, or
trandocations, is not blitzkrieg. Nor is extinction
solely through human predation over long periods.
In fact, other anthropogenic influences, as well as
climate are explicitly excluded from the blitzkrieg
model. Thus, Tim Flannery, the concept's principal
advocate in Australia, treats habitat modification as
a necessary consequence of blitzkrieg, not a
contributing factor, i.e. following the extinction of
megafauna the ensuing riotous overgrowth of
vegetation had to he controlled by fire-stick farming
Flannery 1994). Similarly, evidence of increased
charcoal levels have been interpreted as a
consequence of predation driven extinction in North
America (Kerr 2003). Unfortunately, blitzkrieg has
often been confused with rapid anthropogenic
extinction by any means (e.g. Potts & Behrensmeyer
1992, Alroy 1999). This has produced confusion,
with rapid extinctions that involved human
influences other than direct predation being
misidentified as blitzkrieg and then invoked as
support for the global overkill model. The flipsideis
that arguments against climate as the causal factor
are aso often cited as evidence for blitzkrieg (see
Alroy 1999). However, while effective dismissal of
climate would strengthen the case for a human role,
it is not specific support for overkill, which is
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only one of various models incorporating human
impacts.

A related problem is that arguments against
blitzkrieg are commonly misconstrued as arguments
against a human hand in megafaunal extinction, but
many specialists who reject blitzkrieg still consider
it likely that human activity, including predation,
was a significant or decisive factor, including some
authors of the present manuscript.

Naveté

The argument that taxa not previousy exposed to
human predation are exceptionaly vulnerable to
colonising humans is the linchpin of blitzkrieg
theory. Both qualitative and numerical models are
critically reliant on this assumption. As observed by
Brook & Bowman (2002), complete naiveté is
assumed in all computer simulations supporting
overkill. More specifically, these models presuppose
a Type Il Functiona Response in which hunting
ability is only influenced by prey density and search
efficiency (Alroy 2001), or else treat off-take as
independent of prey density (Holdaway & Jacomb
2000). Effectively, absolute naiveté is assumed in
Type Il Functional Responses. But if more realistic
models incorporating the capacity to develop anti-
predator behaviours (i.e. Type Il Functiona
Response) are employed, then the possibility of
extinction decays rapidly (Brook & Bowman 2002).
Consequently, the blitzkrieg model is strongly
undermined by any evidence that extinct megafauna
had, or were likely to develop, anti-predator
behaviours that diminished their vulnerability to
human predation.

Most megafaunal extinctions occurred in the
Americas and Australia, but there are no observed
instances of human-naive megafauna on continents
responding to predation with which to test the
concept (Martin 1984). By way of support,
proponents of overkill draw on examples of humans
killing animals on remote oceanic islands, a process
typically accomplished with chilling case (Flannery
1994, Diamond 1998). That species on remote
islands fail to recognize humans as a threat and can
be easily killed is beyond dispute. However,
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the analogy is incomplete because island endemics
are typicaly naive with respect to any form of
terrestrial predation and entirely lack anti-predator
behaviours. Consequently, they fail to recognise
any land-based threat and this renders them
singularly vulnerable to any immigrating terrestrial
carnivore, human or otherwise (Soulé 1983,
Quammen 1997, Grayson & Meltzer 2003).
Mounting evidence discredits the assertion that
continental faunas with long hstories of terrestrial
predation would have responded to colonisation by
humans, or any other taxa, in a way comparable to
that of remote island species. Prior engagement with
any terrestrial predator significantly improves the
resistance of island taxa b over-exploitation by
colonising humans and other exotics. For example,
Steadman et al. (1999) suggested that previous
exposure to predation from rodents buffered native
species on New Ireland (Melanesia) against human
arrival and the trandlocation of six other potentially
destructive taxa, including pigs and dogs. Although
humantdriven extinctions occurred in this instance,
they were less complete than on more remote locales
and took place over tens of millennia (Steadman et
al. 2002). Blumstein (2002) and Blumstein & Daniel
(2002) posited that in insular kangaroo populations,
the continued presence of a single predatory species
acts to maintain a generalised suite of anti-predator
behaviours that would otherwise be lost. Moreover,
extant species preyed upon by native taxa are far less
susceptible to hunting by evolutionary novel
predators, while some island populations historically
exposed only to native carnivores retan a
generdlized response that is transferred to
evolutionary novel carnivores (Griffin et al. 2000).
Blumstein et al. (2000) showed that Tammar
Wallabies (Macropus eugenii), separated from
endemic Australian as well as exotic predators for
9,500 years on Kangaroo Island, showed anti-
predator responses to two evolutionarily novel
predators (Vulpes vulpes and Felis catus), as well as
a reconstructed thylacine (Thylacinus cyno-
cephalus). Blumstein et al. (2001) showed that island
quokkas (Setonix brachyurus), unaffected by
terrestrial predators for 7,000 years, aso exhibit
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typical anti-predator behaviours. Not only can
marsupials rapidly learn to avoid novel predators,
but learned responses can be socialy transmitted to
predator-naive companions (Griffin & Evans 2003).
These data suggest that continental taxa insulated
against predation for historically significant periods
do not display naiveté of the degree hypothesized
by advocates of overkill. Such behaviour is only
Rely to appear in species that have existed in
circumstances entirely devoid of terrestria
predators for evolutionarily significant time spans.
Populations that have been completely isolated
from mammalian carnivores can learn to avoid
colonising predators within a single generation
(Dickman 1992, McLean 1996, Berger et al. 2001).
This extends to entirely novel predator species
(McLean 1996). In parts of North America and
Eurasia, wolves and brown bears are recolonising
areas from winch they were eliminated decades ago
(Berger et al. 2001). Along recolonisation fronts,
predator-naive moose are vulnerable to re-invading
carnivores, but behind this front, surviving
populations quickly adjust and are no more
susceptible than populations that have always known
bears and wolves. Berger et al. (2001) contend that
their results provide an analogy for Martin's
blitzkrieg model, mirroring the hypothesized
extinction of humartnaive prey adong an advancing
front of human colonisers. An obvious problem with
this analogy is that unlike the fossil megafauna, the
predator-naive moose populations did not go extinct.
Berger et al. (2001) note tha in order for naiveté to
be maintained, al generations of megafaunal prey
must have been eliminated simultaneously along the
crest of the colonising wave. We further note that
regarding herding species, nearly all members of the
group would have had to ke killed if vertical and
horizontal transmission of anti-predator skillswasto
have been shut down. Berger et al. (2001, p. 1039)
conclude that '....perhaps species that failed to
survive post-Pleistocene hunters were simply not
quick learners.’ However, neither of these caveats
apply to at least some extinct megafauna for which
blitzkrieg has been posited. Evidence of selective
rather than general predation on young
proboscideans in North America has been used as
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evidence for human hunting (Ward 1997), and it is
unlikely that mammoth were incapable of |earning to
associate humans with threat.

Two further inconsistencies negate the validity
of transferring the findings of Berger et al. (2001) to
human colonisation models. Firstly, the moose
populations along wolf-bear colonisation fronts were
completely predator -naive, i.e. they had not been
subject to predation by any taxa. This was not so for
continental megafauna that faced human
colonisation. Secondly, if megafauna were
extinguished along a colonising front, this should be
reflected in the chronology of human expansion and
megafaunal extinction, but thisis not the case (Beck
1996).

Although continental taxa are not as vulnerable
to evolutionarily novel predators as remote island
species, novel predators often hold an advantage. In
Austrdia, introduced carnivores have undoubtedly
contributed to range reductions and extinctions
among native species. However, isolating the roles
of each of these predators from each other, aswell as
from translocated placental herbivores and other
human influences remains impossible. The
introduction of the dingo, around 4,000 years ago
(Gollan 1984) did not initiate any known extinctions
among potential prey, athough it isimplicated in the
disappearance of mainland thylacines around 3,000
years ago and Tasmanian devils (Sarcophilus
harrisii) around 430 years ago (Archer & Baynes
1972, Archer 1974; but see Johnson & Wroe 2003).
More recertly, the introduction of foxes and cats by
Europeans has clearly played arole in the decline of
native species (Morton 1990). A lack of appropriate
behavioural responses may have been significant
(Short et al. 2002), but historic extinctions in
Australia are complex phenomena. Correlation
between the expansion of cats and declines among
native faunas has been questioned (Abbot 2002). In
western New South Wales localized extinctions
correlate more strongly with the spread of
pastoralism (Lunney 2001). Land-clearing and the
introduced herbivores have aso had significant
impacts. In addition to competition with endemics
and habitat destruction, introduced herbivores have
probably facilitated the maintenance and expansion
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of feral predator populations. Suppression of dingo
populations has produced a skewed predator guild,
benefiting the fox across much of its range (Short et
al. 2002). It is not clear that any novel predator is
singularly responsible for the extinction of any
native species, athough there is no doubt that recent
extinctionsin Australia are ultimately the product of
human interference.

With respect to human predation, a bipedal
‘carnivore' does not fit the generalized, quadrupedal,
morphotype of predators. Humans also introduced
entirely novel hunting behaviours and technologies.
However, this must be balanced against the fact that
in some respects Homo sapiens is typically
carnivore-like. Forward-facing eyes are a feature that
many prey animals may instinctively identify with
threat (Blumstein €t al. 2000), as are flattened ears
(Janis pers. comm.). Similarly, scents produced by
carnivores and their droppings may carry universa
signatures. Voles on European idands display
avoidanceto tiger urine, avery novel predator in this
instance  (Stoddart 1982ab), and predator-
experienced herbivorous marsupials do modify their
behaviour in the presence of predator scents
(Blumstein et al. 2002). Lastly, animals of the
Americas, and possibly Australia, had been subject
to predation by large bipedal hunters. Gigantic,
Terror Birds (Phorusrhacoidea) stalked the South
American continent throughout most of the
Cainozoic and invaded North America in Pliocene
times (Chandler 1994, Marshall 1994). The 150 kg
Titanis walleri, was present in the Pleistocene and
may have persisted in North America until the latein
this period (Baskin 1995; J. Baskin pers. comm.). In
Australia, giant dromornithids may have included
meat in their diets (Wroe 1999a-b).

The presence of large terrestrial carnivores
unambiguoudly divides continents from the only
landmasses for which rapid anthropogenic extinction
of megafauna (but not necessarily overkill) is widely
accepted, i.e. remote islands, New Zealand's being
the largest. Ranging from around 20 to 117 kg in
mean body mass (Holdaway & Jacombs 2000,
Burness et al. 2001, Grayson 2001) moas were small
megafauna. Of 12 species, most were under 75 kg
(Anderson 1989). The giant eagle,
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Harpagornis moorei, at up to 13 kg (Holdaway
1989), preyed on at least some species, athoughitis
known only from the South Island (Worthy 2000).
No terrestrial endemic preyed on moa (Williams
1984).

Among islands, Madagascar is of special interest
because terrestrial predators were present when
humans arrived. The biggest endemic carnivore was
the fossa, Cryptoprocta ferox, large sub-fossils are
sometimes given species status as C. spelea. Its
origins are enigmatic. It is commonly placed within
the Viverridae, Veron (1995) treats it as the sister
taxon to Felidae, but it may be more closely related
to herpestids (Yoder et al. 2003). Taxonomy aside,
Cryptoprocta is cat-like in overal proportions
(Kohncke & Leonhardt 1986). Extant Cryptoprocta
range between seven and 12 kg in weight, with
measurements of 138 mm and 152 mm for two
skulls attributed to C. spelea (Kohncke & Leonhardt
1986). Felid regression data, based on skull length
(Van Vakenburgh 1990), gives an average body
mass estimate of 20 kg for C. spelea. At this size it
may not have been an effective predator of
Madagascar's larger extinct endemics, inclusive of
gigantic birds and lemurs, as well as intermediate-
sized Hippopotamus (Dewar 1984, Faure & Guerin
1990), but it is significant that on this island
populated by endemic carnivores, the question of
whether human or climatic influences drove
extinctions remains open (Dewar 1984, Culotta
1995).

In contrast to the position on remote islands,
when humans colonised continents they arrived on
territory long occupied by large terrestrial
carnivores. Large American predators, including
sabre-toothed cats, the giant short-faced bear and
American lion, undoubtedly took megafauna and
taphonomic evidence suggests that juveniles of even
the largest species may have constituted regular prey
(Anyonge 1993, Turner & Anton 1997, Christiansen
1999).

In Australia evidence for active predation on the
biggest species is stronger still. In addition to
indirect evidence (De Vis 1883, Case 1985, Nedin
1993), partialy hedled damage inflicted by a
marsupial lion (Thylacoleo carnifex) on the femur of
a large, sub-adult diprotodontid, testifies to the fact
that T. carnifex preyed on megafauna (Scott &
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Lord 1924). The near-complete domination of the
cheektooth row by huge vertical shearing blades in
this species leaves it singularly unsuited to a
scavenging role (Wells et al. 1982). Massively built
averaging around 104 kg and with the most extreme
carnivorous dentition of any mammal, the marsupia
lion was formidable by any standard (Wroe 1999a,
2000, 2002; Wroe et al. 1999, 2003a). Found
continent wide, it was also relatively abundant and
widespread (Wroe 2002). Other large, wide-ranging
terrestrial  mammalian carnivores included the
thylacine and Sarcophilus laniarius, a'Tasmanian’
devil much larger than the extant species (Wroe
2002). Austraias megafauna may aso have
suffered the attention of at |east one giant terrestrial
reptile. Its habitus remains the subject of
speculation, but with an average length of around
3.5 m and mean body weight of 97-158 kg (Wroe
2002,2003), the giant varanid, Megalania prisca,
was certainly capable of taking big prey as does its
closest living ecomorphological analogue, the
Komodo dragon, Varanus komodoensis
(Auffenburgh 1981). As noted above, Australias
giant terrestrial birds (Dromornithidae) may also
have eaten meat (Wroe 1999b).

Another problem with citing lack of human
specific anti-predator responses as the facilitator of
overkill, isthat although some mammals have innate
responses specific to  non-human  predators
(Dickman 1993), no such behaviours have been
documented with respect to humans, and this
extends to African species. Interestingly, it appears
that the dynamics of species undergoing range
contraction in present-day Africaare unique, but not
restricted to large speciesthat are hunted by humans.
Channell & Lomolino (2000) have argued that a
singular pattern of contraction extends to a wide
range of extant African species: large and small,
avian and mammalian, terrestrial and volant. These
authors invoke Martin's (1984) concept of co-
evolution with humans to account for the unique
response of African taxa. This explanation is
unsatisfactory for two reasons. Firstly, theblitzkrieg
concept applies to a model of selective and direct
human predation on large, terrestrial and almost
exclusively mammalian species. Many of the species
considered by Channell & Lomolino (2000) fit none
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of these criteria. This sits uncomfortably with
Martin's model wherein the perceived lack of human
impact on non-megafauna taxais commonly used as
supporting data (Alroy 1999). Secondly, no known
extant megafauna are 'naive' in the context used by
Martin (1984), i.e. having no previous experience
with humans. While hominids have clearly inhabited
Africafor longer than any other landmass, Homo has
been present in Eurasia for amost as long (see
below). If coexistence with humans that hunt large
prey is critical, as forwarded in overkill theory, then
the dynamics of range contraction in Eurasia should
be most similar to those of Africa. They are not. The
results presented by Channell & Lomolino (2000)
are significant precisely because they suggest that
factors other than the development of human
specific anti-predator behaviours have insulated
African faunas against mechanisms driving
extinctions elsewhere. And there are many
alternative possihilities because Africais uniquein
many respects, including greater available habitat
area, greater long-term climatic stability, greater
equatorial exposure and extraordinary mammalian
diversity (Ambrose 1998, Berger 2000). The
influences of these attributes may explain the
resistance of African species to extinction more
adequately than gradual acclimation to human
predation.

Studies extending the antiquity and geographic
spread of early European and Asian Homo bear
strongly on how we interpret the significance of
naiveté in the megafaunal extinction debate. Two
predictions inherent to Martin's hypothesis are: 1,
there should be a clear relationship between the
duration of exposure of megafauna to human

Extinct Living
Africa 7 42
Europe 15 9
North America 33 12
South America 46 12
*Australia 19 3
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populations and levels of extinction; and 2, in al

instances where modern humans did colonise
pristine environments extinctions should have
rapidly followed. Chronologies in Asia are too poor
for meaningful analysis (Martin 1984), but these
predictions do not hold for Europe. At around 60%
(see Table 1), megafauna extinctions in Europe
approached those of the Americas and Austrdia.

While even the broad chronology of megafaunal
extinctions in the Americas and especialy Australia
remain contentious (Grayson & Meltzer 2003, Wroe
et al. 2002; and see below), in Europe the process
was clearly staggered over tens of millennia (Martin
1984, Stuart 1999). Until recently it was thought that
humans did not colonise Europe before 500,000
years ago (Balter 2001), but it is now clear that

humans were present in Western Europe by 800,000
years BP (Balter 2001, Roebroeks 2001). In some
instances inferred increases in human population

correlate with increased large mammal species
richness (Pdlombo & Mussi 2001). A figure of
around 1.7 million years is now widely accepted for
hominid remains assigned to Homo ex gr. ergaster
from Dmanisi, Republic of Georgia (Gabunia et al.
2000, Vekua et al. 2002). This approaches the 1.79
million year age of the earliest Homo ergaster in
Africa (Asfaw et al. 2002). Of course, much older
hominid remains are known from Africa, but with
respect to the acquisition of human-specific anti-
predator behaviours, the duration of coexistence is
only relevant for the period over which humans
hunted megafauna. Although debate continues over
the diet of the oldest Homo, the importance of meat
and whether it was hunted or scavenged Lupo &

0'Connell 2001, Dominguez-Rodrigo 2002,

Total % Extinct Landmass km?
49 14.3 30.2 x 108

24 60.0 10.4 x 10°

45 73.3 23.7 x 10°

58 79.6 17.8 x 10°

22 86.4 7.7 x 10°

Table 1. Late Quaternary (last 100,000 years) extinct and living genera of terrestrial megafauna >44 kg adult body weight of five continents.
Adapted after Martin (1984). Data for extinct and living European megafauna from Martin (1984). For Austraia it may be that as many as
eight genera were aready extinct before human arrival (Roberts et al. 2001). If so, this reduces both the number and percentage of
megafauna extinctions that could conceivably be attributed to human activity.
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O'Connell et al. 2002), there has been no suggestion
that any hominid predating H. ergaster or H. erectus
had developed the capacity for big-game hunting
(Ragir  2000). Consequently, any hominid
occupation in Africa or Europe before the
appearance of these species is irrelevant to
discusson of  humanspecific  anti-predator
behaviours. The only humans likely to have preyed
on large game have been in Europe for ailmost as
long as Africa If co-evolution with predatory
humans is the critical factor explaining differences
in numbers of extinctions at aglobal level, then why
does Europe display levels of extinction that are
closer to those of Australia and the Americas than
Africa?

Expanding knowledge of the colonisation of
Europe by behaviourally modern humans is aso
inconsistent with overkill. At such latitudes these
people were probably obligate big-game hunters
(Harris 1992, Mason et al. 1994). This process began
before around 40,000 years ago (Pavlov et d. 2001,
Roebroeks 2001). Various Eurasian sites testify to a
modern human presence at latitudes greater than 50°
by 40,000 BP (Dolukhanov et al. 2002) and people
had extended their range to within an ice-free, grassy
European Arctic by 35,000 years ago (Pavlov et al.
2001, 1994). Thus, in Europe and most of Asia,
megafauna were exposed to a novel human predator
over a relatively short period. In regions where H.
neanderthalensis and other archaic Homo were
eliminated/absorbed by H. sapiens, it might be
argued that survival of megafauna was due to their
co-evolution with the earlier Homo, but Homo
sapiens introduced new technologies and novel
hunting techniques. Consequently, to some degree,
most Eurasian megafauna were naive to these new
hunters, while those at |atitudes beyond the range of
neanderthalensis were naive in the strict sense of
Martin (1963). However, no colonisation by modern
humans correlates with any extinction event in
Eurasia (Stuart 1999, Grayson et al. 2001). On the
other hand, there is dear evidence of climate-
induced extinction. The Irish Elk (Megaloceros
giganteus) went extinct in Ireland during the late
Pleistocene in the absence of humans (Moen et al.
1999), while Megal oceros persisted into the early
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Holocene on the Ide of Man, in pre-human times
(Gonzales et al. 2001).

These arguments do not disprove the proposition
that human hunting contributed significantly to the
disappearance of late Pleistocene megafauna
However, they suggest that the presence or absence
of human-specific anti-predator responses devel oped
through co-evolution were not necessarily critical
and that other mechanisms must be considered. In
addition, this evidence shows that we cannot simply
divide fauna into naive and predator-hardened
categories. We also conclude that because neither
initial naivety, nor the rate at which large continental
taxa might have learned to effectively respond to a
human presence, can ever be assigned a meaningful
value based on analysis of extant taxa, the results of
computer simulations that model continental
megafaunal extinction can never claim to reliably
approximate reality.

Landmass area and megafaunal
extinction

There remains no landmass exceeding 150,000 knf
(the South Island of New Zealand), for which human
activity is widely accepted as the cause of
megafaunal extinctions. New Zealand accounts for O.
54 % of the total land area for which blitzkrieg has
been proposed. Widespread extinctions took place
soon after the arrival of Maori people, although just
how rapidly is contested (Anderson 2000, Wilkes
2000). Moa were extensively hunted, but many
scientists cite translocations and habitat disturbance
as significant factors in the extinction of these and
many smaler island species (Anderson 2000,
Grayson 2001). 'Blitzkrieg' describes the rapid
extinction of large species solely through selective
predation. Until the roles played by introduced
species, land clearing, agriculture, and burning have
been identified, the significance of evidence from
remote islands in predicting the form of human
influence on landmasses where these other
influences were absent or unknown remains limited.
Huge differencesin area enforce further limitations.
Isand biogeography treats area, together with
temporal and geographic isolation, as fundamental
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to the susceptibility of species to extinction
(MacArthur & Wilson 1967, Terborgh et al. 2001,
Whittaker et al. 2001). The shape of alandmass may
also impact on extinction (Williams 1997). Rates of
extinction an oceanic islands in the wake of human
colonisation vary greatly, but area, together with
isolation and topography are critical predictors. On
tiny, remote islands, large-scale extinctions have
immediately followed human arrival (Steadman et
al. 2002). On larger, lessisolated islands extinctions
have been less rapid and total (Steadman et al.
1999).

Theinverse relationship between susceptibility to
extinction and area must also be considered with
respect to continents. Africa is around 25% larger
than North America, the largest continent for which
blitzkrieg has been proposed and 400% larger than
Australia, the smallest, but Australiais more than 45
times larger than the most extensive landmass for
which rapid anthropogenic extinction is generally
conceded. Partly because of its greater equatoria
exposure, climate change has more significantly
restricted the effective area available to megafauna
in the Americas and Australia than in Africa, which
accounts for around onethird of earth's habitable
area (Ambrose 1998, Berger 2000, McBrearty &
Brooks 2000). Glaciers have encompassed as much
as 56% of North America over thistime and as much
as 60% of Australia has been overrun by windswept
sand-dunes (Bowler 1982, White 1998). Many large
African taxa underwent major range contractions
during Pleistocene Glacial Maxima (Klein 1984).
However, Africa can suffer vast loss of habitable
area and still sustain refugia extensive enough to
sustain large species. Put simply, most African
species could survive a climatic catastrophe that
rendered 7,000,000 km? uninhabitable, most
Australian taxa would not.

Of further interest regarding landmass area and
megafaunal extinction is recent work by MacPhee et
al. (2002) on late Pleistocene megafauna in north
Asia. Results suggest that many north Asian
megafauna suffered massive range contractions
broadly contemporaneous with latest Pleistocene
extinctions in North America. These contractions
flagged extinctions in some north Asian species

WROE,FIELD,FULLAGAR&JERMIIN

ALCHERINGA

and populations, for others they heralded extended
hiatuses from which they rebounded in Holocene
times. The maintenance of refugia was paramount in
these instances of survival and the likelihood of

refugia persisting is inextricably linked with
landmass area.
Lastly, throughout the Quaternary, Africa,

Europe and Asia formed a single super-continent
amounting to around 57% of the world's continental
land surface. On a landmass of this size, continent-
wide extinctions could be replaced by immigration
of the same, or ecologically similar taxa. To a lesser
degree, and through a filter barrier that clearly
excluded taxa not adapted to high latitudes, this also
applies to the Americas through intermittent
connection to Eurasia-Africa and each other. Area
correlates positively with species richness and
maximal body mass (Wroe et al. 2004a) and
communities with higher species richness are less
susceptible to invading species (Case 1990). On the
basis of size and isolation, the faunas of the
Americas and Australia were inherently more
vulnerable to stress than those of Afro-Eurasia. This
may have acted to facilitate blitzkrieg, but could also
explain how climate and/or other factors, human or
otherwise, might account for the differential pattern
of late Pleistocene and Holocene extinctions. One
point is incontestable: island species are far more
vulnerable than continental taxa and the only clear
cases of rapid mass extinction driven by colonising
societies have occurred on islands that are dwarfed
by the smallest continent (Soulé 1983, Simberloff
2000, Grayson 2001). Demonstrating rapid faunas
extinctions on small remote islands in response to
human interference says little about the likelihood of
similar events on continents. A lower rate of
megafaunal extinction in Africa would be predicted
from biogeographical first principles, regardless of
any hypothesized human activity.

Climate

Martin (1984) and Diamond (1998) argued that if
oscillations in global climate were the primary force
driving late Pleistocene extinctions, then events
should have occurred simultaneously and previous
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climatic oscillations should have correlated with

mass extinctions on a comparable scale. We reiterate
that if it was unequivocally demonstrated that for
each landmass the Last Glacia Maximum was not
the most severe, then thisis not specific support for

blitzkrieg over other anthropogenic models, and

even the broader case for human driven extinction is
valid only if two additional assumptions are proven:

(i) globa climatic change was manifested in
identical or very similar ways on each landmass; and
(ii) the varied faunas and floras responded similarly
to climate change.

Each of these assumptions remans un-
demonstrated. Broad global temperature trends have
been reasonably well established (Ambrose 1998;
Alroy et al. 2000). However, high amplitude short
duration events have received relatively little
attention (Ambrose 1998), while extrapolation to
predicting climate at local levels and more
importantly, specific effects on vegetation within
individual landmasses, remains imprecise (Lear €t
al. 2000, Schrag & Linsley 2002). Often oscillations
in global climate have had markedly different effects
on each continent (Nichol 1999, Elenga €t al. 2000,
Thompson & Anderson 2000, Williams et al. 2000,
Walther et al. 2002) and many globa trends have
locally reversed (Moen € al. 1999). In the American
tropics during the LGM, precipitation decreased in
the north, but increased in the South (Baker 2002).
Geographic and temporal variability also extends to
the rapidity of climate change (Alley 2000). The
LGM may not have been the most severe in North
America or Africa (Alroy 1999, Nichol 1999), but in
Australia, evidence is highly equivoca if not
contrary (Horton 2000, White 1998). Nanson €t al.
(1992) draw attention to pluvialsand dust flux in the
Australian region conflating with the Xifeng loess
seguence in Asia (Pye and Zhou 1989), which in
turnreflectsan overall trend toward increased aridity
in the mid to late Pleistocene (that is, over the last
five glacial cycles). Moreover, wetter conditions lag
by about 15 ka behind sea-level and temperature
highs (Nanson et al. 1992). If correct Australian
megafauna were subjected to increasingly severe and
frequent episodes of regiona aridity over the last
three glacial cycles, with the last being the driest.
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The long lead up to the LGM in Australia was
prefaced by a decline in overal humidity from
around 45,000 years ago (Turney et al. 200 1). This
may have been exacerbated by the onset of intense
variability in the El Nino Southern Oscillation
(ENSO) at around 40,000 BP, athough most hold
that this was a Holocene event (Kershaw et al.
2000).

We posit that the last two glacia cycles in
Australia were particularly harsh and that the
majority of Pleistocene megafauna extinctions were
driven by these events, with a possible temporary
reprieve during the Stage 5 pluvial (120 ka- 90 ka).
Consistent with this interpretation are results of a
recent analysis suggesting that eight genera of
megafauna may have become extinct by 80 ka, i.e.
almost certainly prior to settlement of the Australian
continent by Homo sapiens (Roberts et al. 2001).

Other exotic taxa

On al landmasses for which global blitzkrieg has
been suggested, excepting Australia, humans arrived
in company. On oceanic islands where human
induced extinctions have been documented, various
exotic species were also translocated. These include
the Pecific rat, pig and the domestic dog. We concur
with Grayson (2001) in his conclusion that it is
presently impossible to apportion blame to human
hunting as the sole or primary cause of extinctions
under such circumstances. However, non-human
arrivals at least roughly contemporaneous with
human coloni sation were not restricted to islands.
Through much of the late Pleistocene the fauna of
North America was isolated within two distinct
refugia divided by huge ice sheets. In what is now
Alaska, the Beringian refugium contained many taxa
that were, to al intents and purposes, Eurasian and
discrete from those of the southern refu gium (Brown
& Lomolino 1998). Beringian species included the
modern moose, wapiti, Eurasian- Alaskan bison,
brown bear and musk oxen. Evidence of blood
residues on projectile points from eastern Beringia
has been used to argue that most of these species
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were utilized in the late Pleistocene by Arctic
Americans (Loy & Dixon 1998). Southern taxa
comprised al of the endemic North American
megafaunal species, including amost al of those
that went extinct (Edwards 1967, Flannery 2001).

Just when humans made footfall in North
America has attracted much scholarly energy. The
classical view that Clovis peoples arriving at around
13,000 years BP were the first is now a minority
position (Goebel 1999, Flannery 2001). Evidence
from Monte Verde, suggesting human arrival at |east
1,000 years before Clovis times has been widely
accepted (Dillehay 1997, 1999) and ongoing
analyses suggest till earlier dates (Watanabe et al.
2003). Goebel (1999) considers it possible that
overland dispersal occurred before onset of the Last
Glacia Maximum at around 25,000 to 20,000 years
ago, but unlikely because archaeological sites above
60° latitude do not appear in northeastern Siberia
until 25,000. However, sites near or beyond this
latitude have now been dated at older than 30,000
years (Dulokhanov et al. 2002), while Mandryk et
al. (2000) argue that the first humans used water-
craft to skirt regions of icewater contact. Most
recently, Pitulko €t al. (2004) showed that humans
had pushed deep into the Siberian arctic by 27,000
BP. Advocates of human occupation before 13,000
BP accept that earlier economies did not revolve
around systematic big-game hunting (Roosevelt
2000). Pre-Clovis human presence does not discount
the possibility that Clovis people rapidly hunted
megafauna to extinction following their arrival or
descent from an earlier culture (Martin 1984).
However, it emasculates the prediction that rapid
mass extinction inevitably follows human interaction
with humartnaive megafauna Thisis a salient point
because the argument for blitzkrieg on landmasses
lacking evidence of predation and established
chronologies rests on this assumption.

Late Pleistocene North America is characterised
by high faunal turnover between north and south, but
traffic was one-way. Beringian taxa expanded into
the southern refugium with great success. Southern
species held on where they were or went extinct.
Historically, advocates of blitzkrieg have argued that
Beringian taxa prevailed because they

WROE,FIELD,FULLAGAR&JERMIIN

ALCHERINGA

were not naive with respect to human hunters and
that southern endemics disappeared for the reverse
reason (Martin 1984). It isnot thissimple, evenif no
prior human presence is assumed. Other
explanations can wholly or partialy account for
these biogeographical phenomena. Firstly, in both an
historical and ontogenetic sense, the Beringian taxa
were naive with respect to human predation. For
thousands of years the fauna of Beringia had been
isolated not only from their Eurasian conspecifics,
but human biggame hunters as well. Flannery
(2001) argues that these animals may have been
‘hard-wired' with respect to specific anti-predator
responses and behaviours that alowed them to
coexist with people, but as noted above no direct
evidence supports this contention.

An important factor that seems to have been
largely overlooked is the potential impact that
southwardly mobile megafauna themselves might
have had on the taxa of the southern refugium.
Regardless of any hypothesized human impact, this
event in itself may have resulted in the extinction of
many species in the southern communities. We
dispute the implication of Stuart (1991), that the
effect of these non-human invasions would have
been limited to competitive exclusion of close
ecologica equivalents. The results of such
interactions are difficult to predict (D'Antonio &
Kark 2002, Dickman 2002, Roeiner et al. 2002) and
the addition or loss of 'keystone' species can have
catastrophic impacts (Terborghet al. 2001). Whether
invading species initiated trophic cascades that
caused the extinction of many more taxa than those
that they 'replaced' is impossible to calculate at
present. However, where two landmasses collide, the
fauna of the larger is more likely to prevail (Beard
1998). Recent evidence for Asia as the point of
origin for the mgjor mammalian radiations of the
Tertiary (Bowen €t al. 2002) is consistent with this
hypothesis. As part of the Eurasian megafauna,
Beringian taxa were advantaged. For most of these
taxa neither the timing of extinctions or arrivalsis
well-documented (Flannery 2001, Grayson &
Meltzer 2003). Some colonising species probably
arrived well before the appearance of Clovis people,
while others, such as the moose, were
contemporaneous (Flannery 2001).



ALCHERINGA

If it is shown that the chronologies of arrival and
extinction do not correlate tightly, this does not
eliminate arole for invading Beringian speciesin the
disappearance of southern endemics. Invasion-driven
extinctions may take place over tens of millennia
(Steadman et al. 1999). Sole et al. (2002) describe a
model they call Self-organized Instability (SOI),
wherein they posit that feedback between
immigration, diversity, connectivity and extinction
lead an ecological system to SOI. Based on analysis
of the Hawaiian avifauna, Keitt & Marquett (1996)
argued that through immigration, avian diversity in
Hawaii reached a saturation point beyond which the
addition of a single species forced mass extinction.
Forster (2003) invoked this and SOI to explain
megafaunal  extinction in Australia: increased
immigration from the Pliocene onwards brought
Australian ecosystems to saturation point, then
increased connectivity following human arrival drove
an extinction process in which predation played a
minor role. However, immigration during the
Quaternary in Australia was low compared to that of
North America and we suggest that this mechanism
is more likely to apply to the American continent.
Whether fast or slow, mass extinctions of endemic
species in North America could have been the
product of a cumulative process, driven by
successive invasions of multiple taxa. Humans may
have been one of the last and most significant, but
this does not mean we can discount others and Clovis
people were perhaps not the only big-game hunters
that arrived in the late Pleistocene. At this time the
grey wolf (Canis lupus) vied with Homo sapiens for
the title of world's most successful and pervasive
large mammalian hunter. It had been thought that C.
lupus was present within the southern refugium prior
to the Last Glacia Maximum. However, FAUNMAP
lists no occurrences of the grey wolf prior to the
LGM, only two are Full Glacia in age, and evidence
before 13,000 BP has been questioned (lannery
2001). The arrival of Clovis hunters and C. lupus
may have been broadly synchronous, but if C. lupus
did arrive before the LGM, this does not mean that it
can he dismissed as a significant factor in late
Pleistocene extinctions. Either way, southern
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endemics encountered two successful, mobile socia
hunters within a constrained time frame. Wolves
were probably incapable of bringing down
proboscideans, but most other late Pleistocene North
American taxa were within the size range of prey
dispatched by living C. lupus.

Another large canid, Canisdirus, was present in
North America in the late Pleistocene. However, C
dirus filled a different niche, being both slower and
less social (Kurten & Anderson 1980). Prior to the
arrival of C. lupus American endemics may have
never encountered a large, social, pursuit-predator,
although it is possible that this role had once been
occupied by the PlioPleistocene hyaenid,
Chasmoporthetes (Janis & Wilhehn 1993). If over-
hunting by novel predators contributed to
megafauna extinction in North America, then in
many ways C. lupus fits the stereotype more snugly
than Homo sapiens. Humans are omnivorous,
whereas the grey wolf is a hyper-carnivore (Van
Vakenburgh 1991). Moreover, its extreme mobility
and higher birth-rate endow C. lupus with a greater
capacity for rapid range expansion. In Southern
Europe, the arrival of the grey wolf at the Plio-
Pleistocene transition correlates with a major lossin
species richness of large mammals (Torre et al.
2001) and changesin grey wolf behaviour have been
shown to cause population declines in prey and
initiate trophic cascades (Post et al. 1999).

The appearance of human big-game hunting
specialists in the southern refugium of North
America broadly coincided with that of various other
exotic megafauna, including a very large omnivore
(grizzly bear) and possibly ancther, highly efficient
and intelligent, large-prey-specialist with novel
hunting behaviours (Canis lupus). Range expansions
of Beringian species into the southern refugium
might be more accurately described as a large-scale,
staggered invasion by Eurasian species that included
humans. Greater resolution of the chronologies of
arrival and extinction, together with more data on
range expansions and contractions is needed before
the role of invading taxa can be determined. Even in
Australiaand South America, where late Pleistocene
immigration was far less pronounced, earlier
immigration may have been
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sufficient to achieve Self-organized Instability and
mass extinction.

Hunter-gatherer technologies,
traditions and predation on
megafauna

Proponents of blitzkrieg have clamed that the
disproportionately high rate of species loss among
large taxa in the late Pleistocene is explained by
preferential selection by human hunters. It may be
energetically more efficient for hunter-gatherers to
select prey of greater body-mass, to a point, and
there is archaeol ogical and ethnographic evidenceto
support this (Winterhalder & Lu 1997, Duncan et al.
2002). Large species with low reproductive rates
may be more prone to extinction via human
predation and this also has been demonstrated, at
least with respect to birds (Owens & Bennett 2000).
However, resource depresson is commonly
determined on the basis of observed or inferred
capture rates and changes in hunting success need
not reflect fluctuations in prey population sizes (Hill
et al. 1997). Confounding variables include
behavioural changes among prey, as well as short-
term migration. Whether predation using traditional
technologies alone can effect extinction remains
contested (Hill et al. 1997, Choquenot & Bowman
1998) and it is difficult to account for limitations
imposed by differing human technologies and
biologies of extinct species. Ethnographic studies are
often not inclusive of societies that prey on species
within the size range of most extinct late Pleistocene
megafauna. Demonstrating that Amazonian Indians
select tapirs of 110 kg over smaller game (Vickers
1991, 1994), does not show that Palaeolithic hunters
selected the largest contemporaneous animals,
including taxa with mean body-masses of up to 6,000
kg (Burness et al. 2001). No analysis we know of has
demonstrated that the selective hunting of
proboscideans or rhinocerines is an economically
optimal strategy. Difficulties using ethnographic data
as analogy in this instance are compounded by the
fact that many modern hunter-gatherers use
technology that ranges from shotguns to poisoned,
metal arrow-points (Hill et al. 1997, Lupo 2001).
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Below we consider specifies of culture and
predation on megafaunain more detail, but firstly we
note that evidence for an extinction event that
preferentially selected larger pecies is not strong
evidence for human influence. The palaeontological
record attests to many mass extinctions that show
size-related bias. The disappearance of non-avian
dinosaurs and most other large archosaurs at the
Cretaceous-Tertiary boundary is a text-book
example, but both temperature fals and glacia
terminations have been correlated with the selective
extinction of large mammalian taxa in Palacogene
(Bown et al. 1994) and Neogene (Webb 1984)
deposits of North America, athough Webb treats
animals >5 kg as large. High fauna turnover and
extinction among megafauna has aso been
demonstrated across the Plio-Pleistocene boundary
in Europe (Torreet al. 200 1, Agusti & Anton 2002).

Hunting tool-kits and

strategies

The significance of technology in the dispatch of
large prey is widely acknowledged (Edwards 1967,
Smith 1975, Kusimba 1999, Ashler & Geib 2000,
Shea et al. 2001, Schmitt & Churchill 2003) and this
extends to advocates of blitzkrieg (e.g. Smith 1975,
Martin 1984). In the Americas, the presence of
specialised biggame  hunting  technology,
particularly stone-tipped projectile points, is often
cited in support of overkill, while in Eurasia its
absence is invoked as a limit on its temporal and
geographical extent (Martin 1984, Diamond 1998,
Flanney 2001). If this reasoning is upheld, then
where such technology is lacking the argument for
rapid overkill is diminished. The absence of big
game hunting technology in Middle Stone Age sites
of Africa has been invoked to explain low levels of
predation on large game (Klein & Cruz-Uribe 2000,
Henshilwood et al. 2001). Martin (1984, p. 363)
considers the appearance of people in North America
prior to 13,000 BP as irrelevant to arguments against
rapid overkill, unless it can be demonstrated that
earlier cultures possessed big-game specific tools.
The unambiguous implication is that rapid mass
extinction of North America's megafauna was
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impossible without appropriate technology. We
concur on this point, a prior human presence does
not eliminate the possibility that the more recent
Clovis people rapidly exterminated megafauna and
the presence of an appropriate tool - kit is important.
However, demonstration of a prior culture in North
America eats deeply into the efficacy of the overkill
model. Blitzkrieg explains megafaunal extinction as
a direct function of naiveté with respect to human
predation (Martin 1963, 1984). Unless pre-Clovis
societies entirely abstained from hunting animals
>44 kg, a pre-Clovis presence means that the
American fauna were not naive to human predation
when ultimately beset by more efficient hunters.
Thus, if a €cond society did rapidly hunt North
American taxa to extinction, the critical factor was
not the naiveté of the prey, but the traditions and
technology of the culture itself. This suggests that
the theory's underlying mechanism is flawed with
respect to North America, but it aso strongly
influences the likelihood of a human hand in
megafaunal extinction where colonising cultures
lacked a big-game hunting tradition and technology,
at least on continents.

Before advancing further, we stress that an
absence of donetipped projectiles or other
specialised technol ogies does not indicate that a past
society did not hunt large animals. Evidence for
hafting stone points does not extend beyond 80,000
years ago (Koller et al. 2001), but humans
undoubtedly killed large animals before this date.
Equivocal evidence for the hunting of large animals
using wholly wooden spears extends back perhaps
half amillion years in Europe. In Germany, hunting
spears have been found in deposits 400,000 years
old, aong with horse remains (Thieme 1997,
Roebroeks 2001). These weapons are up to 2.3
metres long and similar to Olympic javelins,
although they were more likely hand-held thrusting
weapons (Schmitt & Churchill 2003). In deposits
possibly 500,000 years old at Boxgrove, England,
damage to the shoulder blade of a horse has been
interpreted as evidence that this anima was
dispatched with a wooden spear (Pitts & Roberts
1997). However, this claim has been greeted with
some skepticism (McNabb 2000), and the
significance of megafauna in the diet of Middle
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Pal aeolithic humans remains debatable (Klein 1995,
Ardbas & Palmqvist 1999, Roebrocks 2001).

While an absence of specialised technology does
not preclude predation on large taxa, it undeniably
influences hunting ability or predation efficiency and
hence the probability of rapid overkill (Smith 1975).
It also affects both the optimal and maximal body-
mass of potential prey species (Edwards 1967).
Consequently, limitations imposed by technology
strongly impact the results of predator-prey
modelling (Smith 1975). Hunting ability was the
single most important influence on results derived
from recent computer simulations presented by
Alroy (2001). In this anaysis, reducing the
arbitrarily defined hunting ability constant from 36
to 28, cut the number of predicted extinctions among
large North American taxa from 21 species to 0.
Moreover, just as, the Type Il Functional Response
model incorporated by Alroy (2001) does not allow
for learning behaviour in prey species (Brook &
Bowman 2002), it aso fals to accommodate
differences in technology. Nor can it account for the
learning of specialised behaviours or technologiesin
predators. Increases in the efficiency of hunting or
prey handling can shift the functional response curve
from Type Il to Type Il (Orians 1969, Real 1977).
Type |l models effectively, but unredistically
assume that the efficiency of hunting technologies
and behavioursis maximal. For a Type |11 functional
response, accounting for sub-optimal hunting
technology has precisely the same affect on the
probability of overkill as alowing for 'predator-
hardened' prey, i.e. rapid decay. A further limitation
imposed by assuming a Type |l response is that it
does not alow for the predator to switch to
aternative food sources as prey density declines
(Real 1977). This would be unusua for any
predatory terrestrial vertebrate (C. Dickman, pers.
comm.) and for humans the suggestion is
contradicted by analyses showing that hunter-
gatherers do shift to other foods where large taxa
become less common (Vickers 1991, 1994).

On idands where megafauna were relatively
small, lacking anti-predator responses, and
disadvantaged by small populations and restricted
ranges, technology may not have imposed a
significant limit on predation efficiency and
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something approaching a Type Il Functiona
Response appears possible. However, the argument
that technology would not have limited predation
efficiency becomes less convincing as targets
become larger and more aggressive or vigilant, as
well as more numerous and widespread. It is one
thing to efficiently dispatch 75 kg moas with wholly
wooden spears or clubs, it is another to kill 6,000 kg
Mammuthus primigenius. Thus, our argument is not
that megafauna could not be hunted without big-
game specific tool-kits, but that without it, optimum
prey size and predation efficiency are significantly
reduced. This deduction is accepted by proponents
of overkill and is especialy relevant with respect to
continents, most notably Australia.

Projectiles with stone points are far more lethal
than wholly wooden weapons with respect to the
dispatch of large animals (Christenson 1986, Ellis
1997, Boeda et al. 1999, Villa & d'Errico 2001).
Toth (1987) corroborates the assertion of Jones
(1980) by showing that bifacially flaked tools are
more effective than informal artefacts regarding the
butchery of biggame. In a study of 79 American
societies Ellis (1997) showed that societies that
systematically hunted big game invariably used
stone-tipped projectiles, while societies that rarely
killed large animals used wooden ones. At >40kg,
the definition of ‘large’ in these instances closely
corresponds with that of 'megafauna as widely
applied in the megafaunal extinction debate (i.e. >44
kg). Stone spear points do not appear in the
Australian record until the mid-Holocene, tens of
millennia after the arrival of humans (Flood 1999,
Mulvaney & Kamminga 1999).

A more recent invention was the spear -thrower,
aso known as an atlatl (Mexican) or woomera
(Australian Aboriginal). This device increases a
spear's velocity, range and impact and hence the
range of taxa that can be hunted (Churchill 1993). A
projectile thrown with a spear-thrower can release
four times the kinetic energy of a modem compound
bow, massively increasing penetration and providing
a four to sevenfold increase in range over hand
thrown spears (Hutchings & Bruchert 1997, Schmitt
& Churchill 2003). Many consider it likely that the
atlatl was instrumental in the hunting of megafauna
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by Palaeoindians, although the earliest unequivocal
evidence in North America is from the early
Holocene (Sheppard et al. 1987, Hutchings &
Bruchert 1997). The oldest spear-throwers from
Europe are less than 20,000 years old (Knecht 1994).
The woomera in Australia is thought to date to
around 5,000 years ago (Flood 1999), although
Tacon & Brockwell (1995) suggest early Holocene.

Entrapment through the use of topographic relief
has been advanced as one method employed by
paaeoindians (Frison 1998) and Upper Pa aeolithic
Europeans (Straus 1993). The use of similar
techniques has been reported for at least some
indigenous Australians in pursuit of relatively small
animals (Cosgrove & Allen 2001). Straus (1993)
argues that a correlation between Upper Palaeolithic
sites and regions with hills and canyons
demonstrates the importance of relief to these
peoples in the dispatch of large animals. On the
world's flattest continent such opportunities are more
limited and, having cornered concentrations of
megafauna, early Australians would still have been
faced with using wooden spears to kill animals that
may have weighed severa tonnes.

Other relevant ethnographic studies are those
concluding that hunter-gatherers from tropical
grassland habitats typicaly use single anima
encounter techniques, while tactical landscape
strategies that produce mass kills and surpluses are
characteristic of peoples from cold grasdand
ecosystems (Marean & Assefa 1999). Churchill
(1993) demonstrates that among modem day hunter-
gatherers the dispatch of very large animals, i.e.
mean body mass of 327 kg, is most commonly
associated with tactical landscape strategies as well
as specialised weapons and dogs. Alternatives such
as snares and pitfall traps constitute an unlikely
means of effecting rapid overkill. These are typically
used by sedentary groups in pursuit of solitary game
as a means of dietary supplementation (Holliday
1998).

The use of dogs is inextricably linked with
hunting among present day hunter-gatherers. It has
been argued that the use of domestic dogs
significantly increased big-game hunting efficiency
(Diamond 1984, Tacon & Pardoe 2002) and the dog
is ubiquitous among modem hunter-gatherer
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societies (Tacon & Pardoe 2002). Dogs arrived with
humans on most idands (Grayson 2001) and
probably in the Americas also, athough this has yet
to be confirmed with the oldest fossils being early

Hol ocenein age (FAUNMAP), but humans and dogs
did not arrive together in Australia. Molecular
biologists have suggested an origin for the domestic
dog prior to 100,000 years ago (Villa et al. 1997),
athough this is more properly interpreted as
evidence for the lineage split and not domestication
(Janis pers. comm.), it is aso contra evidence
tendered by Epstein (1971) showing that the
morphological traits of domestic dogs arise quickly.
The first appearance of domestic canids remains at
12,000 years BP (Villa et al. 1997) and the
Australian dingo arrived around 4,000 years BP,

long after humans (Gollan 1984).

Asaluded to above, other relevant factorsrarely
considered in debate are the relative sizes and
behaviours of the megafauna. Yet these are
important because, al else being equal, the larger
and better ableto defend itself an animal is, the more
difficult it is to kill. Average body-masses of
megafauna that figure in this debate range from
between 44 kg to 6,000 kg (Burness et al. 2001), a
difference exceeding two orders of magnitude.
Modern day Australian Aborigines can kill the
largest living native species without stone or metal
projectile tips (although a spear-thrower is
commonly used). Larger exotics are also preyed on.
At approximately 750 kg, the largest is the water
buffalo (Bubalus bubalis), introduced from
Indonesia around 1825 (Nowak & Paradiso 1983,
Suaban 1995, Choguenot & Bowman 1998). They
are now generally hunted with firearms, vehicles and
dogs, but historically Aborigines have hunted them
with iron-tipped spears and spear-throwers (Altman
1982). However, we have found no evidence that
any were killed using wholly traditional projectiles
(stone or wooden tipped), or without woomeras. In
an account of a buffalo hunt by Aboriginas using
large, shovel-headed, iron- tipped spear heads, the
dispatch of the animal took from first light to mid
afternoon and required ten separate spearings before
the anima finally succumbed to blood loss
(Bowman 1993). Thisis significant, because wooden
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prgectilesinduce less trauma and loss of blood. The
hunting of water buffalo remains a dangerous
activity. It may take up to eight hits with a shotgun
to immobilise the animal and severe injuries to the
hunters are not uncommon. Killing water buffalo

lends kudos to the hunters, but groups rarely Kill

more than one per month (Altman 1982). Using B.
bubalis as an analogue, Choquenot & Bowman
(1998) questioned the potential of Aboriginal hunters
to hunt megafauna to extinction. With respect to
nineteenth century attacks by Aborigines on cattle in
north-eastern New South Wales, one observer wrote
that '...the blacks soon began to be troublesome and
many head of cattle were speared. It was a common
sight in those days to see fine bullocks roaming

about with spears sticking through their necks....'

(Kemp 2000), but there can be no doubt that cattle
were killed using wholly wooden spears - our point
isthat these wererelatively inefficient in such arole.

Among native Australian species, the heaviest is
the red kangaroo (Macropus rufus) with an average
adult body mass of 66 kg for males and 26.5 kg for
females (Strahan 1995). Assuming an equal
abundance of the sexes, the mean mass is then
around 46 kg, slightly above the minimum 44 kg as
typically defined in the megafaunal extinction debate
(Martin 1984). Two other extant Australian taxa are
also sometimes treated as megafauna (Martin 1984)
the eastern grey kangaroo, Macropus giganteus, and
the emu, Dromaius novaehollandiae (mean body
mass 34 kg, Eastman 1968). Mean body-mass datais
unavailable for M. giganteus, but it is significantly
smaller than M. rufus (Strahan 1997). Allowing for a
good deal of error in predictions such as those of
Flannery & Roberts (1999), at 46 kg the extant red
kangaroo remains much smaller than most extinct
late Pleistocene taxa, including conspecifics of
Pleistocene age.

Overall, Audtralias extinct megafauna were
smaler than those of other continents, but
quantitatively determined weight estimates for
Australian fossil species are few and this makes
meaningful ~ comparison  difficult.  Although
empiricaly determined estimates have been
attempted for some (Myers 2001, Wroe et al. 2003,
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Wroe et al. 2004b), most estimates for Pleistocene
Australian taxa remain the product of guesswork
(Wroe 2001, 2002). Notably, among the few
quantitatively based predictions available is the
figure of 2,786 kg for average body mass in
Diprotodon optatum (Wroe et al. 2004b).
Diprotodon was comparable to rhinoceros and
hippopotamus with respect to general body
proportions, but larger than any extant species of
either group (Wroe et al. 2004b). Although this
pouched giant had no obvious defensive weapons
such as horns, tusks or hypertrophied canines, given
the presence of known big-game specialists such as
Thylacoleo, it must have had anti-predator
responses. Of course, D. optatum was the largest of
Australian megafauna and it is likely that killing
smaller taxa would have been less technically
chalenging. Of around 54 of Austrdias late
Pleistocene extinct species typically referred to as
megafauna, as many as 14 may have averaged less
than 44 kg (Flannery & Roberts 1999). However,
while the lack of quantitatively determined body-
mass estimates for most taxa remains problematic, it
is certain that most were much larger than the
heaviest species known to have been regularly
hunted using wholly wooden weapons by modem
Australian Aborigines. If current estimates are any
guide (Flannery & Roberts 1999), then at |east seven
late Pleistocene Australian herbivores exceeded the
average body-mass of the red kangaroo by more than
an order of magnitude.

Megafauna and subsistence diets

The relative significance of large-game, small-game
and plant foods in human diets is an important factor
in this debate and can produce very different
outcomes for mathematical models that address the
problem (Smith 1975). While global overkill
assumes predictability and uniformity for the
behaviours of colonizing hunter-gathers, it is
increasingly clear that variability is the rule (Foley
1999). Different cultures place different emphases
on different foods and these may or may not reflect
economic rationales (Rick & Erlandson 2000).
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Hunter-gatherers can specialise as big-game
hunters even though it is an economically sub-
optimal choice. Edwards (1967) suggests that in
North America, the prestige value of big-game
hunting may have contributed to megafaunal
extinction by sustaining male hunting practicesin the
face of diminishing returns. Elegant studies by
Hawkes (1991) and Hawkes €t al. (2001) conclude
that biggame hunting by Hadza men is better
understood as a form of mating competition, i.e.,
showing-off, than as an economically optimal
strategy. These authors show that the children of
successful hunters gain no immediate nutritional
advantage, but because their status alows them
access to more productive wives, their offspring fair
better. Male Indians of middle Holocene California
may have increased their investment in large prey,
despite diminishing returns for similar reasons
(Hildebrandt & McGuire 2002). The 'showing-off'
hypothesis has undoubted merit and is likely to
variably apply to other hunter-gatherer economies.
Its significance with respect to megafaunal extinction
will change with interrelated factors including
technology, group size, seasonality and whether
single encounter or tactical landscape strategies are
favoured, but it 5 not universally applicable. The
Batek Negritos of Malaysia are nhomadic hunter-
gatherers that exclusively hunt small prey of around
4.7 kg, despite the presence of large animals ranging
from pig to elephant and access to long-bladed iron
spear- points. The explanation given by the Batek is
that big animals are too dangerous (Endicott 1979).
However, exceptions aside, as a generality, big-
game hunting unquestionably draws kudos and this
could elevate predation rates on megafaunal taxa
beyond those predicted on purely economic grounds.

Failure to conform with predictions grounded on
economic rationales is evidenced in many other
examples. Tasmanian Aborigines abandoned eating
fish by 3,000 years ago, despite a long fish-eating
tradition and no measurable dedine in the resource
(Mulvaney & Kamminga 1999). In North America
some tribes focused on smaller prey and plants,
while others focused on big-game for reasons not
clearly based on availability (Ellis 1997). With
some exceptions (see Alberdi et al. 2001), | ate
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Pleistocene archaeological sites in South America
evidence economics based on plants and small
animals (Roosevelt et al. 1996, Dillehay 1997,1999;
Gnecco & Mora1997). In the North American Great
Basin, among societies thought to concentrate on
large prey, small game (when easily obtained) may
well have been favoured to the point at which big-
game hunting was abandoned altogether (Madsen &
Schmitt 1998).

While ethnographic data must be treated with
caution where we project so far into the past, some
broad trends must have applied then as now.
Particularly relevant in this debate is the relationship
between biggame hunting and latitude. At high-
latitudes (>400) big-game is amore important source
of nutrition, with plants and small-game playing a
lesser role. At lower latitudes small-game and plants
become progressively more significant (Hiatt 1974,
Binford 1981, Speth & Speihnan 1983, Mason et al.
1994, Harris 1992, Marean 1997, Hardy et al. 2001).
This trend is reflected in an increased female
contribution in more temperate, through to tropical
climates. Although the existence of these trends has
not been questioned, relative proportions have.
Reversing the long dominant 'man the hunter'
paradigm that treated biggame hunting at all
latitudes as the primary source of nutrition for
hunter -gatherers, Hiatt (1974) argued that, at low-
latitudes, plants and small animals procured by
women constituted the bulk of human subsistence.
Merwe (1992) claims that plants account for up to
90% of hunter- gatherers' diets and a study based on
58 hunter - gatherer societies concluded that hunting
was the dominant only at latitudes above 60°, with
fishing at the forefront between 40° and 59° and
gathering dominant below 40° (Harris 1992).
However, ongoing ethnographic analyses suggest
that these figures understate the importance of meat.
Marlowe (2001) argues that in societies where mean
temperate exceeds 13° C, men contribute around
55% of food. Similarly, in an investigation of ten
hunter-gatherer communities, Kaplan et al. (2000)
found that mal e contribution to diet exceeded 50% in
eight instances (the great majority obtained as meat)
and others have concluded that anima foods
contributed 45-65% of energy requirements (Cordain
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et al. 2000,2002). Still, some maintain that plant
foods constituted the bulk of preagricultural
subsistence (Lee 1968, Milton 2000).

In the context of the megafauna extinction
debate, it is not simply the proportion of meat to
plants, or male contribution to female contribution,
but the relative importance of megafauna that is
significant. Unless species with mean body-masses
over 44 kg amount to amost al male contributions
among low-latitude peoples, which typically include
small-game, fish, carrion and honey (Marlowe
2001), then the proportion of hunted megafauna in
their diets is likely to be small. In some instances,
game exceeding 44 kg could not be commonly
acquired because taxa exceeding this mean are rare
or not present. For Australian and South American
societies, native species exceeding this figure are
very few; one in Australia and two in the neotropics
(Hawkes et al. 200 1). Hawkes et al. (2001) stress
theinverse relationship between hunting success and
prey size, reporting that for the Ache of Paraguay, no
prey exceeding 40 kg were taken in observations
over 674 hunter-days. In a study of Ache huntersin
Mbaracayu Reserve, conducted over seven years
between 1980 and 1996, animals exceeding 44 kg in
body-mass amounted to less than 7% of total
calorific intake (Hill etal. 1997). This holdstruein
environments where many large species are present.
Lee (1979) observed that for the African !Khung-
speaking Bushmen, no large antel ope were taken and
only 22% of kills exceeded 10 kg over 83 hunter-
days.

There is aso a significant relationship between
latitude and hunting strategy. Single animal
encounter techniques are the halmark of low-
latitude hunter-gatherers from tropical grasslands.
Tactical landscape strategies that produce mass kills
are more widely used in cold grassland habitats at
high latitudes (Marean & Assefa 1999).
Geographical  boundaries varied with climatic
change and during Glacial Maxima the latitudinal
range over which plants and small-game were
dominant foods would have shrunk. The reverse
would have applied during warmer periods. In
Australia at the peak of the LGM mean temperatures
were as much as 8° C lower than today (McKenzie
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2002). This may bolster the case for higher levels of
big-game hunting at this time, but the period over
which the first humans are thought to have arrived in
Australia, 43,000 to 62,000 years ago, is thought to
have been relatively warm (Johnson et al. 1999).
Although diet and foraging behaviour among
late Pleistocene societies probably followed some
broad trends shared with those of modern hunter-
gatherers, there were magjor differences, some
imposed by technology. These might be construed as
evidence for or against rapid overkill in different
areas and landmasses. Certainly, the respective
importance of meat and plants in the diet of
Pal aeolithic societies remains contentious (Mason et
al. 1994, Hardy et al. 2001, Mithen et al. 2001).
Anadyses of stable isotopic data some have
suggested that human diets were meat-based in a
number of European locales (Bocherens et al. 1999,
Richards et al. 2000) and that animal protein was
largely acquired from hunted, rather than scavenged
carcasses (Marean 1999). However, stable isotope
analysis is afalible, if useful tool (Witt & Ayliffe
2001) and results need to be interpreted cautiously.
Human d15N values are usualy high relative to both
carnivores and herbivores. Levels for European
Neanderthals are no more elevated relative to
carnivores than are those of maize agriculturalistsin
the US southwest (Schoeninger 1995). Based on
analysis of isotopic data, Sponheimer & LeeThorpe
(2001) suggest that early Homo in Africa consumed
no more meat as a proportion of diet than did
Australopithecus africanus. While these authors
conclude that A. africanus may have been more
carnivorous than previoudly thought, plant foods
were the dominant source of nutrition for both
hominids. Further complicating the issue is the
possibility that termites contributed significantly to
the anima protein intake of PlioPleistocene
hominids (Brain & Read 2002). Likewise, the
importance of predation versus scavenging among
Palaeolithic societies remains contentious (Lupo &
O'Connell 2002) and some remain doubtful that
animals were the dominant source of nutrition in Ice
Age Europe (Milton 2000). Nonetheless, meat
probably constituted arelatively high proportion of
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intake in Pleistocene Europe because most of the
continent is at high-latitude (athough high mesat
intakes need not trandate into a reliance on
megafauna). For much of the Pleistocene,
environmental conditions were even less conducive
to the continuous growth of high nutrient-value plant
foodsthan at present (Hardy et al. 2001). Ultimately,
evidence for or against high levels of meat
consumption in Pleistocene Europe has limited
bearing on like arguments for societies from below
40° | atitude.

In tropical rainforests, all modem subsistence
societies use domesticated sources of carbohydrates
and Bailey et al. (1989) argue that permanent
occupation of rainforests was impossible until recent
times. If correct, this eliminates humans from the
equation regarding late Pleistocene extinctions in
these habitats. Marean (1997) concludes that late
Pleistocene  hunter-gathers  inhabiting  open
environments at low-latitudes in Africa are unlikely
to have been dependent on big-game or to have used
specialized tactical hunting techniques to pursue and
kill such prey. Additionally, for a number of Middle
Palaeolithic / Middle Stone Age peoples, where
evidence of big-game hunting exists, asingle species
is often the overwhelmingly dominant target
(Marean et al. 1998, Marean & Assaref 1999). Such
evidence counts ajainst the likelihood that humans
eliminated many species of megafauna taxa
simultaneously through predation. However, in other
European sites, analyses evidence a wide range of
prey taxa (Grayson & Meltzer 2003).

Technology restricted the variety of plart foods
accessed by late Pleistocene societies relative to
Holocene peoples (Edwards & O'Connell 1995), but
just how the appearance of new plant processing
technologies affected human-megafaunal interaction
was probably not straight forward. Without more
advanced plant-processing tools, earlier societies
may have been more dependent on mesat, and
subsequently their affects on fauna would have been
greater. However, there is tension in the interplay
between technology, dietary breadth, population
levels, habitat range and impact on megafauna. With
the appearance of new technologies and renovations
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allowing access to a greater range of plant and
anima foods, human population densities and the
variety of habitats occupied expanded.
Consequently, the overal offtake of megafauna
could increase, despite adeclinein the proportion of
big-game included in individual diets. Impact on
megafauna would be further exacerbated where
advances alowed human populations to
permanently settle areas that previously could only
he accessed seasonally, or not at all, thereby
denying megafaunaimportant refugia. For example,
the development of new technologies may have
increased the off-take of small prey in the Upper
Palaeolithic of southern Europe (Pringle 1997).
Because this appears to correspond with declining
availability of large game, it may represent a
response to dwindling megafaunal populations.
Alternatively, we suggest that greater predation
efficiency on small to medium sized prey would
have promoted human population growth and hence
contributed to an i ncreased impact on megafauna.

The archaeological record can evidence human
population trends through increases in the number of
sites over time, aswell as through changesin artefact
discard rates. Following this reasoning, increases in
human population dnsities and range expansions
have been suggested for many parts of the world in
the Pleistocene and Holocene. It is widely held that
human population and range increased significantly
in Australia during the mid-Holocene, a time when
new technologies, as well as the dingo, first appear
in the Australian record (Morwood 1987, Bird &
Frankell 1991, David & Lourandos 1997). The
disappearance of the thylacine and Tasmanian devil
(Sarcophilus harrisii) from the mainland might be
due to mid-Holocene intensification of land usage,
rather than competition with dingoes (Johnson &
Wroe 2003).

The development of special knowledge and new
technologies is time-dependent, especialy where
new environments are colonised The greater the
differences between the point of origin and fina
destination, the more time will he required to acquire
new knowledge and tools. This is significant with
respect to Australia. The habitats encountered by the
first Australians were probably very different to the
environments they left (Bowdler 1983), and it is
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unlikely that they arrived as skilled hunters of
megafauna in open country (Owen-Smith 1999).
Given that their arrival demonstrates sophisticated
seamanship, a fish-based economy is probable. At
present we cannot predict how long these people
took to adapt to this foreign environment. However,
in the context of the blitzkrieg debate any period
exceeding a single generation of prospective prey is
significant because continental taxa may have
quickly learned to avoid humans. Evidence for apre-
Clovis human presence in America further supports
the significance of origin, tradition and technology in
this debate and underscores the fact that we cannot
assume that colonising societies will immediately
and catastrophically impact on megafauna.

A final cultural component that is at once both
impossible to quantify or dismiss, is the role of self-
regulation by subsistence peoples. Ethnographic
evidence attests to widespread strictures on the
harvesting of replenishable resources by hunter-
gatherer societies (Heizer 1955). As observed by
Smith (1975,p.743) 'Among primitive peoples that
have invented property-rights systems, there are
instances of sophistication that would rival the
modem property deed.' Of course, whether societies
implicated in global blitzkrieg used such practices
remains entirely speculative, but at present we can
neither assume that they did, nor that they did not.
Modelsinvoking overkill assume the latter.

Australian evidence and its
significance

Debate continues over when pemle first arrived in
Australia. Thorne et al. (1999) and Griin et al.
(2000) argue for a date of 62,000 years ago for a
human burial at Lake Mungo. Roberts et al. (2001)
dismiss this figure, claiming that two sites dated by
Roberts at around 56,000 are older. Allen (2001)
criticised the methodology used by Roberts to derive
these dates and observed that there is no consensus
on Aboriginal arivad in Austrdia beyond
approximately 43,000 years ago. Most recently,
Bowler &t al. (2003) have also contested the findings
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of Thorne et al. (1999) and argued that the burial
took place between 42,000 and 45,000 years ago.
Argument over the timing of megafaunal extinctions
has been similarly spirited and inconclusive (Roberts
et al. 2001, Wroe & Field 20014, Brook & Bowman
2002).

In Audgtralia there is no direct evidence of
predation by humans on extinct megafauna and the
flaked stone assemblages typically associated with
big-game hunting elsewhere in the world are absent
untii around 6,000 years ago (Mulvaney &
Kamminga 1999), a minimum of 36,000 years after
human arrival. The spear-thrower is unknown prior
to the Pleistocene-Holocene transition or more
recently still (Tacon & Brockwell 1995).

All Pleistocene stone tool assemblages in
Australia were described as the 'Core Tool and
Scraper Tradition' by Bowler et al. (1970). Recently,
regional variations have been identified, as in
Tasmania (Allen 1996, Hiscock & Allen 2000). No
tool kits for hunting large animals are known, but
there is evidence for early use of plant-processing
technology (Head 1996, Fullagar & Field 1997,
Field & Fullagar 1998). Despite some heterogeneity,
there is also evidence for a general trend toward the
manufacture of increasingly efficient stone tools
through the late Pleistocene and into the Holocene.
Jones (1977) calculated that, on average, theratio of
working edge length to mass increased eight-fold
between around 25,000 and 5,000 years ago.

An ancient lake-bed in southeastern Australia
caled Cuddie Springs is the only Australian site
with an in situ association of megafauna and cultural
material (Field & Dodson 1999, Field €t al. 2002).
Functional studies of flaked stone artefacts from one
horizon (AL 1) show that they are from
predominantly middle stages & manufacture and
were primarily used for butchering (Furby 1995;
Field, Fullagar & van Gijn unpublished results). The
flaked stone assemblage from AL 1 is consistent
with some butchering assemblages from other
locations, i.e. expedient tools with modification
(e.g., Frison & Todd 1986). The large stone tool
assemblages from Cuddie Springs (>5000) have
yielded no evidence for any specific hunting
technology (Field & Dodson 1999) and formal tools,
such as bifacially flaked axes and stone spear points
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are absent.

The proposition that the rapidity of blitzkrieg
would count against the likelihood of many Kkill-
sites or butchery sites being preserved does not
apply to the preservation of stone projectile points
and butchery tools. Stone artefacts are far more
likely to be preserved than faunal remains. For
example, while kill-sites are exceedingly rare in
North  America, the stone spear-points of
palaecindians are found in hundreds of sites, over
100 in Texas aone (Largent 1995). Humans might
have developed this technology then lost it after the
megafauna became extinct, but this is unlikely.
Stone spear-tips (and spear-throwers) remain
valuable tools in the dispatch of remaining medium-
large native fauna. Perhaps more importantly, they
have great utility in warfare (Ellis 1997). Megafauna
aside, any population that unilaterally dispensed
with these weapons would be serioudy
disadvantaged.

Because of the absence of kill -sites or specialised
technology, as well as uncertainty over the
chronologies of human arriva and megafaunal
extinctions, Australia has long been a weak link in
the case for global overkill (Martin 1984, Martin &
Steadman 1999). Consequently, a recent claim to
have pinpointed megafaunal extinction in Australia
to around 46,000 years ago (Roberts &t al. 2001),
well before climate change peaked at 22,000 to
18,000, has generated considerable interest, the
implication being that extinctions and human arrival
were closely correlated. The evidence from Cuddie
Springs presents a major departure from this
assertion.

Methodology employed in the Roberts et al.
study has been criticised (Field & Fullagar 2001,
Wroe & Field 2001a-b, Wroe €t al. 2002). Wroe &
Field (2001a-b) query the veracity of only accepting
the dates for human arrival of around 56,000 years
ago (Roberts et al. 1998), while current reports
suggest human arrival anywhere from around 42,000
to 62,000 years ago. Also contested is the efficacy of
the approach applied by Roberts et al. (2001) to
select their sample of megafaunal sites. Twenty-
eight late Pleistocene sites were dated, but the six
that were younger than 46,000 years old were
excluded a priori. The statistical analysis was based
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on around nine sites, although the actual number was
not explicitly given. For Cuddie Springs, their work
constituted the third separate confirmation of an age
of 36,000 years or younger for three strata
containing megafauna.

Roberts et al. (2001) applied a single selection
criterion to establish the strength of association
between fossils and the material being dated, i.e.
whether or not sites contained articulated skeletal
remains. Sites without articulated remains were
dismissed. In support of this general approach they
refer to a conference abstract (Baynes 1999) and a
more substantive work by Mead & Meltzer (1985).
Baynes (1999) argues that many carbon dates should
be trested with circumspection because they
approach the C14 barrier, and applies the selection
criteria of Mead & Meltzer (1985) in an analysis of
91 mostly unnamed sites. The method advanced by
Mead & Meltzer (1985) and adopted by Baynes
(1999) differs significantly from that of Roberts et
al. (2001) in that it advocates the use of multiple
criteria, but presence-absence of articulated remains
is not among them. A criterion that is forwarded by
Mead & Meltzer (1985, p. 162) is whether the
charcoal being dated is: 'from a stratigraphic layer
that is entirely capped on lower and upper layers by
different sediments. Baynes (1999) posits that
megafaunal sites as young as 28,000 ka may be
reliably dated, including Cuddie Springs (Baynes
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pers. comm.), where upper and lower layers are
indisputably capped (Figure 1). Applying the criteria
of Meltzer & Mead (1985) gives a stronger
association between megafauna and material dated
for Cuddie Springs than most, if not al of the sites
included in the analysis of Roberts et al. (2001).
Meltzer & Mead (1985) consider ‘strong'
associations to be those in which skeletal are directly
dated. Short of that, and thisistrue of Optical Dating
as well as C14, the association between the dated
and target items must be inferred, and is
automatically by their rating system either ‘ medium'
or 'weak', depending on the strength of the evidence
behind that inference. Roberts et al. provide no
argument to support the implication that the
presence of articulated remains provides greater
assurance of correct dating than ather criteria, such
as whether deposits are capped. Articulated skeletal
material can move and dates taken from material
surrounding articulated remains can differ
significantly in age to the fossil material itself
(Meltzer pers. comm.). Roberts et al. do not define
‘articulated remains and we have found only one
definition in the literature. Lyman (1994:150)
describes 'articulated' as '....two or more skeletal
partsin their proper anatomical positions relative to
one another, and within a centimetre of each other if
not in fact touching.". By this definition, many bones
from the lowest archaeological horizonsat Cuddie

Fig. 1. Genyornis newtoni elements, in situ at the Cuddie Springs site in southeastern Australia. The tarso-metatarsus and
thetibio-tarsus are shown here in juxtaposition in levels dated to around 36,000 years. (Scale = 50cm).
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Springs are articulated (Figure 2; and see Field &
Dodson 1999).

It has been argued that the position of bones,
including some in near vertica orientation, and the
finding of more than one palaeodose population,
constitute evidence for significant disturbance at
Cuddie Springs (Roberts 2001, Roberts et al. 2001).
However, the bone assemblages are consistent with
modern analogues of waterhole accumulations
(Haynes, 1985:61), and many bones of recently dead
animals found in an undisturbed site close to Cuddie
Springs are in near-vertical positions (Figure 3).
Multiple palacodose populations may evidence
sediment mixing, aternatively they may evidence
procedural flaws. Because the ages of the three
Cuddie Springs strata dated by Roberts et al. (2001)
fall in chronologically correct stratigraphic sequence
(Megafaunal Unit 5 = 27 ka, Megafaunal Unit 6a =
30 ka, Megafaunal Unit 6b = 36 ka), procedural
difficulties are the most likely explanation.

The rigid application of any single criterion side-
steps important disciplines, such as taphonomy,
geomorphology and archaeology, that can establish
the contextual detail and formation processes of
each site. The method of Roberts et al. (2001) has
not been applied in any other palaeontological or
archaeological investigation, perhaps because the
great majority of fossil and archaeologica sites do
not contain skeletal material in correct anatomical
position and if this criterion were universally applied
the chronology of life history would have to be
rewritten (and greatly abbreviated). Fossil and
archaeological remains congtitute only tiny fractions
of the populations that produced them and it is
amost inconceivable that any remains represent
actual first or last appearances. By imposing this
arbitrary restriction, Roberts et al. (2001) further
reduce the likelihood of correctly determining the
last appearance of Australian megafauna,
diminishing the already tiny sample, and further
stacking the oddsin favour of finding that extinction
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occurred earlier than it actualy did. Moreover, this
approach has more systemic problems. Different
criteria are applied to the selection of sites
containing megafauna and those used to establish
human arrival. This is a fundamental inconsistency
with  potentially — absurd  ramifications.  If
disarticulated megafaunal remains were found at
either of the approximately 56,000 year old
archaeological sites recognized by Roberts et al.
(2001), should the investigator accept the date for
humans but not the megafauna, or dismiss or accept
both? By way of final paradox, of the three
Australian archaeological sites for which ages in
excess of around 43,000 years have been suggested,
the one that Roberts et al. (2001) dismissed was
dated directly from the skeletal remains themselves
(Thorne et al. 1999), making it the only site wherein
association would be classified as 'strong' following
Meltzer & Mead (1985).

It has been put to us that because most
archaeology is centred on artefactual evidence, we
cannot apply the selection criterion used by Roberts
et al. (2001) for megafauna, to establish the
chronology of human arrival. Certainly we concur
that this would diminish the dataset to a point
where redigtic estimation of first appearance by
humans became impossible. However, in broader
context this reasoning is logically unsustainable, and
simply an extension of our own argument as to why
the same criterion cannot be applied to determining
the timing of megafaunal extinction, i.e. in both
instances the result is reduction of an aready small
data-set, any analyses of which are aimost certain to
produce erroneous results. Moreover, selecting only
stratigraphically uppermost sites may bias analyses
in favour of finding a sudden, mass extinction
(Solow & Smith 2000). Ultimately, the argument
circumvents the real issue: if dates from megafaunal
sites without articulated remains are too unreliable
to be considered because of alleged poor association,
why should we accept dates from archaeological
sites without articulated remains? Alternatively, if

Fig. 2A-B. A, dried tank near Cuddie Springs in the semi-arid zone of central northern New South Wales. Bones are
scattered across the surface. The tank had been dry for over 12 months, and had been closed to stock for longer, excluding
the possibility of extensive bioturbation from trampling. The bones are primarily from kangaroos with some sheep. Nine
months previously the farmer had euthenased 4 kangaroos that were stuck in the drying muds of the tank. B, a close-up
view of the tank surface showing the varying orientations of the bones in the tank sediments. The near vertical kangaroo
tibia still had articulated foot bones attached below the surface. Photos: J. Field. [see page 317].
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other criteria are sufficient to permit confidence in
dates from archaeological sites without articulated
remains, then why are these criterianot applicable to
megafauna sites? In short, we cannot apply the
selection process of Roberts et al. (2001) to dating
megafauna disappearance for precisely the same
reasons that we cannot apply them to dating human
arrival.

Roberts et al. (2001) concluded that humans and
megafauna coexisted in Australia for around 10,000
years, but did not articulate the obvious corollary
that this counted against blitzkrieg in Australia
Instead, they argued that their data do not rule out
blitzkrieg. Of course, strictly spesking this is
correct. It is even possible that Australids
megafauna went extinct before humans arrived
(Wroe & Field 2001a). Indeed, at localized level,
there is evidence that this was the case in Tasmania
(Cosgrove 1989, Cosgrove & Allen 2001). But in
our view it is incumbent on authors to state
explicitly the more likely hypothesis supported by
their results.

Criticism aside, the data presented by Roberts et
al. (200 1) contribute significantly to the extinction
debate and warrant re-analysis. This was done by
Brook & Bowman (2002), but these authors
accepted the flawed selection process of the prior
investigators and unsurprisingly their analysis
generated similar results.

The study by Roberts et al. (2001) assumed that
fossil deposits become more common in
progressively younger strata. As a generdity thisis
true. However, the reverse may be applicable to late
Pleistocene Australia. Although the 28 sites dated by
Roberts et al. (2001) span around 170,000 years,
there is a heavy concentration of sites within a
narrow 20,000-year stretch. To some degree this
reflects the site selection process, but the
concentration of sites within this band may also
reflect changes in the availability of water, a critical
factor in fossil formation.

Between around 65,000 and 45,000 years ago
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Australia was relatively wet, but these humid
conditions were winding back by between 45,000
and 50,000 years ago (Johnson et al. 1999, Turney
et al. 2001, Bowler et al. 2003). Increasing aridity
affected central Australia first, browning the
continent from the inside-out in a process that was
more tumultuous and drawn out than had been
previously thought (White 1998, Lambeck &
Chappell 2001, Bowler et al. 2003). Lambeck &
Chappell (2001) argue that the LGM itself was in
full swing amost 10,000 years earlier than
previously supposed. Evidence from Lake Mungo
suggests that climate began to fluctuate widely
between 50,000 and 40,000 years ago, before
descending into a period of sustained aridity
between 40,000 and 30,000 years ago (Bowler et al.
2003). Violent swingsin ENSO from around 40,000
years ago (Kershaw et al. 2000) may have
contributed to deteriorating circumstances that
peaked with the Last Glacial Maximum (22,000-
18,000) when as much as 85 % of the continent was
denuded of tree cover (Dodson & Wright 1987,
White 1998). The shift from a depositiona to
erosional regime would have limited the formation
of new fossil deposits and increased the rate at
which previously formed sites disappeared.
Consequently, an accel erating decline in the number
of fossil sites from between around 50,000 to around
22,000 years ago would be predicted, irrespective of
other influences (Wroe & Field 2001a).
Preservational bias can impact greatly on how we
view mass extinctions and perceived events may be
artefacts of fluctuation in depositional regimes
(Peters & Foote 2002). If we include al the data
obtained by Roberts et al. (2001) for sites under
100,000 years old, results are consistent with the
interpretation that aridification over many millennia
accounts for declining rates of fossilization (Figure
3). More data is needed to test this assertion. This
pattern could also be influenced by human predation
and/or habitat modification over a longer time
flume. However, a climate-based model also
predicts that fossil sites containing smaller taxa

Fig. 3AB. A, digtribution of the estimated ages of late Quaternary Australian sites (<100,000 years BP) containing
megafauna examined by Roberts et al. (2001). B, the inferred probability that Australian megafauna had gone extinct
10,000 years BP, 20,000 years BP, 30,000 years BP, 40,000 years BP, and 50,000 years BP.
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would likewise decline with increasing aridification
from 45,000 years ago. Brook & Bowman (2002),
propose a further test would be to expand the
database to include sites with articulated non-
megafaunal as well as megafauna remains. We
would expand on this by including all sites for which
medium or greater evidence of association was
demonstrated.

A comprehensive drop in the incidence of
fossilisation correlating with declining rainfall would
not eliminate arol e for human hunting, but it would
point to climatic disintegration as primary in the
extinction of Australia's megafauna. If aridification
did drive the process then local extinctions within
the arid and semi-arid zones would have predated
extinctions outside this region (Horton 2000).
Sample sizes are currently too small to provide
strong support, but the results obtained by Roberts et
al. (2001) are certainly congruous with this
hypothesis. Also consistent is evidence based on the
dating of eggshells by Miller et al. (1999) suggesting
that the gigantic terrestrial bird Genyornis newtoni
disappeared from three sites within this region
around 50,000 years ago. More recently, McColluch
et al. (2000), also based on eggshell dating studies,
have observed that while abundance of Genyornis
decreases markedly from 50,000 years ago, last
appearances are at 40,000 years. Dates of around
30,000 years for G. newtoni at Cuddie Springs
suggest differential rates of extinction for this
species in different parts of the continent (Field &
Boles 1998).

More evidence is required to evaluate these
hypotheses, but we can test whether the underlying
data are consistent with the argument that megafauna
had gone extinct by 45,000 years ago. Monte Carlo
simulations  (1,000,000,000 using software
developed by LSJ and available on request), run with
the data from Roberts et al. (2001), were used to
determine the probability of megafaunal extinction at
five 10,000 year intervals starting at 10,000 BP. The
results are presented in Fig. 3. The frequency
distribution in the upper part of Fig. 3 was used to
infer the probability that a randomly chosen fossil
came farm one of the 10,000 year periods of
concern. The lower part of Fig. 3 shows the
probability that the Australian megafauna had gone
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extinct in each time period listed above, with the
optimum period of extinction at 10,000-20,000 BP
(0.241,705,771>p>0.034,396,585). The analysisalso
shows that it is extremely unlikely that megafauna
went extinct between  40,000-50,000 BP
(0.000,403,911>p>0.000,000,097). On this basis
humans and megafauna probably coexisted in
Australia for between 23,000 and 42,000 years,
dependent on whether humans arrived at 43,000 or
62,000 years ago.

As aluded to previously, an interesting result
obtained by Roberts et al. (2001) was evidence to the
effect that much of Australids late Pleistocene
megafauna went extinct before human arrival. As
many as eight genera may have disappeared by
80,000 years ago, meaning that humans might be
implicated in a maximum of 60% of the late
Pleistocene megafaunal extinctions at ageneric level,
and theoretically as few as 25% at the species level.

If eight genera had disappeared by 80,000 years
ago, it supports clams that few prehistoric
extinctions can be explained by obvious causes,
climatic, human or otherwise (Kerr 2001, Barnes €t
al. 2002). A mounting body of evidence suggests
that mono-factorial catastrophes are rarely, if ever,
sufficient to account for mass extinctions and that
most communities can resist extraordinary levels of
devastation by single events (Racki & Wrzolek
2001). This brings into focus a double-fallacy often
used in support of blitzkrieg. That is, that extinction
can only be explained by conspicuous disaster, and,
ipso facto, that demonstration of a single extinction
amounts to evidence that there were other
contemporaneous disappearances. Using evidence
for the disappearance of Genyornis newtoni from
three sites in south-central Australia at 50,000 years
ago, Miller et al. (1999) strive to implicate humans
in continent-wide mass extinction. Several leaps of
faith are required to arrive at this conclusion. These
are: 1. localised extinction of G. newtoni indicates
continent-wide extinction; 2. without evidence for
major climatic change we are left with no alternative
but people; and 3. if humans wipec-out G. newtoni,
then they must have been responsible for al other
extinctions. However, there is evidence for younger
G. newtoni outside the area they considered (Field &
Boles 1998) and extinction in the absence of



ALCHERINGA

obvious climate change is the norm. Moreover,
Miller et al. accept that the localized extinction of
this bird did coincide with the onset of climate
change. Their reasoning being that the degree was
insufficient to cause localised extinction of
Genyornis. However, how much climate change
would have been required to drive this, or any other
fossil speciesout of part of itsrange, or to extinction,
is unknown. The food source the authors considered
primary for G. newtoni (browse) was likely to have
declined in the face of the climate change they
acknowledged. Lastly, as noted above, Bowler et al.
(2003) show that major climatic change did occur
between 50,000 and 40,000 years ago within the
region examined by Miller et al. (1999).

Similar logic is used to support overkill in North
America, where it has yet to be established that most
extinct generawere till present at the time of human
arrival, but in this instance there is uncontested
evidence of coincident major climate change
(Stafford et al. 1999, Grayson & Meltzer 2003).
Interestingly, Barnes et al. (2002) and Guthrie
(2004) suggested that two species of Beringian
megafauna, brown bears and horses became locally
extinct before human arrival.

The flipside of arguments predicated on
catastrophism are presumptions that only climatic
changes perceived as detrimental in a narrow,
anthropocentric sense, can cause extinction. Alroy
(1999, 2001) contends that rather than go extinct,
megafaunal species should have benefited from
climatic change during the terminal Pleistocene in
North America, because rising temperatures and
rainfall increased productivity. Superficialy, this
makes sense, but the relationship between climate,
productivity and species richness is not smple
(Kondoh 2001, Wroe 2004a) and global -warming, as
well as cooling, have precipitated widespread
extinctions in past and present biomes (Bown et al.
1994, McLaughlin et al. 2002). Global warming may
locally increase or decrease productivity (Knapp et
al. 2002), but the imposition of a more productive
environment can spell doom for species that are not
adapted to newly emerging habitats.

Conclusions
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(1) Humanrelated extinctions of both large and
small taxa have occurred on many remote islands.
The length of time over which these took place
varies from decades to tens of millennia. For some
larger island species human predation was certainly
significant or primary, athough hunting has not
been established as the sole cause in any instance.
On the three continents for which rapid overkill has
been suggested, chronologies of megafauna
extinction and human arrival are contested, asis the
likelihood or mode of human involvement. But on
these much larger landmasses, the significance of
blitzkrieg relative to various other factors,
anthropogenic and otherwise, can be predicted on
the basis of other evidence.
(2) The argument that continental megafauna were
completely vulnerable to colonising human hunters
is misrepresented by analogy with remote island taxa
not subject to terrestrial predation of any kind.
Furthermore, extrapolations based on evidence from
isands must be heavily qualified given the well-
demonstrated relationship  between area and
extinction risk (Kennedy et al. 2002). Negative
support for human causation (not necessarily
blitzkrieg) hangs on the assertion that climate
change cannot explain these phenomena because
previous climatic disturbances did not cause
extinctions on a comparable scale. However, this
inference presupposes that the loca effects of
previous glacial maxima were, in each case, locally
more severe than those of the Last Glacia
Maximum. This proposition remains conjectural.
Also overlooked are the roles of other invading and
translocated species.
(3) The significance of cultural differences between
colonising human populations is often overlooked in
the megafaunal extinction debate, but a number of
conclusions with direct bearing can be drawn from
ethnographic and archaeological data. They include
the following:
(a) specidised technologies, such as stone
projectile tips and spear-throwers significantly
influence predation efficiency and the optimal
body-mass of prey and hence the probability of
rapid overkill;
(b) plant foods and small-game are more
significant contributors to hunter-gatherer diets
at low-latitudes than high;
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(c) at low-latitudes, hunter-gatherers are likely to
employ single encounter hunting behaviours that
do not produce mass kills or surpluses;

(d) improved technologies for the procurement of
plants and small -game are likely to have
negatively impacted on megafauna by increasing
human population densities and range, even
where per capita consumption of megafauna
declined;

(e) colonisers not originating among big-game
hunting societies are less likely to have become
efficient systematic predators of megafauna.

(4) While we posit that overkill asagloba model is
probably invalid, its explanatory potential cannot be
discounted on localised levels. Rapid mass
extinctions of megafauna on remote islands are the
most likely to fit the hypothesis, facilitated by
extreme naiveté to terrestrial predation, small
population sizes and highly restricted ranges.

Among continents the case for rapid extinction
through over hunting is probably strongest, although
still weak, in North America. Certainly spirited
debate continues over the role of Clovis Indians in
the disappearance of the continent's megafauna
(Alroy 2001, Grayson & Meltzer 2003). Clovis
people had megafauna specific tools, used them to
kill and butcher at least some extinct rnegafaunal
species, arguably hailed from a biggame hunting
tradition, used tactical landscape hunting strategies
(Slayman 1996; but see Roosevelt 2000), and their
appearance overlaps with the rapid loss of at least 15
of 35 extinct late Pleistocene genera. However, in
light of escalating evidence for pre-Clovis culturesin
North America that were not big-game dependent,
we argue that the process that took place was not
overkill as advanced by Martin (1963). That is, it
was not facilitated by naivety to humans, the
cornerstone of Martin's theory, but by technological
and cultural change against a backdrop of intense
climatic fluctuation and invasion by other species.
Either way, unless clear chronological separation is
established between extinctions, major climatic
change and invasions by various exotic taxa into the
southern refugium, then the extinction debate in
North Americais likely to remain unresolved.
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Moreover, the evidence for pre-Clovis cultures eats
into the proposition that colonisation by hunter-
gathers inevitably leads to rapid mass-extinction of
large animals not previously exposed to humans and
underscores the significance of tradition and
technology in the megafaunal extinction debate.

In South America evidence for overkill is more
equivocal still. There are no confirmed kill-sites for
extinct taxaand although chronologies are relatively
poor, at least some localised extinctions occurred in
the absence of humans (Coltori et al. 1998). While
many palaecindian economies do not appear to have
been based on big-game hunting, some were
characterised by specialised technologies associated
with taking large prey (Roosevelt 2000, Alberdi et
al. 2001).

Regarding Australia, we argue that available
data is strongly inconsistent with overkill, or rapid
anthropogenic mass extinction through any means.
Coming from and arriving at low-latitudes and
leaving no evidence of biggame specific
technology or Kkill-sites, the most parsimonious
conclusion is that neither the first Australians nor
their immediate ancestors and descendants hunted
megafauna with the efficiency required to effect
geologically instantaneous mass extinction. The size
of the Australian landmass and the presence of large
native carnivores also count further against the
probability of rapid overkill. No compelling
evidence exists for fire-stick farming as a primary
cause (Bowman 1998,2000), whereas the fact that
people did not translocate exotic predators,
competitors or associated pathogens, diminishes
arguments that rapid extinctions were prosecuted
through other anthropogenic means. Because
Bowler et al. (2003) also argue that human remains
previously dated at around 62,000 years old are in
fact 45,000 or less, their results will be heralded as
supportive evidence by proponents of titzkrieg,
narrowing the potential gap between human arrival
and megafaunal extinction. However, in finding that
major climate change in Australia began around
50,000 years ago, Bowler et al. (2003) in fact
undermine a primary argument for blitzkrieg and
anthropogenically driven extinction in generadl, i.e.
that because no mgjor climate change occurred at
the time of megafaunal extinction on this continent
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human activity is the only explanation. Thus, even if
it was shown that human-megafaunal overlap in
Australia was brief, these results effectively put the
megafaunal extinction debate in Australiaon similar
footing to that in North America, where it remains
impossible to convincingly separate the respective
influences of climate change and human activity in
the megafauna's demise. Lastly, although there is
still far too little data to permit prediction with great
confidence, two recent analyses have put human-
megafaunal coexistence in Australia at 10,000 years
or more.

(5) The concept of rapid global extinction of large
animals, solely through violent human activity,
evokes sensational imagery and its nmess appeal is
strengthened by its simplicity (Wroe €t al. 2002,
Grayson & Meltzer 2003). However, while mono-
factorial models can be heuristically valuable, they
are unlikely to explain extinctions, past or present.
The oversimplification of complex phenomena may
generate  misconceptions and constrain  the
development of effective conservation strategies for
living taxa. Many species are currently disappearing
for reasons that are unclear and untangling the
significance of various, mostly anthropogenic
influences in the decline of living taxa remains a
daunting challenge (Bowman 2001, Manlius 2001).
There may even he fundamental limits to our ability
to explain ecological phenomena (Castelli & Casper
2001).

(6) Lastly we stress that although rapid overkill,
facilitated by naivetéto human predation, isunlikely
to accurately describe most megafaunal extinction -
this most certainly does not exclude decisive human
rolesin the loss of many, even most late Quaternary
Species.

Acknowledgments

We are much obliged to A. Anderson and C. Janis
for insightful formal reviews of this manuscript, as
well as D. Blumstein, J. Caton, M. Crowther, C.
Dickman, D. Grayson, C. Johnson, R. MacPhee, J.
Meltzer, A. Musser, W. Roebroeks, W., M.
Schoeninger, A. Thorne, P. White, B. Van
Valkenburgh and seven anonymous reviewers (that's
right, seven) for constructive dialogue, criticism and

LATE QUATERNARY MEGAFAUNAL EXTINCTION 321

comment on earlier drafts. S. Wroe and J. Field are
recipients of University of Sydney U2000
Postdoctoral Research Fellowships. Research at
Cuddie Springs is funded by the Australian
Research Council, the University of Sydney and
supported by the Walgett Shire Council and the
Brewarrina Local Aborigina Land Council.

References

ABBOT, |., 2002. Origin and spread of the cat, Felis catus,
on manland Australia, with a discussion of the
magnitude of its early impact on native fauna. Wildlife
Research 29, 51-74.

AGUSTI, J. & ANTON, M., 2002. Mammoths, Sabretooths
and Hominids: 65 Million Years of Mammalian
Evolution in Europe. Columbia University Press, New

York, 311 p.
ALBERDI, M.T., MIOTTI, L. & PRADO, JL., 2001.
Hippidion saldias Roth, 1899 (Equidae,

Perrisodactyla), a the Piedra Museo Site (Santa Crus,
Argentina): Its implication for the regiona economy
and environmental reconstruction. Journal of
Archaeological Science 28,411-419.

ALLEN, J., 1996. Report of the Southern Forest
Archaeological Project: Ste Descriptions,
Stratigraphies and ~ Chronologies.  Archaeology

Publications, La Trobe University, Melbourne, 112 p.
ALLEN, J, 2001. Time matters. Nature Australia 26, 56.
ALLEY, R.B. 2000. |cecore evidence of abrupt climate

changes. Proceedings of the Academy of Sciences

(USA) 97, 1331-1334.

ALROY, J, 1999. Putting North Americas end-Pleistocene
megafaunal extinctions in context. In Extinctions in
Near Time: Causes, Contexts, and Consequences,
R.D.E. MACPHEE, ed., Klewer Academic/Plenum
Publishers, New York, 105-143.

ALROY, J,, 2001. A multispecies overkill simulation of the
end-Pleistocene megafaunal mass extinction. Science
292, 1893-1896.

ALROY, J., KOCH, P.L. & ZACHOS, J.C., 2000. Global
climate change and North American mammalian
evolution. In Deep Time: Paleobialogy’s Perspective.
Paleobiology (Supplement to Volume 26), D.H. ERWIN
& SL. WING, eds, 259-288.

ALTMAN, J.C., 1982. Hunting buffao in north-central
Arnhem Land: A case of rapid adaptation among
Aborigines. Oceania 53, 274-285.

AMBROSE, 5., 1998. Late Pleistocene human population
bottlenecks, volcanic winter. and differentiation of
modern humans. Journal of Human Evolution 34, 623-
65.

ANDERSON, A., 1989. Prodigious Birds: Moas and Moa-
hunting in Prehistoric New Zealand. Cambridge
University Press, Cambridge, 238 p.

ANDERSON, A.J, 1997. Prehistoric Polynesian Impact on
the New Zealand Environment: Te Whenua Hou. In



322

Historical Ecology in the Pacific Islands, P.V KIRCH
& T.L.HUNT, eds, Yale University Press, 271-283.

ANDERSON, A., 2000. Defining the period of moa
extinction. Archaeology in New Zealand 43, 112- 120.

ANYONGE, W., 1993. Body mass in large extant and
extinct carnivores. Journal of Zoology, London 231,
339-350.

ARCHER M., 1974. New information on the Quaternary
distribution of the thylacine (Marsupidia,
Thylacinidag) in Australia. Journal of the Royal
Society of Western Australia 57, 43-49.

ARCHER, M. & BAYNES, A., 1972. Prehistoric mammal
faunas from two small caves in the extreme south-
west of Western Australia Proceedings of the Royal
Society of Western Australia 55, 80-89.

ARRIBAS, A. & RLMQVIST, P. 1999. On the ecologica
connection between Sabretooths and hominids: Faunal
dispersal events in the Lower Pleistocene and a review
of the evidence for the first human arrival in Europe.
Journal of Archaeological Science 26,571-585.

ASHLER, SA. & GEIB, P.R., 2000. Why flute? Folsom
point design and adaptation. Journal of Archaeological
Science 27, 799-820.

ASFAW, B., GILBERT, W. H., BEYENE, Y., HART, W. K.,
RENNE, P. R., WOLDE-GABRIEL, G, \RBA, E. S. &
WHITE, T.D., 2002. Remains of Homo erectus from
Bouri, Middle Awash, Ethiopia. Nature 416, 317-320.

AUFFENBURGH, W. 1981. Behavioural Ecology of the
Komodo Monitor. University Presses of Forida,
Gainsville, 403 p.

BAILEY, R.C., HEAD, G, JENIKE, M., OWENS, B,
RECHTMAN, R. & ZECHANTER, E, 1989. Hunting and
gathering in tropical rainforests: is it possible?
American Anthropology 91, 59-82.

BAKER, P.S., 2002. Trans-Atlantic climate connections.
Science 296, 67-68.

BALTER, M., 2001. In search of the first Europeans.
Science 291, 1722-1725.

BARNES, |., MATHEUS, P., SHAPIRO, B., ENSEN, D. &
COOPER, A., 2002. Dynamics of Pleistocene
population extinctions in Beringian brown bears.
Science 295, 2267-2270.

BARNETT, D, 1998. Fire-tick farmers are killing Kakadu.

Australian Financial Review, 22 January, p. 817.

BASKIN, JA., 1995. The giant flightless bird Titanis
walleri (Aves. Phorusrhacidae) from the Pleistocene
coastal plains of south Texas. Journal of Vertebrate
Paleontology 15, 842-844.

BAYNES, A., 1999. The absolutely last remake of Beau
Geste:  yet another review of the Audrdian
megafaunal  radiocarbon dates. In  Papers in
Vertebrate Palaeontology, A. BAYNES & JA. LONG,
eds, Records of the Western Australian Museum,
Supplement No. 57: 391.

BEARD, K.C., 1998. East of Eden: Asia as an important
centre of taxonomic origination in  mammalian
evolution. In K. C. BEARD & A. C. DAWSON, eds,
Dawn of the Age of Mammalsin Asia, Bulletin of the

WROE,FELD,FULLAGAR&JERMIIN

ALCHERINGA

Carnegie Museum of Natural History, Vol. 34, Pittsburgh, p.
5-39.

BECK, M.W., 1996. On discerning the cause of late
Pleistocene megafaurdl extinctions. Paleobiology 22, 91-
103.

BERGER L.R. 2000. In the Footsteps of Eve. Adventure
Press, Washington D. C., 336 p.

BERGER J, SWENSON, JE. & PERSSON, [, 2001
Recolonizing carnivores and naive prey: conservation
lessons from Pleistocene exinctions. Science 291, 1036-
1039.

BINFORD, L.R., 1981. Bones, Ancient Men and Modern
Myths. Academic Press, New York, 320 p.

BIRD, C.F.M. & FRANKELL, D., 1991. Chronology and
explanation in western Victoria and south-east South
Australia. Archaeology in Oceania 26, 1-16.

BLUMSTEIN, D.T., 2002. Moving to suburbia: ontogenetic
and evolutionary consequences of life on predator- free
idands. Journal of Biogeography 29, 685-692.

BLUMSTEIN, D.T. & DANIEL, J.C., 2002. Isolation from
mammalian predators differentialy affects two cogeners
Behavioural Ecology 13, 657-663.

BLUMSTEIN, D.T., DANIEL, JC. & EVANS, C.S,, 2000.
Insular tammar wallabies respond to visual but not
acoustic cues from predators. Behavioural Ecology 11,
528535.

BLUMSTEIN, D.T., DANIEL, J.C. & MCLEAN, |.G., 2001.
Group size effects in quokkas. Australian Journal of
Zoology 49, 641-649.

BLUMSTEIN, D.T., DANIEL, JC., MAPJ, M., DANIEL, J.,
ARDRON, J.G, GRIFFIN, A.S. & EVANS, C.S,, 2002.
Olfactory predator recognition: Wallabies may haveto
learn to be wary. Animal Conservation 5, 87-93.

BOCHERENS, H., BILLIOU, D. & MARIOTTI, A., 1999.
Palaeoenvironmental and pal aeodietary implications of
isotopic biogeochemistry of Last Interglacial neanderthal
and mammal bonesin Seladina Cave (Belgium). Journal
of Archaeological Science 26, 599-607.

BOEDA, E., GENESTE, J. M. & GRIGGO, C., 1999. A levallois
point embedded in the vertebra of a wild ass (Equus
africanus): hafting, projectiles and Mousterian hunting
weapons. Antiquity 73, 394-402.

BOWDLER, 5., 1983. Rainforest: Colonised or Coloniser?
Australian Archaeology 17, 59-66.

BOWEN, G.B., CLYDE, W.C., KOCH, P.L., TING, S., ALROY,
J., TSUDAMOTO, T. & WANG, Y., 2002. Mammalian
dispersal at the Paleocene/Eocene boundary. Science 295,
2062-2065.

BOWLER, JM., 1982. Aridity in late Tertiary and Quaternary
of Australia. In Evolution of the Flora and Fauna of Arid
Australia W.R. BARKER & P.J.M. REENSLADE, eds,
Peacock Publications, Adelaide, 392 p.

BOWLER, JM., JOHNSTON, H., OLLEY, JM., PRESCOTT,
JR.,ROBERTS, RG, SHAWCROSS, W. & SPOONER,
M.A., 2003. New ages for human occupation and climatic
change at Lake Mungo, Australia. Nature 421, 837-840.

BOWLER, JM., JONES, R., ALLEN, H. & THORNE, A.G.,

1970. Pleistocene human remains from Austrdia: aliving
site and human cremation from Lake Munao, western



ALCHERINGA

New South Wales. World Archaeology 2, 39-60.

BOWMAN, D.M.JS, 1993. Tough game. Australian
Natural History 24, 5.

BOWMAN, D.M.JS., 1998. The impact of Aborigina
landscape burning on the Australian biota. New
Phytologist 140, 385-410.

BOWMAN, D.M.J.S. 2000. Australian Rainforests: Islands
of Green in a Land of Fire. Cambridge University
Press, Cambridge, 345 p.

BOWMAN, D.M.JS., 2001. Future eating and country
keeping: what role has environmental history in the
management of biodiversity? Journal of Biogeography
28, 549-564.

BOwN, T.M., HOLROYD, PA. & ROSE, K.D., 1994.
Mammalian extinctions, body size, paleo-temperature.
Proceedings of the National Academy of Sciences
(USA) 91, 10403-10406.

BRAIN, B. & READ, C., 2002. A future for the past. Africa
Geographic 10, 67-71.

BROOK, B.W. & BOWMAN, M.J.S,, 2002. Explaining the
Pleistocene megafaunal extinctions: Models,
chronologies and assumptions. Proceedings of the
National Academy of Sciences (USA) 99, 14624- 14627.

BROWN, JH. & LOMOLINO, M.V., 1998. Bigeography.
Sinauer Associates, Massachusetts.

BURNESS, G.P., DAMOND, J. & FANNERY, T.F., 2001.
Dinosaurs dragons and dwarfs: The evolution of
maximal body size. Proceedings of the National
Academy of Sciences(USA) 98, 14518-14523.

CASE, JA., 1985. Differences in prey utilisation by
Pleistocene marsupia carnivores, Thylacoleo carnifex
(Thylacoleonidae) and Thylacinus cynocephalus
(Thylacinidag). Australian Journal of Mammalogy 8,
45-52.

CASE, T.J, 1990. Invasion resistance arises in strongly
interacting,  species rich model  competition
communities. Proceedings of the National Academy of
Sciences (USA) 87, 9610-9614.

CASTELLI, JR. & Q\SPER, B.B., 2001. The herbivory
uncertainty principle:  visiting plants can alter
herbivory. Ecology 82, 307-312.

CHANDLER, R.M., 1994. The wing of Titanus walleri
(Ayes. Phorusrhacidae) from the Late Blancan of
Florida. Bulletin of the Florida Museum of Natural
History, Biological Sciences 36, 175-180.

CHANNELL, R. & LOMOLING, M.V., 2000. Trajectories to
extinction: spatial dynamics of the contraction of
geographica ranges. Journal of Biogeography 27, 169-
179.

CHOQUENOT, D. & BOWMAN, D.M.J.S. 1998. Marsupial
megafauna, Aborigines and the overkill hypothesis:
gpplication of predator-prey models to the question of
Pleistocene extinction in Australia. Global Ecology
and Biogeography Letters 7, 167-180

CHRISTENSON, A.L., 1986. Projectile point size and
projectile agrodynamics. An exploratory study. Plains
Anthropologist 31, 109-128.

CHRISTIANSEN, P., 1999. What size were Arctodus simus

LATE QUATERNARY MEGAFAUNAL EXTINCTION

323

and Ursus spelaeus (Camivora: Ursidae)? Annales
Zoologici Fennici 36, 93-102.

CHURCHILL, SE., 1993. Weapon technology, prey size
selection and hunting methods in modern hunter-
gatherers: Implications for hunting in the Paaedlithic
and Mesolithic. In Hunting and Animal Exploitation in
the Later Palaeolithic and Mesolithic of Eurasia, G.L.
PETERKIN, H. M. BECKER & P. M. MELLARS, eds,

Archaeological Papers of the  American
Anthropological Association 4, 11-24.
COLTORTI, M., FICCARELLI, CL, JAHREN, H.,

ESPINOSA, M.M., ROOK, L. & TORRE, D. 1998. The
last occurrence of Pleistocene megafauna in the
Ecuadorian Andes. Journal of South American Earth
Sciences 11, 581- 586.

CORDAIN, L., MLLER, J.B., ATON, 5.13., MANN, N.,
HOLT, SH. & SPETH, J, 2000. Plant-animal
subsistence  ratios and  macronutrient  energy
edimations in worldwide hunter-gatherer diets.
American Journal of Clinical Nutrition 71, 682-692.

CORDAIN, L., ATON, S.B., MILLER, JB., MANN, N. &
HILL, K., 2002. The paradoxical nature of hunter-
gatherer diets. meat-based, yet non-atherogenic.
European Journal of Clinical Nutrition 56, S42-SS2.

COSGROVE, R., 1989. Thirty thousand years of human
colonisation in Tasmania new Pleistocene dates.
Science 243, 1703-1705.

COSGROVE, R. & ALLEN, J, 2001. Prey choice and
hunting strategies in the Late Pleistocene: Evidence
from Southwest Tasmania. In Histories of Old Ages:
Essays in Honour of Rhys Jones, A. ANDERSON, I.
LILLEY & S. O'CONNCR, eds, Canberra Pandanus
Books, Research School of Pacific and Asian Studies,
Australian National University, 397-429.

CULOTTA, E., 1995. Many suspects to blame in
Madagascar extinctions. Science 268, 1568-1569.

D'/ANTONIO, C.M. & KARK, S, 2002. Impacts and extent
of biotic invasions in terrestrial ecosystems. Trends in
Ecology and Evolution 17, 202-204.

DAVID, B. & LOURANDOS, H., 1997. 37,000 years and
more in tropical Augtrdia investigating long-term
archaeological trends in Cape York Peninsula
Proceedings of the Prehistoric Society 63, 1-23.

DE VIS, C.W., 1883. On tooth-marked bones of extinct
marsupias. Proceedings of the Linnean Society of New
South Wales 8, 187-190.

DEWAR, R.E., 1984. Extinctions in Madagascar: The loss
of the subfossil fauna In Quaternary Extinctions: A
Prehistoric Revolution, PS. MARTIN & R. KLEIN, eds,
University of Arizona Press, Tucson & London, 574
593.

DIAMOND, JM., 1984. Historic extinctions. A Rosetta
Stone for understanding prehistoric extinctions. In
Quaternary Extinctions: A Prehistoric Revolution, P.S.
MARTIN & R. KLEIN, eds, University of Arizona
Press, Tucson & London, 824-866.

DIAMOND, 3.M., 1989. Quaternary megafaunal extinctions:
variations on a theme by Paganini. Journal of
Archaeological Science 16, 167-175.



324

DIAMOND, JM., 1992. The Third Chimpanzee: The
Evolution and Future of the Human Animal. Harper -
Collins, New York, 416 p.

DIAMOND, JM., 1998. Guns, Germs and Seel. Vintage,
London, 480 p.

DIAMOND, JM., 2001. Australias last giants. Nature 411,
755-757.

DICKMAN, C.R., 1992. Predation and habitat shift in the
house mouse, Mus musculus. Ecology 73, 313-322.
DICKMAN, C.R., 1993. Raiders of the last ark. Australian

Natural History 24, 44-52.

DICKMAN, C.R.,, 2004. Species interactions. Indirect
effects. In Ecology: An Australian Perspective, P.
ATTWILL & B. WILSON, eds, Oxford University
Press, Oxford (in press).

DILLEHAY, T.D., 1997. Monte Verde: a late Pleistocene
settlement in Chile. Vol. 2, Smithsonian Ingtitution
Press, Washington.

DILLEHAY, T.D., 1999. Late Pleistocene cultures of South
America. Evolutionary Anthropology 8, 206-216.

DOLUKHANOV, P.M., SHUKUROV, A.M., TARASOV, P.E.
& ZAITSEVA, G I, 2002. Colonisation of Northern
Eurasia by modern humans: Radiocarbon chronology
and environment. Journal of Archaeological Science
29, 593-606.

DOMINGUEZ-RODRIGO, M., 2002, Hunting and
scavenging by early humans: The state of the debate.
Journal of World Prehistory 16, 1-54.

DNUNCAN, R.P., BLACKBURN, T.M. & WORTHY, T.H.,
2002. Prehistoric bird extinctions and human hunting.

Proceedings of the Royal Society of London, B 269,
517-521.

EASTMAN, M., 1968. The Life of the Emu. Angus and
Robertson, Sydney, 71 p.

EDWARDS, D.A. & OCONNELL, JF., 1995. Broad
spectrum dietsin and Australia. Antiquity 69, 769-783.

EDWARDS, W.E., 1967. The Late-Pleistocene extinction
and diminution in size of many mammalian species. In
Pleistocene Extinctions, P.S. MARTIN & H.E.
WRIGHT Jr, eds, Yae University Press, New Haven,
141-154.

ELENGA, H., PEYRON, 0., BONNEFILLE, R., DLLY, D.,
CHEDDADI, R., QJIOT, J., ANDRUEU, V., BOTTEMA,
S.. BUCHET, G, D BEALIEU, JL., HAMILTON, A. C,
MALEY, J, MARCHANT, R., PEREZOBIOL, R,
REILLE, M., ROLLET, C, ®0TT, L., STRAKA, H.,
TAYLOR, D., VAN CAMPO, E. VINCENS, A,
LAARIFAND, F. & ®NSON, H., 2000. Pollen-based
biome reconstruction for southern Europe and Africa
18,000 BP. Journal of Biogeography 27, 621-634.

ELLIS, CJ, 1997. Factors influencing the use of stone
projectile tips: an ethnographic  perspective. In
Projectile Technology, H. KNECHT, ed., New York,
Plenum, 37-78.

ENDICOTT, K., 1979. The hunting methods of the Batek
Negritos of Malaysa a problem of aternatives.
Canberra Anthropology 2, 7-22.

EPSTEIN, H., 1971. Origin of the Domestic Animals of
Africa. Africana Press, New Y ork, 344 p.

FAUNMAP Working Group, 1994. A database documenting
late Quaternary distributions of mammal species in the
United States. Illinois State Museum Scientific Papers,
25.

WROE,FIELD,FULLAGAR&JERMIIN

ALCHERINGA

FAURE, M. & GUERIN, C., 1990. Hippopotamus |laoumena
nov. sp. 'la troseme espece dhippopotame Holocene
de Madagascar. Comptes Rendus de I'Academie des
Sciences, Serie 11,310, 1299-1305.

FIELD, J. & BOLES, W.E., 1998. Genyornis newtoni and
Dromaius navohollandiae at 30,000 b. p. in central
northern New South Wales. Alcheringa 22,177-188.

FIELD, J & DODSON, J, 1999. Late Pleistocene
megafauna and archaeology from Cuddie Springs,
South-eastern  Australia  Proceedings of  the
Prehistoric Society 65, 275-301.

FIELD, J. & FULLAGAR, R., 1998. Grinding and pounding
stones from Cuddie Springs and Jinmium. In A Closer
Look: Recent Australian Sudies of Stone Tools, R.
FULLAGAR, ed., Sydney University Archaeological
Methods Series 6.

FIELD, J., FULLAGAR,, R. & LORD, G, 2001. A large area
archaeological excavation at Cuddie Springs. Antiquity
75, 695-702.

FIELD, J, DODSON, J. & PROSSER ., 2002. A Late
Pleistocene vegetation history from the Australian
semi-arid zone. Quaternary Science Reviews 21, 1023
1037.

FLANNERY, T.F., 1994. The Future Eaters. New Holland
Publishers, Sydney, 423 p.

FLANNERY, T.F., 2001. The Eternal Frontier. Text .
Publishing, Melbourne. 432 p.

FLANNERY, T.F. & ROBERTS. RG., 1999. Late
Quaternary extinctions in Austraasia an overview. In
Extinctions in Near Time: Causes, Contexts and
Consequences, R. D. E. MACPHEE, ed., Klewer
Academic/Plenum Publishers, New Y ork, 239-256.

FLOOD, 3., 1999. Archaeology of the Dreamtime. Angus
and Robertson, Australia, 328 p.

FOLEY, R. 1999. Hunting down the hunter-gatherers.
Evolutionary Anthropology 8, 115-117.

FORSTER, M., 2003. Self-organised Instability and the
extinction of the Australian megafauna. Oikos 103,
235-239.

FRISON Q.C., 1998. Palecindian large mammal hunters on
the plains of North America. Proceeedings of the
National Academy of Sciences (USA) 95, 14576
14583.

FRISON, G.C. & TODD, L.C., 1986. The Colby Mammoth
Ste: Taphonomy and Archaeology of a Clovis Kill in
Northern Wyoming. University of New Mexico Press,
Albuquerque, 238 p.

FULLAGAR, R. & FIELD, J, 1997. Pleistocene seed
grinding implements in the Australian arid zone.
Antiquity 71, 300-307.

GABUNIA, L., VEKUA, A., L ORDKIPANIDZE, D.,
SWISHIER, C.C., FERRING, R., JUSTUS, A., NIORDZE,
M., TVALTRELIDZE, M., ANTON, S.C., BOSINSKI, G.,
Jolus, 0., LUMLEY, M-A DE, MAJSURADZE, G &
MOUSKHELISHVILI, A., 2000. Earliest Pleistocene
hominid crania remains from Dmanisi, Republic of
Georgia: Taxonomy, geological setting, and age.
Science 288, 1019-1025.

GNECCO, C. & MORA, S, 1997. Late Pleistocene early
Holocene tropical forest occupations at San Isidro and
Pena Roja, Colombia. Antiquity 273, 683-692.

GOEBEL, T., 1999. Pleistocene human colonization of



ALCHERINGA

Siberia and peopling of the Americas. An ecologica
approach. Evolutionary Anthropology 8, 208-227.

GOLLAN, K., 1984. The Australian dingo: In the shadow of
man. In Vertebrate Zoogeography and Evolution in
Australasia, M. ARCHER & G. CLAYTON, eds,
Hesperian Press, Sydney, 921-927.

GONZALES, S, KITCHENER, A.C. & USTER A.M., 2001.
Surviva of the Irish elk into the Holocene. Nature 405,
753-754.

GRAHAM, RW. & LUNDELIUS, E,L., 1984
Coevolutionary ~ disequilibrium  and  Pleistocene
extinctions. In Quaternary Extinctions: A Prehistoric
Revolution, P.S. MARTINN & R.G. KLEIN, eds,
University of Arizona Press, Tucson, pp. 211-222.

GRAYSON, D.K., 1984. Nineteenth-century explanations of
Pleistocene extinctions: A review and andyss. In
Quaternary Extinctions: A Prehistoric Revolution, P.S,
MARTIN & R.G. K.EIN, eds, University of Arizona
Press, Tucson, pp. 5-39.

GRAYSON, D.K., 2001. The archaeological record of
human impacts on anima populations. Journal of
World Prehistory 15, 1-68.

GRAYSON, D.K. & MELTZER, D.J., 2002. Clovis hunting
and large mammal extinction: A critical review of the
evidence. Journal of World Prehistory 16, 313-359.

GRAYSON, D.K. & MELTZER , D.J,, 2003. A requiem for
North American overkill. Journal of Archaeological
Science 30, 585-593.

GRAYSON, D.K., DELPECH, F. & SIMEK, JF., 2001.
Explaining the development of dietary dominance by a
single ungulate taxon at Grotte XVI, Dordogne,
France. Journal of Archaeological Science 28, 115
125.

GRIFFIN, A.S. & B/ANS, C.S,, 2004. Social learning of
anti-predator behaviour in a marsupial. Animal
Behaviour in press.

GRIFFIN, A.S,, BLUMSTEIN, D.T. & B/ANS, C.S,, 2000.
Training animals about predators: a critical review and
synthesis. Conservation Biology 14, 1317-1326.

GRUN, R. SPOONER, N.A., THORNE, A., MORTIMER, G,
SIMPSON, JJ, MCCULLOCH, M., TAYLOR, L. &
CORNOE, D., 2000. Age of the lake Mungo 3 skeleton,
reply to Bowler and Magee and to Gillespie and
Roberts. Journal of Human Evolution 38, 733-741.

GUTHRIE, G., 2004. Rapid body size decline in Alaskan
Pleistocene horses. Nature 426, 169-171.

GUTHRIE, RD., 1984. Mosaics, aleochemics and
nutrients:. An ecological theory of late Pleistocene
extinctions. In Quaternary Extinctions: A Prehistoric
Revolution, PS. MARTIN & R.G KLEIN, eds,
University of Arizona Press, Tucson, 250-258.

HARDY, B.L., KAY, M., MARKES, A.E. & MONIGAL, K.,
2001. Stone tool function at the Paleolithic sites of
Starsele and Buran Kaya Ill, Crimea: Behavioura
implications. Proceedings of the National Academy of
Sciences (USA) 98, 10972-10977.

HARRIS D.R., 1992. Human diet and subsistence. In The
Cambridge Encyclopaedia of Human Evolution, 611

Edition, S.D. JONES & R.M. PILBEAM, eds, Cambridge
University Press, Cambridae, 6¢-74.

LATE QUATERNARY MEGAFAUNAL EXTINCTION

325

HAWKES, K., 1991. Showing off: Tests of a hypothesis
about men's foraging goas. Ethnology and Sociobiology
12, 29-54.

HAWKES, K., O'CONNELL, J.F. & BLURTON JONES, N.G,
2001. Hunting and nuclear families. Some lessons
from the Hadza about men's work. Current
Anthropology 42, 681-709.

HAYNES, C.Y., 1985. On watering holes, minera licks,
death and predation. In Environments and Extinctions:
Man in Late Glacial North America, J. MEAD & D.
MELTZER, eds, Centre for the Study of Early Man,
Orono.

HEAD, L., 1996. Meganesian barbecue. Meanjin 55, 709,

HEISER, R.F. 1955. Primitive Man as an Ecologic Factor.
Kroeber Anthropological Society Papers 13, University

of Cdifornia Press, Berkley.

HENSHILWOOD, C. S., SEALY, J.C,, YATES, R., CRUZ-
URIBE, K., GOLDBERG, P., GRINE, F.E.,KLEIN, R.C,
POCGENPOEL, C., VAN NIEKERK, K. & WATTS, |.,
2001. Blembos Cave, Southern Cape, South Africa:
preliminary report on the 1992-1999 excavations of the
Middle Stone Age levels. Journal of Archaeological
Science 28, 421-448.

HIATT, B., 1974. Woman the gatherer. In Woman's rolein
Aboriginal Society, F. GALE, ed., Austrdian Institute of
Aborigina Studies, Canberra, 4-15.

HILDEBRANDT, W.R. & MCGUIRE, K.R., 2002. The
ascendance of hunting during the California Middle
Archaic. An evolutionary perspective American
Antiquity 67, 231-257.

HILL, LK., PADWE, J., BEJYVAGI, B., BEPARANGI, A.,
JAKUGI, R. & TYKUARANGI , R., 1997. Impact of
hunting on large vertebrates in the Mbaracayu Reserve,
Paraguay. Conservation Biology 11, 1339-1353.

HOLDAWAY, R.N., 1989. Terror of the forests. New
Zealand Geographic 4, 56-67.

HOLDAWAY, R.N. & JACOMB, C., 2000. Rapid extinction
of the moas (Ayes: Dinomithifonnes): mode, test, and
implications. Science 287, 2250-2254.

HOLLIDAY, T.W., 1998. The ecological context of trapping
among Recent hunter-gatherers: Implications for
subsistence in Termina Pleistocene Europe. Current
Anthropology 39, 711-723.

HORTON, D., 2000. The Pure State of Nature: Sacred
Cows, Destructive Myths and the Environment. Allen
& Unwin, Sydney, 192 p.

HUTCHINGS, W.K. & BRUCHERT, L.W. 1997. Spear-
thrower performance: ethnographic and experimental
research, Antiquity 71, 890-898.

JANIS, C.M. & WILHELM, P.B., 1993. Were there any
mammalian pursuit predators in the Tertiary? Dances
with wolf avatars. Journal of Mammalian Evolution 2,
103-125.

JOHNSON, B.J., MILLER, G.H., FOGEL, M.L., MAGEE,
JW., GAGAN, M .K. & CHIVAS, A.R., 1999. 65,000
years of vegetation change in Australia and the
Australian summer monsoon. Science 284, 1150-1152.

JOHNSON, C.N., 2002. Determinants of loss of mammal
species during the late Quaternary ‘mediafaunal



326 WROE,FIELD,FULLAGAR&JERMIIN

extinctions: life history and ecology, but not body size.
Proceedings of the Royal Society of London, Series B
269, 2221-2227.
JOHNSON, C. & WROE, S., 2003. Causes of extinctions of
vertebrates during the Holocene of mainland Australia:
arrival of the dingo or human impact? Holocene 13,
109-116.
JONES, P.R., 1977. The Tasmanian paradox. In Stone Tools
as Cultural Markets, R.V.S. WRIGHT, ed., Australian
Ingtitute of Aboriginal Studies, Canberra, 189-284.
JONES, P.R., 1980. Experimenta butchery with modem
stone tools and its relevance for Palaeolithic
archaeology. Current Research in the Pleistocene 11,
42-44,
KAPLAN, H., HLL, K. LANCASTER, J., MAGDELENA &
HURTADO, A., 2000. A theory of human life history
evolution:  Diet, intelligence, and longevity.
Evolutionary Anthropology 9, 156-185.
KETT, T. & MARQUET, P, 1996. The introduced
Hawaiian avifauna reconsidered: evidence for sdlf-
organized criticaity? Journal of Theoretical Biology
182, 161 - 167.
KEMP, K., 2000. Pirripaayi: A Case Study of Genocide in
Australia. www.koori.usyd.edu.au/pirripaayil

KENNEDY, T.A., NAEEM, S., HOWE, K.M., KNOPS,
JM.H., TILMAN, D. & REICHS, P., 2002. Biodiversity
asabarrier to invasion. Nature 417, 636-638.

KERR, R.A. 2001. Mass extinctions face downsizing.
Science 293, 1037.

KERR, R.A., 2003. Megafauna died from big kill, not big
chill. Science 300, 885.

KERSHAW, P., QUILTY, P.G, DavID, B., VAN HUET, S.
& MCMINN, A., 2000. Palaeobiogeography of the
Quaternary of Austrdia. In Palaeobiogeography of
Australasian Faunas and Floras, A.J. WRIGHT, G.C.
YOUNG, JA. TALEW & JR. LAURIE, eds,
Association of Australasian Palaeontologists, Memoir
23, 471-515.

KILTIE, RAA., 1984. Seasondlity, gestation time, and large
mammal extinctions. In Quaternary Extinctions: A
Prehistoric Revolution, P.S. MARTIN & R.G. KLEIN,
eds, University of Arizona Press, Tucson, 299-314.

KLEIN, R.G., 1984. Mammalian extinctions and Stone Age
people in Africa In Quaternary Extinctions. A
Prehistoric Revolution, P.S. MARTIN & R.G. KLEIN,
eds, University of Arizona Press, Tucson, 553-573.

KLEIN, R.G., 1995. Anatomy, behaviour, and modem
human origins. Journal of World Prehistory 9, 167-
198.

KLEIN, R.G & CRUZ-URIBE, K., 2000. Middle and Later
Stone Age large mammal and brtoise remains from
Die Kelders Cave 1, Western Cape Province, South
Africa Journal of Human Evolution 38, 169-195.

KNAPP, A.K., RY, P.A., BAIR, JM., QOLLINS, SL.,
SMITH, M.D., CARLISLE, JD., HARPER, CW.,
DANNER, B.T., LETT, M.S. & MCCARRON, JK.,
2002. Rainfall variability, carbon cycling, and plant
species diversity in a mesic grasdand. Nature 298,
2022-2205.

KNECHT, H., 1994. Late Ice Age hunting technoloay.

ALCHERINGA

Scientific American 271, 82-87.

KOHNCKE, M. & LEONHARDT, K., 1986. Cryptoprocta
ferox. Mammalian Species 254, 1-5.

KOLLER, J., BAUMER U. & MANIA, D., 2001. High-tech
in the Middle Palaeolithic: Neanderthal-manufactured
pitch identified. European Journal of Archaeology 4
385-397.

KONDOH, M., 2001. Unifying the relationships of species
richness to productivity and disturbance. Proceedings of
the Royal Society (London) Series B 268, 269-271.

KOOYMAN, B., NEWMAN, M.E., CLUNEY, C., LOBB, M.,
TOLMAN, S., MCNEIL, P. & HILLS, L.V, 2001
Identification of horse exploitation by Clovis hunters
based on protein analysis. American Antiquity 66, 686-
691.

KURTEN, B. & ANDERSON, E., 1980. Pleistocene
Mammals of North America. Columbia University
Press, New York, 552 p.

KUSIMBA, S.B., 1999. Hunter-gatherer land use patternsin
Later Stone Age East Africa Journal of
Anthropological Archaeology 18, 165-200.

LAMBECK, K. & QHAPPELL, J.,, 2001. Sea level change
through the last glacial cycle. Science 292, 679-686.

LARGENT, F.B., 1995. Some new additions to the Texas
Folsom point database. Plains Anthropologist 40, 69-
71.

LEAR, C.H., EEDERFIELD, H. & WLSOMN, P.A., 2000.
Cenozoic deep-sea temperatures and global ice volumes
from Mg/Ca in benthic foraminiferal cacite. Science
287, 269-272.

LEE, R.B., 1968. What hunters do for a living, or how to
make out on scarce fesources. In Man the Hunter, R.B.
LEE & |. DEVOU, eds, Aldine, Chicago, 13-20.

LEE, R.B., 1979. The 'Khung San: Men, Women and Work
in a Foraging Society. Cambridge University Press,
Cambridge, 526 p.

Loy, T.H. & DIXON, E.J, 1998. Blood residues on fluted
points from eastern Beringia. American Antiquity 63,
21-47.

LUNNEY, D., 2001. Causes of the extinction of native
mammals of the Western Division of New South
Wales: An ecologicd interpretation of the nineteenth
century historica record. Rangeland Journa 23, 44-
70.

LUPO, K.D., 2001. Archaeological skeletal part profiles
and differential transport: An ethnoarchaeological
example from Hadza bone assemblages. Journal of
Anthropological Archaeology 20, 361-378.

LUPO, K.D. & O'CONNELL, J.F., 2001. Cut and tooth mark
distributions on large anima bones. Ethno-
archaeological data from the Hadza and their
implications for current ideas about early human
carnivory. Journal of Archaeological Science 29, 85-
109.

LYMAN, R.L., 1994. Vertebrate Taphonomy. Cambridge
University Press, Cambridge.

MACARTHUR, R.H. & WLSON, E.O., 1967. The Theory
of Island Biogeography. Princeton University Press,
Princeton, 224 p.

MACPHEE, R.D.E. & MARX, P.A., 1997. The 40,000 year
plague: humans, hyperdisease, and first contact



ALCHERINGA

extinctions. In Natural Change and Human Impact in
Madagascar SM. GOODMAN & B.D. RARMASON,
eds, Smithsonian Ingtitution Press, Washington, 168-
217.

MACPHEE, R.D.E, TIKHONOV, A.N. MoL, D,
MARLIAVE, C. DE PLICHT, H. VAN DER,
GREENWOOD, A. D., LEMMING, C. & AGENBROAD,
L., 2002. Radiocarbon chronologies and extinction
dynamics of the Late Quaternary Mammalian
megafauna of Taimyr Peninsula, Russian Federation.
Journal of Archaeological Science 29,1017-1042.

MADSEN, D.B. & SCHMITT, D.N., 1998. Mass collecting
and the diet breadth model: A Great Basin model.
Journal of Archaeological Science 25, 445-455.

MANDRYK, CA. S, JOSENHANS, H., FEDJE, D.W. &
MATHEWS, RW., 2000. Late  Quaternary
palecenvironments of Northwestern North America
Implications for inland versus coastal migration routes.
Quaternary Science Reviews 20, 301-314.

MANLIUS, N., 2001. The ostrich in Egypt: past and
present. Journal of Biogeography 28, 945-953,

MAREAN, C.W., 1997. Hunter-gatherer foraging strategies

in tropical grassands: model building and testing in
the East African Middle and Later Stone Age. Journal
of Anthropological Archaeology 78, 165-200.

MAREAN, CW., 1999. A critique of the evidence for
scavenging by Neanderthals and early modern humans:
new data from Kobeh Cave (Zagros Mountains, Iran)
and Die Kelders Cave 1 Layer 10 (South Africa).
Journal of Human Evolution 35, 111-136.

MAREAN, C.W. & ASSEFA, Z., 1999. Zooarcheological
evidence for the faunal exploitation behaviour of
Neanderthals and early modern humans. Evolutionary
Anthropology 8, 22-37.

MAREAN, CW., KiM, S, BLUMENSCHINE, R.J,
CONCARD, N.J, UERMANN, H., DELPECH,
GREEFIELD, J., HANSON, D.K., KLEIN, R.G, QRUZ-
URIBE, K., OTTE, M., RABINOVICH, R., JINER,
M.C., VISHNYATSKY, L.B. & ZILHAO, J, 1998.
Mousterian large-mammal remains from Kobeh Cave:
behavioral implications for Neanderthals and early
modem humans. Current Anthropology 39, 79-114.

MARSHALL, L.G, 1994. T'he terror birds of South
America. Scientific American 270, 64-69.

MARSHALL, L.G. & GORRUCINI, R., 1978. Variability,
evolutionary rates and allometry in dwarfing lineages.
Paleobiology 4, 101-119.

MARTIN, P.S, 1963. Prehistoric overkill. In Pleistocene
Extinctions: The Search for a Cause, P.S. MARTIN &
H.E.WRIGHT Jr, eds, Yale University Press, 75-120.

MARTIN, P.S, 1984. Prehistoric overkill: The global
model. In Quaternary Extinctions:. A Prehistoric
Revolution, P.S, MARTIN & RG KLEIN, eds,
University of ArizonaPress, Tucson, 354-403.

MARTIN, P.S.. 2000. Bring back the elephants. Whole
Earth (Spring), 34-37.

MARTIN, P.S. & STEADMAN, P.W., 1999. Prehistoric
extinctions on idlands and continents. In Extinctions in
Near Time, R.D.E. M ACPHEE, ed., Klewer Academic/

LATE QUATERNARY MEGAFAUNAL EXTINCTION 327

Plenum Publishers, New York, 17-52.

MARLOWE, F. 2001. Male contribution to diet and female
reproductive success among foragers. Current
Anthropology 42, 755-760.

MASON, SL.R., HATHER, J.G. & HILLMAN, G.C., 1994.
Preliminary investigation of the plant macro- remains
from Dolni Vestonice Il, and its implications for the
role of plant foods in Pdaeolithic and Mesalithic
Europe. Antiquity 258, 48-57.

MCBREARTY, S. & BROOKS, A.S., 2000. The revolution
that wasn't: a new interpretation of the origin of modern
human behaviour. Journal of Human Evolution 39,
453-563.

MCCULLOCH M., MILLER, G., MORTIMER, G., TAYLOR,
L. & MAGEE, J., 2000. Mass spectrometric U -series
dating on Genyornis eggshells and the extinction of
Australia's megafauna: some preliminary results.
<wwwrses.anu.edu.alenproc/ AQUADATAIAQUAI
meetings/Bowlerfest/M cCulloch.html>

MCKENZIE, G.M., 9002. The late Quaternary vegetation
history of the south-centra highlands of Victoria,
Australia 1. Sites below 900 m. Austral Ecology 27,
32-54.

MCLAUGHLIN, JF., HELLMANN, J.J., BOGGS, C.L. &
EHRLICH, P.R., 2002. Climate change hastens
population extinctions. Proceedings of the National
Academy of Sciences(USA) 99, 6070-6074.

MCLEAN, |.G., LUNDIE-JENKINS, G. & JARMAN, P.J,
1996. Teaching an endangered mammal to recognise
predators. Biological Conservation 75, 51-62.

MCNABSB, J., 2000. Boxgrove. Antiquity 74, 439-441.

MELTZER, JD., 1995. Clocking the first Americans.
Annual Review of Anthropology 24, 21-45.

MELTZER, JD. & MEAD, Jl., 1985 Dating Late
Pleistocene extinctions: Theoretical issues, andytica
bias, and substantive results. In Environments and
Extinctions: Man in Late Glacial North America, J.
MEAD & D. MELTZER eds, Centre for prehistoric
diet. In The Cambridge Encyclopaedia of Human
Evolution, 611 Edition, S.D. JONES & R.M. PILBEAM,
eds, Cambridge University Press, Cambridge, 369
371.

MILLER, CH., MAGEE, JW., ®HNSON, B.J, FOGEL,
M.L., SPOONER, M.A., MCCULLOCK, M.T. &
AYLIFFE, L.K. 1999. Pleistocene extinction of
Genyornis newtoni: Human impact on Australian
megafauna. Science 283, 205-208.

MILTON, K., 2000. Hunter-gatherer diets - a different
perspective. American Journal of Clinical Nutrition
71, 665-667.

MITHEN, S., ANLAY, N., CARRUTHERS, W., CARTER, S.
& ASHMORE, P., 2001. Plant use in the Mesalithic:
Evidence from Staosnaig, Ide of Colonsay, Scotland.
Journal of Archaeological Science 28, 223-234.

MOEN, R. A., RASTOR, J.,, & NEN, Y. 1999. Antler
growth and extinction of the Irish elk. Evolutionary
Ecology Research 7, 235-249.

MORTON, S.R. 1990. The impact of European settlement
on the vertebrate animals of arid Audrdia a
conceptual model. Proceedings of the Ecological



328 WROE,FIELD,FULLAGAR& JERMIIN

Society of Australia 16, 201-13.

MORWOOD, M.J, 1987. The archaeology of socia
complexity in south-east Queendand. Proceedings of
the Prehistoric Society 53, 337-350.

MOSIMANN, JE. & MARTIN, P.S, 1975. Simulating
overkill by Paleoindians. American Scientist 63, 303-
313.

MULVANEY, J. & KAMMINGA, J, 1999. Prehistory of
Australia. Allen & Unwin, Sydney, 480 p.

MYERS, T.J, 2001. Marsupia body mass prediction.
Australian Journal of Zoology 49,99-118.

NANSON, G.C., PRICE, D.M. & STUART, SA. 1992.
Wetting and drying of Australia over the past 300 ka
Geology 20, 791-794.

NEDIN, C., 1991. The dietary niche of the extinct
marsupial lion: Thylacoleo carnifex Owen. Lethaia 24,
115-118.

NICHOL, JE., 1999. Geomorphdogica evidence and
Pleistocene refugia in Africa The Geographical
Journal 165, 79-84.

O'CONNELL, JF., HAWKES, K., LupOo, KD. &
BURTON-JONES, N.G, 2002. Male strategies and Plio-
Pleistocene archaeology. Journal of Human Evolution
43, 831-872.

ORIANS, GH., 1969. Age and hunting success in the
brown pelican (Pelecanus occidentalis). Animal
Behavior 1, 216-319.

OWEN-SMITH, R.N., 1988. Megaherbivores: The Influence
of Very Large Body Sze on Ecology. Cambridge
University Press, Cambridge, 369 p.

OWEN-SMITH, R.N., 1999. The interaction of humans,
megaherbivores, and habitats in the Late Pleistocene
extinction event. In Extinctionsin Near Time: Causes,
Contexts, and Consequences, R.D.E. MACPHEE &
H.D. &US, eds, Klewer Academic/Plenum Publishers,
New York, 57-69.

OWENS, I.P.F. & BENNET, P.M., 2000. Ecological basis of
extinction risk in birds: habitat loss versus human
persecution and introduced predators. Proceedings of
the National Academy of Sciences (USA) 97, 12144-
12148.

PALOMBO, M.R. & MJSSI, M., 2001. Large mammals
guilds and human settlement in the Middle Pleistocene
of Italy. Bollettino del Societa Paleontologica Italiana
40, 257-267.

PAYLOV, P, SVENDSEN, J.1. & INDRALID, S., 2001.
Human presence in the arctic circle nearly 40,000 years
ago. Nature 413, 64-67.

PETERS, SE. & FOOTE, M., 2002. Determinants of
extinction in the fossil record. Nature 416, 420-424.

PITTS, M. & ROBERTS, R., 1997. Fairweather Eden.

Century, London.

PITULKO,V.V.,NIKOLSKY, PA., GIRVA, E., BASILYAN,
A.E., TURNSKOY, V.E.,KOULAKOV, SA.,
ASTAKHOV, SN., PAVLOVA, E. & ANISMOV,M.A,,
2004. The Yana RHS site: Humans in the Arctic before
the Last Glacial Maximum. Science 303, 52-56.

PosT, E., FETERSON, R.O., STENSETH, N. MCLAREN,
B.E. 1999. Ecosystem consequences of wolf
behavioural responseto climate. Nature 401, 905-907.

POTTS, R. & BEHRENSMEYER, A K., 1992. Late Cenozoic

ALCHERINGA

Terrestria Ecosystems. In Terrestrial Ecosystems
Through Time, A.K. BEHRENSMEYM J.D. DAMUTH,
W.A. DIMICHELLE, R. POFFS, UD. SJES & SL.
WING, eds, University of Chicago Press, Chicago,
419-541.

PRINGLE, H., 1997. Ice Age communities may be earliest
known net hunters. Science 277, 1203-4.

QUAMMEN, D., 1997. The Song of the Dodo: Island
Biogeography in an Age of Extinctions. Scribner, New
York, 704 p.

RACKI, G & WRZOLEK, T., 200 1. Causes of mass
extinctions. Lethaia 34, 200-202.

PAGIR, S, 2000. Diet and food preparation: Rethinking
early hominid behavior. Evolutionary Anthropology 9,
153-155.

REAL, L.A., 1977. The kinetics of a functional response.
The American Naturalist 111, 289-300.

RICHAPDS, M.P., FETTITT, P.B., TRINKAUS, F., SVITH,
F.H., PAUNOVIC, M. & KARAVANIC, ., 2000.
Neanderthal diet at Vindija and Neandertha predation:
The evidence from stable isotopes. Proceedings of the
National Academy of Sciences (USA) 97, 7663-7666.

RICK, T.C. & ERLANDSON, JM., 2000. Early Holocene
fishing strategies on the Cdlifornia coast: Evidence
from CA-SBA-2057. Journal of Archaeological
Science 27, 621-633.

ROBERTS, R.G., 2001. The last Australian megafauna
Australasian Science, 9, 40-41.

ROBERTS, R.G., FLANNERY, T.F., AYLWFE, LA,
YOSHIDA, H., OLLEY, JM. PRIDEAUX, GJ,
LASLETT, G.M., BAYNES, A., 3MITH, M.A., JONES,
R. & SMITH, B.L., 2001. New ages for the last
Australian megafauna: continent-wide extinction about
46,000 years ago. Science 292, 1888-1892.

ROBERTS, R., YOSHIDA, H., GALBRAITH, R., LASLETT,
G, DNES, R. & SMITH, M., 1998. Single diquot and
sngle gran optical dating confirm thermo-
luminescence age estimates at Malkunanja 1l rock
shelter in northern Australia. Ancient TL 16, 19-24.

ROEBROEKS, W., 2001. Hominid behaviour and the
earliest occupation of Europe. Journal of Human
Evolution 41, 437-461.

ROEMER, G.W., DONLAN, C.J. & COURCHAMP, F., 2002.
Golden eagles, feral pigs, and insular carnivores: How
exotic species turn native predators into prey.
Proceedings of the National Academy of Sciences
(USA) 99, 791-796.

ROOSEVELT, A.C., 2000. The settlement of the Americas:
anew prehistory. Review. Natural History 6, 76-79.

ROOSEVELT, A.C., LIMA DA COSTA, M. LOPES
MACHADO, C., MICHAB, M., MERCIER N,
VALLADAS, H., FEATHERS, J., BARNETR, W., D.A
SILVEMA, |, HENDERSON, A., SLIVA, J., CHERNOFF,
B., REESE, D.S, HOLMAN, JA. TOTH, N. &
SCHICK, K., 1996. Palecindian cave dwellers in the
Amazon: the peopling of the Americas. Science 272,
373-3385.

SCHMITT, D. & QGHURCHILL, SE., 2003. Experimental
evidence concerning spear use in neandertals and early
modem humans. Journal of Archaeological Science
30, 103-114.



ALCHERINGA

SCHOENINGER, M., 1995. Stable isotope studies in human
evolution. Evolutionary Anthropology 4, 83-98.

SCHRAG, D.P. & LINSLEY, B.K., 2002. Cordls, chemistry
and climate. Science 296, 277-278.

SCoTT, H.H. & LORD, C., 1924. Studies in Tasmanian
mammals, living and extinct. Notes on a mutilated
femur of Nototherium. Papers and Proceedings of the
Royal Society of Tasmania for the Year 1923, 56-57.

SHEA, J, DAVIS Z. & BROWN, K., 200 1. Experimental
tests of Middle Palaeolithic spear points using a
caibrated crossbow. Journal of Archaeological Science
28, 807-816.

SHEPPARD, JC., WIGLAND, P.E., GUSTAFSON, C.E. &
RUBIN, M., 1987. A reeva uation of the Marines
Rockshelter radiocarbon chronology. American
Antiquity 52, 118-25.

SHORT, J., KINNEAR, J. E., & ROBLEY, A., 2002. Surplus
killing by introduced predators in Australia - evidence
for ineffective anti-predator adaptations in native prey
species. Biological Conservation 103. 283-301.

SIMBERLOFF, D., 2000. Extinction proneness of idand
species - causes and management implications. The
Raffles Bulletin of Zoology 48, 1-9.

SLAYMAN, A.L., 1996. Siberian fluted point. Archaeology
49, 120.

SMITH, V.L., 1975. The primitive hunter culture,
Pleistocene extinction, and the rise of agriculture. The
Journal of Political Economy 83, 727-756.

SOLE, RV., ALONSO, D. & MCKANE, A., 2002. Sdf-
organized instability in  complex  ecosystems.
Philosophical Transactions of the Royal Society of
London, Series B 357, 667-681.

soLow, A.R. & MITH, W.K., 2000. Testing for a mass
extinction without selecting taxa. Paleobiology 26,
647-650.

SOULE, M.E.,, 1983. What do we redly know about
extinction? In  Genetics and Conservation: A
Reference for Managing Wild Animal and Plant
Populations, C.M.  SHONEWALD-COX, SM.
CHAMBERS, B. MACBRYDE & W.L. THOMAS, eds,
Benjamin/Cummings, Menlo Park, Cdifornia, 111-
124,

SPETH, JD. & SPEILMAN, K.A., 1983. Energy source,
protein metabolism, and hunter-gatherer subsistence
strategies. Journal of Anthropological Archaeology 2,
1-31.

SPONHEIMER, M. & L EE-THORPE, JA., 2001. Isotopic
evidence for the diet of an ealy hominid,
Austral opithecus africanus. Science 283, 368-370.

STAFFORD, T.W.J.R, GRAHAM, RW., SEMKEN, H.A. &
SOUTHON, J., 1999. AMS C14 chronologies for late
Pleistocene mammal extinctions and human migrations
in North America. In Papersin Vertebrate
Palaeontology, A. BAYNES & J.A. LONG, eds, Records
of the Western Australian Museum Supplement 57, 418.

STEADMAN, D.W., WHITE, JP. & ALLEN, J, 1999.
Prehistoric  birds from New Ireland, Papua New
Guinea: Extinctions on a large Melanesian idand.
Proceedings of the National Academy of Sciences

329

LATE QUATERNARY MEGAFAUNAL EXTINCTION

(USA) 96, 2563-2568.

STEADMAN, D.W., PREGILL, G.K. & BURLEY, D.V,
2002. Rapid prehistoric extinction of iguanas ad birds
in Polynesia. Proceedings of the National Academy of
Sciences (USA) 99, 3673-3677.

STODDART, D.M., 1982a. Demonstration of olfactory
discrimination by the shorttailed vole, Microtus
agrestis. Animal Behaviour 30, 293-294.

STODDART, D.M., 1982b. Does trap odour influence
estimation of populaion size of the short-tailed vole,
Microtus agrestis? Journal of Animal Ecology 51, 375
386.

STRAHAN, R., 1995. The Mammals of Australia. Reed
Books, Sydney, 756 p.

STRINGER, C. & MCKIE, R., 1996. African Exodus.
Jonothan Cape, London, 272 p.

STRAUS, L.G., 1993. Upper Pdaedlithic hunting tactics
and weapons in Western Europe. In Hunting and
Animal Exploitation in the Later Palaeolithic and
Mesolithic of Eurasia, G.L. RETERKIN, H.M. BRICKER
& P.M. MELLARS eds, Archaeological Papers of the
Anthropological Association 4, 84-93.

STUART, A.J, 1991. Mammalian extinctions in the late
Pleistocene of Northern Eurasia and North America.
Biological Review 66, 453-562.

STUART, A.J, 1999. Late Pleistocene megafaunal
extinctions: A European perspective. In Extinctions in
Near Time: Causes, Contexts, and Consequences,
R.D.E. MACPHEE & H. SUES, eds, Klewer Academic/
Plenum Publishers, New Y ork, 257-269.

TACON, P.S.C. & BROCKWELL, S., 1995. Arnhem Land
prehistory in landscape, stone and paint. Antiquity 69,
676-695.

TACON, P.S.C. & PARDOE C., 2002. Dogs make us
human. Nature Australia 27, 52-61.

TERBORGH, J, LOPEZ, L. NUNEZ P, RAO, M.,
SHAHABUDDIN, G, ORIHUELA, G, RIVEROS, M.,
ASCANIO, R., ADLER, G.H., LAMBERT, T.D. &
BALBAS, L., 2001. Ecological meltdown in predator-
free forest fragments. Science 294, 1923-1926.

THEIME, H., 1997. Lower Palaeolithic hunting spears from
Germany. Nature 385, 807-810.

THOMPSON, R.S. & ANDERSON, K.H., 2000. Biomes of
western North America at 18,000, 6,000 and C14 BP
reconstructed from pollen and packrat midden data.
Journal of Biogeography 27, 555-584.

THORNE, A., GRUN, R., MORTIMER G., SPOONER N.A.,
SIMPSON, JJ, MCCULLOCH, M., TAYLOR, L. &
CURNOE, D., 1999. Australia's oldest human remains:
age of the Lake Mungo 3 skeleton. Journal of Human
Evolution 36,591-612.

TORRE, D., ABBAZI, L., BERTINI, A, FANFANI, F.,
FICCARELLI, G., MAzzA, P. & ROOK, L., 2001.
Structural changes in Italian Late Pliocene-Pleistocene
large mammal assemblages. Bollettino dell Societa
Paleontologica Italiana 40, 303-306.

TOTH, N., 1987. The first technology. Scientific American
256, 112-121.

TURNER, A. & ANTON, M., 1997. The Big Cats and their



330 WROE,FIELD,FULLAGAR&JERMIIN

Fossil Relatives, Columbia University Press, New
York.

TURNEY, C.SM.,BIRD, M.I. & ROBERTS, R.G., 2001.
Elementa C14 a Allen's Cave, Nullarbor Plain,
Australia Assessing post-depositional disturbance and
reconstructing  past  environmerts,  Journal  of
Quaternary Science 16, 779-784.

VAN VALKENBURGH, B. 1990. Skeletal and dental
predictors of body mass in carnivores. In Body Sizein
Mammalian Paleobiology: Estimation and Biological
Implications, J. DAMUTH & B.J. MACFADDEN, eds,
Cambridge University Press, Cambridge, 181-205.

VAN VALKENBURGH, B., 1991. lIterative evolution of
hypercarnivory in canids Mammaliaz Carnivora:
evolutionary interactions among sympatric predators.
Paleobiology 17, 340-32.

VEKUA, A., LORDICIPANIDZE, D., RIGHTMIRE, G.P,
AGUSTI, J, FERRING, R, MAISURADZE G,
MOUSKHELISHVILI, A., NOMDZE, M., LEON, M.P.
DE, TAPPEN, M., TVALCHRELIDZE, M. &
ZOLLIKOFER, C., 2002. A new skull of Early Homo
from Dmanisi, Georgia. Science 297, 85-89.

VERON, G, 1995. La postion systematique de
Cryptoprocta ferox Carnivora. Analyse cladistique des
characteres morphologiques de carnivores Aeluroidea
actuelset fossiles. Mammalia 59, 551-582.

VICKERS, W.T., 1991. Hunting yields and game
composition over ten years in an Amazonian
community. In  Neotropical Wildlife Use and
Conservation, J.C. ROBINSON & K.H. REDFORD,
eds, University of Chicago Press, Chicago, 53-8 1.

VICKERS, W.T., 1994. From opportunisn to nascent
conservation: The case of the Siona-Secoya Human
Nature 5, 307-337.

VILLA, C., SAVOLAINEN, P, MALDONADO, JE.,
AMORIM, |.R., RICE, JE., HONEYCUTT, RL.,
CRANDALL, K.A., LUNDEBERG, 3. & WAYNE, RK,,
1997. Multiple ancient origins of the domestic dog.
Science 276, 1687-1689.

VILLA, P. & D'ERRICQ F. 2001. Bone and ivory pointsin
the Uwe and Middle Palealithic of Europe. Journal of
Human Evolution 41, 69-112.

WALTHER GR., ROST, E., GNVEY, P., MENZEL, A,
PARMESAN, C., BEEBEE, T.J.C., ROMENTIN, JM.,
HOEGH-GULDBERG, 0. & BAIRLEIN, F., 2002.
Ecological responses to recent climate change. Nature
416, 389-395.

WARD, P.D., 1997. The Call of Distant Mammoths: Why
the Ice Age Mammals Disappeared, Springer-Verlag,

New York, 241 p.

WATANABE, S, AYTA, W.EF, HAMAGUCHI, H.,

GUIRDON, N., SALVIA, E.S., MARANCA, S. & HALHO,
0.B., 2003. Some evidence of a date of first humans to

arrive in Brazil. Journal of Archaeological Science 30,
351-354.

WEBB, SD., 1984. Ten million years of extinctions in
North  America. In Quaternary Extinctions: A
Prehistoric Revolution, P.S. MARTIN & R.G. KLEIN,
eds, University of Arizona Press, Tucson, 189-210.

WELLS, R.T., HORTON, D.R. & ROGERS, P., 1982.
Thylacoleo carnifex Owen Thylacoleonidae: Marsupial
carnivore? In Carnivorous Marsupials, M. ARCHER,
ed., Roval Zoolodical Society of New South Wales,

ALCHERINGA

Sydney, 573586.

WHITE, M.E., 1998. After the Greening: The Browning of
Australia. Kangaroo Press, Sydney.

WHITTAKER, R.J., WILLIS, K.J. & FIELD, R., 2001. Scale
and species richness: towards ageneral hierarchical
theory of species diversity. Journal of Biogeography 28,
453-470.

WILKIES, 0., 2000. Were moas really hunted to extinction
in less than 100 years? Archaeology in New Zealand
43, 195-201.

WILLIAMS G., 1984. In the flightless tradition, New
Zedland. In Vertebrate Zoogeography and Evolution in
Australasia, M. ARCHER & G. CLAYTON, eds,
Hesperian Press, Sydney, 1103-1105.

WILLIAMS SE., 1997. Patterns of mammalian species-
richness in  Austrdian tropical rainforests. Are
extinctions during historica contractions of the
rainforest the primary determinants of current regional
patterns in biodiversity? Wildlife Research 24, 513
530.

WILLIAMS JW., THOMPSON, W., RICH, P.H. & NEWEY,
P., 2000. Late Quaternary biomes of Canada and the
eastern United States. Journal of Biogeography 27,
585-607.

WINTERHALDER, B. & LU, F, 1997. A forager-resource
population ecology model and implications for
indigenous conservation. Conservation Biology 11,
1354-1364.

WITT, G.B. & AYLIFFE, L.K., 2001. Carbon isotope
variability in the bone collagen of red kangaroos
Macropus rufus is age dependent: Implications for
palaeodietary studies. Journal of Archaeological
Science 28, 247-252.

WORTHY, T.H., 2000. Two glacia avifaunas from eastern
North Isand, New Zealand: Te Aute Swamp and
Wheturau Quarry. Journal of the Royal Society of New
Zealand 30, 1-26.

WROE, S., 1999a. Killer kangaroos and other murderous

marsupials. Scientific American 280, 58-64.

WROE, S., 1999h. The Bird from Hell? Nature Australia
27,6874

WROE, S., 2000. Move over sabretoothed tiger. Nature
Australia 26, 44-51.

WROE, 5., 2001. Maximucinus muirheadae, gen. et sp.
nov. Thylacinidae, Marsupialia, from the Miocene of
Riverdeigh, northwestern Queendand, with estimates
of body weights for fossil thylacinids. Australian
Journal of Zoology 49, 603-614.

WROE, S., 2002. A review d terrestrial mammalian and
reptilian carnivore ecology in Austraian fossil faunas
and factors influencing their diversity: The myth of
reptilian domination and its broader ramifications.
Australian Journal of Zoology 50, 1-24.

WROE, S., 2003. Australian marsupia carnivores: An
overview of recent advances in paaeontology. In M.
JONES, C. DICKMAN & M. ARCHER, eds, Predators
with Pouches: The Biology of Carnivorous Marsupials,
CSIRO Publishing, Melbourne, 71-94.

WROE, S., ARGOT, C. & DCKMAN, 2004a (in press). On
the rarity of big fierce carnivores and the primacy of
isolation and area: Tracking large mammalian carnivore
diversity on two isolated continents. Proceedings of the
Royal Society (London), series B.



ALCHERINGA

ROE, S. & FIELD, J,, 2001a. Megafaunal mystery remains.
Australasian Science 22, 21-25.

WROE, S. & HELD, J., 2001b. On giant-wombats and red-
herrings. Australasian Science 24, 18.

WROE, S., RELD, J. & FULLAGAR, R., 2002. Lost giants.
Nature Australia27, 54-61.

WROE, S., MYERS, T.J., WELLS, RT. & GILLESPIE, A,
1999. Edtimating the weight of the Pleistocene
Marsupia Lion Thylacoleo carnifex: Thylacoleonidae:
Implications for the ecomorphology of a marsupia
super-predator and hypotheses of impoverishment of
Australian marsupiad carnivore faunas. Australian
Journal of Zoology 47, 489-498.

LATE QUATERNARY MEGAFAUNAL EXTINCTION 331

WROE, S., MYERS,, T.J., SEEBACHER E, KEAR, B,
GILLESPIE, A., CROWTHER M. & SALISBURY, S,
2003. An dternative method for predicting body mass:
The case of the Pleistocene marsupial lion.
Paleobiology 29, 403-411.

WROE, S.,, CROWTHER, M., DORTCH, J. & CHONG, J.,
2004b. The size of the largest marsupial and why it
matters. Proceedings of the Royal Society (London),
series B (Supplement) 271, 534-536.

YoDER A.D., BURNS M.M., ZEHR, S., DELEFOSSE, T.,
VERON, G., GOODMAN, S.M. & F_YNN, J.J., 2003.
Single origin of Malagasy Carnivora from an African
ancestor. Nature421, 734-737.



