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Abstract

Together with several other megafaunal species in Northern Eurasia, Mammuthus primigenius and Palaeoloxodon antiquus became

extinct in the Last Glacial–Interglacial cycle, but they had very different ecologies, times of extinction and ‘last stands’ in different

regions. The dramatic contraction in mammoth range ca. 12 kyr (uncalibrated 14C chronology), after which known populations were

confined to Northern Siberia (mainly Taymyr and Wrangel Island), correlates well with the extensive spread of trees in the Allerød

phase of the Late Glacial Interstadial. The return of open steppe-tundra in the Younger Dryas cold phase, ca. 10.6–10 kyr, saw a

limited re-expansion into NE Europe, followed by retraction and apparent extinction of mainland populations, which can be

correlated with the marked loss of open habitats in the early Holocene. In contrast, at the end of the Last Interglacial, the retreat of

P. antiquus to S. Europe, where it may have survived to ca. 50–34 kyr, can be linked to the loss of woodland habitats elsewhere.

Although in both species, climate acting through vegetational changes evidently drove these range shifts, environmental change

alone appears insufficient to account for extinctions. However, the possible role of human hunters is also still unclear.

r 2004 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

Along with several other elements of the Late
Pleistocene megafauna of Northern Eurasia, woolly
mammoth and straight-tusked elephant went extinct
during the Last Glacial-Interglacial cycle, although they
had survived the climatic vicissitudes of previous glacial-
interglacial cycles of the Middle and Late Pleistocene.
Their disappearance should not be viewed in isolation,
but as part of a global wave of Late Pleistocene and
early Holocene extinctions, mainly affecting terrestrial
large mammals (Martin, 1984; Martin and Steadman,
1999). The impact of these extinctions varied widely
from one zoogeographical region to another, and was
more severe in, for example, North America than in
Northern Eurasia (Stuart, 1991, 1999; Martin and
Stuart, 1995). However in Northern Eurasia, as in
North America, all species in excess of one tonne
(proboscideans, rhinos and hippopotamus) were lost,
and none was replaced by either its evolutionary
descendants or by ecologically similar taxa. Analyses
presented by Johnson (2002) indicate that vulnerability
to extinction was correlated with low fecundity, not
s: tony@megafauna.freeserve.co.uk (A.J. Stuart).
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directly with body size, although large mammals are also
slow-breeders.

The key question of the cause or causes of Late
Quaternary extinctions has still to be resolved satisfac-
torily. Losses have been attributed principally to
‘overkill’ by human hunters (Martin, 1984; Martin
and Steadman, 1999), or to environmental changes
(Camerino Graham and Lundelius, 1984; Lister and
Sher, 1995; Guthrie, 2001). Stuart (1991, 1999) proposed
that for Northern Eurasia and probably also elsewhere,
the final cause was hunting by humans, but only when
megafaunal populations were already stressed and
reduced in numbers and geographical range by major
climatic and vegetational changes.

This paper briefly reviews the Late Quaternary history
of the two Pleistocene Eurasian proboscideans, which
were very different both in terms of distributional
changes and mode of final extinction.
2. Mammuthus primigenius

Our knowledge of the Late Quaternary history of
woolly mammoth is much better than for any other
reserved.
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extinct European megafaunal species, partly because its
remains are relatively abundant, but probably also
because it has an enduring appeal as an icon that
epitomises the ‘Ice Age’. The availability of fossil
material and the fact that its later history occurred
comfortably within the range of radiocarbon dating
makes it an ideal subject for studying the process of
extinction in the fossil record.

Currently several hundred dates made directly on
mammoth material are available from Europe and
northern Asia, and several new dates are published
each year. However, it is important to carefully evaluate
all dates in terms of the pre-treatment methods used.
The fraction dated should be purified collagen avoiding
contaminants which are likely to give an incorrect
value, usually too young. In particular it should be
standard practice that any outstanding or unexpected
result should be independently checked by another
laboratory, ideally with several dates run on the same
material (Stuart et al., 2002; Stuart et al., 2004a, b).
The dates discussed here are derived from the literature
or are Oxford AMS dates from a recent Natural
Environment Research Council—funded project (A.M.
Lister and A.J. Stuart) ‘‘Late Quaternary Megafaunal
Extinctions in Europe and Northern Asia’’ (LQME
Project). All radiocarbon dates given here are uncali-
brated years BP.
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Fig. 1. Chart of radiocarbon dates less than 16 kyrBP (uncalibrated) for w

northwest and north-central Siberia (data from Stuart et al., 2002; Stuart et

1994). Major phases of vegetational change are indicated schematically in the

and other sources). LGI, Late Glacial Interstadial; Y Dryas, Younger Dryas.

are shown blank. Woodland phases (birch and pine) are shown by open stipp

stipple. Calendar (varve) dates are shown for the major boundaries (Litt et al.

ca. 12 kyr, and apparent limited re-population from Taymyr in the Younger
During the Last Cold Stage the woolly mammoth
occurred widely across Northern Eurasia, including
nearly all of Europe (Kahlke, 1994), mostly in associa-
tion with regional treeless steppe-tundra vegetation
(Allen and Huntley, 2000; Adams, 2002). Radiocar-
bon-dated finds from ca. 40 kyr (close to or beyond the
reliable limit of the method) to ca. 20 kyr (Stuart, 1991;
Sulerzhitsky, 1997; Lister and Sher, 2001; Stuart et al.,
2004a, b) are similarly widely distributed. However, at
ca. 18 kyr during part of the Last Glacial Maximum
(LGM), mammoth withdrew entirely from Western
Europe, but from ca. 16 kyr reoccupied most of its
former range, except Southern Europe (Fig. 1). The
reasons for both its LGM retreat and subsequent failure
to recolonise Southern Europe are unclear at present.

Shortly before ca.12 kyr, mammoth disappeared
entirely and rather suddenly from Europe and most of
northern Asia (Fig. 1) (Stuart, 1991; Sher, 1997; Stuart
et al., 2002; Stuart et al., 2004). Significantly, this
dramatic event does not correlate with the marked
warming and spread of shrub-grassland vegetation over
much of Europe, which occurred at the beginning of the
Late Glacial Interstadial (LGI) ca. 13–12.6 kyr (earlier
in some regions), but does correlate with the major loss
of open biomes at the onset of the rather cooler Allerød
(later part of the LGI) when boreal birch and pine
woodland became widely established (Litt et al., 2003;
Holocene
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Hoek et al., 1999; Allen and Huntley, 2000; Lowe, 2001;
Adams, 2002; Walker et al., 2003).

As is well known, there is strong evidence (several
radiocarbon dates from more than one laboratory) that
woolly mammoth populations continued to live in the far
north of Siberia on the Taymyr Peninsula for a further
two millennia (Sher, 1997; Sulerzhitsky 1997; Vasil’chuk
et al., 1997; MacPhee et al., 2002), and an isolated
population continued on Wrangel Island to ca. 3.7 kyr
(Vartanyan et al., 1993, 1995; Long et al., 1994). Given the
vastness of the region it is possible that other Holocene
mammoth refugia will be found elsewhere in Siberia.

Although the data are limited at present, there are
strong indications that there was a modest re-expansion
of range ca. 10–10.5 kyr into the Yamal/Gydan Penin-
sulas in northwest Siberia and into northeast Europe
(Fig. 1). In Europe, two molars from Puurmani,
Estonia, have been dated to around the Pleistocene/
Holocene boundary: 10,1007100 (Hela-423) and
10,2007200 (Hela-425) (L *ougas et al., 2002; Stuart
et al., 2002), and ribs from a partial mammoth skeleton
from Zhidikhovo Peatbog, City of Cherepovets, north
of Moscow, gave dates of: 9760740BP (GIN-8885c);
98107100BP (GIN-8676a); and 9840750BP (GIN-
8885b) (Stuart et al., 2002). The intention is to cross
check these results by submitting further samples to
another laboratory as part of the LQME Project.

This limited re-expansion into Europe around the
southern margins of the Fennoscandian ice can be
correlated to the renewed cold of the Younger Dryas
and resulting re-expansion of open steppe-tundra
vegetation (Hoek et al., 1999; Allen and Huntley,
2000; Lowe, 2001; Adams, 2002; Litt et al., 2003;
Walker et al., 2003). However, it is not at all clear why
mammoth did not reoccupy all of the steppe-tundra
biome that once again covered most of central and
northern Europe. Final extinction of mammoth seems to
have occurred in mainland Eurasia (both in Europe and
northern Siberia) in the very early Holocene (Stuart
et al., 2002). This event occurred soon after, but not
coincidentally with the rapid warming that marks the
beginning of the Holocene, and can be plausibly
correlated with the loss of the steppe-tundra biome
and widespread establishment of temperate and boreal
forests in mid latitudes and boggy tundra in the far
north (Sher, 1997). However, it seems very unlikely that
habitats suitable for woolly mammoth were entirely
eliminated throughout mainland northern Eurasia at
this time, especially in view of the Holocene presence of
‘steppe-tundra’ on Wrangel Island.
3. Palaeoloxodon antiquus

In marked contrast to woolly mammoth, which had
its maximum range in the cold stages, straight-tusked
elephant was widely distributed over most of Western
Europe (except perhaps Ireland and northern Fennos-
candia) in interglacials, including the Eemian ca. 130–
117 kyr (Last Interglacial, Marine Isotope Stage 5e)
(Stuart, 1991). Comparison with the vegetational sketch
map by Van Andel and Tzedakis (1996, Fig. 9) indicates
that in most areas it occurred in association with
regional temperate forest, although in southern Iberia,
Italy and the southern Balkans it was associated with
Mediterranean evergreen woodland.

However, its subsequent history is very difficult to
interpret with any confidence. Stuart (1991, 1999)
inferred that Palaeoloxodon antiquus, together with
hippopotamus Hippopotamus amphibius and extinct
rhinoceros Stephanorhinus hemitoechus, withdrew from
most of Europe at the end of the Eemian, but survived
in the south (Iberia, Italy, and probably the Balkans)
into the early part of the Last Cold Stage. Such a
contraction of range might have been expected in
response to climatic cooling at the end of the Eemian
and the consequent replacement of forests by treeless
steppe-tundra vegetation over most of Europe, while
areas of relict deciduous woodland are known to have
persisted in Italy and the Balkans (Bennett et al., 1991;
Van Andel and Tzedakis 1996, Fig. 14; Adams, 2002;
Allen et al., 2000).

The evidence for LCS survival is based mainly on
sparse records of Palaeoloxodon material from cave
sequences in levels with late Mousterian or Aurignacian
artefacts, and/or with associated absolute dates. As part
of our LQME Project, A.J. Stuart and A.M. Lister
attempted direct radiocarbon dates on putatively late
Palaeoloxodon material from southern Europe, and
submitted several specimens to the Oxford AMS
laboratory. However, in most cases the dating was
unsuccessful because there was no collagen in the
submitted material.

A Palaeoloxodon molar is recorded from Grotta
Guattari, Italy, a well-known Neanderthal site, exca-
vated in 1939, with associated U-series and ESR dates
averaging ca. 57 kyr (error 6 kyr) (Schwarcz et al., 1991),
but referred to MIS 5a-4 by Caloi and Palombo (1995).
It is also recorded from cave deposits at Ingarano,
southern Italy (Petronio and Sardella, 1998) in Layer b.
The stratigraphic relationship of these sandy clays to the
rest of the Late Pleistocene deposits (assigned to MIS 2
and 3) is unclear, but the authors thought an MIS 4 age
probable. Other fauna from this level includes Stepha-

norhinus hemitoechus, Coelodonta antiquitatis, Hippopo-

tamus amphibius and Panthera leo (spelaea), indicating
that more than one climatic phase is represented. One
specimen resembling a fragment of elephant molar is
actually cervid antler, and another molar fragment
thought to be Palaeoloxodon contained no collagen.

Turning to Iberia, many faunal remains have been
recovered from a series of excavations at the Middle
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Palaeolithic site of Cova Negra near Valencia south-
eastern Spain (Aguire, 1968/69, P!erez Ripoll, 1977). A
Palaeoloxodon molar and partial tusk (in the Prehistory
Museum in Valencia) recovered from pre 1983 excava-
tions supposedly from layer V (correlated with MIS 4) is
probably much older; the stratigraphy is confused
because the old excavations cut across the inclined
layers (Villaverde, pers. com. 2000). A partial skeleton
of Palaeoloxodon, recovered from Pleistocene marine
deposits on the coast at Cueva de la Silluca (Buelna,
Asturias, northern Spain) (Pinto Llona and Aguirre,
1999) gave a radiocarbon date of: 23,57571125 (Ua-
13598) (A. Pinto, pers. com.). However, samples of
molar and limb bone submitted for dating (LQME
Project) contained no collagen. The situation of the
marine sediments indicates a high sea level consistent
with an MIS 5e or 5c age (Pinto Llona and Aguirre,
1999), so that in the absence of confirmatory evidence
the 14C date should be rejected.

An unworn upper molar plate from Foz do Enxarri-
que Portugal, Level C, has associated U-series dates
(on horse teeth) of ca. 33–34 kyr (Cardoso, 1996; Brugal
and Raposo, 1999; Sousa and Figueiredo, 2001).
A molar plate from cave deposits in the Gruta da
Figueira Brava, Portugal with associated radiocarbon
and U-series dates of ca. 30–31 kyr, has been attributed
either to Mammuthus or to Palaeoloxodon (Cardoso,
1996; Brugal and Raposo, 1999; Sousa and Figueiredo,
2001).

Palaeoloxodon material is recorded from level 18 in
association with Aurignacian artefacts at Cueva del
Castillo, northern Spain (Altuna, 1972; Bernaldo de
Quiros, 1982). Two deciduous molars (three in total),
almost certainly from the same individual gave the
following radiocarbon dates (LQME Project): OxA-
10187 42,90071,400 (d13C �19.7), and OxA-10188
>47,300 (d13C �22.4). Both these dates and a series
of 10 AMS dates on charcoal from this level that are all
close to 40 kyr (Cabrera-Vald!es et al., 1996) are best
regarded as minimum ages. However, ESR dates
averaging 7078 kyr were obtained from underlying
Mousterian levels 22 and 23 (Rink et al., 1997),
suggesting that the Palaeoloxodon material is signifi-
cantly younger than this.

A major problem is that even where the stratigraphic
context appears secure, there is always the possibility
that the specimen could be older than its context, having
been reworked or brought to the site by Palaeolithic
humans, as has been found in several cases with
radiocarbon-dated mammoth finds (Stuart et al.,
2002). This problem could potentially be overcome by
direct dating of Palaeoloxodon antiquus remains and/or
by discoveries of associated elements of individual
elephants in stratigraphically unambiguous post Eemian
contexts, thus ruling out reworking by natural or human
agency.
A Palaeoloxodon molar found by suction dredging
near Raalte, Overijssel, Netherlands, gave a radiocarbon
date of 32,5007500 (UtC-9307) (Bosscha Erdbrink
et al., 2001). Other fossils, apparently from the same
deposit, include both cold stage elements such as
Rangifer tarandus and Ovibos moschatus, and intergla-
cial taxa such as Dama dama and Capreolus capreolus.
As this is a single date from an unstratified context, and
in view of the total lack of other post-Eemian records of
P. antiquus outside southern Europe, this single date
should not be accepted until there is further supporting
evidence, including corroborative dates from another
laboratory.

To summarize, at present there is reasonable, but not
conclusive, evidence for the survival of Palaeoloxodon

antiquus to 40–50 kyr or perhaps as late as 33–34 kyr in
Iberia, significantly later than the Last Interglacial.
However, the evidence for late survival in Italy, beyond
MIS 5a, is weak. Clearly Palaeoloxodon had disap-
peared from Europe long before the onset of the LGM,
ca. 20 kyr. Nothing is known so far about possible late
survival in the Balkans, or elsewhere outside Europe.

The ancestor of most small or dwarf elephants
reported from several Mediterranean islands was
evidently Palaeoloxodon antiquus from mainland Eur-
ope (Palombo, 2001). In three cases, all from the eastern
Mediterranean, these island forms are claimed to have
survived much later than on the mainland: on Crete to
ca. 18 kyr or later (Symeonides et al., 2001), on Cyprus
to ca.11–10 kyr (Reese, 1999), and on Tilos to after 4 kyr
(Theodorou, 1986; Theodorou and Symeonides, 2001),
inviting comparison with the similar Holocene survival
of woolly mammoth on Wrangel Island. Radiocarbon
dating by more than one laboratory is needed to confirm
or refute these claims.
4. Discussion

It is very instructive to compare the latest histories of
these two proboscideans, with their contrasting ecolo-
gies, different times of extinction and ‘last stands’ made
in very different regions. Palaeoloxodon antiquus was a
species of temperate and Mediterranean woodland
whereas the cold-adapted Mammuthus primigenius was
primarily a species of open grassland biomes. Broadly
the extinction of the former, in southern Europe, is
related to the retreat and near disappearance of wood-
land early in the Last Cold Stage, whereas conversely
the demise of mammoth, making its ‘last stands’ in
north eastern Europe, northern Siberia and Wrangel
Island, can be linked to the marked decrease in open
vegetation, especially steppe-tundra, in the Late Glacial
and earliest Holocene. However it should not be
overlooked that the histories of the two species also
have important features in common. Both species went
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extinct, along with other megafauna, during the Last
Glacial–Interglacial cycle, but had survived previous
cycles of the Middle and Late Pleistocene. Moreover, in
both cases final extinction was preceded by a dramatic
shrinkage of range.

Clearly climatic changes, acting through vegetational
changes were of profound importance in the latest
history of both proboscideans. However, if the extinc-
tions of these, and other megafaunal species, were driven
solely by environmental change, then why did similar
extinctions not occur in previous glacial–interglacial
cycles? There are general similarities in the pollen
records for successive interglacials from central and
north western Europe, and the long pollen records from
southern Europe and other proxy records show broadly
similar changes over several glacial–interglacial cycles
(Tzedakis and Bennett, 1995). Nevertheless, was the last
cycle significantly different, in a way that could have
caused major extinctions? Some, notably Sher (1997),
have argued that it was. According to Sher, in northern
Siberia areas of open steppe tundra persisted through
previous interglacials, and mammoth extinction oc-
curred early in the Holocene when the last areas of
steppe tundra were replaced by boggy tundra, unsui-
table for mammoths, in response to changes in circula-
tion of the Arctic Ocean.

However, this hypothesis cannot be used to explain
the extinction of other megafauna in Northern Eurasia,
including Palaeoloxodon, nor of course can it account
for the disappearance of so many species from North
America. A major problem here is that our knowledge
of the pre Last Cold Stage terrestrial record is limited,
especially for the cold stages, and there is insufficient
information about interglacial floras, faunas and envir-
onments for northern Siberia. In particular, largely
because of major stratigraphic uncertainties and dating
problems, we do not know very much about what
happened to mammoths in previous interglacials or to
straight-tusked elephants in previous cold stages, even in
Europe.

The clear evidence on the one hand of Holocene
survival of Mammuthus on Wrangel Island in the Arctic
Ocean, and on the other the putatively Late Pleistocene
and Holocene survival of Palaeoloxodon on the Medi-
terranean islands of Crete, Cyprus and Tilos, is also
difficult to reconcile with the hypothesis of extinctions
driven solely by climatic and vegetational change. If
animals were so vulnerable to environmental changes on
the mainland, surely they would have been much more
so on islands where they could not respond by migrating
elsewhere.

However, the possible role of humans in these
extinctions is not clear either, although it is worth
restating the circumstantial evidence that the arrival of
modern humans (Homo sapiens) in Northern Eurasia
(from ca. 40 kyr) is the one new factor in the Last
Glacial–Interglacial that was not present before (Stuart,
1991). A possibility to be considered is that the presence
of modern human hunters, with better technology and
organisation and who occupied a much more extensive
geographical range than their predecessors, contributed
to the extinction of woolly mammoth, straight-tusked
elephant and other megafaunal species by impeding
their ‘normal’ migrational responses to climatic and
vegetational changes.
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