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Abstract. The phenomenon of life is organized in supraorganismal
systems, populations and ecosystems. The main mechanisms of
sustainability of these systems are: 1) the influence of limiting factors on
population growth and ecosystem development; 2) the allocation of plant
and animal species into ecological niches; 3) co-adaptation of plants and
animals; 4) species genetic integration; 5) biocommunications. Limiting
factors inhibit populations’ growth and distribution of organisms, so that
populations obey the logistic growth, reaching a relatively stable climax
stage. The space of limiting factors restricted by the tolerance limits of
organisms forms an ecological niche of species. During long-joint evolution
(co-evolution), species form co-adaptations (mutual adaptations). As a result
of species genetic integrity, each new generation inherits not only
adaptations for its specific ecological niche, but also a determined physical
space including all the environmental factors to which the species is adapted.
Consolidation of individuals with a related genotype is supported by
intraspecific communication processes. Means of communication are
genetically determined. Humankind is the only species on Earth that has
subjugated limiting factors. As a result the population of humans shows an
unlimited exponential growth, population explosion. It is a basic factor in
the instability of the Nature - Society system.

1 Introduction
Resolution of the United Nations [1] “Transforming our world: the 2030 Agenda for
Sustainable Development” adopted by the General Assembly in 2015 calls the world
community to the sustainable development without explaining what is to be developed
sustainably. And only from the context of this document it is possible to understand that the
sustainability of the system “Nature – Society” is discussed.
Sustainability is a natural state of the phenomenon of life organized in supraorganismal
systems (populations and ecosystems) of different levels. The purpose of our report is to
discuss some mechanisms of the sustainability of supraorganismal systems. Due to
metabolism and interactions in ecosystems, plants and animals are sustainably using the
energy of the Sun that comes to Earth over millions of years.
*

Corresponding author: bobak@list.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 169, 03001 (2020)
APEEM 2020

https://doi.org/10.1051/e3sconf/202016903001

German agricultural chemist Justus von Liebig was the first to justify the stability of
supraorganismal systems, 25 years before another great German, Ernst Haeckel, uttered the
word “ecology” [2]. Considering the atmosphere as the habitat of organisms, Liebig
emphasized that this habitat was created by the organisms themselves and maintained by
them in a stable condition [3, p. 21]: “Plants not only afford the means of nutrition for the
growth and continuance of animal organization, but they likewise furnish that which is
essential for the support of the important vital process of respiration; for besides separating
all noxious matters from the atmosphere, they are an inexhaustible source of pure oxygen,
which supplies the loss which the air is constantly sustaining. Animals on the other hand
expire carbon, which plants inspire; and thus the composition of the medium in which both
exit (italics are ours), namely, the atmosphere, is maintained constantly unchanged”.
Ecology, the science of the structure and functioning of supraorganismal systems [4],
clearly indicates the basic mechanisms of stability of the phenomenon of life, such as, in
particular: 1) limiting factors, 2) distribution of species and populations into ecological
niches, 3) coadaptations, 4) genetic integration of species; 5) intraspecific and interspecific
communicative processes. And it also clearly indicates the role of humankind in the
destruction of mechanisms of sustainability.
Further, on the results of our own studies published earlier, and on the results of studies
of other authors, we discuss the main mechanisms of sustainability of the phenomenon of life
organized in populations and ecosystems.

2 Main
2.1 Limiting factors
The key idea of ecology is the concept of limiting factors, a mechanism that restrains
population growth and expansion of plants and animals. The concept of limiting factors
explains the fundamental difference between the dynamics of the population of humans and
the dynamics of the populations of other organisms’ species. Fig. 1 illustrates this idea,
showing that populations of plants and animals have a pattern of logistic growth. Having
reached the limit of growth in certain environmental conditions, the population remains in
this relatively (wavy line) stable state of abundance and productivity for an unlimited time.
And, on the contrary, humankind, controlling the limiting factors and having subordinated
resources to itself, thereby created the conditions for unlimited, exponential population
growth, deprived of a relatively stable stage.

Fig. 1. Development patterns of supraorganismal systems. Growth of human population (1) and other
species of organisms (2). N – population size, P – productivity of population/ecosystem. D – species
diversity of ecosystem.
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The idea of limiting factors can easily be extrapolated from populations to ecosystems,
which in addition to abundance and productivity are also characterized by species diversity,
and the limit of growth is associated with a relatively stable stage of climax. Eugene Odum
[5] paid attention to it, emphasizing that in general the status of ecosystems is determined by
the flow of energy coming from the Sun, which is clearly illustrated on the example of zonal
ecosystems. Indeed, for many millions of years, rainforests near the equator remain
rainforests, with their huge biological productivity and almost unlimited species diversity
and, for example, tundra at high latitudes remains tundra, with its poor productivity and a
limited number of plant and animal species.
The main contribution to the development of the idea of limiting factors was made at the
beginning of the last century by J. Johnstone, V. Shelford, A. Tinemann, I.K. Pachosky, and
G.F. Gause [6-10].
An outstanding role in comprehension of the mechanisms of population growth was
played by the equation of the Belgian demographer Pierre Verhulst [11], rediscovered at the
beginning of the 20th century by American scientist Raymond Pearl [12]:
𝑑𝑁
𝑑𝑡

=

𝑏𝑁(𝐾−𝑁)
𝐾

,

where K is the maximum possible population size, N is the population size at time t, b is a
reproduction coefficient (proportionality coefficient).
When N = K the growth stops, and the populations enter an equilibrium state. In this
relatively stable condition they can be for an unlimited time.
Logistical, or “Verhulst”, curve depicted in Fig. 1:2 shows the future of a population or
an ecosystem restricted by limiting factors. For the ecosystem, the main limiting factor is the
energy of the Sun. After reaching the climax stage, the ecosystem remains at this level of
productivity and species diversity until the flow of energy coming from the Sun changes [5].
Due to the fact that humankind controls the limiting factors, its population grows
exponentially to infinity (Fig. 1).
2.2 Distribution of species and populations into ecological niches
A population of any species of plants and animals is relatively stable exactly because it is
restricted by limiting factors that together form an ecological niche — hypervolume, or
multidimensional space of factors [13, 14]. The tolerance range for each of the factors and,
what is not less important, for their combined effect (“the effect of constellation” [15])
“locks” the population within the limits of the ecological niche. Eurybiontism of organisms
is not absolute and has its limitations. The prefix “eury”, being understood literally, is
sometimes misleading. Only humans could spread across the entire surface of our planet by
controlling of the limiting factors.
2.3 Coadaptations
The stability of supraorganismal systems is also indicated by such a ubiquitous phenomenon as
coadaptations or mutual adaptations. A mutual adaptation of insects and pollinated plants is a
good example. Coadaptations are the result of coevolution. Evolution is a long process. Therefore,
a stable condition of the species composition of the subjects of the coevolutionary process is
necessary in order for coadaptation to take place. That is why on the evolutionary time scales the
species structure of ecosystems cannot change too quickly.
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2.4 Genetic integration of species
A huge influence on the stability of supraorganismal systems is exerted by the genetic
integration of species, regulated by the flow of genes [16]. Each new generation inherits not
only a complex of adaptations that allows it to assimilate the ecological niche peculiar to the
species, but also, at the place of birth, a certain physical space with all the limiting factors to
which the species is adapted.
2.5 Intraspecific and interspecific communicative processes
Consolidation of individuals with an affined genotype is facilitated by intraspecific
communicative processes. The species specificity of the communicative means, for example
sound signals, corresponds to the genotype. So the phonotype, which is the complex of
features of the sound signal, specific for the species, corresponds to the genotype. In early
bioacoustic studies the species specificity of sound signals was already shown in various
groups of vertebrate and invertebrate animals [17].
Fig. 2 shows, as an example of the correspondence between the phonotype and the
genotype, cluster diagrams of the characteristics of alarm call, as well as nuclear and
mitochondrial DNA of 7 species of marmots.

Fig. 2. Correspondence of the phonotype to the genotype. (a) – dendrogram of the sound signal
characteristic of marmots (I, according to [18]) and mitochondrial and nuclear DNA (II, according to
[19]); a, d, c, d – clusters; oscillograms of the alarm call of Red (b) and Mongolian (c) marmots are an
example of the species-specific characteristics of the signal.
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As it can be seen from the Fig. 2, the distribution by species on both dendrograms
coincides. The number of clusters coincides too. The difference is only in the position of the
black-caped marmot (Marmota camtschatica). It falls into different clusters at the
dendrograms, which is quite explainable by its huge and strongly torn range [20], within
which significant intraspecific differences are possible. It is possible that these differences
reach an interspecific level.
A special case of biocommunications is a biological signal field. It also supports the
stability of supraorganismal systems. The biological signal field represents the traces of vital
activities left by each generation of animals. These traces of vital activities create an odorvisual image of the territory, forming a matrix of stable elements, so that each new generation
reads information from it [21-24]. As a result of such ecological inheritance [25], information
about the territory with the resources located on it, is sustainably transmitted from generation
to generation.
Fig. 3 shows an example of a matrix of stable elements in the biological signal field. On
the family site of the steppe marmots (M. bobak), which is shown there, the matrix of stable
elements that organizes the trajectory of animals moving around the territory is formed by
paths and burrows. Both of them are updated and steadily used from generation to generation
for a very long time, up to many thousands of years [26].

Fig. 3. Example of a matrix of stable elements of the biological signal field is the territory of a
marmot family. Traces of vital activities (burrows and paths), transmitted from generation to
generation, create a visual (and image of space, organizing the trajectory of the movement of animals
through the territory with resources on it.

The biological signal field formed by a multi-species community supports the
sustainability of ecosystems, facilitated by interspecific communicative processes.

3 Conclusion
At the beginning of our report, we drew attention to the fact that humanity controls the
limiting factors, including resources in the traditional sense of the word, for example, food
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resources. The earliest forms of farming and cattle breeding appeared about 12 to 8 thousand
years ago [27, 28]. Many thousands of years ago [29] the first power engineers created the
first power plant, a fire, subjugating the most important of the limiting factors, the
temperature. In fact, the fire was the first alternative energy source, the alternative to the Sun.
After mastering the fire, clothes and dwellings, people started to control temperature, the
limiting factor that restricts ranges of absolutely all species of plants and animals.
Today, there are about 7.5 billion of us on the Earth, and nothing holds back the further
increase in the number of people. But in the UN Resolution on Sustainable Development [1]
nothing is said about the demographic explosion that destroys the biosphere: in this
heterogeneous international organization, it is not easy to discuss sensitive issues of
demography.
We find an in-depth analysis of the demographic explosion problem, a politically
sustained and delicately formulated solution to it, from academician V.M. Kotlyakov in his
remarkable work “Geography in a Changing World” [30]. Kotlyakov offers the only possible
way for the sustainable development of the “Nature – Society” system [30, p. 345-346]: “...
Comprehensive approaches show the need for a revision of the value system that guides
mankind ... The traditional fear of depopulation and political incentives for the prestige of
large families are associated with the inevitable in the past loss of competitiveness of the
nation reducing the population. This danger disappears during the transition to a proportional
reduction in the number of all nations (while maintaining the populations of small nations).
Recently, the prestige of large families has been rapidly declining throughout the world, and
humanity is getting closer to the moral realization of the possibility of transition to one-child
birth. Thus, the opportunity under consideration is real from an economic, demographic,
environmental, and moral and ethical point of view.”
In conclusion, we would like to draw attention to the importance of systematizing the
knowledge accumulated in archeology over the past 200 years on the history of the exemption
of Homo sapiens from limiting factors, as an independent section of human ecology, which
will contribute to a better understanding of the role of human in the future of our planet.
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