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On the basis of 309 radiocarbon dates on woolly mammoth remains, and Geographic Information
System technology data processing, we have reconstructed mammoth population dynamics in
Northern Asia for the second part of the Upper Pleistocene, c. 53,000-10,000 yBP, and the
Holocene c. 8,000-3,700 yBP. For most of the Upper Pleistocene, ¢. 53,000-12,000 yBP, mam-
moths existed throughout Northern Asia. They occupied northern, central and southern parts of
Siberia and adjacent areas during both cold and warm phases. The sharp decrease of mammoth
natural habitat started at c. 12,000 yBP. The last mammoths went extinct in the northern continen-
tal Siberia c. 9,600 yBP. A population of small-sized mammoths survived on Wrangel Island
during the period c. 7,700-3,700 yBP.
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INTRODUCTION

The history of woolly mammoth
(Mammuthus primigenius) has been studied
for about 200 years and in Siberia for more
than 100 years (Chersky 1891). Nowadays,
such studies form part of wider research on
global environmental and climatic changes in
the Pleistocene, since both climate and vege-
tation were fundamental to the existence of
large herbivores such as mammoth. Since the
1950s, radiocarbon (**C) dating has become
very important in the investigation of mam-
moth history. Numerous “C dates on mam-
moth bones, tusks, teeth, and soft tissues
have been obtained since the 1960s for

Northern Asia, including Siberia, northern
Kazakstan, the Russian Far East, and north-
eastern China. Using the data collected, we
have been able to reconstruct the general
features of mammoth population dynamics in
Northern Asia for the last 40,000 - 50,000 “C
years with the help of Geographic
Information System (GIS) technology.

MATERIAL AND METHODS

As a basis of this research, we used the “C
mammoth date lists for Northern Eurasia,
published in 1995-1997 (Sulerzhitsky 1997,
Sulerzhitsky & Romanenko 1997; Vasil'chuk
et al. 1997). We also added "“C dates for the
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Figure | The distribution of radiocarbon-dated mammoth remains in Northern Asia.

territories of Kazakstan, the Russian Far East,
and northeastern China (Korotky et al. 1989;
Liu & Li 1984; Ho & Jiang 1993; Ives et al.
1994), and some unpublished data from the
archives of the Radiocarbon Laboratory at the
Institute of Geology, Siberian Branch of the
Russian Academy of Sciences, Novosibirsk
(Firsov et al. 1985). When using Chinese
data, we re-calculated them for “C half-life
equal to 5568 years. In total, the Database
includes 309 "“C determinations from more
than 140 locations (Appendix; Fig. 1).

For computer processing and map genera-
tion, we used Arc View 3.0a software (ESRI
Co., USA). To estimate their geographic
coordinates as decimal values, both ‘Atlas of
the USSR’ (Baranov 1969) and PALEO
FAUNA Database (Markova et al. 1995) were
used. The infinite “C dates were considered

as minimal values during the map processing
(i.e., date of greater than 40,000 "“C years ago
[yBP] was loaded into Database as 40,000
yBP).

Taking account of the main climatostrati-
graphic sub-divisions of the second part of
the Late Pleistocene in Siberia (Kind 1974,
Velichko 1984; Arkhipov et al. 1986), we
generated maps of spatial distribution of “C-
dated mammoth remains for several time
intervals: (1) the Karginian Interglacial; with
subdivision into (1a) Early Karginian war-
mings and coolings, c. 55,000 - 33,000 yBP,
(1b) Konoschelye cooling, c. 33,000 - 30,000
yBP, and (1¢) Lipovka-Novoselovo warming,
c. 30,000 - 24,000 yBP; (2) Sartan Glaciation;
with subdivision into (2a) Early Sartan time,
c. 24,000 - 20,000 yBP, (2b) Sartan Glacial
maximum, c. 20,000 -18,000 yBP, and (2¢)
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Figure 2 The distribution of radiocarbon-dated mammoth remains in Northern Asia in Karginian Interglacial period:a 55,000 -

33,000 yBP; b 33,000 - 30,000 yBP; ¢ 30,000 - 24,000 yBP

Late Sartan time, c. 18,000 - 13,000 yBP; and
(3) Late Glacial time and the Holocene; with
subdivision into (3a) Late Glacial time, c.
13,000 - 12,000 yBP, (3b) Pleistocene-
Holocene transition, ¢. 12,000 - 9,000 yBP,
and (3c) Atlantic and Subboreal periods of
the Holocene, c. 8,000 - 3,700 yBP (Figs. 2 -
4).

RESULTS AND DISCUSSION

The distribution of “C-dated mammoth
remains in Northern Asia is presented in
Figure 1. There are two latitudinal ‘belts’
with the highest concentration of “C dates:
(a) in the Arctic; and (b) in the southern part
of both Western and Central Siberia.
However, this does not mean that the mam-
moth habitat was divided into northern and
southern parts. In our opinion, mammoth

existed in the Late Pleistocene in the whole
of Northern Asia. The mammoth remains
were found throughout Siberia, in northern
Kazakhstan and Mongolia, in northeastern
China and North Korea, and on the Sakhalin
and Hokkaido Islands (cf. Baryshnikov &
Markova 1992; Markova et al. 1995). During
Karginian and Early Sartan times, c. 55,000 -
20,000 yBP, mammoth inhabited all Northern
Asia (Figs. 2 and 3). There is no observed
difference in the size of mammoth habitat
between warm and cold stages; for example
compare Lipovka-Novoselovo (Fig. 2: b) and
Konoschelye (Fig. 2: ¢). For the Last Glacial
Maximum, we have so far only 15 “C dates
(4.9% of the total) from 13 localities. They
concentrate in two regions, the High Arctic
and the middle section of the Yenisey River
(Fig. 3: b). Most probably, because of insuffi-
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cient “C data, this picture does not reflect the
real distribution of mammoth at c¢. 20,000 -
18,000 yBP. Mammoth bones were identified
on several Upper Paleolithic sites correspon-
ding with the Last Glacial Maximum, e.g.
Malta and Buret in the headwaters of the
Angara River, Kunalei in the Transbaikal, and
Ikhine 2 and Verkhne-Troitskaya in Yakutia
(Ravsky 1972; Mochanov 1977; Tseitlin 1979;
Kuzmin & Orlova 1998). This shows that
mammoth habitat during the Sartan Glacial
Maximum covered the whole of Siberia, from
the Severnaya Zemlya Islands to the
Transbaikal (Fig 3: b).

As in Karginian and Early Sartan times,
mammoths occupied all Northern Asia during
Late Sartan and Late Glacial times, ¢. 18,000 -
12,000 yBP (Fig. 3: ¢ and 4: a). There are finds
of mammoth bones from two Upper Paleolithic
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sites in the Yenisey River basin which corre-
spond to Late Glacial time, c. 13,300 - 12,900
yBP, Bolshaya Slizneva and Kokorevo 2
(Tseitlin 1979; Kuzmin & Orlova 1998). Thus,
until ¢. 12,000 yBP most of Siberia was still
suitable for mammoths (Fig. 4: a).

However, at ¢. 12,000 yBP there was a
major change in mammoth distribution in
Northern Asia (Fig. 4: b). The mammoth habi-
tat shrunk significantly, and only the lower
part of the Indigirka River, the Taymyr
Peninsula, and the Severnaya Zemlya Islands
have yielded “C-dated mammoth remains for
the period c. 12,000 - 10,000 yBP. About
10,000 yBP, mammoth became extinct in the
Indigirka River basin, and survived only on
the Taymir and Gydan Peninsulas in the High
Arctic, north of 69°N latitude (Fig. 4). This is
consistent with previous conclusions by
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Figure 4 The distribution of radiocarbon-dated mammoth remains in Northern Asia in Late Glacial and Holocene periods:
a 13,000 - 12,000 yBP; b 12,000 - 9,000 yBP; € 8,000 - 3,700 yBR

Sulerzhitsky (1997) and Sher (1997) that there
was a sharp decrease in environments suitable
for mammoth at c. 12,500 - 12,000 yBP. The
youngest “C dates for the Taymyr mammoths
are ¢. 9,780 - 9,670 yBP, and for Gydan c.
9,730 - 9,600 yBP (Sulerzhitsky 1997,
Vasil'chuk ef al. 1997). In the mid-Holocene,
c. 7,700 - 3,700 yBP, a small mammoth (M.
primigenius vrangeliensis) survived on
Wrangel Island (Vartanyan ez al. 1993) (Fig.
4: ¢).

It is evident that mammoth population in
Siberia successfully survived up to c. 12,000
yBP, in spite of repeated environmental chan-
ges from cold to warm phases and vice versa.
At c. 12,000 yBP the irreversible contraction
of mammoth environments began, and most
probably this was connected with very speci-
fic process of final disappearance of particular

landscapes where mammoth could exist.
However, it is not possible to explain the
extinction of mammoth in continental Siberia
at ¢. 9,700 - 9,600 yBP as the result of general
global warming and consequent vegetation
changes only, as was previously mentioned by
Sher (1997).

CONCLUSION

The results presented are among the first
attempts to analyse the history of woolly
mammoth in Northern Eurasia using GIS
technology. It is clear that mammoth existed
throughout Northern Asia until ¢. 12,000 yBP,
when the rapid decrease of mammoth habitat
began. Most probably this process was due to
the disappearance of its ecological niche as a
result of climatic and vegetation changes
driven by global warming.
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APPENDIX Radiocarbon dates of the woolly mammoth remains in Northern Asia.
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