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Abstract. The authors suggest a new aspect of origin and development of the East European boreal forest. In-
novative ideas and new data allowed to analyze the genesis of the ecosystem cover by creating a series of model
reconstructions of different historical periods with different intensity and forms of human activity. Paleobiological
reconstruction of teriofauna and denroflora since the late Pliocene to the present allows assuming that the initial
vegetation type for boreal forests was Pliocene coniferous-broad-leaved savanna-looking forests of Northern Eur-
asia, where large herbivores (giant species of the mammoth complex) affected biota the most. At the end of Pleis-
tocene the loss of the key species’ role of large and giant herbivores for grassland ecosystems was a crucial step in
the irreversible transformation of the terrestrial ecosystem. During Holocene forest vegetation split into boreal
(taiga), nemoral-boreal and nemoral zones as a result of human activities.
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AHHOTauuA. B gaHHOM paboTe aBTOPbI MOCTABW/IU Lie/lb NepPecMOTPeTb NpesCTaB/IeHnA 0 COBPEMEHHOM eBpo-
MerCKOW Taire Kak eCTeCTBEHHOM TWMe pacTUTe/IbHOCTHU, CPOPMUPOBABLLEMCA B Pe3y/IbTaTe UCK/IOUYUTE/IbHO MpU-
POAHbIX MpoLLeccoB, U 0OOCHOBATb MPeACTaB/NEHNU O AOMUHUPYIOLLLEN PO/IM aHTPOMOreHHOW AeATe/NbHOCTU B
$OpPMUPOBaAHUM 3TOTO TUMA PACTUTENBHOCTU. MHHOBALMOHHbBIE UAEN U HOBbIE AaHHble MO3BO/IU/IN MPOAHANN3UPO-
BaTb Pa3/IMYHble UCTOPUYECKME MEPUOAbI, XaPaKTEPU3YIOLLMECH Pa3/IMYHON UHTEHCUMBHOCTBIO M GOPMaMM aKTUBHO-
CTU 4YenoBeKa. Maneobuosormyeckas peKoOHCTPYKUMA TepuodayHbl U deHapodopbl OT nosgHero fMavoueHa g0
HaLWMX AHEel NO03BONAET CAe/aTb NPeANo/I0KeHUe, YTO NepBOHaYa/IbHbIM BUAOM PacTUTE/IbHOCTU OOpeasibHbIX /e-
coB lnoueHa BblM XBOMHO-LUMPOKO/UCTBEHHbIE CaBaHHble eca CeBepHOUM EBpasuu, rae KpynHble TPaBOAAHbIE
MBOTHbIE (TMraHTCKUE BUAbI MAaMOHTOBOrO KOMI/IEKCa) 60/bLie BCEro OKasblBanu B/AUsHUE Ha Gopy u dayHy
AAHHOWN TeppuTOpUU. B KoHLe l/1ecToleHa yTpaTa po/u KA0UYEBOro BUAA KPYMHBIMU U FTMraHTCKMMM TPaBOAAHbI-
MW A/A TPABAHUCTBIX SKOCUCTEM CTa/I0 KPUTUYECKUM 3TanoM B HeobpaTUMOol TpaHCPOopMaL M Ha3eMHON SKOCH-
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ctembl. B nepuog Tlo/soueHa /ecHas pacTUTE/IbHOCTb pasgennaack Ha 6opeasbHyto (Taiira), HEMOpa/bHO-
H60opeasbHy M HEMOPa/IbHYHO 30HbI B pe3y/ibTaTe geATe/IbHOCTH Ye/I0BeKa.

KatoueBble cnoBa: 60peasibHble 1eca, NO/MHONOMMYECKME U OCTEO0I0TMYeckue 6asbl AaHHbIX, KAtO4YeBble BUADI,
MOge/IbHasA PEKOHCTPYKLUA, UICTOPUA SKOCUCTEM, N/1eNCTOLEH, FO/I0LEH.

Introduction

The origin and development of boreal forests of
Northern Eurasia has been discussed for decades
[1-10]. Another reference to this problem (based
on the example from the Eastern European part of
the boreal zone) is due to several reasons.

Firstly, the modern theories in synecology show
that formation and development of forest ecosys-
tems were affected by keystone species — not only
plants, but also animals. These species play a criti-
cal role in maintaining the structure of an ecologi-
cal community, affecting many other organisms in
an ecosystem and helping to determine the types
and numbers of other various species in the com-
munity [10]. In this regard the study of the genesis
of boreal forests is possible only through analyzing
changes in the composition of both flora and fauna,
specifically the keystone species. Accumulated
paleontological data is a necessary factual basis for
reconstruction modelling of the ecosystem cover.

Secondly, the analysis of the terrestrial ecosys-
tems history since the end of the Pliocene to the
present has shown that humans acted as a powerful
keystone species, determining composition and
structure of actual vegetation even before the pro-
ducing economy development [10—19].

Therefore, innovative ideas and new data al-
lowed to analyze the genesis of the ecosystem cov-
er by creating a series of model reconstructions of
different historical periods with different intensity
and forms of human activity. In this article we de-
scribe such experience for Eastern Europe.

Objectives: A. series of reconstruction models
of formation and development of the taiga (boreal
forest) in Eastern Europe since the end of the Pleis-
tocene to nowadays based on comparison of ex-
tinct and existing key species of animals and plants
expansion, as well as associated assemblies of sub-
ordinate(indicator) species;

B. revision of existing hypotheses of the origin
of the Eurasian taiga based on the analysis of liter-
ature and the data on the key plant and animal spe-
cies expansion dynamics.

Methods and objects

The basis of the methodology for reconstruction
of the boreal zone of Eastern Europe is the idea of
the transforming role of key plant and animal spe-
cies and subordinate species [8, 10, 18, 19]. Since
population dynamics of key species creates the

necessary conditions for sustainable habitats of
subordinate species, paleontological data of key spe-
cies presence allows an indirect suggestion about ex-
istence of the relevant ecosystems in general.

The mapping methods of former and actual area
include as follows:

1. Selection of key and subordinate (indicator)
species;

2. Creation of databases i. a palynological and
an osteological databases, reported data on loca-
tions of the chosen species, herbarium data (the
"Areal" database); ii. geobotanical field descrip-
tions from refugia of the boreal forest — the "Forest
vegetation of Northern Eurasia” database;

3. Creation of GIS-maps for different time peri-
ods from the end of the Pleistocene to nowadays.
Table 1 shows synchronization of geochronologi-
cal and archaeological scales from the end of the
Pleistocene to the Holocene.

Key animal species:

A. extinct everywhere or only in Eurasia: giant
deer (Megaloceros giganteus Blumenbach), prehis-
toric bison (Bison priscus Bojanus), musk ox
(Ovibos moschatus Zimmermann), woolly rhinoc-
eros (Coelodonta antiquitatis  Blumenbach),
Mammoth (Mammuthus primigenius Blumenbach),
including species that became instinct during last
centuries: wild horse (Equus Linnaeus (sp.)), au-
roch (Bos primigenius Bojanus), bison (Bison
bonasus Linnaeus). Bison was close to extinction
in the beginning of the 20 century, but thanks to
special efforts its population was restored on lim-
ited areas.

B. survived and/or partially restoring its historic
areas: European beaver (Castor fiber Linnaeus),
wild boar (Sus scrofa Linnaeus), red deer (Cervus
elaphus Linnaeus), roe deer (Capreolus capreolus
Linnaeus), moose (4lces alces Linnaeus), reindeer
(Rangifer tarandus Linnaeus), saiga (Saiga tatari-
ca Linnaeus).

Key plant species survived to nowadays and/or
partially restoring its historic areas: species of the
genus oak (Quercus sp.), beech (Fagus sp.), ash
(Fraxinus sp.), maple (Acer sp.), linden (Tilia sp.),
elm (Ulmus sp.), hornbeam (Carpinus sp.), hazel
(Corylus sp.), spruce (Picea sp.), fir (Abies sp.),
cedar pine (Pinus sibirica). In the pollen spectra,
plant macrofossils, data from historical sources and
toponyms of trees are determined by genus. The
herbarium materials and geobotanical data are
listed by the species.
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Table 1

Cross-discipline correlation of the Holocene

Geochronological classification .
. The sequence by Blytt-Sernander Arch?olog}cal
The sequence (Neistadt, 1957) : classification
(Khotinsky, 1982) (Bader, 1974)
stage dating, BP ’
Late Holocene , s cop
(HL-4) 0-2500 subatlantic SA-2 1800 Iron age
SA-1 2500
SB-3 3200
subboreal SB-2 4200 Bronze age
Middle Holocene SB-1 4600
(HL-3) 2500-7700 AT-3 6000
atlantic AT-2 7000 Neolith
AT-1 goo0 |
BO-3 8300
Early Holzocene 7700-9800 LRl ggﬁ gggg Mesolith
(HL-2) — PB-2 0000 |
PB-1 10 300
Older Holocene Dryas Dr 11000 .
HL1) 980012000 Alloror Al e Paleolith
: 13 000
Late Pleistocene 40 000

Maps were created not only for every chosen
species but also for the following types: dark co-
niferous (spruce, fir, cedar pine) and broad-leaved
(oak, beech, linden, maple, ash, elm, hornbeam and
hazel). All locations of representatives of at least
one tree genus from a certain type were considered
for mapping a type area.

Indicator plant species were sorted by two
complexes: "nemoral" — associated with formation
of deciduous broad-leaved trees, and "boreal" — re-
lated to formation of dark coniferous (evergreen)
trees.

The "nemoral" complex includes two groups
differing by its phenology: 1. spring ephemeroids:
species of the following genera: Anemone, Coryd-
alis, Dentaria, Gagea, and 2.tall herbs and grasses:
Aegopodium podagraria L., Asarum europaeum
L., Convallaria majalis L., Carexpilosa Scop.,
Galeobdolon luteum Huds., Lathyrus vernus (L.)
Bernh., Melica nutans L., Mercurialis perennis L.,
Milium effusum L., Paris quadrifoila L., Polygona-
tum multiflorum (L.) All., Poa nemoralis L., Pul-
monaria obscura Dumort., Ranunculus cassubicus
L., Stellaria holostea L., Viola mirabilis L.

The "boreal" complex includes evergreen grass
and shrubs: Circaea alpine L., Goodyera repens
(L.) R. Br. in Aiton & W.T. Aiton, Gymnocarpium
dryopteris (L.) Newman, Linnaea borealis (L.) R.
Br., Listera cordata (L.) R. Br., Luzula pilosa (L.)
Willd., Maianthemum bifolium (L.) F.W. Schmidt,
Moneses uniflora (L.) A. Gray, Oxalis acetosella
L., Orthilia secunda (L.) House, Phegopteris con-

nectilis (Michx.) Watt, Pyrola media Sw., P. minor
L., P. rotundifolia L., Trientalis europaea L., Vac-
cinium myrtillus L., Viola selkirkii Pursh ex Goldie
and others [20].

Simultaneous presence of the indicator species
in the modern boreal forest we assumed as simul-
taneous presence of key species in the Past.

Indicator animal species are combined in two
complexes, nemoral (deciduous) and forest in gen-
eral:

Nemoral species are species whose habitats are
now confined mainly to the area of present distri-
bution of broad-leaved and coniferous-broad-
leaved forests. It is common hedgehog (Erinaceus
europaeus Linnaeus), muskrat (Desmana moschata
Linnaeus), ordinary mole (Talpa europaea Linnae-
us), polecat (Mustela putorius Linnaeus), wild boar
(Sus scrofa), red deer (Cervus elaphus), loir (Glis
glis Linnaeus) and dormouse: forest dormouse
(Dryomys nitedula Pallas), garden dormouse
(Eliomys quercinus Linnaeus), hazel dormouse
(Muscardinus avellanarius Linnaeus), field mouse
(Apodemus agrarius Pallas), three species of forest
mice (Sylvaemus Ognev), voles: common pine vole
(Microtus subterraneus Selys-Longchamps) and
bank vole (Clethrionomys glareolus Schreber).

Forest species in general are species whose hab-
itats are now confined to the entire forest zone,
some of them live in the forest tundra and/or the
forest steppe: brown bear (Ursus arctos Linnaeus),
pine marten (Martes martes Linnaeus), sable
(Martes zibellina Linnaeus), European mink
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(Mustela lutreola Linnaeus), speakers (Mustela
sibirica Pallas), wolverine (Gulo gulo Linnaeus),
lynx (Lynx lynx Linnaeus), moose ( Alces alces),
red squirrel (Sciurus vulgaris Linnaeus), flying
squirrel (Pteromys volans Linnaeus), chipmunk
(Tamias sibiricus Laxmann), beaver (Castor fiber),
three species of the genus of forest voles (Cle-
thrionomys Tilesius): red-haired, red-gray (C. ru-
focanus Sundervall) and red vole (C. rutilus
Pallas), dark vole (Microtus agrestis Linnaeus) and
wood lemming (Myopus schisticolor Lilljeborg).

Species, that were earlier [21] considered bore-
al, have spread wider [22], therefore, they are in-
cluded in the forest group. The presence of
nemoral plant species and small vertebrates in
modern boreal forests is considered as an evidence
of former presence of broad-leaved trees [23]. The
presence of the same boreal species of shrubs,
grasses and small vertebrates from the tundra [24]
through the steppes [25] is considered as an evi-
dence of a wider spread of coniferous forests in
Eastern Europe.

Research methods and detailed descriptions of
the refugia of natural nemoral, hemiboreal and bo-
real forests were published in a series of articles
and monographs [8, 9, 10, 16, 24, 26].

Brief description of model reconstructions
of ecosystems of the contemporary forests
of Eastern Europe from the late Pleistocene
to nowadays

The wood-pasture landscape dominated on the
territory of Northern Eurasia not only during the
Late Cenozoic (Pliocene to Pleistocene and up to
the present), but for some immeasurably longer
time. Forest ecosystems were largely confined to
the river valleys and slopes including mountain
slopes. We agree with the views of A. Krishtofo-
vich that "...different facts stand for the develop-
ment of grassy plains... even later than the Eocene
and probably since the Cretaceous period, the cen-
tury of dinosaurs..." [27, p. 67]. The data analysis
[28, 29] conducted by us [19] shows that in the
Late Cretaceous (after appearance of angiosperms)
the number of genera of dinosaurs herbivores and
dinosaurs carnivores drastically (3—3.5 times) in-
creased compared to the Early Cretaceous. At the
same time diverse mammal fauna appeared after
extinction of dinosaurs, pterosaurs, and several
other groups of animals. Large mammals herbi-
vores and large creodonta appeared already in the
Palaeocene [28].

In general large herbivores are known even earli-
er, in the Paleozoic, since the Late Carboniferous —

Vol. 1(1), 2016

Early Permian. Grassland pasture ecosystems
were formed mainly by ferns before the develop-
ment of angiosperms according to A. N. Krishto-
fovich [27].

Therefore, the analysis shows a long history of
pastoral grassland ecosystems formed on the basis
of different vegetation, widespread across all con-
tinents and several islands in the Northern Hemi-
sphere until the end of the Pleistocene.

The end of the Pleistocene -
ancient Holocene (Late Paleolithic) -
(40 000-10 000 BP)

At that period the territory of the modern forest
zone of Eastern Europe was dominated by wood —
pasture ecosystems (forest patches were preserved
in river valleys) with mammoth complex repre-
sentatives as keystone species. Firstly, Mammoth
(Mammuthus primigenius Blum.) was the largest
key species (Fig. 1.), and, in Europe, in second
place were woolly rhinoceros (Coelodonta an-
tiquitalis Blum.), prehistoric bison (Bison priscus
Boj.) and wild horse (Equus sp.) (Fig. 2).

Populations of large herbivores species of this
complex led to suppression of woody vegetation
and formation of pasture ecosystems of high
productivity [30, 31].

The analysis of radiocarbon dating [32] and da-
ta on distribution of key species of plants and ani-
mals shows that in the late Pleistocene, during
warming and cooling periods, there were stable
pasture ecosystems with mixed flora and fauna.
The continuity of these ecosystems’ dominance
throughout the Pleistocene is supported by various
authors [18, 19, 28, 33-43].

In the late Wurm (about 110,000 to 12,000
years ago) [44, 45] the Pleistocene maximum re-
gression of the oceans, and, respectively, erosion
of the terrain (land relief) were accompanied by in-
creased climate continentality (climate with signif-
icant annual temperature variation). This increase
concurred with the general trend of cooling
(primarily in high latitudes) due to the process of
orogenesis, which had begun in the Late Mesozoic
Era [46].

It should be noted that the maximum roughness
in Late Wurm significantly compensated the cli-
mate severity increase. Eroded river valleys
(130-140 m lower than now) were not only refugia
for many species of flora and fauna, but also
served as a channel for broader geographical dis-
tribution and vertical dispersal of species. Simulta-
neously, the growing diversity of the land relief
was the reason for increasing patchiness of the

V. N. Kalyakin, S. A. Turubanova, O. V. Smirnova
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ecosystem cover and increased biodiversity. In ad-
dition, the development of the river network signif-
icantly enhanced penetration of the southern flora
and fauna to the north — and northern species to the
south. Predominance of open and semi-open land-
scapes was one of the reasons for existence of the

Vol. 1(1), 2016

mixed flora and fauna typical not only for the Late
Wurm, but also for prior periods. The main feature of
this landscape was the concurrent presence of mod-
ern tundra species (arctic foxes and lemmings) and
modern steppe species (steppe pikas, steppe marmots,
jerboa, hamsters, lemmings, wild horses, saigas, etc.).

Fig. 2. Distribution of rhinoceros (Coelodonta antiquitalis) (black triangle), prehistoric bison (Bison priscus)
(white square) and wild horse (Equus sp.) (greycircle) remainsinPaleolith
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It should be noted that since A. Y. Tugarinov's
work in 1929 [47] landscapes of the late Wurm have
been attributed to the open type; these were the so-
called "tundra-steppe zone" or "periglacial zone".
Supporters of the glacial concept followed Gromov
[33], suggesting that open landscapes were inhabit-
ed mostly by representatives of the "Arctic" fauna,
well adapted to the harsh climate of the last glacia-
tion [48-51]. Warming in the Holocene was consid-
ered as the main cause of extinction of "arctic"
fauna species. However, the gradually accumulated
data on the fauna and flora of the Pleistocene and its
last period [28, 30, 31, 34, 35, 3740, 52] indicate
its mixed nature. This feature can be satisfactorily
explained only in terms of the anti-glacial theory
[18, 19, 36, 43, 53-55].
Additional ideas about the fauna of open land-
scapes was gained when the "Zhiguli" cave opened
data on the cave fauna, which is far better pre-

Vol. 1(1), 2016

served than plain fauna [56]. The efforts of many
authors [41, 57-75] were accumulated in the re-
sults that clearly demonstrate the "mixed" compo-
sition of terrain fauna (in the upper Pechora basin
avifauna also [58]) all over from the lower Pechora
River to the South Urals.

This information significantly changes the per-
ception of fauna and the concept of the late Wurm
landscapes and specifies terrain fauna changes in the
Holocene (Fig. 3, Table 2). In addition, the findings
in the caves provided a more complete understand-
ing of the features of Pleistocene landscapes. Thus
the findings of a polar bear on the middle Pechora
and bird species now confined to a narrow coastal
strip of the Arctic Ocean [44] suggest the likelihood
of marine transgression (to the north of Eastern Eu-
rope — ingression, which flooded mostly river val-
leys, when the sea level rose).

Shifting of current range boundaries,
2000 ﬁ)mpared to the late Paleolithic, km
L

1000

N KL
Late Wurm terriofauna
0_HOETT I I I s=E=EEssssEssssEsssssss N & 0 EE

S 1000_

2000 Karginskii time

End of Late Wurm
3000 —
O group of species
D poly and intrazonal D forest

D forest-steppe

m steppe

. polar
D tundra

Fig. 3. Changing of structure of terrain fauna in Ural Mountains from Late Wurm up to present

The mixed nature of the fauna of areas, located
relatively close to the cold waters, implies that the
ingression had no significant impact on the climate
(existence of such mixed fauna would be absolute-
ly impossible during the transgression in this area
of the Arctic waters of the Arctic Ocean). A similar
situation is currently registered on the coast of the
Kara Sea, characterized by high ice cover among
the seas of the Eurasian sector [76]. However, Si-
berian larch, Siberian spruce were registered on the
pollen analysis and dendrochronological data just
80 km from the coast on the Hadyta river and its

tributaries [77-79], as well as a large set of boreal
species of herbs and shrubs [80].

The Mosaic structure (patchiness) provided
unique landscapes of the late Wurm with mixed
teriofauna, determined by mountain relief diversity
and the impact of key species of the mammoth
complex. It was during the warming (Karginskii
time), when porcupine Vinogradov and Himalayan
bear lived together on the border of the Northern
and Middle Urals with typical representatives of
the mammoth fauna, and also during the coldest
period of the late Wurm ("Polar Ural stadial")

V. N. Kalyakin, S. A. Turubanova, O. V. Smirnova
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[75, 81], when a polar fox and lemmings, a bank in the Northern Urals together (the Bear's Cave in
vole, a moose, a saiga and a wild horse were found the upper Pechora) (Table 2).
Table 2
Trends of fossil mammals remains findings in the Urals Mountain, from the late Paleolith to the Present
Species Habitats PaIIJea;fi i Mezolith | Neolith B;zgn:e K(g)rel 33;?

Vinogradov's porcupine Mountains, steppe

Himalayan bear Nemoral forest

Cave hyena Steppe

Cave lion Steppe

Woolly rhinoceros Steppe

Large cave bear Steppe

Cave bear Steppe

Mammoth Forest-steppe

Saiga Steppe ?

Muskox Steppe ?

Wild horse Steppe ?

Polar fox Tundra ?

Hare Forest-steppe ?

Marmot Steppe ?

Long-eared jerboa Steppe ?

Lepus Steppe ?

Eversmann's hamster Steppe 2

Arctic lemming Tundra ?

Siberian brown lemming Tundra ?

Irish elk Forest-steppe ?

Ground squirrel Steppe ?

Aurochs Forest-steppe ?

Bizon Steppe 2

Yellow lemming Steppe ?

Steppe lemming Steppe ?

Steppe polecat Steppe ?

Steppe pika Steppe ?

Gray dwarf hamster Steppe ?

Northern mole vole Steppe ?

Narrow-headed vole Steppe

Red deer Forest-steppe

Roe deer Forest-steppe

Elk Forest

Raindeer Ubiquitous

Wolf Ubiquitous

Fox Ubiquitous

Braun bear Forest

Stoat Ubiquitous

Least weasel Ubiquitous

European mink Ubiquitous

European pine marten Forest

Sable Boreal forest

Wolverine Ubiquitous

Badger Ubiquitous

Otter Ubiquitous

Lynx Forest

Squirrel Forest

Beaver Forest

Mole Nemoral forest 2

Boar Nemoral forest | | | 2 |

The analysis of paleodata from Eastern Europe pact of climate change and increased pressure of
suggests that in periods of cooling an adverse im- mammoth herbivores on vegetation led to reduction
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of tree species abundance and their survival in refu-
gia only (in overdeepened river valleys). During
warming periods tree species disseminated at sur-
rounding areas. That is why broad-leaved and conif-
erous tree species with different abundance resided

Vol. 1(1), 2016

together until the end of the Pleistocene, otherwise
the forest cover was mixed [23, 38, 40, 82, 83].

Maps of deciduous and conifer tree species
complexes for that period show absence of forest
zones (Fig. 4).

TSN

/\
“( \// \m\
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=
Z2NE SN
OLDER HOLOCENE
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1) @4 m A
A @
@ A
%g o
®
& 3%@

\
\

R

H%j

P8

Fig. 4. Distribution of boreal complex tree species
(white circle) in Older, Early

Based on paleontological data and specifics of
fauna and flora, the vegetation cover of the dis-
cussed period can be considered a mosaic of for-
ests, meadows and steppes. Moreover, dominance
of pasture ecosystems was due not only to unfa-
vorable climatic conditions for tree species (low
temperatures), but mainly to suppression of woody
vegetation by large herbivores of the mammoth
fauna.

MIDDLE HOLOCENE |-

B N

(black triangle) and nemoral complex tree species
, Middle and Late Holocene

LATE HOLOCENE

The population of mammoth complex key spe-
cies and the mammoth itself became critical as a
result of hunting activities in the end of the Pleis-
tocene [30, 34, 84-87]. The mammoth either dis-
appeared or its quantity was not enough to remain
a key species at the most part of its area. It was
shown by the data from early man sites, where fos-
sils of dominant herd ungulates [88, 89] replaced
previously dominated mammoth remains.
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Besides, mammoth, woolly rhinoceros, cave lion
and hyena, large and small cave bear [32, 66, 90] be-
came extinct by the end of the late Wurm and early
Holocene in Eastern Europe. Northern borders of
saiga and red deer habitats moved down to the
south [65, 70]. Giant deer became extinct about
7 000 BP in Ural mountains [91].

Extinction, shrinkage of the habitat of large
herbivores of the mammoth complex resulted in
spreading woody vegetation and reduction of areas
of grass (pasture) ecosystem, which favored a
slight warming [92]. The pioneers of afforestation
were highly volatile tree species with seeds and fast
turnover of generations: willow, birch, aspen and
European pine. The pollen spectra of this period is
marked by dominance of pine and birch [93, 94].

At the end of the Pleistocene replacement of
grassland ecosystems by forests was initiated by
primitive hunters who made a decisive contribution
to reduction of area and population, and then extinc-
tion of mammoth and associated species: cave lion
(Leo leospelaea), cave bear, cave hyena, giant deer,
musk ox (Ovibos moschatus), prehistoric bison and
woolly rhinoceros [19].

Later, at the late Pleistocene and in the begin-
ning of the Holocene, the ocean transgression and
the sea level rising lessened climate continentality.
Most likely, the decline in population and compo-
sition of key species led to replacement of pasture
ecosystems by forest ecosystems that began an ir-
reversible process. Of course, it is particularly im-
portant in regional climate conditions. In the Far
North, pasture ecosystems were gradually replaced
by the tundra ecosystem, but the process took a
very long time since the last mammoths became
extinct about 3000 BP on Wrangel Island; and
reindeer have survived to the present time on Arc-
tic islands, and the musk ox — on North American
Arctic islands. In a warmer and humid climate,
these wood-pasture ecosystems were replaced by
forest (including boreal) ecosystems. In the middle
zone of Eastern Europe, including the territory of
today's Moscow region, a number of species that
were part of the pasture ecosystems was saved un-
til the end, or almost to the end of the Holocene
(more below).

The environmental change on vast territories
caused the corresponding climate change. As a re-
sult, intensive replacement of the open steppes by
wood vegetation dramatically reduced activity of
summer anticyclones.

This has contributed to an increase in rainfall
and water content, which in turn has proved to be
very favorable for an increase in beaver popula-
tion, which in return has enhanced water-irrigation
processes. As a result, these replacements appeared
to be more important than the activity of primitive
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hunter-gatherers, the pasture type ecosystem was
transformed, the northern allocation of steppe spe-
cies pushed to the south and south-east.

Thus, since the end of the Late Pleistocene it
began the process of change of keystone species
(change of edificators — [87]): Giants and large
herbivores species of mammoth complex stepped
down a position of key species to tree species of
modern forest zone. As a result of the slow start
(which is quite natural in a fairly harsh climate),
but steady replacement of pasture ecosystems for
forest (detrital).

The early Holocene - Mesolithic (10 000-7000
BP) and the middle Holocene - Neolithic
and the Bronze Age (7000-2500 BP)

The beginning of this period was characterized
by a noticeable warming along with periodic cool-
ing and warming [59, 92]. Pasture ecosystems con-
tinued to transform into detrital ecosystems due to
the mammoth complex giants and large herbivores
elimination. The intensity of this process was posi-
tively correlated with climate severity and humidity.

There are no data on the mammoth fauna pres-
ence to the East of the White Sea (the north of
Eastern Europe) during the Holocene (except for
survived brown bear, elk and reindeer), but to the
west and to the south of their former area they sur-
vived in the Holocene as well.

At the beginning of the Holocene mammoths
still persisted in the north-west of the Russian Plain
(in Baltic region, Vologda region, Karelia and the
Kola Peninsula), and in some places on the periph-
eral areas of its giant area in the recent past they
lived even longer: up to 7 000 BP (the Yamal pen-
insula), to 3700 BP (Wrangell island) [66, 95-97].
Aurochs (Bos primigenius) were known up to the
middle Holocene in the Lake Ladoga area [98],
and in the regions to the south (or at least most of
them) a set of species were found: wild horses,
wild boars, giant deer, red deer and reindeer, deer,
aurochs, bisons, saigas and musk oxen — were pre-
sent throughout the early or even mid-Holocene
[61, 62, 65,99-106].

Among ungulates inhabiting the forests, wild
boar expanded its area to the north and elk became
more numerous in the Russian Plain, but disap-
peared from the Caucasus [107, 108]. Several spe-
cies (wild horses, deer, elks, reindeer, aurochs) as
well as mammoths penetrated to the north-west of
Eastern Europe up to the Kola Peninsula in the ear-
ly Holocene after degradation of the White Sea-
Baltic Sea basin almost to its present size.

This opened opportunities of invasion to Fen-
noscandia from the East for mammoths, musk
oxen, reindeer and elks (species that lived in the
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western part of this territory already in the late
Pleistocene) [109, 110].

One cannot ignore that the destruction of the
Paleolithic mammoth hunters’ mode of life lead to
a long environmental crisis for the population
of Europe (and Eurasia as a whole): the number
and density of Mesolithic sites drastically reduced
[88, 89, 111].

That crisis was overcome only in the Neolithic
period [112], when the spread of the producing
economy (agriculture and animal domestication
originated in more southern areas) effectively
changed the very nature of human impacts on natu-
ral ecosystems. It should be taken into account that
the extent of that impact increased gradually. That
is why a number of species that were part of the
Pleistocene mammoth fauna were preserved on the
analyzed territory until the middle or even the late
Holocene.

The process of transformation of pasture eco-
systems by closed forest ecosystems was started by
pioneer species (pine, aspen etc.) characterized by
relatively fast expansion [39, 52], later replaced by
key species of dark coniferous and broad-leaved
trees (spruce, fir, oak, beach etc.). Changes in the
ratio of steppe-pasture and forest communities in
favor of the latter initiated formation of forests on
the major part of Eastern Europe except for the
northern territories (the Ugra Peninsula, Kolguev
island, Vaigach island and South island of Novaya
Zemlya) occupied by tundra and forest tundra.

This process in turn helped increasing the num-
ber of forest animals: squirrel, beaver, brown bear,
wild boar, elk and other ungulates that benefited
from expansion of forests. In the early Holocene,
as in the previous period, forests were mixed,
combining conifers (spruce, fir) and broad-leaved
(oak, linden, elm, and other) tree species almost on
the entire territory (Fig. 4) [10, 23].

Later in the middle Holocene almost the entire
territory of Eastern Europe was a mosaic of mead-
ow-steppe and forest (coniferous and broad-
leaved) zone with the meadow steppe formed by
large herd herbivores, alternated with forested are-
as. There was no clear division into the taiga and
deciduous forests; instead, there was a gradual de-
crease in the proportion of species of deciduous
trees from the south to the north and the proportion
of species of conifer trees in the opposite direction.
Large herd herbivores: elk and reindeer, along with
wild boar, red deer, deer, auroch, bison and wild
horse, and sometimes saiga and marmot, coexisted
in the southern part of the forming forest zone be-
fore the Iron Age till the Middle Ages, as proved
by the osteological data. This allows us to recon-
struct the ecosystem cover of this time as a mosaic

Vol. 1(1), 2016

of forest patches, alternated with meadow and
steppe areas of zoogenic origin [10].

Existence of grassland and forest communities
and ecotones between them allowed sustainable
existence of the key species of light-demanding
trees such as oak, pine, Siberian larch. They were
accompanied by subordinate light-demanding spe-
cies of trees, bushes, dwarf shrubs and grasses.

At the same time fossil remains of beavers were
found on the major part of the Eastern Europe for-
est zone [10]. It indicates that widespread water
communities were formed due to beaver’s con-
struction activities. Beaver ponds on numerous
streams and small rivers allowed existence of vari-
ous animals, plants and other species in so-called
"beaver landscapes". Widespread hydromorphic
landscapes determined a high level of soil and air
moisture [113]. Apparently this was one of the ma-
jor reasons of spreading of dark coniferous species
(spruce and fir) to the south and broad-leaved spe-
cies to the north, embracing one meadow-steppe-
forest (coniferous — broad-leaved) zone. In addi-
tion, prevalence of hydromorphic landscapes pre-
vented the spread of fires. Subsequent
differentiation of the meadow-steppe-forest (conif-
erous and broad-leaved) zone led to formation of
the boreal (taiga) zone.

Thus, from the late Pleistocene to around mid-
dle Holocene, mainly due to destruction of key
species of the mammoth complex, there was a sig-
nificant transformation of the ecosystem cover of
Eastern Europe: pasture ecosystems were replaced
by detrital and pasture ecosystems with equal
shares.

Producing economy (agriculture, cattle breed-
ing and metal smelting) development in the middle
Holocene became a powerful factor influencing the
ecosystem cover (the Neolithic Revolution). It
spread in Eastern Europe 6000—5500 BP and dom-
inated on most of its territory during the Bronze
Age (4600-3200 BP). The share of fossils of wild
hoofed animals (bison, auroch, wild horse, etc.) re-
duced, while the share of livestock bones increased
[99, 100], also the pollen analysis showed the pres-
ence of domesticated cereals and weeds [114-116],
as proved by the osteological material.

Producing economy fundamentally changed the
structure of the ecosystem cover. First of all, large
herd ungulates and beavers disappeared mostly not
because of direct persecution, but due to habitats
transformation for producing purposes. Destruction
of large ungulates resulted in disappearance of
meadows and ecotones, essential for light-
requiring tree species, all other light-demanding
plant species and many animal species. The eco-
nomic activity determined existence of key species
directly (trees planting) or indirectly (plowing,
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burning, grazing in forests, drainages, pond con-
structions, etc.). Only shade-tolerant tree species
(deciduous trees, except oak species, spruce, cedar
and fir), shade-tolerant bushes, shrubs, herbs and
mosses were able to maintain a steady generation
turnover without human assistance in such envi-
ronment. Ecosystems of "shadow" coniferous-
broad-leaved forests were formed, which nowa-
days have survived only in a small number of refu-
gia in European Russia, in habitats not affected by
significant anthropogenic transformations of the
last few centuries and, therefore, mistakenly taken
for natural forests [10, 12]. By the end of the mid-
dle Holocene slash-and-burn agriculture notably
pushed the southern border of the forest zone to the
north.

Elimination of beavers harshly reduced natural
diversity of valley landscapes of small rivers and
streams, affected the hydrological regime stability,
previously supported by dams and beaver ponds.
At the same time, this led to a fire danger increase
in forests.

In the late Middle Holocene, expansion of no-
madic cattle breeding in the south of Eastern Eu-
rope led to formation of steppe and semi-steppe
zones, increased climate aridity and reduced the
mixed character of flora and fauna. These were
major steps in formation of modern zoning, includ-
ing the boreal (taiga) zone, and had significant im-
pact on macroclimate changes in Eurasia as a
whole. Perhaps these were among the reasons of a
climate instability increase in the second half of the
Holocene [50, 92, 117, 118].

The Late Holocene (2500-0 BP) -
The Iron Age and Middle Ages (2500-500 BP)

Habitats of key species of trees did not change
significantly at the beginning of the late Holocene —
in the early Iron Age (2500-1600 BP), as the
palaeobotanical analysis shows. Broad-leaved and
coniferous species coexisted on the major part of the
forest zone just as in the Middle Holocene (Fig. 4).
However, the quantitative assessment of the pollen
share of different tree species in the pollen spectra
showed a decline of the dark coniferous species
share in the south and the broad-leaved share in the
north [93, 94, 119-121], and an increase of pollen
of Pinus sylvestris led to increased fire activity.
This process was due not only to expansion of the
steppe zone to the north and increased soil and air
dryness because of anthropogenic aridization in the
south of Eastern Europe, but also due to direct an-
thropogenic impacts. The most significant were the
following: usage of oak for shipbuilding [119] and
for industrial production of wood charcoal since
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the beginning of XVIII century [122], and massive
logging for a variety of other purposes [10].

At the same time, mainly as a result of slash-
and-burn agriculture, the northern borders of
broad-leaved tree species areas significantly re-
treated to the south. That marked formation of the
modern taiga — a boreal forest zone, where broad-
leaved tree species are absent. At the same time,
specific pyrogenic forests with dominance of Scots
pines were formed [123] on vast territories with
sandy soils. Slash-and-burn agriculture followed
by swidden and arable farming, grazing in the for-
est, collecting of litter and deadwood and other
traditional forest management practices led to soil
cover degradation on vast areas [15, 16]. Forest
burning on its northern borders led to tundra ex-
pansion over the northern taiga and the forest tun-
dra in the late Holocene [124, 125]. Anthropogenic
factors and climate changes of the late Holocene
acted concurrently in the north of the forest zone.
These led to destruction (purification) of the forest
zone and fostered expansion of boreal species and
their complexes. This process is called "borealiza-
tion" of the forest zone.

Despite the fact that human impacts on natural
ecosystems and their components steadily in-
creased and became more diverse during the Neo-
lithic and the Bronze Age, yet some areas
remained underdeveloped. Therefore, such species
as musk ox (Scythian drawings, see: [104, 126])
and onager (Equus hemionus) lived in the southern
steppes and Ural, wild horse lived in the Caspian
region [127] up to the Iron Age. Wild auroch, bi-
son and tarpan — wild horse [101, 102, 106, 128]
still exist in the south of the modern forest zone.
The tarpan remains were found on the territory of
modern Moscow at the beginning of the Iron Age
(completely exterminated in the XIX century) as
well as wild boar, red deer and reindeer, roe deer
[103]. Reindeer were spread more to the south,
comparing to its actual area [99, 122, 129].

Commercial fur trade, primarily in beaver and
sable, emerged at the beginning of the Iron Age,
and, incidentally, hunting pressure on larger
("meat") animals — elk and bear - sharply in-
creased. This was observed during the research of
massive osteological materials, obtained while ex-
cavating Dyakov settlement (south of Moscow).
The people of this settlement switched from natu-
ral economy in the early Iron Age (2500-1500 BP)
over to commercial hunting in 300-200 BP. The
composition of prey species changed as a result:
tarpan, red deer, raindeer, roe deer completely dis-
appeared, a little later - wild boar, too. Hunting
for beavers, elks and brown bears dramatically in-
creased according to the analyzed remains
[18, 103].
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Naturally this process developed unevenly in
different regions of Eastern Europe. Despite its
huge area equaling almost to the entire Palearctic,
beavers were exterminated everywhere, including
the most remote regions of Eastern Siberia by the
late Middle Ages [130].

Thus, the changes in tree species and fauna
composition in the Late Holocene which started in
the Middle Holocene led to a split of the united
steppe-meadow-forest (coniferous and broad-
leaved) zone into two fundamentally different
community groups [131]:

(1) communities, capable of supporting itself
developing spontaneously ("shadow" forests), that
formed the forest zone as is, and (2) communities,
requiring permanent anthropogenic impacts for
maintenance (floodplain and upland meadows,
meadow steppes, forest of light-requiring tree spe-
cies: birch, scotch pine, larch, oak).

The traditional economy was evolving over a
long time and in some forms was similar to natural
processes (e.g. livestock grazing in the forest, con-
struction of dams on small rivers for mills, etc.), so
it helped supporting the ecosystem cover’s hetero-
geneity.

However, at that point of time, the final step in
formation of the modern zoning was made: a split
of the forest zone of Eastern Europe into dark co-
niferous (boreal), coniferous and broad-leaved
(boreal-nemoral) and broad-leaved (nemoral) for-
ests, caused by anthropogenic impacts.

The Modern time (500 BP)

In recent centuries (since 18th, but especially in
19th and 20th centuries) further transformation of
the ecosystem cover of Eastern Europe has been
driven by land-use change and industrial develop-
ment [10]. At that time, such species as auroch, bi-
son, tarpan disappeared; areas of all large
mammals, beaver and others decreased. Popula-
tions of some species have been restored during
last decades: the beaver population has been re-
stored due to restoration activities and further
spontaneous dissemination, populations of wild
boar and roe deer have been restored mostly due to
urbanization and consequential land abandonment
in rural areas.

Due to intensive agricultural development and
timber harvesting, nemoral (broad-leaved) and
nemoral-boreal (mixed broad-leaved and conifer-
ous) forests have virtually merged into a single
zone [132]. Small-leaved forests on clay soils and
planted pine forests on sandy soils have alternated
with agricultural lands. At the same time, forests
with key species dominance have covered small
areas [10].
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However, oak was registered in the lower part
of the Northern Dvina river even before the begin-
ning of the 18th century [120]; hornbeam was reg-
istered to the north up to Valdai lowland [119] and
elm was registered up to Obdorsk (now the town of
Salekhard) [121] till the end of the 18th century.

The boreal (taiga) forest zone finally became
isolated inside the forest zone due to multiple hu-
man-induced fires, rural land abandonment be-
cause of inefficiency of agricultural activities and a
population decrease. A mosaic of pyrogenic and
weed grassland communities of different ages from
young pine stands and birch forests to spruce and
spruce-fir forests was formed. A substantial part of
grassland ecosystems, supported in boreal forests
by human activities since the middle — late middle
Holocene, disappeared during the last one or two
centuries due to land-use changes (agricultural ac-
tivities including a livestock grazing decrease) and
a catastrophic decline of rural population.

Most of the modern taiga forest ecosystems are
at the early succession stages with pioneer species
of trees (pine, birch) or the first generation of late-
succession trees (spruce, more rarely fir) and min-
imal species. The latter are spruce and spruce-fir
forests of green moss, green moss with dwarf
shrubs and small boreal herbs (Oxalis acetosella).

These most widespread types of East European
dark coniferous forests [20, 133] were formed and
supported by human activities [10], and, unfortu-
nately, are often seen as natural forests.

However, the analysis of modern distribution of
nemoral and boreal shrubs and herbs, as well as
presence of ephemeroids in the refugium [80] indi-
cates that the original type of modern boreal forests
is boreal-nemoral forests (Fig. 5).

It is in contemporary history, when such species
as auroch, bison, tarpan disappeared, and areas of
all large mammals, beaver and some other species
decreased (populations of some species have been
restored during last decades due to restoration ac-
tivities).

The main trends of teriofauna transformation
since the late Wurm to the present are the following:

1. Loss of habitats for many species (primarily,
the largest and most actively hunted animals);

2. Extinction of some animal species (totally or
within the Palearctic);

3. The single fauna was split up in space into
faunas of tundra, forests and steppes. It is signifi-
cant that the extinction rate of the Pleistocene the-
riofauna species was exponential, continuing at
the present time (Fig. 6). This process will con-
tinue for a long term, unless appropriate and ex-
traordinary measures are taken, as proved by the
available data [134].
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Fig. 5. Modern distribution of boreal and nemoral complex of grass and shrubs (Lipmaa, 1938)
(boreal — white triangle, nemoral - grey circle). The upper line shows north border of nemoral grass species,
the line on the south shows border of boreal grass and shrubs species

The proposed model reconstruction shows that
the main factor in formation and development of
the vegetation cover of Eastern Europe, including
boreal forests during the Holocene, was and is hu-
man land-use activities. It comes out as follows:

(1) key species areas direct move due to species
extermination on some areas,

(2) key species areas indirect move due to eco-
topes and local climate changes, primarily aridiza-
tion in the south of the forest zone and its
borealization in the north,

(3) destruction of functional links between key
and indicator species, that provided stable digenesis
in populations of species of different trophic groups.

The composition and structure of the most
wide-spread types of forest communities (includ-
ing boreal forests with trees’ key species domi-
nance) reflect traditional land-use practices, which
were common at least during the lifetime of the
current trees generation or a bit earlier.

The origin of the modern boreal zone
of Eurasia (the Eurasian taiga)

The analysis of area changes of key species of
animals and plants since the late Pleistocene to
the present led to the concept of the dominant role
of human activity in formation of the modern bo-
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real zone of Eastern Europe. From this perspec-
tive it is advisable to refer to the hypothesis of the
origin of the Eurasian taiga (boreal forest) in gen-
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eral. Since the origin of taiga is well studied [2, 3,
5, 6, 38, 40] we confine this list to the most im-
portant ones.

L

MEZOLITH
(6 000 BP)

20th centure
17-19th centure
IRON AGE

(2 100 BP)
BRONZE AGE

NEOLITH (1500BP)
(3 000 BP)

Fig. 6. Extinction rate (number of extinct species during one thousand year)
during Pleistocene up to the present

The discussion on the origin of the modern tai-
ga includes the following key issues:

1) what was the initial type of vegetation [3, 5,
6,27, 135];

2) does the boreal forest of autochtonous or al-
lochthonic origin have any relation to the current
territory of Eurasia and North America?

Neogene forests with rich flora of trees that
prevailed on the territory of Northern Eurasia till
almost the end of the Pliocene should be consid-
ered a natural type according to many authors
[5, 38, 40, 136, 137]. Namely, these forests were
the initial condition in formation of the modern
forest cover of Northern Eurasia. Generic com-
plexes of broad-leaved and coniferous trees, which
compose the modern dendroflora of Northern Eur-
asia, were founded in Neogene forests.

V. P. Grichuk [40] described the main steps of
formation of the modern nemoral and boreal floras
from the Neogene flora. These floras were finally
formed by the Upper Pleistocene [40].There was a
gradual depletion of generic complexes during the
process of formation of the nemoral and boreal flo-
ras. For example, V. P. Grichuk allocated 30 ge-
neric complexes representing four geographic
groups (Table 3) in the center of the Russian Plain
in the end of the Pliocene. Only 20 of them re-
mained in the Early Pleistocene, 15 in the Middle
Pleistocene — and 12 complexes of circum-boreal
groups remained in the Holocene. Simultaneously,
the number of species in each generic complex sig-
nificantly reduced. However, the process of dendro-
flora depletion was gradual, and the mixed nature of
dendroflora of the Russian Plain persisted through-
out the Pleistocene and most of the Holocene.
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Table 3

Dendroflora of Late Cenozoic in Vyatsko-Kamsky historical floristic region (Grichyuk, 1989)

Group Species sp.

Late
Pliocene

Pleistocene
early middle late

Holocene

Panarctic Abies

Picea

Pinus

Betula

Alnus

Salix

Larix

Myrica

American — North Asian | Corylus

Quercus

Ulmus

Acer

Tilia

Carpinus

Ilex

Fraxinus

Fagus

[ e Y e v s i i i |
|

Taxus

American — Celtis

Mediterranean — Asian Pterocaria

Juglans

Rhus

Castanea

Ostrya

American — East Asian | Tsuga

Morus

Diervilla

Carya

Chamaecyparis

Liriodendron

Number of genera

20 15 14 12

Given short distances of late succession tree
seeds dispersal: from 200 to 1000 meters over the
lifetime of one generation [39, 138, 139], it should
be recognized that almost continuous existence of
that unique flora was possible only with a suffi-
cient number of closely-spaced refugia, where tree
species were preserved during adverse periods in
the Pleistocene. The possible existence of refugia
and the age thereof were repeatedly discussed in
literature [138, 140, 141]. Recently, a valid evi-
dence of refugia allocation in Eastern Europe dur-
ing the late glacial maximum has been gained,
based on the statistically reliable palynological da-
ta [82, 83]. The presence of these refugia deter-
mined quick dissemination of key species of trees
in the early Holocene.

Recognition of a possibility of continuous
transformation of Neogene flora in Northern Eura-
sia suggests that the taiga (boreal forest) is autoch-

thonous in Eurasia and North America, occupied
thereby nowadays.

The assumption that taiga is of allochthonous
origin, as pointed out by V. B. Sochava [2], is
largely determined by the characteristics of the
modern taiga, which were considered a result of
the genesis of the ancient type of vegetation. If we
consider modern pyrogenic dark coniferous forests
[9], formed by humans in the Late Holocene, as a
model of natural taiga [3], then it is quite difficult
to find its origin from the Neogene flora. The hy-
potheses of its allochthonous origin tried to explain
this: the area around the North Pole [135], an an-
cient land near the Bering Sea [142], the mountains
of Palearctic South [3] were considered the origi-
nal vegetation.

The boreal forest was seen as a younger formation
in Circumpolar and Bering hypotheses, and devel-
opment of the taiga landscape was interpreted as a
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moving of existing species complexes from north to
south. In the mountain hypothesis, the taiga was seen
as an ancient formation, formed simultaneously with
the Neogene vegetation or even earlier. Tolmachev
[3] proved the antiquity of the taiga forest by a signif-
icant age of boreal herbs species.

Presence of keystone species (similar to Picea
sp.) and associated boreal species of herbs and
shrubs [3] in Neogene forests make it possible to
assume that these mixed (coniferous — deciduous)
forests gave place for successful coexistence of bo-
real and nemoral species. It is confirmed by forest
refugia, where ephemeroids and other nemoral
herbs species survive under the cover of dark co-
niferous trees [80].

If coniferous-broad-leaved nemoral-boreal for-
ests of the Far East [2, 137] and the Caucasus [1]
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are considered as natural ones (least disturbed taiga
forests), then the hypothesis o fautochthonous
origin of the modern taiga from Neogene forests
due to gradual climate changes since the late Plio-
cene to the late Pleistocene is quite legitimate.

Examining the animal population of the late
Pliocene allows assuming that the original Neo-
gene mixed coniferous-broad-leaved forests of
Northern Eurasia had a structure similar to modern
forests.

The analysis of the number of large and very
large herbivores (key species of grassland ecosys-
tems) genera, which formed the Palearctic teriofau-
na since the Pliocene to the present, demonstrates
that Neogene forests were inhabited by rich fauna of
large and very large mammalian herbivores (Fig. 7).
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Fig. 7. Dynamics of number of genera from Pliocene up to the present

Most of the genera and species of this fauna in-
habited savannas, steppes and forest steppes and
many of them were key species of grassland eco-
systems. Therefore, the Pliocene landscapes struc-
turally and physiognomically to a greater extent
resembled modern African savannas, than modern
coniferous-broad-leaved forests of the Far East.
Transformation of this fauna from the Pliocene to
the present had a clear tendency to exhaustion:
37 genera inside and 24 genera outside the Palearc-
tic survived out of 195 genera (mostly Proboscidea
and Ungulates). Moreover, the extinction rate in-
creased exponentially during the Holocene.

For grassland ecosystems the loss of the role of
key species by large and giant herbivores was a
crucial step in the irreversible transformation of
fauna since the final Paleolithic to the late Holo-
cene (in various regions the crisis was in different

time, in African savannas it happened only over a
century ago). Firstly, it was due to species exter-
mination and consequential reduction of its abun-
dance below the critical level of sustainable
generation turnover in populations. After that, fur-
ther transformation of grassland ecosystems be-
came autogenetic, its effects have amplified
exponentially in the modern time and have been in-
tensified by a variety of anthropogenic factors.
Thus, the debate about the origin of the modern
Eurasian taiga (boreal forest zone) switched into
the study of the history of conversion of Neogene
savanna forests by human activities.

The analysis of the dynamics of tree key spe-
cies’ paleoareas and data on the composition and
structure of the modern remnants of boreal forests
[80, 143] show that the coniferous-broad-leaved
forest zone without the modern boreal forests (tai-
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ga) zone could cover the major part of Eastern Eu-
rope (supposing only the climate-caused changes
of Neogene forests). The anthropogenic factor
since the late Pleistocene to the present, as the most
powerful factor at different scales (from local to
global) has determined formation of the boreal forest
zone, consisting of succession communities, the
composition and structure of which reflect different
types of human activities over the last centuries.

The image of the modern taiga is very different
from the reconstructed image of Neogene forests and
their derivatives in the Far East and the Caucasus, so it
is impossible to consider development stages of a sin-
gle vegetation type (or single biome) without analyz-
ing anthropogenic changes. This fact apparently
fostered the hypothesis of taiga’s allochthonous origin.

Paleobiological reconstruction of the teriofauna
and denroflora since the late Pliocene to the pre-
sent allows assuming that the initial vegetation
type for boreal forests was Pliocene coniferous-
broad-leaved savanna-looking forests of Northern
Eurasia, where large herbivores affected biota the
most. The ratio between key tree and animal spe-
cies shows its fundamental difference from modern
coniferous-broad-leaved forests of the Far East,
which previously were seen as the Eurasian boreal
forests (the Eurasian taiga) origin.

Conclusion
This study allows to offer a sequence of for-

mation and development stages of the Eastern Eu-
ropean taiga (boreal forest):

Vol. 1(1), 2016

1. The original type — mixed coniferous-broad-
leaved savanna-looking forests of Northern Eurasia
with rich dendroflora (over 30 generic complexes
on the Russian Plain) and rich megafauna (around
100 genera), which included forest and grassland
ecosystems (the Pliocene).

2. Refugia of periodically impoverishing conif-
erous-broad-leaved forests in the forest-meadow-
steppe vegetation cover were regulated by giant
species of the mammoth complex (the Pleisto-
cene).

3. The meadow/coniferous-broad-leaved forest
vegetation was regulated by large herd ungulates,
beavers and trees (the Middle Holocene).

4. The forest vegetation split into boreal (taiga),
nemoral-boreal and nemoral zones as a result of
human activities. Formation of the modern bound-
aries of the taiga and development of the taiga eco-
systems preserved in refugia (first half of the Late
Holocene).

5. The anthropogenically caused image of the
modern East European taiga is a dominating com-
plex of light and dark coniferous successional
communities. Despite a wide distribution, these
forests are characterized by their internal imbal-
ances: very poor species composition of plants and
animals, monodominant, with tendency for de-
struction by insects and fungi.
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