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Abstract. Model reconstruction of vegetation cover of the south of the West Siberian Plain from the late Pleis-
tocene to the modern era has been carried out on the basis of the associated chronological analysis of paleonto-
logical, archaeological and paleoclimate data. We have determined the starting point of active vegetation
transformation in the south of the West Siberian Plain as a result of tradition-bound exploitation of natural re-
sources. Periods of maximum anthropogenic load — peak and relative recession - on vegetation cover, acting as a
further determinant factor, have been determined in this study for the first time. Comprehensive analysis and
new understanding of palynological, paleozoological, archaeological and paleoclimate data in terms of theoretical
synecology confirmed the notions on the determinant role of the anthropogenic factor in the transformation of
the Pleistocene forest-meadow-steppe vegetation into contemporary communities of the southern taiga, the sub-
taiga and the forest-steppe of the West Siberian Plain.
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AHHOTaumA. Ha OCHOBe COMPAMKEHHOrO0 XPOHO/IOMMYECKOro aHa/nM3a Ma/NeOHTO/NOMMYECKUX, apXeO0/10rMYeCKUX
M MaseoK/IMMATUYECKUX AAHHbIX NPOBEAEHa MOAEe/IbHAaA PEKOHCTPYKLUMA pacTUTe/IbHOrO MOKpOBaA tora 3anagHo-
CMBMPCKOM paBHUHDBI C MO3/AHEro Nn/1encToleHa 40 coBpemMeHHocTU. OnpegenieHo Bpems Hadasla akTUBHOMO Npeob-
pa3oBaHWA pacTUTe/IbHOCTM Ha tore 3anagHo-CMbUpPCKOM paBHUHbBI B pe3y/ibTaTe TPagULMOHHOIO NMPUPOAOMNO/1b30-
BaHWA. BnepBble Bblge/IeHbl U pa3HOCTOPOHHE 060CHOBAHbI MEPUOALI MAaKCUMA/IbHOM aHTPOTOreHHOM Harpysku Ha
pacTUTe/IbHbIM MOKPOB, Ornpese/iABLUME ero Aa/bHelllee COCTOAHME, a TaKXKe Nepuogbl OTHOCUTE/IbHOMO Craja
Harpy3Kku. KOMM/IeKCHbIN aHa/M3 1 nepeocmblC/IeHNe C MO3ULMIM TEOPETUYECKON CUHIKO/IOTUM Ma/IMHO/IOMUYECKUX,
Mazneo0300/10rM4eCcKMX, apXeo/10rMi4eckmnX U NaneoKIMMaTUYEeCKMX AaHHbIX NMOATBEPAU/M NpeacTaB/ieHnA ob ornpe-
AenAoLwe po/iM aHTPOMNoreHHOro GakTopa B TpaHCPOpMaLmm NAeNCTOLEHOBOM /1€CO-/IyrOBO-CTEMHOM pacTUTe/b-
HOCTM B COBpPeMeHHble COOOLL,eCTBa FOXKHOM Talrm, NoATanru u necoctenu 3anagHo-CMbMpCKom paBHUHbI.

KatoueBble c/10Ba: pacTUTe/IbHbIV MOKPOB, 3anagHo-CbupcKasa paBHWHA, TPAAMLMOHHOE NMPUPOAOTNO/Ib30BaHue,
n/1encToL,eH, ro/IoLeH, Na/IMHO/IOrMYeCKUt aHau3.

interdisciplinary research is necessary to gain full
knowledge of the dynamic processes both in to-

Importance of the Subject of Study

The peculiarity of the contemporary stage of the
reconstruction of vegetation cover of large natural
regions consists in the recognition of the necessity
to detect and adequately evaluate the leading fac-
tors of vegetation formation at different times and,
first and foremost, the anthropogenic factor. Such

day’s vegetation cover and the vegetation cover of
the past. However, until recently the issue of im-
pact exercised by certain factors on the centuries-
long dynamics of the vegetation cover for such a
large region in Eurasia as the West Siberian Plain
has not been examined sufficiently. This is ex-
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plained by weak development of agreed and joint
paleobotanical, paleozoological and archaeological
research as well as by the absence of an integral
methodological foundation for such reconstruc-
tions until recently.

For the south of the West Siberian Plain, ample
volume of data necessary for historical-ecological
reconstructions has been accumulated over many
years of paleonological, paleozoological and ar-
chaeological research. Theoretical notions regard-
ing the principles of natural eco-system cover
organisation, developed in the last decades, allow
new description of the contribution made by dif-
ferent factors into the Pleistocene-Holocene dy-
namic of communities in the south of the West
Siberian Plain, on the basis of these data.

Aim of the article: to perform, on the basis of
comparisons between archaeological, paleoclimate
and paleontological data, a model reconstruction of
the vegetation cover of the south of the West Sibe-
rian Plain, evaluating the contribution made by the
anthropogenic factor into the formation and devel-
opment of contemporary types of vegetation in the
epoch of tradition-bound exploitation of natural re-
sources (the Paleolithic period — the end of the
XIX century).

Methodology and Methods

Methodology of the present research is based
on the following notions.

1. Notion of the determinant role of the tradi-
tion-based exploitation of natural resources in the
transformation of the eco-system cover. Proposed
reconstructions are based on the anthropobiotic
concept [1], where literature devoted to the impact
of the exploitation of natural resources on the biota
and the climate was accumulated [2—10 et al.].

Examination of this literature allowed to put
forward a hypothesis on human activities prevail-
ing in the dynamic of today's landscapes of the
south of the West Siberian Plain, starting from the
late Pleistocene.

It should be emphasized that a significant share
of the historical-ecological reconstructions con-
ducted for the West Siberia [11-15], was created
within the framework of the climatic (zonal bio-
climatic) concept [16]. The abovementioned con-
cept postulates a strictly determined link between
the changes in the vegetation cover reconstructed
using palynological data and climate changes.
Climate changes in turn are reconstructed on the
basis of the changes in vegetation cover.

Conducted comprehensive research demon-
strated [17] that there is no direct unequivocal link
between the climate and the biota. The correlation
between the climate and the spread and abundance
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of plants and animals (flora and fauna) is very
complex and is refracted through the prism of in-
ter-species and intra-species relations. Borders of
plant habitats lie in places where the competitive
capacity of the species decreases so much that the
species is no longer capable of successfully de-
veloping due to various conditions of the envi-
ronment. Borders of habitats do not have a direct
link with the climate even in those cases when
they coincide with any of the isolines of climatic
variables [18].

Moreover, the very possibility to actually tie
sporo-pollen spectrum to any or even a group of
simple climatic elements is dubious. The link be-
tween biogeocenosis and landscapes with the cli-
mate  manifests itself  through  complex
comprehensive (integral) indicators, which remain
intact despite rather considerable changes of sim-
ple climatic elements [19].

All organisms respond to the climate change
by intraspecies morpho-physiological adaptive
variability. Moreover, plants compensate this by
means of biotope change, and in so doing retain
relatively consistent hydrothermic conditions of
the habitat [17].

Outward morphological homogeneity of the
species masks their genetic polymorphism [20].
Thanks to this, species represent complex systems
of co-subordinate taxonomic units: biotypes, bio-
logical groups and eco-elements that differ through
small inherited specificities in morphology, pace of
development and tolerance. When in new condi-
tions of existence, such complex systems are dif-
ferentiated into ecotypes and sub-species over
several generations, under the influence of the nat-
ural selection [21].

Furthermore, it has been demonstrated that
formed vegetation cover is capable of changing
the climate, sustaining optimal habitat environ-
ment and contributing to the progression of spe-
cies into conditions unacceptable in terms of
abiotic indicators [9].

Our research certainly has taken into considera-
tion paleoclimatic specificities of the studied area.
However, in contrast to adherents of the zonal-
bioclimatic concept, it used climate constructions,
based on the data relatively independent of the bio-
ta, namely — the results of isotopic analysis of ice
[22, 23].

The present article has put forward the follow-
ing assumption as a working hypothesis: climate
changes did not fully determine long-period varia-
bility of ecosystems, but they did impact the speed
of ongoing biotic processes.

2. Notions of the potential ecosystem cover and
methods of its model reconstructions performed on
concrete areas [24, 7, 25-27].

M. A. Kharitonenkov
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The dynamics of the vegetation cover has been
reconstructed on the basis of the analysis of paly-
nological (sporo-pollen) and historical data. The
work used published data [28-32] and the results
of our own research [33].

Primary data have been extracted from the pub-
lished works — palynological spectra of sequences,
predominantly those of peat deposits as well as
soils beneath archaeological monuments. Those
have been interpreted on the basis of standard
methodology grounded in correlations of reflection
of today's vegetation cover by the recent spectra
[34]. The published spectra of the southern taiga,
subtaiga and forest-steppe valley of the Ob' river
peat deposits were used as the recent ones.

Data processing allowed evaluating changes in
the amount of forests of the area from the late
Pleistocene until the end of the XIX century as well
as changes in the species (genus) composition and
species richness (genus richness) of trees.
At the same time, the level of correlation between
the species’ pollen share and its actual participation
in the forest stand — detected by means of the recent
spectra — was consistently taken into account. The
amount of forests of the area is determined on the
basis of the tree and herb pollen share ratio. Dis-

Palynological Sequences Used for Reconstruction
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crepancies between pollen productivity of trees of
different species (genera) were taken into account.
Chronological identification of spectra was carried
out on the basis of the dating assigned by the au-
thors. In cases when these were absent, the spectra
were dated on the premises of peat accumulation
speed calculated for the West Siberian Plain [35].

Volume of Palynological Material

The asynchronous pollen spectra of 38 palyno-
logical sequences of the studied area were ana-
lyzed. Palynological data from adjacent areas was
brought in for comparison. The vegetation cover
was being reconstructed for each sequence within
the boundaries of each epoch (Table 1). The most
common traits of vegetation changes in the exam-
ined historical-geographical areas were identified.
Eventually, it was possible to reconstruct the dy-
namics of the vegetation cover by comparing its
changes across different epochs. Historical data on
the vegetation were analyzed in search of data
which would provide information on the amount of
forests in the area and species composition of ar-

boreal plants.

Table 1

9 3 9
Epoch L(')wer TO.bOI Ml.ddle Irt.ysh Upper Ob’ river region References
river region river region
1 2 3 4 5
Paleolithic, 2/98; L 1/95; Aksurka; Zhukovskiy peat-bog; Belyy |Khotinskiy, 1977 [28];
Mesolithic, Cultural proper- | Gladilovskiy Yar; Blyakharchuk, 1989 [29];
Neolithic, ty site (C.p.s.) Ryam; Katenka; Bog Gladkoye; Orlova, 1990 [30];
Eneolithic hillfort Belyiy Chany lake; Tolmachevsko- Bolotnyye..., 2001 [31];
Yar 4 C.p.s. Lastochkino | Krivodanovskoye; Ryabogina etc., 2004 [32];
Gnezdo-1; Peat-bog in Tom river creek; |Levkovskaya,1974 [36];
C.p.s. Mergen lake; | Kirek lake; Arkhipov, Votakh, 1980 [37];
Stanichnyy ryam; Ovrazhnoye; Piavchenko, 1985 [38];
Sfagnovyy Ryam; Chaginskoye; Levina, Orlova, 1993 [39];
Ubinskiy ryam; Kulymany; Ryabogina etc., 2001 [40];
Chuvashi; Novo-Uspenka; Yakimov etc., 2007 [41];
Sequences in Omsk | Kayakskoye zaymishche; Zakh, 1997, 1999 [42, 43];
Irtysh’ river region | Beglyanskiy ryam; Ivanov, Ryabogina, 2003 [44];
Beloye lake (2 sequences); Khazina, 2008 [45];
Mamonovo Bolshanik, 1998 [46];
Zykina etc., 2000 [47]
Bronze Age | 2/98; L 1/95 Aksurka; Guskovskiy ryam; Volkova etc., 2002 [15];
Chany lake; Zhukovskiy peat-bog; Khotinskiy, 1977 [28];
Stanichnyy ryam; Beloye lake (2 sequences); | Blyakharchuk, 1989 [29];
Sfagnovyy Ryam; Beglyanskiy ryam; Orlova, 1990 [30];
Ubinskiy ryam; Bog Gladkoye; Bolotnyye..., 2001 [31];
Chuvashi; Kayakskoye zaymishche; Ryabogina, 2004 [32];
Gladilovskiy Ovrazhnoye; Kharitonenkov etc., 2012 [33]
Ryam; Chaginskoye; Ryabogina etc., 2001 [40]
Chicha; Kulymany;
Koltyugino Novo-Uspenka;
Tolmachevsko-
Krivodanovskoye;
Peat-bog in Tom river creek;

M. A. Kharitonenkov
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End of Table 1

1 2 3 4 5
Early Iron 2/98; L 1/95; Aksurka; Zhukovskiy peat-bog; Khotinskiy, 1977 [28];
Age — C.p.s. hillfort Chany lake; Kulymany; Blyakharchuk, 1989 [29];
Middle Ages | Rafaylovskoye | Sfagnovyy Ryam; | Novo-Uspenka; Orlova, 1990 [30];
TOPOIHIIIE; Stanichnyy ryam,; Ovrazhnoye; Bolotnyye ..., 2001 [31];
C.p.s. Chuvashi; Peat-bog in Tom river creek; | Ryabogina, 2004 [32];
Kolovskoye Gladilovskiy Beloye lake; Kharitonenkov etc., 2012 [33]
Ryam; Bog Gladkoye; Piavchenko, 1985 [38];
Chicha; Guskovskiy ryam; Khazina, 2008 [45];
Kalininskiy ryam; | Kayakskoye zaymishche;
Kayly; Suminskoye zaymishche;
Shipunovo; Ubinskiy ryam;
Koltyugino Kargapolovo
Modern era | 2/98; L 1/95 Aksurka; Zhukovskiy peat-bog; Khotinskiy, 1977 [28];
Chany lake; Kulymany; Blyakharchuk, 1989 [29];
Sfagnovyy Ryam; | Novo-Uspenka; Orlova, 1990 [30];
Stanichnyy ryam,; Ovrazhnoye; Bolotnyye ..., 2001 [31];
Chuvashi; Peat-bog in Tom river creek; | Ryabogina, 2004 [32];
Gladilovskiy Beloye lake; Kharitonenkov etc., 2012 [33];
Ryam; Bog Gladkoye; Piavchenko, 1985 [38];
Chicha; Guskovskiy ryam; Khazina, 2008 [45]
Kalininskiy ryam; Kayakskoye zaymishche;
Kayly; Suminskoye zaymishche;
Shipunovo; Ubinskiy ryam;
Koltyugino Kargapolovo

Volume of Examined Material
(Archaeological and Historical)

On the basis of the archaeological and histori-
cal materials, systems of the population’s settle-
ment and human economic activities were
reconstructed. Only the published results of ar-
chaeological research were used when conducting
the present research. The former were used to ac-
cumulate data on the peculiarities of the system of
settlement and the type of exploitation of natural
resources of each archaeological culture. We have
collected available information covering all the
stationary settlements examined as of today (1875
settlements), which allows carrying out territorial
analysis of archaeological cultures when doing
the mapping. Overall, 61 archaeological cultures
have been analyzed. Historical data chronologi-
cally fit into the framework of the last 400 years.
From these data we have extracted information
that allows tracking down the system of settle-
ment and the peculiarities of the exploitation of
natural resources.

The material was collected in three historical-
geographical regions located sublatitudinally in the
south of the West Siberian Plain and covering part
of today’s southern taiga, subtaiga and forest-
steppe: 1. Lower Tobol’ river region (the Tobol

river basin within the Tumen and the northern edge
of the Kurgan region.); 2. The Middle Irtysh river
region (the Ishim Plain, the west of the Baraba
Plain, within the eastern part of the Tumen region
and the western part of the Novosibirsk region.);
3. The Upper Ob’ river region (its lowland part —
the part of the Ob’ river basin to the south of the
Chulym river estuary and to the east of the Baraba
Plain within the boundaries of the eastern part of
the Novosibirsk and the south of the Tomsk re-
gions) [48] (Fig. 1).

The choice of the research area is determined
by the necessity to expand the geographical
framework of the historical-geographical work
started in 2001 for the Russian Plain [7, 24, 49].
Extending this type of research to the whole of
the Northern Eurasia forest belt will make it pos-
sible to reconstruct the potential vegetation cover
of this area and evaluate the contribution of the
anthropogenic impacts into the formation of to-
day’s Northern Eurasian landscape zonal distribu-
tion.

The choice of the territory is determined by the
fact that from the archaeological point of view it
has been very well examined as well as by the
presence of the whole spectrum of tradition-bound
exploitation of natural resources in the mentioned
period.

M. A. Kharitonenkov
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Fig. 1. Historical-geographical division of the studied area of West Siberia (the Neolithic period..., 1996)

Results and Discussion

Model reconstruction of the pre-anthro-
pogenic appearance of the vegetation cover of
the south of the West Siberian Plain.

At the contemporary stage of archaeological re-
search it is considered that the man (more specifi-
cally Homo sapiens) began to colonize the West
Siberian Plain in the late Pleistocene [50]. There-
fore, late-Pleistocene vegetation may be considered
as the reference vegetation and starting from this
period we can start tracing the impact of human
populations on its composition and structure.

In the late Pleistocene the whole of Northern
Eurasia had a "hyperzone" that was represented by
comprehensive landscapes and joined with it were
elements of steppes, meadows, forests and the
tundra [51, 52]. In accordance with the key
statements of the anthropobiotic concept, key
phytophagous species of the megafauna played the
major role in formation, wide distribution and
long-standing existence of the "hyperzone"
communities. Their enormous environment-
transforming impact suppressed the development
of arboreal plants on significant surfaces, creating
advantages for open herbal communities. In this
connection, the vegetation cover in general was
characterized by mosaic character and productivity
[49, 53, 54].

Appropriating Economy Epoch (Fig. 2)

Model Reconstruction of Vegetation Cover.
The Paleolithic (Old Stone Age) epoch coincides
with the Pleistocene and partly the Holocene divi-
sions of the Quaternary Period.

Reconstruction of the vegetation cover of the
late Pleistocene (126000-11700 B.C.) and the

Ancient Holocene (~11700-10000 B.C.) was car-
ried out as a result of analyzing palynological
spectra of 12 sequences in both the examined and
the adjacent historical-geographical areas [36,
55-57].

On the basis of the studied spectra of the Kargin
interval (~ 27000-23000 B.C.), the Sartan interval
(23000-11700 B.C.) of the Pleistocene and the
Ancient Holocene we can reconstruct the typical
forest-meadow-steppe vegetation of the "hyper-
zone", in which ample meadow-steppe communi-
ties were present along with forest ranges that
included the whole set of potential forest-forming
species (late-successional — Picea obovata, Pinus
sibirica, Abies sibirica, Tilia cordata, Ulmus sp.,
explerent — Pinus silvestris, Populus tremula, Betu-
la sp., Salix sp., Larix sibirica).

In forest areas explerent tree species played a
significant role — such as Betula sect. Albae and
Pinus silvestris. In the Sartan interval the forest
surfaces were apparently smaller than in the Kar-
gan interval. The share of late-successional tree
species was likewise smaller. In the meadow-
steppe communities the share of gramineous
plants, artemisias and Chenopodiaceae species
was more significant than in the Kargan interval.
Woodlands in a number of cases could represent
heavily bleached wood-meadows dominated by
explerent tree species and the meadow-steppe
herbaceous cover.

Reconstruction of the vegetation cover of the
first half of the Holocene (11700-5000 B.C.) was
performed as a result of analyzing palynological
spectra of 21 sequences (see Table 1). These spec-
tra reflect vegetation cover dynamics trends com-
mon for the whole of the studied area.

M. A. Kharitonenkov
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Throughout the Mesolithic period: the Pre-boreal
(10000-9000 B.C.) and Boreal (9000-8000 B.C.)
periods of the Holocene — the amount of forests in
the area gradually increased, while the surface oc-
cupied by the meadow-steppe communities de-
creased. Woodlands were increasing by means of
rapidly settling species of birch-trees and pines; at
the same time the share of dark-coniferous trees
and broadleaved trees of various species was grad-
ually increasing. Nonetheless, the vegetation cover
of the analyzed area was represented by different
variants of the forest-meadow-steppe complexes.

In the Neolithic period (Atlantic period)
(80005000 B.C.) slow-paced and patchy afforesta-
tion of the territory continued. The nature of the pol-
len spectra indicates that the uninterrupted forest
strip was not yet formed in the regions of today’s
southern taiga. Forests were considerably thinned or
there was a high share of meadow-steppe areas
within them. However, the dark-coniferous taiga
was being shaped in the neighbouring more north-
ern areas, especially to the north-east, in the Atlantic
period [28, 55, 58] judging by the spectra.

The composition and structure of the vegetation
cover of the areas today occupied by the forest-
steppe and sub-boreal forests did not differ in gen-
eral. Judging by the pollen spectra, northern forest-
steppe landscapes or heavily thinned forests were
predominant. In the forest stand composition, birch
tree species and Pinus silvestris played a signifi-
cant role, presence of dark-coniferous species (the
spruce, the fir, and the cedar in particular) was sta-
ble as well as that of broadleaved trees. The herba-
ceous cover was dominated by representatives of
steppefied communities: Chenopodioideae-
Artemisiinae and Gramineae groups.

Reconstruction of the vegetation cover of the
studied area for the Eneolithic period (the first half
of the Subboreal period — 5000—4000 B.C.) was
carried out on the basis of the analysis results cov-
ering palynological spectra from 22 sequences
(see Table 1).

By looking at the spectra of these sequences, a
significant increase in the amount of forests was
reconstructed in the Eneolithic period in the stud-
ied area, especially in today’s sub-boreal forests
and the forest-steppe. The meadow-steppe areas
were actively covered with pine forests (apparent-
ly, along the terraces with light soils) and birch
forests (on upland soil). In previously formed
woodlands participation of dark-coniferous species
(more often the spruce and the cedar, less frequent-
ly — the fir) and broad-leaved trees (the elm-tree
and the linden) increases. Within the boundaries of
today’s southern taiga the increased share of dark-
coniferous species and broadleaves is very distinct,
judging by the pollen spectra. In many cases they
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already accounted for a significant share of the for-
est stand. However, forests remain thinned as the
herbaceous layer exhibited a big share of helioph-
ilous plants. Apparently, they were combined with
Gramineae-mixed grass and herb meadows. The
share of birch-tree remained high in the forest
stand composition.

Herbivorous megafauna. In the late Pleisto-
cene, 70000-60000 B.C., in the studied area the
late mammoth fauna reached its prime [59]. De-
spite significant climate fluctuations in the late
Pleistocene, at this time this area preserved mixed
species composition of its fauna complexes (repre-
sentatives of steppe, tundra, forest-steppe and for-
est communities). Animals of open and half-open
spaces — mammoths, bisons, horses — were pre-
dominant both in terms of the number of species
and the number of bones in the locations [60, 61].

It is believed that with the transition to the Hol-
ocene the archaeologically unified mammoth fauna
disintegrated due to breached habitats and uncom-
pensated extinction of many species [62, 63]. The
sole indirect proof of this opinion for the studied
area is the virtually complete absence of locations
of megafauna representatives for the first half of
the Holocene as well as the absence of faunal loca-
tions of that time generally significant for the anal-
ysis [64]. However, it is important to note that
throughout the whole of the Pleistocene one can
trace uninterrupted development of the line Ar-
chidiskodon-Mammuthus, the tribe Ovibovini,
genera Bison, Equus. Any change of fauna or any
noticeable shift of their boundaries in different
climatic periods of the Pleistocene have not been
detected [65]. We believe that the absence of find-
ings may be linked not to the disappearance of the
largest representatives of the mammoth complex or
a sharp change of their habitat, but to the uneven
decrease in the population size as well as to the
change of the taphocoenosis formation regime.

In accordance with the major statements of the
concept of key species, the most unambiguous, al-
beit indirect, characteristic of the population’s
presence may consist in proliferation of communi-
ties they form. As it has been demonstrated above,
in the first half of the Holocene the studied area
was dominated by the vegetation that in principle
did not differ from the Pleistocene vegetation (its
appearance to a large extent was determined by the
megafauna activity).

The analysis of the history of the Pleistocene-
Holocene transformation of habitats of the most
crucial and the most mass West Siberia megafauna
representatives: the mammoth, the bison, the horse
[64, 66—69] allows to assume that the process of
mammoth fauna transformation into contemporary
faunal complexes did not happen at the turn of the
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Pleistocene and the Holocene, but lasted from the
end of the Pleistocene roughly until the middle of
the Holocene. The following chronological se-
quence of the mammoth fauna transformation may
be proposed: maximal spread, high species rich-
ness and a big population size in the late Pleisto-
cene, a certain decrease in population size of the
key megafauna representatives as well as the dis-
appearance of the mammoth itself approximately
on the borderline with the Holocene, the continu-
ing gradual fall in the size of populations of large
gregarious hoofed mammals from the Pre-boreal
until the Atlantic periods within the Holocene.

Peculiarities of human settlement and paleo-
economy. From 25000-24000 B.C. colonization of
plain areas of the West Siberia began [50]. It went
on in the process of several migration waves. The
last one was the most intensive and was linked to
the so—called Gravettian episode of Europe that
began around 24000 B.C. [70]. The main trait of
this stage of the Paleolithic period consists in the
large-scale and prolonged expansion of the highly-
developed population from Central Europe to the
east — the population that formed a huge unified
historical-cultural community. For the first time in
history specialized predominantly mass hunting for
the largest megafauna representatives, and first and
foremost, the mammoth became the main form of
economic activity of these tribes. The Maltinskaya
archaeological culture was a local variation of this
historical-cultural community in Siberia [71]. Ap-
parently, it was the ancestors of the Maltinskaya
culture representatives that continued to develop
independently at the final stage of the Paleolithic
period as well as the Mesolithic period and the ear-
ly Neolithic period (100005000 B.C.). Semi-
nomadic, and possibly nomadic, hunting, remained
the major type of exploitation of natural resources,
which can explain relatively small number of open
settlements of that time. The prime of cropping
pressure at these epochs had to shift (as the size of
populations continued to decline) from the mam-
moth to the bison (as the second biggest gregarious
animal kill) and the aurochs, and further on to the
horse (as the most numerous species). As the popu-
lations of the key species of grazing eco-systems
decreased in size, the cropping pressure shifted
more to forest species, which was encouraged by
further improvement of hunting tools [48].

In the Neolithic period, the autochthonous cul-
tural-historical community of the West Siberian
Plain split due to the beginning of new large-scale
migrations of the population from the south, first
and foremost from the Caspian Sea region and the
Aral Sea region. There was a considerable increase
in the size of the population, apparently both en-
demic and foreign [72], which was primarily mani-
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fested through the increased number of settle-
ments. In the meantime local cultural tendencies
started manifesting themselves, which eventually
led to the establishment of a raft of Neolithic cul-
tural habitats in West Siberia: Boborykino, Poly-
denkovo, Sosnovoostrovsk, Kokuisk, Shapkul’sk,
Verkhneobsk (Neolithic) cultures [48, 72]. The
economy of these cultures continued to be based
on semi-nomadic hunting, which is evidenced by
the set of tools and the settlement specificity: a
great number of short-term seasonal man sites with
no traces of permanent dwellings [73, 74].

In the Eneolith period the southern area of the
West Siberian Plain was colonized by representa-
tives of Lybaevo, Shapkul’sk, Lipchinsk, An-
dreevo, Ekaterininsk and Novokuskovo cultures. In
the economic orientation of these tribes there is an
obvious trend towards decreasing the share of
hunting and increasing the share of fishing. In the
context of the depletion of game ungulates, fishery
was a more stable and reliable source of food pro-
curement than hunting. The indicated changes in
the economic activities of tribes resulted in a shift
towards a more sedentary life and a significant
population growth [73].

Discussion. According to the anthropobiotic
concept, the megafauna degradation, which began
in the final stage of the Paleolithic period, was
stimulated by hyper-consumption of the Upper
Paleolithic population that specialized in mass pro-
curement of the largest megafauna representatives
[3-5, 69, 75-77 et al.]. We have justified this no-
tion with regard to the studied area and have pro-
posed a chronology for this process [33].

Advocates of the climatic concept [62, 78-80]
primarily link the extinction of key mammoth fau-
na species (mammoths, rhinoceros, bison) to cli-
mate changes on the turn of the Pleistocene-
Holocene periods, which triggered reconstruction
of the vegetation cover unacceptable for the mega-
fauna [63]. However, the reconstructed appearance
of the vegetation cover of the south of the West Si-
berian Plain demonstrates that there was no drastic
change of landscapes due to the Holocene warming
in the studied area. The chronology of the mam-
moth fauna transformation into contemporary fau-
nal complexes that we traced is well in compliance
with the model reconstruction of the vegetation
cover.

Finally, a serious argument in favour of man’s
determinant role in the megafauna elimination in
the studied area consists in the nature of natural re-
sources exploitation by the Paleolithic population
of the West Siberian Plain. Tribes which migrated
from the European plains retained in the new areas
the achieved level of economic development. The
archaeological data [50, 81] testify to the spread of
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active hunting, including driven hunt. Although the
Paleolithic period of the West Siberian Plain has so
far been little studied the so-called "mammoth
cemeteries" have already been detected, of which
Volchiya Griva and Gari are the largest. These
mass accumulations of bones are in principle simi-
lar to European cemeteries, for which anthropo-
genic genesis is widely acknowledged as the result
of systematic driven hunt.

According to the palynological data [29, 55 et al.],
consistent afforestation of the West-Siberian Plain
started in the north of today’s boreal area already
in the Boreal period and unfolded here much faster
than in the south. Moreover, in the north of the
West-Siberian Plain successional development of
arboreal vegetation, which manifested itself in the
change of explerent species to late-successional
(climax) species, went more actively, despite the
fact that the optimum zone of tree species with a
competitive strategy is located in the south. Appar-
ently, these processes reflected the complete frag-
mentation of the mammoth fauna that started here.
Graduate elimination of the most powerful envi-
ronment-transforming species from eco-systems
(or a stable decrease in their population size)
caused worsening of the environment unbearable
for animals of open and semi-open habitats that
died out or migrated to the south [82]. However,
still considerable size of megafauna populations in
the south of today’s boreal area of the West Siberi-
an Plain even in the Atlantic period is indirectly
confirmed by the wide spread of large meadow-
steppe areas as well as by the abundance of trees
with the reactive strategy (the birch and the pine).
With further fall in the megafauna size and subse-
quent afforestation growth, migration paths of gre-
garious phytophagous species were blocked, their
populations got fragmented and were decreasing,
pushed away to isolated, least favourable areas.
This weakened their ability to withstand weather
changes, epizootic diseases, predators and hunters
[53, 54].

Within the boundaries of the studied area these
processes, excluding the mammoth, were obvious-
ly occurring in the Atlantic and the first half of the
Sub-boreal periods. However, although in the first
half of the Holocene the disappearance of the
mammoth most certainly contributed to the consid-
erable fall in the mosaic character of the vegetation
cover, the initial forest-meadow-steppe structure of
the vegetation cover was still being maintained
thanks to the activities of the remaining large phy-
tophagous species [82, 83].

Consequently, semi-nomadic and nomadic
hunting for the largest megafauna representatives
was a predominant type of exploitation of natural
resources in the studied area in the Paleolithic,
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Mesolithic and Neolithic periods; it also laid the
foundations for the anthropogenic transformation
of the vegetation cover. Key species of the grazing
eco-systems were gradually hunted down, as a re-
sult they were replaced by the detritus ones across
vast areas, and the forest belt was formed through-
out the whole first half of the Holocene. In the
Eneolithic era the depletion of gregarious phytoph-
agous populations led to the maximum afforesta-
tion of the area and the definitive degradation of
the Pleistocene forest-meadow-steppe hyperzone
as well as to the crisis of the hunting sector, with
the latter to a large extent replaced by sedentary
fishing [83].

Reproducing economy epoch

Bronze Age (Fig. 3)

Model reconstruction of the vegetation cover.
The Bronze Age coincides with the second half of
the Sub-boreal period (4000-2500 B.C.). The veg-
etation cover of that time was reconstructed on the
basis of the palynological spectra of 24 sequences
(see Table 1). Judging by the information they
provide, forest degradation began from the middle
of the Sub-boreal period in the south of the West
Siberian Plain. In the forests in the area of today’s
southern taiga the remaining meadow-steppe areas
expanded. Dark-coniferous and pine forest stands
were to a large extent replaced by birch forests. In
today’s forest-steppe and subtaiga areas the
amount of forest has significantly gone down, es-
pecially in the Tobol river region. The share of the
birch tree has risen sharply whereas the share of
the pine has decreased along with dark-coniferous
and broad-leafed species.

On the turn of the Subboreal and the Subatlan-
tic periods, the amount of forests of the area cur-
rently occupied by the subtaiga and the forest-
steppe was regenerated. However, the share of
dark-coniferous and broad-leaved trees here was
already significantly smaller than in the Eneolithic
era. Open spaces were rapidly overgrown with ar-
boreal vegetation. The pine played a significant
role in this process, besides the birch tree. In the
herbaceous communities the share of meadow spe-
cies went up. At that time intraforest meadow-
steppe communities apparently disappeared on the
territory presently occupied by the southern taiga;
in a number of cases for the first time in the whole
of the Holocene, forests developed a closed cano-
py. Allochthonic paludification of dry lands was
sharply intensified [31].

The spectra of peat accumulations of today’s
middle taiga, especially in the interfluvial area
[29], do not reflect such changes. Throughout the
whole of the Bronze Age dark-coniferous taiga
was consistently present here, possibly with an in-
significant share of broad-leaved species.

M. A. Kharitonenkov
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Peculiarities of human settlement and paleo-
economy. With the advent of the Bronze Age mi-
gration processes in the south of the West Siberian
Plain sharply intensified [84, 85]. This led to the
formation of a raft of archaeological cultures in
this area which were part of the Samusk-Seiminsk
circle known to have southern roots: Tashkovo,
Imbiryi, Odinovo. Loginovo, Igrekovo, Stepanovo,
Krokhalevo, Sumusk, Krotovo. Reproducing econ-
omy was spreading with the representatives of
these cultures in the south of the West Siberian
Plain. Under the pressure of more numerous and
better developed migrants, the local population
was either moving to the north or rapidly assimilat-
ing [85]. These processes certainly contributed to
the intermittent population growth.

The second period of the developed Bronze
Age is linked to a new unprecedentedly powerful
migration current of the Andronovo cultural-
historical community representatives. The latter
was being formed starting from 3700 B.C. in the
areas of the Southern Urals and the Upper Irtysh
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river region. The settling of the Andronovo culture
in the forest-steppe area led to the appearance of
the Alakul and Fyodorovo cultures in this area
which later on were transformed into the Barkha-
tovo and Irmensk cultures. On the turn of
33003200 B.C. representatives of the Andronovo
culture started moving to the north, to the areas
presently occupied by the subtaiga and the south-
ern taiga. This resulted in the formation of a huge
community uniting hybrid Andronovo-like cul-
tures: Tcherkascul, Pakhomovo, Suzgun, and Elo-
vo. Throughout the whole time of their existence,
the Andronovo-like cultures were continuously ex-
panding their area; their population size was also
on the rise (Fig. 4). Populations representing cul-
tures within the Andronovo community are charac-
terized by the developed sedentary cattle economy
with predominance of cattle in the herd. Farming
played a significant role [86—89 et al.]. It is as-
sumed that the fire was in wide use to clean up ag-
ricultural lands from forests and increase pasture
productivity [90, 91].

Fig. 4. Main late Bronze Age archaeological cultures of the south of the West Siberian Plain

Starting from 2800 B.C. Bronze Age civiliza-
tions started declining in the West Siberia, which
marked the transition to the Early Iron Age. First,
the number of stationary settlements dwindled and
they almost completely disappeared later on. There
was a sharp decrease in the population size; the ex-
isting economic and cultural types were degrading.
We believe [82, 83] that these processes testify to
the ecological crisis that broke out in the context of
overcrowding and depletion of grasslands, against
the backdrop of climate warming and climate dry-
up [22]. It marked the end of the Bronze Age.

Disintegration of Bronze Age stock-raising and
farming cultures went hand in hand with the return
movement of local tribes to the studied area, from
which they were previously forced out to the north
by the Andronovo-culture representatives. They

assimilated the remaining stock-raising population,
which resulted in the formation of the Zavialovo,
Molchanovo, Krasnoozersk, and Gamaiunsk cul-
tures. All cultures of the transition period were
characterized by the prevalence of appropriating
sectors (hunting and fishing). The number and size
of settlements shrank, settling was more sparse
[92-94].

Discussion. The reconstructed vegetation dy-
namics as well as peculiarities of exploitation of
natural resources by the Bronze Age population led
us to the following conclusions.

The significant increase in the sedentary popu-
lation size and presumed routine use of fire in the
economic cycle must have increased the fire haz-
ard manifold in the populated areas, compared with
its natural backdrop. The increase in the population
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size would have inevitably led to the increase in
the number of ignition sources, while its relative
sedentariness and the use of fire in the economy
must have made fires more frequent [95]. Obvious-
ly, fires accompanied the population throughout
the whole of the Bronze Age; they particularly in-
tensified in its late stage.

It is likely that it was exactly this factor that
contributed both to the significant expansion of
non-forest lands and replacement of dark-
coniferous and broad-leaved forest stands with
birch-tree forests and, most likely, aspen forests.
The following became the factors of anthropogenic
transformation — less large-scale but important for
regeneration of some tree species: forest grazing of
cattle, regular elimination of tree undergrowth in
the process of livestock browsing procurement for
the winter period (in either case broadleaved trees
and the fir were particularly badly affected), forest
clearing (predominantly, the pine) to build log
structures and for bronze-casting metallurgy.
Transformational processes largely manifested
themselves in river valleys, both large and small,
because these did not only represent well-
established migration paths, but also attraction
zones for reproducing economy sectors [87, 96].
Here regular fires of low intensity must have been
common (ground fires). In the interfluvial area
these processes were less manifested, fires must
have occurred less frequently, but these must have
been mostly crown fires. Vegetation transfor-
mation was particularly intense within the zones of
economic activity of settlements [82—83]. There-
fore, in the Bronze Age a new factor for meadow-
steppe community maintenance in the potential
forest area appeared in the regional-scope — the py-
rogenic one. It is important to note that abrupt de-
forestation of the vegetation cover in the studied
area as well as vegetation cover transformation in-
to steppe areas in the Bronze Age occurred despite
the climatic background (relative cooling and in-
creased level of precipitation) [22].

As a result of the ecological crisis at the end of
the Bronze Age, vast spaces fell into neglect, being
little exploited by the predominantly fishing-
hunting population that arrived from the north. In
the absence of gregarious hoofed mammals — natu-
ral stabilizers of meadow-steppe communities —
and stock-raising and fires (artificial stabilizers)
the amount of forests was rapidly growing in the
regions at present occupied by the forest-steppe.
To the north, for the first time in the whole of the
Holocene closed forests were being formed. This is
frequently interpreted as the result of climatic cool-
ing and climate moistening, the so-called "offen-
sive" led by the forest zone on the steppe zone
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[97], while the climate, on the contrary, was be-
coming warmer and more dry with the transition to
the Early Iron Age [22].

Early Iron Age and the Middle Ages (Fig. 5)

Model reconstruction of the vegetation cover.
The abovementioned epochs coincide with the
Subatlantic-1 (2500-2000 B.C.) period — the first
half of the Subatlantic-III period (1000-500 B.C.).
The vegetation cover of this time was reconstruct-
ed on the basis of the palynological spectra
of 27 sequences (see Table 1). The spectra reflect
peculiarities of the vegetation cover development
common for both the Early Iron Age and the Mid-
dle Ages. Starting from the transition period fol-
lowing the Bronze Age, closed forests were being
formed in the area at the moment occupied by the
southern taiga and the majority of the subtaiga re-
gions. The share of the birch tree in these forests
was considerably going down, whereas the share of
dark-coniferous and broad-leaved species as well
as that of the pine was on the rise. Throughout
most of the Early Iron Age and the Middle Ages,
the appearance of the vegetation cover was deter-
mined by pine-birch-dark-coniferous forests with a
share of broad-leaved trees (the linden, the elm,
less frequently — the oak) and the larch-tree. How-
ever, the spectra allow concluding that throughout
the Early Iron Age and the Middle Ages there were
several relatively short periods of forest degrada-
tion when birch-tree forests were largely replacing
dark-coniferous and broad-leaved forest stands:
~2300-2000 B.C., ~1000 B.C.. and, apparently,
500-600 B.C. Starting from the late Middle Ages
(around 500 B.C.) the share of dark-coniferous and
broad-leaved tree species in forests was consistent-
ly going down; the subtaiga forests were becoming
more intermittent.

The vegetation of the territory presently occu-
pied by the forest-steppe was developing in a
slightly different way. The pine and the birch tree
were colonizing this area in large numbers with the
beginning of the Early Iron Age; the meadow-
steppe areas got overgrown by forests. The forest
areas saw increasing presence of dark-coniferous
species (the spruce, the cedar, less frequently — the
fir), possibly — broad-leaved trees (the linden and
the elm). In the herbaceous communities the share
of meadow plants was increasing, while the share
of steppe plants was going down.

Throughout the most part of the Early Iron Age
and the Middle Ages the vegetation cover was
dominated by intermittent forests or heavily wood-
ed forest-steppes. The forests were dominated by
the birch tree and the pine, the participation of
dark-coniferous species was visible; the participa-
tion of broad-leaved trees was less frequent.

M. A. Kharitonenkov
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In contrast to the more northern areas, the share
of dark-coniferous and broad-leaved tree species
was consistently declining throughout the whole
period. Just as it was for the more northern regions,
in the period of ~2300-2000 B.C., ~1000 B.C. as
well as at the beginning of the late Middle Ages
the amount of forests in the area was in considera-
ble decline, the meadow areas with prevalence of
gramineous species were expanding. In forest
stands the share of the birch-tree was increasing,
the participation of the pine and the dark-
coniferous tree species was going down. Apparent-
ly, birch-tree forest outliers were spreading, possi-
bly with a small share of dark-coniferous trees.

Peculiarities of human settling and the pale-
oeconomy. Approximately after 2500 B.C. the
studied area was populated by representatives of
the Baitovo, the Bogochanovo and the Kulaisk cul-
tures, classified as being little developed from the
economic point of view. Hunting and fishing were
essential in the paleoeconomy of the population;
stock-raising occupied the subordinate position.
The settling was characterized by intermittency;
settlements were insignificant in size [98-100].
However ~ 2300-2000 B.C. under the influence of
new migrations from the south two highly devel-
oped and very large archaeological cultures were
formed in the areas currently occupied by the for-
est-steppe, namely — the Sargat and the
Bolsherechensk cultures [101-104]. At that time
fisherman and hunters — representatives of the Kuli-
ask culture — continued to inhabit the area of to-
day’s southern taiga and the subtaiga. The
paleoeconomy of the population of the Sargat and the
Bolsherechensk cultures was based on the developed
stock-raising — farming reproducing economy. Sig-
nificantly increased population dispersion and mo-
bility began to constitute the main difference
between the reproducing economy of that epoch
and that of the Bronze Age. Obviously, not only
did this allow the population to maintain the same
grazing pressure but also to considerably increase
the cattle herd size. However already in ~ 1800—
1600 B.C. the Sargat and the Bolsherechensk cul-
tures were destroyed in the process of the great
transmigration of peoples [101, 102, 104]. As a re-
sult, the West Siberian forest-steppe got deserted for
a long time; it was gradually populated by repre-
sentatives of the Kulai culture, moving in from the
north. Overall, representatives of the Kulai culture
sustained their economy-cultural type. Despite the
fact that by the end of the Early Iron Age the share
of stock-raising did increase, settling remained in-
termittent, the share of appropriating sectors re-
mained high [98].

In the early Middle Ages (1500-1000 B.C.) the
huge Kulai community disintegrated. The Kulai
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descendants formed Potchevash, Relka, Upper Ob
and Molchanovo cultures. Stock-raising was the
core of their economy; hunting and fishery played
a significant role. The Kulai people descendants
inherited the intermittent settlement network [96,
105, 106]. In the period of 1100-900 B.C. the pop-
ulation of various Turkic-speaking ethnicities were
actively penetrating today’s forest-steppe and sub-
taiga regions of the West Siberia [107]. Active as-
similation processes in this area resulted in the
formation of Srotkino, Basandaisk, Ust-Ishimsk,
Yudino and Bakalsk cultures. Population size and
density increased; the share of reproducing sectors
increased in the economy [105, 107—-109]. Howev-
er already in ~ 800 B.C. these cultures were de-
stroyed in the process of the Mongol conquest. The
studied area was made part of the Siberian Khanate
after a lengthy period of instability. From this time
onward semi-nomadic stock-raising occupied the
leading position in the population’s economy. This
was determined not so much by the ecological pri-
orities as by the continuous war threat. The period
of stable development of the Siberian Khanate it-
self comprised some 200 years: ~600-500 B.C.
From the turn of the ~ 500 B.C. a new period of
prolonged internecine wars began, which ended in
a definitive disintegration of the Siberian Khanate
and the inclusion of the studied area into the orbit
of socio-economic development of the Russian
Empire [105, 110, 111].

Discussion. As it follows from the analysis, ar-
chaeological cultures both of the transition period
and the first centuries of the Early Iron Age are
characterized by intermittent population, relatively
low economic development. From the outset of the
Early Iron Age stock-raising population complete-
ly abandoned today’s southern taiga and partly
subtaiga regions. Intraforest meadows — previously
maintained by the man disappeared; in a number of
cases this was followed by irreversible swamp-
formation (swamping) [31]. Dark-coniferous for-
ests were regenerating in the areas not covered by
swamps. These forests, predominantly populated
by forest animal hunters and fishermen, existed
unaffected by any serious changes (obviously, with
the exception of local degradation changes around
the settlements) throughout the whole of the Early
Iron Age and for most of the Middle Ages.

On the whole, prolonged periods within the
Early Iron Age and the Middle Ages coincided
with the military and post-military recessions, a
significant part of lands was taken out of the eco-
nomic turnover. In the forest-steppe demographic
and economic recessions led to the fall of anthro-
pogenic pressure and overgrowth of former pas-
tures with the birch-tree and the aspen as well as
pine forests. In the forests remaining from the
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Bronze Age, opportunities for regenerative change
of forest stands were arising. However part of the
stock-raising population remained, gradually forming
new cultures. Anthropogenic impacts characteristic
of the stock-raising population also continued to act.
Inevitable ground fires were no longer causing mass
deforestation but contributed to the stable existence
of forest communities with prevalence of birch-tree
forests in the interfluvial areas and pine forests on the
terraces. These fires also contributed to the stable ex-
istence of allegedly small pasture communities that
the population needed for grazing. Species which
were less able to withstand such anthropogenic pres-
sure, namely dark-coniferous and broad-leaved spe-
cies, were gradually disappearing from the forest
stand composition [82—83].

Forest vegetation degradation periods, which
we reconstructed, chronologically coincide with
the relatively short (200-300 years) periods of
population growth, stabilization and increase in the
effectiveness of the reproducing economy. We be-
lieve that changes in the natural environment re-
sulted from the changes in the socio-economic
environment; the former also reflected increased
anthropogenic pressure on the vegetation cover.
The most drastic anthropogenic degradation of
natural communities in the area currently occupied
by the forest-steppe and partly the subtaiga, appar-
ently, was occurring at the prime time of the Sargat
and Bolsherechensk cultures. Ongoing climate
warming may have contributed to this process [22].
In around 2000 B.C. landscapes experienced an-
thropogenic degradation comparable with the late
Bronze Age degradation. Grazing and ground fires
within the significantly expanded economic zones
of settlements brought about [112] a sharp increase
in the surface of the meadow-steppe areas. Once
again shrinking forest areas were starting to be
dominated by the birch-tree, most capable to with-
stand the anthropogenic pressure, and apparently
the aspen (no pollen remains in the spectra). Vege-
tation typical of the birch-tree forest-steppe was
being formed, in which small birch-tree forest out-
liers were with meadows exhibiting various de-
grees of steppification. In areas with relatively low
size of grazing herds, forest grazing led to the for-
mation of bleached park-type forests. Previously
little exploited areas deep in the interfluvial re-
gions were being included into the economic turn-
over. According to the palynological data, it is
presumed that the fire frequency was significantly
increasing in the interfluvial areas [82, 83].

In the Middle Ages anthropogenic transfor-
mation of the forest-steppe vegetation was unfold-
ing in a similar way but less intensively in
approximately 1000 B.C. and apparently in
600 B.C. Moreover, during these periods local
population was partly forced out of the area into
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forest areas currently occupied by the southern tai-
ga and the subtaiga by migrants from the south.
This was increasing the population size in this ar-
ea, which in turn was increasing the fire frequency.
The pyrogenic impact as well as the continuing
swamp formation contributed to the disappearance
of dark-coniferous and broad-leaved tree species
from the composition of the boreal forests [83].

Modern era. Peasant colonization (XVII-
XIX BB.) (Fig. 6)

Model reconstruction of the vegetation cover.
Changes in the vegetation cover in the XVII-
XIX centuries were reconstructed on the basis of
the pollen spectra of 27 sequences (see Table 1).
Data from the travel notes and reports were used
[113]. For the final stretch of the period (end of the
XIX century) professional descriptions of the vege-
tation were used [114-118 et al.] along with the
cartographic materials [119].

Generalization of the results of the spectra
analysis and historical data revealed the peculiari-
ties of the vegetation cover development in the
studied area at the time of peasant colonization. In
the XVI-XVIII centuries boreal forests with a rela-
tively high share of dark-coniferous and broad-
leaved tree species were wide-spread in an area of
the southern taiga, mostly along the right Irtysh
river bank across the Northern

Baraba to the Ob river region near Tomsk.
However, by the end of the XIX century the partic-
ipation of key tree species abruptly went down —
these were replaced with the birch-tree.

These processes apparently were manifested
much earlier in the seriously swamped southern-
taiga area of the Tobolsk district along the left riv-
er bank of the Irtysh river [120].

Throughout the XVI-XVIII centuries the major
part of the subtaiga — on the territory of the Ishima
and especially the Baraba Plains had forests with
various degree of intermittence and with different
participation of dark-coniferous and broad-leaved
trees (however, their share was lower than in the
southern-taiga areas). In the subtaiga districts of
the Lower Tobol river region these were already
replaced with large pine and birch-tree forest areas.
Starting mid-XIX century up until the beginning of
the XX century almost all tree species disappeared
from the most part of the subtaiga, apart from
small-leaved trees; open space surfaces sharply in-
creased. Small-leaved forests started to dominate
on the right river bank of the Tara river, in the
Northern Baraba and the Ob-Tomsk interfluvial ar-
ea only at the end of the XIX century. Up until the
XVIII century today’s forest-steppe (in the Baraba
case apparently up until the beginning of the XIX
century) from the physiognomy point of view re-
sembled bleached birch-tree-aspen forests mixed
with large meadow-steppe areas.

M. A. Kharitonenkov
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Dark-coniferous species — the pine and the ce-
dar — continued to exist in the forest stands. Pine
forests consistently existed on the terraces with
light soils. The southern border of the forest-steppe
lay beyond the boundaries of the West Siberian
Plain. Starting from the XIX century, the amount
of forests was decreasing and pine and dark-
coniferous forests were disappearing here allegedly
much faster than in the subtaiga [120].

Peculiarities of human settling and economy.
In the XVII century agricultural exploration of the
West Siberia unfolded along the large rivers from
the west to the east in forest regions and touched
the forest-steppe only partly. Settling of the territo-
ry in the XVII century was determined not by the
agricultural potential of the area as it was in Euro-
pean part of Russia, but by the complicated mili-
tary and political situation in the steppe and the
forest-steppe. Firm exploration of the forest-steppe
areas began only in the 1840s—1850s. The most
large-scale migrations of peasants from the Euro-
pean part of the country to the West Siberia were
occurring in the second half of the XIX century
[121-123].

Up until the end of the XIX century there was
one domineering complex extensive farming sys-
tem in the West Siberia, namely — the layland-
fallow one. It consisted in combining within one
farming household the permanent three-field sys-
tem in the fertilized areas nearest to the settlements
(that is the tithe farm field) and the periodic leas on
the farther unfertilized areas ("the very special
farm land"). The overall surface of the numerous
farther plough lands (“squatter’s lands”) exceeded
several-fold the surface of annual seeding and fal-
low. The squatter’s lands had dozens of kilometers
between them because vast land areas necessary
for the extensive system did not allow setting them
up at a smaller distance. The squatter’s lands were
used both for plowing and hay-harvesting. It is be-
lieved that the permanent network of seasonal set-
tlements on the squatters’ lands was not only a
mechanism for colonizing the lands but was in fact
a stable settling system [124—125].

From the XVIII century stock-raising became
one of the crucial sectors of the peasant economy.
It was particularly well developed in the forest-
steppe areas [126]. Forests constituted a significant
part of grazing lands and especially haylands
[127]. Scorching was the most common method for
improving pastures and fields ("Siberian burn")
[128]. Burns covered enormous surfaces and lasted
several days [129].

Development of trade-market relations took the
exploitation of the Siberian forest resources to a
new level. First and foremost, timber was used for
construction work and heating. Across the whole
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of the region’s forest belt peasant wood processing
was developed; it was accompanied by shelter-
wood felling and selective cutting [115, 130]. In
the 1850s the following production made from
brasswood splint was brought to the Irbitsk fair
alone from the Tobolsk, Tumen and Tarsk districts:
up to 200,000 items of different burlaps, up to
50,000 "different boxes, whole carts of ropes of all
kinds of thickness and length" [131].

Discussion. The following were the main forms
of anthropogenic transformation of the forest cover
in the south of the West Siberian Plain during the
period of peasant colonization:

1. Fires which reached unprecedented scope in
the context of the settling of peasants [118, 129,
132—-134]. Uninterrupted ground fires (often trans-
forming into the crown fires) were the main reason
for the fall in the amount of forests in the forest-
steppe and the subtaiga along with the extermina-
tion of dark-coniferous and broad-leaved tree spe-
cies with low resistance to this type if impact. In
the southern taiga crown fires had slightly lower
frequency (determined by lower population densi-
ty), but much higher intensity respectively and re-
sulted in considerable substitution of boreal forests
with birch-tree forests [120].

2. Forest cutting. Forest extermination for agri-
cultural needs also stimulated progressing defor-
estation of the area, first and foremost in the
subtaiga and forest-steppe districts [118]. As a re-
sult of selective cuttings, populations of the most
rare and valuable from the trade point of view
dark-coniferous and broad-leaved trees as well as
the those of the larch tree were destroyed [115,
118, 132].

3. As a result of forest grazing and hay harvest-
ing, forests were deprived of the undergrowth of
dark-coniferous and broad-leaved trees. This issue
was particularly acute in the isolated forest areas in
the forest-steppe and the subtaiga, where regenera-
tion of dark-coniferous and broad-leaved tree spe-
cies was made almost impossible due to the great
remoteness of seed-producing trees of these spe-
cies [120].

Model reconstruction of the vegetation cover
dynamics in the south of the West Siberian
Plain from the late Pleistocene up until the end
of the XIX century.

The vegetation cover dynamics of the studied
area from the late Pleistocene up until the end of
the XIX century may be vividly demonstrated in
a series of principal map-charts that we devel-
oped [83].

The Pleistocene — beginning of the Holocene
(the Pre-boreal period) (the Paleolithic period —
the Mesolithic period) (Fig. 7).

M. A. Kharitonenkov

Page 17 from 29



(pouad siyajosay ayy — pouad d1yajodjed ayl) (poriad |ealog-aud) duad0|oH ay3 Jo Suiuui8ag syl — ua303sId]d Yy *L *S14

pueTpoom JIUBUTWOPATOJ4 *

HﬂmbmmﬁuﬁﬁmEmvmmﬁummmMMHu
JusxsTdxe JO sourutwopsid YITMm SpueIpoom %

mn_”OhHE\ﬂm sz sdds3s-31s8I0F JO I9PIOH = = =

ebrejgns JO I9pIOyH =—— =
ebTe] ursyanos Jo Ispiog




‘ RUSSIAN JOURNAL
OF ECOSYSTEM ECOLOGY

Throughout the Pleistocene forest-meadow-
steppe vegetation was formed, in which key spe-
cies of pasture ecosystems (gregarious hoofed
mammals and proboscideans) support vast open
spaces. Detritus ecosystems represent forest areas,
where late-successional tree species (dark-
coniferous and broad-leaved) constitute the nucle-
us. The periphery is the zone of fractional forest
grazing of gregarious phytophagous species which
suppress the development of the undergrowth of
key tree species and determine permanent predom-
inance of explerent tree species (small-leaved). No
differences are traced between the vegetation cover
of the areas of today’s geographical zones. The
vegetation cover was in general stable despite sig-
nificant fluctuations of the climate in the Pleisto-
cene.

First half of the Subboreal period (the Eneolithic
period) (Fig. 8).

Pleistocene forest areas went through consider-
able expansion due to minimization of environ-
ment-forming activities of the key species of
pasture ecosystems and the substitution of pasture
ecosystems with the detritus ones. Explerent tree
species occupied former open spaces; key tree spe-
cies increased their participation as they underwent
regenerative succession. No differences are traced
between the vegetation cover of areas of today’s
geographical zones.

Second half of the Subboreal period (the Bronze
Age) (Fig. 9).

For the first time asynchronous vegetation de-
velopment is traced in the studied area. As a result
of fires induced by the Bronze age population and
grazing in today’s forest-steppe area, forest areas
went down considerably, with minimal participa-
tion of key tree species. In the context of lower in-
tensity of the  anthropogenic  activities
(downgrading of farming and stock-raising effec-
tiveness further to the north), forest areas in the
sub-zones of today’s subtaiga and the southern tai-
ga did not decrease, but the participation of the key
tree species in them sharply declined. Grazing,
hay-harvesting and fires supported large open
space areas among forests.

Middle of the Subatlantic period (the end of the
Early Iron Age, major part of the Middle Ages)
(Fig. 10).

Asynchronous vegetation development contin-
ued in the north and in the south of the studied ar-
ea. Disintegration of stock-raising-farming cultures
in the area of today’s southern taiga lead to a sharp
fall in the anthropogenic pressure on the vegetation
cover in this area. In the absence of the key species
of pasture ecosystems and in the context of fire
frequency reduction, this potential forest area was
overgrown with the forest. In the forests the share

Vol. 2 (2), 2016

of dark-coniferous and broad-leaved tree species
increased. However, intensive swamp-formation
that started in the area hindered the spread of the
dark-coniferous taiga.

In the area of today’s subtaiga and forest-steppe
anthropogenic pressure on the vegetation also went
down due to frequent wars and considerable efflux
of population; significant surfaces of meadow-
steppe areas were overgrown with forest. However,
regular anthropogenic impacts of low intensity lead
to gradual disappearance of key tree species out of
forest communities and also supported open space
areas, required for reproducing economy.

End of the Subatlantic period (Period of peas-
ant colonization) (Fig. 11).

Settling of peasants — representatives of devel-
oped reproducing economy — across the whole of
the studied area lead to large-scale degradation of
forest vegetation. The degradation process was
most intensive in the area of today’s forest-steppe
and the subtaiga; it was manifested through the
sharp reduction in the amount of forests, overall
northward shift of the southern border of the forest
spread, definitive dropout of key tree species out of
the composition of forest communities. Due to
universal swamp spread, today’s southern taiga did
not become part of the overall farming exploitation
zone. However, being a border region, it experi-
enced the impact of regular forest fires, which
sharply decreased the participation of dark-
coniferous and broad-leaved tree species in the
forests.

Conclusions

1. Verbal reconstruction includes the following
statements. Pre-anthropogenic vegetation cover of
the south of the West Siberian Plain dates back to
the late Pleistocene when meadow-steppe commu-
nities — major pastures for key species of the
mammoth complex — were dominant. They were
accompanied by forest outliners from dark-
coniferous and broad-leaved trees of different spe-
cies. Temporarily abandoned as the result of over-
grazing, pastures were overgrown with small-
leaved and light-coniferous trees of different spe-
cies. The establishment of the anthropogenic factor
in the vegetation development is linked to the hunt-
ing specialization of the population of the late
Pleistocene — early Holocene (for large gregarious
phytophagous species — key species of the mam-
moth complex). Their extermination in the period
of 12000-4000 B.C. determined considerable re-
duction of surfaces occupied by the meadow and
steppe communities as well as the expansion of
surfaces occupied by forest communities, first and
foremost by small-leaved and light-coniferous
ones.

M. A. Kharitonenkov
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2. Chronological analysis identified the periods
of intensification and decline of the anthropogenic
transformation of the vegetation cover in the south
of the West Siberian Plain. Intensification periods:
late Paleolithic period — Neolithic period — inten-
sive development of the reproducing economy; the
Bronze Age — first prime of the reproducing econ-
omy; peasant colonization of the Siberia in the
XVII-XVII centuries — second prime of the re-
producing economy. Periods of decline: the Ene-
olithic period — decline of the hunting activities
due to depletion of resources; Early Iron Age —
Middle Ages, marked by mass efflux of population
and frequent wars.

3. We have identified two major forms of an-
thropogenic transformation
of the vegetation cover of the south of the West Si-
beria Plain, which had most impact on its composi-
tion and structure: a. Specialized hunting for
gregarious phytophagous species formed in the
context of appropriating economy; b. Man-induced
fires, which resulted from the spread of reproduc-
ing economy and increase in the population size.
The former led to drastic reduction of natural
meadow-steppe communities and the formation of
the forest belt, the latter led to the deforestation of
woodlands and extermination of dark-coniferous
and broad-leaved tree species. The following may
be classified as additional forms: forest grazing
and hay harvesting (contributed to the extermina-
tion of dark-coniferous and broad-leaved species),
cutting (gained significance only as the forest ac-
quired trade value and contributed to the overall
degradation of forest communities).

Conclusion

The present paper examined the vegetation evo-
lution of the south of the West Siberian Plain from
the late Pleistocene up until the end of the
XIX century from the standpoint of the anthropobi-
otic concept of the vegetation cover development.
We have demonstrated the dominant role of human
activities in this process against the backdrop of cli-
matic fluctuations that accelerated or slowed down
processes induced by the economic activities.

Overestimation of the role played by the an-
thropogenic factor in the development of natural
communities in the studied area created an oppor-
tunity and a necessity to reconsider today’s notions
of formation and development of vegetation types,
interpreted as the zonal ones.

Vol. 2 (2), 2016

We have identified dominant and subordinate
factors of the formation of the three contemporary
zonal units of a large physiographic country: sub-
zones of the southern taiga and subtaiga, forest-
steppe zones.

The so-called “native” southern taiga [135, p. 83],
that is the zone of closed dark-coniferous forests, was
established in the studied area in 2500-2000 B.C.
as gregarious phytophagous species — key species
of pasture ecosystems — completely ceased their
environment-transforming activities. It was also
a consequence of disintegration and degradation
of the Bronze Age stock-raising economy in this
area, which up to this period contained the spread
of the continuous forest strip. Nonetheless, it is not
quite correct to classify West Siberian southern
taiga as the forest zone, taking into consideration
the ratio of surfaces occupied by open swamps and
woodlands.

Starting from the beginning of the reproducing
economy spread in the area, the southern near-
border forest zone strip was continuously experienc-
ing anthropogenic impact; by the mid-XIX century
it completely lost its set of key tree species, having
turned into a strip with absolute prevalence of the
explerent species of small-leaved trees. However,
already from the end of the XIX century — first half
of the XX century it broke down into a raft of more
or less large small-leaved woodlands and its appear-
ance evened out with that of the forest-steppe.

The wide zone of the birch-tree forest-steppe de-
veloped as such, having completely lost both all key
species of pasture ecosystems (beginning of the
Bronze Age) and all the key species of detritus eco-
systems (mostly by the beginning of the XIX centu-
ry), and is maintained exclusively by the man.

It is obvious that further work must consist in
creating an even network of spots — places of sam-
ple selection for palynological analysis as well as
in radiocarbon dating of peat samples which
should be as detailed as possible, which will make
it possible to more correctly evaluate surface ratios
for key land facies and identify features of anthro-
pogenic impacts on the vegetation cover.

The author is aware that a number of statements
of the present work are contentious and were for-
mulated as preliminary hypotheses. Some of them
may not be confirmed by further research in each
of the concerned areas. However, this attempt will
allow stimulating the use of interdisciplinary ap-
proach while examining large elements of the
Earth’s vegetation cover.
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