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Abstract. Solving the problems of sustainable existence of the biota in Northern Eurasia requires a detailed 
analysis of the interactions between human and nature at the initial stage of the development of this territory. 
Paleoreconstructions of the structural and functional organization of the biota in the analyzed territory at differ-
ent stages of its development constitute the necessary basis for solving the problems of preserving and restoring 
natural laws, which are absolutely necessary for a deep understanding of natural mechanisms, as the main condi-
tion for the survival of mankind. The initial stage of interaction between human and nature called “appropriating 
economy” was marked by the destruction of complementary systems – the basis of the sustainable existence of 
nature as a whole. The main reason is the almost complete destruction of the giant phytophagous mammoth 
complex. The next period of interaction between human and nature is “the stage of the productive economy”, in 
which slash-and-burn agriculture became the main method of agricultural development of forest areas in Northern 
Eurasia. This type of Nature management caused a decrease in the productivity of forest ecosystems, associated with 
the loss of nutrients after the burning of the stand, with the loss of soil biota and a decrease in soil fertility. Thus, the 
pre-anthropogenic biota is replaced by modern fragments of anthropogenically transformed areas. Currently, when 
the still preserved species and their groups cannot be maintained by nature itself, we need to develop and imple-
ment large-scale measures to restore the biota and its climate-regulating functions as soon as possible. 
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Аннотация. Решение проблем устойчивого существования биоты Северной Евразии требует детального 

анализа взаимодействия человека и природы на начальном этапе освоения этой территории. Палеорекон-
струкции структурно-функциональной организации биоты на анализируемой территории на разных этапах ее 
развития составляют необходимую основу для решения проблем сохранения и восстановления природных 
закономерностей, абсолютно необходимых для глубокого понимания законов жизни природы как основно-
го условия выживания человечества. Начальный этап взаимодействия человека и природы, получивший 
название «этап присваивающего хозяйства», ознаменован разрушением комплементарных систем – основы 
устойчивого существования природы в целом. Главная причина – практически полное уничтожение гигантов-
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фитофагов мамонтового комплекса. Следующий период взаимодействия человека и природы: «этап произ-
водящего хозяйства», на котором основным способом сельскохозяйственного освоения лесных пространств 
Северной Евразии стало подсечно-огневое земледелие. В результате этого типа природопользования  
снижается продуктивность лесных экосистем, которая связана с потерями биогенных элементов после вы-
жигания древостоя, с утратой почвенной биоты и снижением почвенного плодородия. Таким образом, про-
исходит замена доантропогенной биоты фрагментами антропогенно преобразованных территорий. Совре-
менное состояние природы, практически полностью лишенной возможности самостоятельного выживания 
еще сохранившихся видов и их групп, требует незамедлительной разработки и проведения масштабных ме-
роприятий по восстановлению Биоты и ее климаторегулирующих функций. 

Ключевые слова: подсечно-огневое земледелие, климат, палеоистория, взаимодополняемость, лес, эко-
система, вспашка, почва 
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The analysis of the paleohistory of Northern 

Eurasia, conducted in the first part of our review 
[1], demonstrates the enormous damage caused to 
the nature of Northern Eurasia by human at the ini-
tial stage of the development of this area. To solve 
the problem of sustainable existence of nature in 
Northern Eurasia, we need to continue analyzing 
these interactions. 

Only the constant accumulation of a large array 
of paleodata, documents on the history of nature 
management and field data on the current state of 
the living cover of the analyzed areas will make it 
possible to characterize the enormous losses of 
biota at the initial stages of its development by the 
human, as well as to assess the ongoing degrada-
tion of nature associated with an increase in an-
thropogenic impact [2]. 

“Even in our time, a significant part of ecol-
ogists and biogeographers are still convinced that 
living organisms and their communities can adapt 
only to the conditions that are independently cre-
ated in the lithosphere, hydrosphere, and atmos-
phere. Ignoring the environment-transforming role 
of organisms, ecologists reduce all the dynamics 
that gave rise to the diversity of communities to 
their reflection of climate changes, tectonic move-
ments of the earth’s crust, or to the reflection of a 
one-way connection with soils with different tex-
ture and moisture content” [3]. 

Despite all the concerns about the disastrous 
state of the Earth’s nature, indicated in the appeals 
of the Club of Rome about the need for urgent as-
sistance to nature, before modern statements about 
the growing danger of biospheric catastrophes, the 
destruction of nature continues [4, 5]. At the same 
time, we seek to understand the laws of nature as 
deeply as possible based on the analysis of “com-

plementary systems” [6] – complex kinds of dif-
ferent natural kingdoms organized and governed 
by key species that maintain a stable climate and 
regulate the intensity of generation flows of crea-
tures living together. An obstacle to awareness of 
the need for reconstructions of “complementary 
systems”, which constituted the basis of the sus-
tainable life of nature before the appearance of 
human, is the fact that the “fragments” of nature 
that have survived in reserves and other protected 
areas (PAs) are considered by the majority of peo-
ple, including researchers of the reserves, as undis-
turbed natural formations [7, 8].  

Awareness of natural destructions is hindered by: 
1. Insufficient biological literacy of people our 

country due to the lack of full-fledged school and 
university education, which should include: analy-
sis of the paleohistory of the Russian nature, com-
parison of its state before the appearance of human 
with its current state, familiarity with domestic and 
international methods of preserving and restoring 
the sustainable functioning of nature as the main 
condition for survival of humanity on Earth. 

2. The heads of reserves and other specially 
protected natural areas lack the latest knowledge of 
the basics of paleobiology and ample opportunities 
for the use of modern methods of scientific re-
search. 

The available paleohistorical data for almost 
any country allows for navigation in the basic laws 
of nature, minimizing its destruction and extirpa-
tion of species through public education, starting 
from school. Setting the tasks of preserving and re-
storing nature, it is necessary, as a basis for the de-
velopment of methods for their solution, to analyze 
the paleohistory of areas, in which the pre-
anthropogenic natural ecosystems are intended to 
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be restored or it is planned to create their ana-
logues [1, 2]. First of all, this applies to reserves 
and other specially protected natural areas (SPNA), 
the documented analysis of the paleohistory of 
which is the necessary basis for the reconstruction 
of their prehistoric landscapes. 

Currently the solution to this problem becomes 
possible due to the increasing amount of paleodata 
on the nature of Northern Eurasia. An analysis of 
the paleohistory of nature in Northern Eurasia, 
conducted on the basis of osteological and palyno-
logical data, makes it possible to characterize the 
features of its biota since the beginning of its de-
velopment by the human (40–10 thousand years 
ago) [8–12].  

Distinctive feature of this period coinciding 
with the most intensive hunting of human for ani-
mals is that at the sites of human remains were 
found the bones of mammoths, bison, beavers, and 
animals of modern tundra (reindeer), steppes (sai-
ga, marmots, ground squirrels), and forests (elk, 
wild boar, beaver, and others), which currently 
characterize different “natural zones” [1, 2, 10]. In-
formation about the beginning of the development 
of nature in Northern Eurasia by the human is 
based on dated paleodata: 1) bone and other re-
mains of animals preserved in refugia and similar 
habitats; 2) fragments of wood, phytoliths, pollen, 
seeds, and spores of various plant species. 

The joint presence in the same localities of 
bones and skins of various animals, pollen, and 
macroremains of different species of broad-leaved 
and dark coniferous trees, nemoral and boreal 
grasses, as well as a huge variety of other crea-
tures, demonstrates fundamental differences in the 
composition, structure, and spatial distribution of 
groups and complexes of species from their mod-
ern distribution [2, 8–12]. 

Paleoreconstructions demonstrate fundamental 
differences in the composition, structure, and spa-
tial distribution of groups of species of different 
natural kingdoms that lived before the appearance 
of human in the territory of Northern Eurasia from 
the modern “zonal division” of the analyzed terri-
tory. The reasons for this division are not yet fully 
understood by researchers [9–12]. 

Paleoreconstructions of the structural and func-
tional organization of the biota in the analyzed are-
as at different stages of its development constitute the 
necessary basis for solving the problems of preserv-
ing and restoring natural laws necessary for a deeper 
understanding of the laws of nature as the main con-
dition for the survival of mankind [10–12].  

In this regard, we consider it important to wide-
ly disseminate data on the changes in nature from 
the date of initial human impact to the present day. 
We consider these data as the basis for revising our 

relationship with nature, orienting them towards 
the search for methods of restoring its structure 
close to pre-anthropogenic.  

The initial stage of interaction between human 
and nature, described in the first part of our review 
[1], showed that the period of its development by 
the human, called the “stage of appropriating 
economy” [13, 14], is marked by the destruction of 
complementary systems, which are the basis for 
the sustainable existence of nature as a whole.  
The main reason is the almost complete destruction 
of the phytophagous giants of the mammoth com-
plex, which acted as organizers and guardians of na-
ture before the appearance of the human, and also 
served as the main food resource for the human at the 
stage of development of Northern Eurasia [1, 2, 12]. 

“In the late period of the Upper Paleolithic on 
the Russian Plain and in Siberia, as already indi-
cated, was formed a special historical and cultural 
community of mammoth hunters, where the mam-
moth satisfied all the human needs. Of course, they 
hunted other animals as well, as evidenced by the 
lists of fauna, but the mammoth, which in all re-
spects ensured their very existence, was the main 
hunting prey” [15]. 

The catastrophic consequences of the destruc-
tion of the phytophagous giants of the mammoth 
complex at the early stage of the development of 
Northern Eurasia are not yet fully understood by 
both biologists and the Russian population. This 
determines the small possibility of preserving sur-
viving plant and animal species and representatives 
of other kingdoms without creating analogues of 
complementary systems of the pre-anthropogenic 
period by reintroducing surviving species and imi-
tating the main components of prehistoric land-
scapes. 

Taking into account the significance of the de-
structive impacts of the appropriating economy on 
nature, we consider it necessary to characterize 
their consequences that all people need to know, 
since our life depends on our ability to preserve 
and restore nature [1, 9–12]. 

Consequences of the impacts of the appropriat-
ing economy include: 

1. Weakening of the climate-regulating role of 
the Biota in Northern Eurasia consisting of the 
phytophagous giants of the mammoth complex and 
the accompanying suite of species from different 
natural kingdoms. The data on the warming effect 
of farm animals as a significant source of green-
house gases [16–18] confirmed the concept of the 
climate-regulating role of the biota of Northern 
Eurasia. This made it possible to more clearly un-
derstand the reasons for the change in climatic 
conditions as a result of the almost complete de-
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struction of the giant phytophagous mammoth 
complex. 

2. Degradation of the structural and functional 
organization of complementary systems of species 
of different natural kingdoms is a consequence of 
the extinction of many of its participants: animals, 
plants, and representatives of other kingdoms, fa-
vorable conditions for whose life were created by 
key species – phytophagous giants of the mam-
moth complex [1, 9–12]. 

3. Depletion of the species composition, a drop 
in the productivity of grasses, mainly of those with 
intercalary meristems, the leaves of which grow 
back after being bitten by herbivores, whose saliva 
contains enzymes, activating tillering and growth 
of shoots of cereals [19]. 

4. Decline in soil fertility as a result of the death 
of representatives of the soil biota due to the ab-
sence of an important trophic resource – the ex-
crement of large animals, as well as the destruction 
of habitats previously created by phytophagous gi-
ants and their retinue [1, 20, 21]. 

5. The death of many inhabitants of the soil, 
necessary to maintain its optimal composition and 
structure violated by fires, in the process of fire 
hunting for large animals [12–14, 22, 23]. “A fea-
ture of the current stage of research on vegetation 
cover is the awareness of the need for close atten-
tion to the history of the relationship between hu-
man and nature over a long stage of conventional 
Nature management” [12]. “The primitiveness of 
economic activity in the Neolithic does not make it 
possible to deny the active influence of the human 
on nature in this epoch. The human mastered fire, 
which allowed him to settle not only in the steppe 
and forest-steppe areas, but also to move far to the 
north. Thus, the impact of human on nature in this 
initial period of culture was significant, especially 
in connection with the use of forest and steppe fires 
during hunting in dry periods of the year” [15]. 

6. A significant reduction in the species compo-
sition and number of populations of animals, 
plants, fungi, microorganisms, and other creatures, 
whose life depended on the phytophagous giants of 
the mammoth complex, who during their life 
course created the habitats they needed: glades, 
trails, fallen trees, mounds, pits, outcrops soils, 
wetlands, and other formations that change the 
temperature regime of habitats, maintain the re-
quired level of photosynthetically active radiation 
(PAR), as well as supply them with food resources 
[12–14, 24]. 

7. Transformation of complexes of complemen-
tary systems of forest-meadow landscapes by phy-
tophagous giants of the mammoth complex and the 
accompanying retinue of vertebrates and inverte-
brates, as well as representatives of other king-

doms, into modern forests – communities that are 
almost completely devoid of meadow glades and 
their inhabitants – a variety of light-loving plants, 
animals, and representatives of other natural king-
doms [9–11]. 

8. Changes in the habitats of many plant and 
animal species in Northern Eurasia due to the ter-
mination of the environment-transforming and 
climate-regulating activity of the mammoth com-
plex phytophagous giants, destroyed by the human, 
and the beginning of the formation of the modern 
forest belt in climatic conditions determined by an-
thropogenic methods of management.  

The end of the stage of the appropriating econ-
omy due to the destruction of the main hunting ob-
jects – the phytophagous giants of the mammoth 
complex [1, 2] was followed by the “stage of the 
producing economy”, which included, in addition 
to hunting and fishing, collecting herbs and fruits, 
building dwellings, making clothes from animal 
skins. The two main types of environmental man-
agement are: 

Type 1 – domestication of animals: cattle, hors-
es, sheep, goats, birds, etc. [13–15]. This type of 
nature management included: grazing animals on 
grass glades and in forests preserved after the ex-
tinction of mammoths, as well as the organization 
of seeded meadows; preparation of forest litter for 
cattle breeding – hay and branch fodder – collection 
of forest litter for winter stall keeping, preparation of 
cattle manure for fertilizing sown meadows. 

Cattle grazing in forests imitated the impact of 
large herbivores in pre-anthropogenic forest-
meadow landscapes, maintaining their appearance, 
fertilizing the land and contributing to the conser-
vation of species diversity of trees, grasses and the 
existence of soil biota. However, during the devel-
opment of animal husbandry, part of the forest-
meadow areas almost completely lost their trees 
and turned into grass communities: meadows, 
steppes, wastelands, etc. 

Type 2 – slash and burn agriculture [21–23] has 
been the main method of cultivation of forest areas 
in Northern Eurasia for thousands of years. At the 
same time, it caused one of the largest natural dis-
asters, which in some tropical countries continues 
to the present day. In Russian, this method of Na-
ture management is clearly reflected in the name of 
the soil formed in the process of slash-and-burn ag-
riculture, “Podzol (literally “under ash”) is a soil 
from under a burnt forest, arable land on sites of 
fire” [25]. 

A detailed analysis of slash-and-burn agricul-
ture is given in the book by M.V. Bobrovsky “For-
est soils of European Russia: biotic and anthropo-
genic factors of formation” [24]. This method of 
Nature management had many options and was the 
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main method for many decades in the territory of 
Northern Eurasia. 

“Traces of the former arable land, so often 
found in the European part of Russia, testify 

that almost all of the current forests and mead-
ows arose on the site of the former cultivated 
land...” [21] (Fig. 1). 

 

 
Fig. 1. Traces of fires and plowing in modern forests:  

1, 2 – forests in the Irkutsk region after a recent fire (photo by Korotkov V., 2021); 3 – pine forest after a 17-year 
fire in the Smolensk Lakeland National Park: undergrowth is completely absent (photo by Geraskina А., 2021); 

4 – traces of plowing of the first half of the 20th century in the soil of the spruce forest of the Smolensk 
Lakeland National Park (the soil section was made by I. Semenkov, 2021); 5 – traces of old fires in the soil  

of the modern pine forest of the Smolensk Lakeland National Park (photo by Geraskina A., 2021) 
 
Paleo-studies clearly demonstrate the ad-

vantages of the slash-and-burn farming system, 
thanks to which, the residents of large forest areas 
preferred this method of farming [21–24] to other 
methods due to its advantages: 

1) high yields in the early years. With such a 
farming system, the size of the fields could be many 
times smaller than with other land-use systems; 

2) ability to perform many technological opera-
tions, primarily the most labour-intensive: ringing 
or marking tree trunks, as well as felling, outside 
the growing season, in which farmers were busy 
with grazing livestock and preparing forage; 

3) no need to cultivate the land and manufac-
ture special tools for this, i.e. means of production.  

4) a small amount of weeds in the first years of 
using the forest area due to the “burning” of the 
soil and the relative remoteness of the cleared areas 
from the sources of weed seeds. 

This method of Nature management was the 
main among the population of forest areas of the 
Earth for thousands of years. Thus, even in the late 
20th century, at least 240 million people were en-
gaged in slash-and-burn agriculture in tropical for-
ests [24].  

In terms of impact on the Earth’s Nature as a 
whole, this type of Nature management can be 
compared only with the complete extinction of the 
phytophagous giants of the mammoth belt, which 
were organizers and keepers of complementary sys-
tems, which were the basis of sustainable existence 
of the biota of Northern Eurasia as a whole [1]. 

Slash-and-burn agriculture caused a significant 
decrease in soil fertility in vast areas of Northern 
Eurasia. An economic cycle in slash-and-burn ag-
riculture lasted 25–80 years. 

The most significant consequences of using the 
slash-and-burn farming system include [21, 24]: 
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1. Exposure of the soil surface, depletion of the 
upper soil horizon, an increase in surface runoff 
and soil erosion; 

2. Transition from subsoil accumulation of or-
ganic matter to suprasoil accumulation, which re-
sulted in an increase in the fire hazard to forests [9]; 

3. As a result of a short farming cycle was ex-
clusion the possibility of the formation of a gap-
mosaic, which determine the long and stable exist-
ence of generation flows of all inhabitants of forest 
ecosystems. 

4. The absence of natural uprooting of trees-soil 
complexes (bumps and pits formed as a result of 
tree felling, as well as large wood residues at dif-
ferent stages of decomposition) – a complex of 
habitats necessary for many species of soil biota, 
as well as various grasses, terrestrial vertebrates 
and invertebrates. 

5. Impoverishment of soil fauna and a decrease 
in soil fertility as a result of exposure to fire. Fires 
have a catastrophic effect on vegetation (see 
Fig. 1) and soil biota. First of all, the inhabitants of 
the litter and soil perish at a depth of 2–3 cm below 
the combustion zone. Litter and soil inhabitants die 
both directly of high temperatures during the fire 
and after it in the first few days from intoxication 
with combustion products [26]. Almost 95 % of in-
sects die at the egg stage, and 60 % die at the larval 
and imago stages. Soil-litter and soil inhabitants 
are even more vulnerable: ticks, collembolans, 
shell amoebas, insects and earthworms die en 
masse in the fire zone. The restoration of the full 
diversity of soil biota occurs very slowly, especial-
ly in groups of animals with low dispersal abilities: 
earthworms, millipedes, spiders, mollusks [27]. 

6. A decrease in the productivity of forest eco-
systems after the burning of the stand, associated 
not only with direct losses of biomass accumulated 
during the period preceding burning, but also with 
a decrease in the content of mineral nutrients in 
soils [24].  

As follows from the analysis of the literature 
conducted by M. V. Bobrovsky, all the authors 
who studied the consequences of slash-and-burn 
agriculture paid special attention to the adverse re-
sults of cutting: soil compaction, decrease in its air 
capacity and water permeability, significant chang-
es in the chemical composition of the soil, the 
number of microflora and intensity of microbiolog-
ical processes [24]. 

Slash-and-burn agriculture has been practiced 
to this day, causing significant damage to biota as a 
whole and changing the climate. Cattle breeding as 
well as meadow and grass cultivation made it pos-
sible to better fertilize the soil than clearing. There-
fore, since 14th century, manure has increasingly 
become an object of purchase and sale; the imports 

of manure gradually became more intensive, which 
slowed down the destruction of the soil biota of 
forests, the burning out of which became less in-
tensive [24]. 

The subsequent plowing of huge areas for a 
long time without improving the farming technolo-
gy led to soil depletion, decreased yield, and aban-
doning of arable land. The Great Russian Plowing 
led to massive degradation of the soil cover, which 
manifested itself in the widest distribution of pod-
zolic soils in the center and north of Eastern Eu-
rope, as well as to the degradation of ecotopes and 
changes in the hydrological regime of the areas 
[21–24] (see Fig. 1). 

Summing up the general results of the initial 
stage of human development of the Nature in 
Northern Eurasia, it is necessary to note two most 
powerful, negative impacts: 1) destruction of phy-
tophagous giants of the mammoth complex; 2) de-
crease in soil fertility due to the spread of slash-
and-burn agriculture and mass plowing. 

These two impacts changed the climate of 
Northern Eurasia [12] and, as a consequence, the 
habitats of plants and animals that have survived 
from the beginning of its development by the hu-
man to the present time.  

Cartographic analysis of paleoareals of trees 
and shrubs, obtained on the basis of spore-pollen 
analysis data, as well as comparison of paleoareals 
and modern areas of the same plant species, made 
it possible to characterize their changes caused by 
human activity at the stages of appropriating and 
producing economy [8, 9].  

The genera of trees in nemoral forests include 
oak (Quercus), beech (Fagus), Linden (Tilia), ma-
ple (Acer), ash (Fraxinus), elm (Ulmus), hornbeam 
(Carpinus); the genera of trees in boreal forests in-
clude spruce (Picea) and fir (Abies) with the ranges 
of the same genera. Comparison of modern areas 
of these genera based on the dated spore-pollen in-
formation showed that, in contrast to the modern 
separate arrangement of the ranges of these groups 
of species, during most of the Holocene, pollen of 
trees of all the listed genera are found in the same 
areas within the entire modern forest belt of North-
ern Eurasia [10].  

Since nemoral tree species currently determine 
the possibility of sustainable existence of a signifi-
cant number of nemoral grass species, whereas 
dark coniferous tree species determine the possibil-
ity of sustainable existence of a significant number 
of boreal grasses [9, 10, 28], it can be assumed that 
their sustainable coexistence was determined by 
the environment-transforming and climate-
regulating activities of complementary systems of 
species, headed by phytophagous giants of the 
mammoth complex [1]. 
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This conclusion is based on the results of anal-
yses of modern ranges of nemoral and boreal grass 
species, starting with a work of T. Lipmaa [29] and 
continued by L. B. Zaugolnova et al. [30, 31].  
It was documented that these species grew jointly 
in most of the modern forest belt of Northern Eura-
sia, in the found and studied refugia that were not 
used for slash-and-burn agriculture; they did not 
suffer fires and other adverse effects on soil and 
terrestrial flora and fauna. 

In addition, on other continents, i.e. in South 
America, Africa, and Australia, the largest number 
of finds of preserved paleo-remains of soil fauna 
(cocoons of earthworms, fragments of coproph-
agous insects) and traces of their activity (copro-
lites and earthworm tunnels, tunnels and brood 
chambers of dung beetles) coincide with a period 
of flourishing of gregarious mammals and the for-
mation of meadow-marginal biomes. Reconstruc-
tion of the morphology and behavior of dung bee-
tles shows a high adaptation to the excrement of 
mammals inhabiting biomes with a predominance 
of grasses [20, 32–35]. Open spaces supporting 
large herbivorous herds producing large amounts 
of dung are ideal conditions for dung beetles [36]. 

 
Recommendations for the restoration  

of Biota and its climate-regulating functions 
 
Based on the data of paleoliterature and experi-

ence in the conservation and maintenance of biodi-
versity in modern forest ecosystems, we can dis-
tinguish the following focus areas: 

1. Restoration and maintenance of key animal 
species: bison, deer, beavers, etc. [37–40]. Regu-
lating the density of these animals through the 
management of predator populations, since over-
grazing, for example, of reintroduced ungulates, 
has the opposite effect: soil depletion and loss of 
biodiversity [41];  

2. Restoration and maintenance of key woody 
plant species, taking into account the need to main-
tain a mosaic of regeneration gaps in the forest 
cover: the formation of polydominant stands of dif-
ferent ages, and, if necessary, hollow cuttings with 
planting or sowing of light-loving tree species in 
the gaps in the forests of the same age [42–44]. 
Gaps in the forest canopy can be created by artifi-
cial fallouts, when their formation is combined 
with the creation of windfall-soil complexes that 
enhance the heterogeneity of the soil cover [2]. 

3. Conservation and restoration of in-forest 
clearings in combination with moderate grazing 
of livestock or wild animals that significantly in-
creases biodiversity, soil fertility, and creates fa-
vorable conditions for light-loving flora at the 
forest edges; the formation of a clump-glade type 

of plantations: groups of trees alternate with 
glades and openings [43, 44]. 

4. Preservation of dead wood, fallen trees, and 
stumps necessary for the life of fungi, bacteria, 
various groups of invertebrates (especially xylobi-
ont insects), birds and mammals [45–47]. 

5. Measures for the restoration of soil biota, 
which M. S. Gilyarov [48] referred to as “zoologi-
cal soil reclamation” and assumed great prospects 
from the introduction of this method. He believed, 
“The introduction of species of invertebrate soil-
formers absent in a given territory is technically 
the simplest and most effective method of zoologi-
cal soil reclamation.” There is a successful experi-
ence in the reintroduction of earthworms [49–52] 
and the introduction of dung beetles [53, 54]. Fre-
quent inadvertent reintroduction of earthworms 
along with planting material turns out to be useful 
for the restoration of soil fertility [55]. 

6. A set of measures conducted when the soil is 
severely degraded, i.e. transplantation of blocks of 
the upper soil layers from nearby regions, often 
contribute to a faster and more stable settlement of 
the restored areas by soil fauna in comparison with 
measures for the reintroduction of soil fauna with-
out soil [56]. 

 
Conclusion 

 
Based on the analysis of the literature, we can 

identify the main stages of degradation of the liv-
ing cover of Northern Eurasia: 

1. Complete extinction of natural key species of 
phytophagous giants of the mammoth complex, 
which are the most accessible objects of collective 
hunting.  

2. Destruction of herbal ecosystems by the co-
dominance of cereals, the transformation of forest-
meadow landscapes into forest landscapes.  

3. Formation of modern zoning – division of a 
single cover into “natural” zones: tundra, conifer-
ous, mixed, and deciduous forests, steppes, and 
semi-deserts in accordance with the methods of 
Nature management – herd reindeer husbandry in 
the north; slash-and-burn agriculture and grazing in 
most of the modern forest belt; agriculture and cat-
tle breeding in the south of the modern belt of 
steppes and semi-deserts. 

4. Replacement of pre-anthropogenic biota with 
modern fragments of anthropogenically trans-
formed areas and human economic activity. 

Thus, the current state of Nature, almost com-
pletely devoid of the possibility of independent 
survival of the still preserved species and their 
groups, requires fundamental changes in the rela-
tionship between human and nature and immediate 
actions to restore it. 
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