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which may be elaborated at the level of United Nations and assume the form of
international laws. Such safe ways of competition may involve interactions of people
in the spheres of sports, science and culture. However, such a way of civilisation
development will remain a Utopia until the majority of people begin to realise the
danger of unlimited population growth and become capable of conscious, emotionfree actions in that regard. This stresses the need of ecological education of people all
over the world.
On the above basis, the following conclusions can be made:
- Like social animals, people form large, internally-correlated associations
(countries) and maintain their level of organisation via competitive interaction
of countries.
- Competitive capacity of a country is tightly coupled to the population number
of its citizens. As a result, the more rapidly-growing nations gradually acquire
advantage in the world's political arena.
- Although human population growth presents the most serious threat to the
global environmental stability, it is at present disadvantageous to most
countries to impose limits on population growth of its citizens.
- While such a situation persists, humanity is rapidly moving towards a global
ecological catastrophe.
- Competitive interaction of countries cannot be done away with, as far as
sociality is a genetically-programmed property of humans.
- The way out is to be sought in uncoupling the competitive capacity of countries
from the population number of its citizens by means of finding new forms of
competitive interaction between countries and elaboration of new norms of
international law. To decide how to do it should become the most urgent task
of the modern world community.

2
What is Life?
In this chapter, the fundamental properties of living objects that form the basis for
the biotic regulation concept are discussed. Life has invented a peculiar way of
maintaining stability that is absent in inanimate nature. Any particular living being
represents a super-organised object that inevitably decays with time. All living beings
necessarily exist in the form of numerous sets but not in single numbers. Competitive
interaction between homologous biological individuals within such a set (population) makes it possible to select out those that suffer decay. The vacancies that
appear are filled by the progeny of remaining normal individuals. Such a scheme is
absolutely unique to life and makes it possible to maintain the organisation of living
objects at an arbitrarily high level.

2.1 DISTINCTIVE PROPERTIES OF LIFE
Living beings are drastically different from lifeless objects. The striking difference is
due to the absence of any transient forms whatsoever between life and non-life. It
seems that living and lifeless objects are separated by an insurmountable quantitative
and qualitative gulf. On the other hand, detailed analysis of life properties performed
by natural science during the last two centuries has shown that all processes taking
place in living organisms conform to the same physical laws as processes in
inanimate nature. There seem to be no characteristics that would be inherent
solely to life and could not be encountered in lifeless objects. Thus, in spite of
apparent, readily-discovered differences between non-life and life, it is difficult to
provide a clear formal definition of the latter.
Indispensability of nutrition and capability to reproduce are often named as the
distinctive features of living objects. However, nutrition is nothing else than
transformation of one type of ordered energy into another, which is common to
inanimate nature as well. One can say that rivers, for example, nourish themselves
with water of rains. Hurricanes and tornadoes move by feeding on latent energy that
is released in the course of atmospheric water condensation. Artificial mechanisms
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created by humans feed predominantly on chemical energy stored in organic matter
of fossil fuels.
Capability of reproduction leading to an exponential growth of the number of
offspring represents copying and multiplying existing structures. This property can
be observed in inanimate nature as well. Any chain reaction can be envisaged as the
reproduction of the reaction products. A chain reaction leads to exponential
accumulation of its products, which is perceived as an explosion. For example,
neutrons that normally do not exist in a free state due to rapid spontaneous decay,
may accumulate in substantial quantities during a nuclear explosion. Autocatalytic
reactions present another example of reproduction of non-living objects. In such
reactions one of the reaction products is the catalyst itself, i.e. a substance that
further accelerates the reaction. However, it is evident that all the above processes
bear no relation to life.
Sometimes self-preservation or even thinking are named among the inherent
properties of life. However, these are not common properties of all living objects.
For example, trees and fungi are not capable of either self-preservation or thinking.
However, there is no doubt that both trees and fungi are living objects.
Sharp distinctions between life and non-life pertain to structural rather than
physical peculiarities of organisation. The most important and well-known distinctive features of living objects that can be readily observed in everyday life are as
follows:
1. An important, eye-catching property of living objects is their fantastic complexity. In inanimate nature there is no physical object that could be compared
to any living organism, as far as the degree of complexity is concerned. The
most complex inanimate objects such as hurricanes, tornadoes, ball lightning
and others arise spontaneously under the action of external flux of solar
energy. No living object would ever arise spontaneously, although feeding and
reproduction of living objects are ultimately based on the same solar energy.
For the first time, this fact was described and understood by Pasteur and can
be therefore called Pasteur's law. Nowadays, when much information about
complex molecular structure of living objects has been accumulated, Pasteur's
law looks self-evident or even trivial. However, this law grasps one of the most
important differences between life and non-life: no living object ever arises
spontaneously in whatsoever flux of external energy.
2. Another important and also well-known feature of living objects is their
existence in the form of organisms with strictly defined sizes of their bodies
within which all structures are rigidly correlated, while there is no correlation
among bodies of different organisms. Different organisms are not correlated
with each other. Death of one organism does not generally influence the wellbeing of others. On the contrary, all internal structures of one organism are
strongly dependent upon each other. In a cell, such correlated structures are
represented by molecules and organelles, and by internal organs in multicellular organisms. Degradation of any internal structure of the organism, may
lead to various adverse changes in the organism, including its death.
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This property of living objects differs greatly from the known properties of
ordered processes in inanimate nature. Ordered processes like winds, oceanic
waves, mixing of oceanic waters with different temperature or salinity, mixing
of air masses with different temperature or humidity and others can stretch
over territories of any size, even of the whole surface of the planet. On the
other hand, these processes are characterised by a low degree of internal
correlation. Disturbances of such process in a given local area do not have any
considerable impact on the flow of the process in other local areas.
3. The third important life property lies in the fact that all living objects exist in
the form of populations. There are no biological species that would consist of a
single individual in the case of parthenogenetic species or a single pair of
individuals in the case of sexually reproducing species. Population represents a
set of interacting but non-correlated individuals, which means that death of
one or a few individuals does not affect the population as a whole. Natural
biota of Earth consists of discrete biological species. In the overwhelming
majority of cases, individuals of a certain species can be unambiguously told
apart from individuals of another species.
This property of life stands in the most dramatic contrast with the observed
features of highly-ordered physical objects. Such rare phenomena like, for
example, ball lightning, arise spontaneously in the flux of external energy as
single objects and decay long before an analogous object arises once again.
Thus, unlike living objects, all highly-ordered inanimate objects necessarily
exist in singular numbers.
4. Finally, there is another common property of life observed everywhere. This is
expansion, the inherent tendency of every biological species to spread over all
suitable territories, where fluxes of matter and energy necessary for life are
present in sufficient quantities. Expansion is observed in absolutely all
biological species, including humans with their discoveries of new continents
in the past and attempts to conquer the outer space in the present. Due to the
intrinsic capability of expansion, domestic sparrows became abundant in most
cities of our planet. Existence of infectious diseases and epidemics are due to
the expansive properties of certain bacteria and viruses.
When all the territories suitable for existence of a species are colonised in the
course of expansion, the species continues to exist sustainably on the newlyoccupied territories. Expansion of living objects is therefore drastically
different from explosion-like processes of exponential propagation of ordered
objects and processes in inanimate nature. All such processes necessarily decay
with time and the initial pre-explosion state is finally restored.

2.2 PHYSICAL AND BIOLOGICAL STABILITY
All processes and phenomena observed in nature are characterised by a certain
degree of stability, otherwise they simply could not be observed. Any process
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changes the state of the system where they occur. In the absence of an external flux of
energy, any system tends to a state of thermodynamic equilibrium. Thermodynamic
equilibrium is characterised by the maximum degree of chaos possible in a given
system. Thus, the state of thermodynamic equilibrium is stable, because there are no
processes that could spontaneously arise out of complete chaos and change the state
of the system.
Any processes in systems in the state of thermodynamic equilibrium can only be
generated when an external flux energy is delivered to the system. Stability of the
generated processes corresponds to their continuity in time or to a stable frequency
of their occurrence and subsequent decay. Flow of water in rivers that is ultimately
due to solar energy, tidal waves in oceans caused by the gravitational attraction of
the Moon, functioning of geysers maintained by the geothermal power are examples
of continuous processes due to external fluxes of energy. Decay of the ordered energy
of these processes due to its transformation into heat is continuously compensated
from the corresponding external source of ordered energy. The majority of other
ordered processes in inanimate nature are characterised by stable average frequencies
of their occurrence and decay. Among such processes one can mention winds,
cyclones, thunderstorms, and hurricanes generated by solar energy and volcanic
eruptions and earthquakes generated by geothermal power.
Some processes in inanimate nature, like ball-lightning or tornadoes occur very
rarely. Nevertheless, the average low frequency of their occurrence is characterised
by a certain stable value that is determined by peculiarities of the interaction between
solar energy and the Earth's environment. Finally, there are sporadic processes with
such a low frequency that their repeat occurrence is highly improbable. Such
processes can be envisaged as unstable.
All ordered processes in inanimate nature are generated and maintained by
external energy—solar energy, gravitational energy of planets and geothermal
energy. The frequency of occurrence of ordered physical processes is inversely
proportional to their complexity. Low-ordered processes and events are common,
highly-ordered processes are rare. As mentioned above, rare processes always arise in
singular numbers and decay well before another such process occurs. Thus,
interaction between analogous highly-ordered inanimate objects is impossible. The
frequency of occurrence of highly-ordered processes is determined by various
characteristics of the environment where they occur and by the flux of external
energy supporting them. The average frequency of occurrence of such processes
remains stable unless the external flux of energy changes. When the latter is changed,
frequency of highly-ordered processes assumes some other stable value determined
by the new characteristics of the energy flux. Below we will refer to this type of
stability as physical stability.
The nature of life stability is completely different. It can be understood on the
basis of the four major properties of life outlined in Section 2.1. Any living individual
represents a super-ordered object that cannot arise spontaneously in whatsoever
fluxes of external energy. As a result of its high complexity, any living individual
inevitably decays (dies) in spite of a continuous supply of ordered external energy
(nutrition). During decay, the complex organisation of living objects loses its
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orderliness and tends to a more simple organisation of physical objects common in a
given flux of external energy. It is important to note, however, that death of
organisms occurs long before their complexity reduces to that of physical objects.
Thus, living objects are not physically stable, unlike inanimate objects that, after
decay, can spontaneously arise again in the external flux of energy.
The ability of living individuals to reproduce does not save the situation.
Reproduction consists of copying the genetic material of the parents and the
development of a new individual on this basis. Due to an unavoidable erosion of
information before and during copying, the newly-born individuals will be always
characterised by a lower degree of organisation than their parents, which will finally
lead to loss of viability and extinction of life as a whole. The very ability to reproduce
is also subject to decay, as well as all other highly-organised properties of life.
Stability of life organisation does not characterise a single individual or a
succession of its offspring. Stability of organisation refers only to the population
level. Formation of populations by individuals of absolutely all species suggests that
the major function of population is to ensure a possibility of interaction of
individuals with each other. On the other hand, the fact that the death of one or a
few individuals does not normally affect the state of population, means that
interaction of individuals within the population is competitive rather than correlated.
Competitive interaction essentially means comparison of levels of organisation of
all individuals in the population. Due to processes of decay some individuals are
characterised by a lower degree of organisation than others. Such individuals are less
competitive than the rest of the population. In the course of competitive interaction
they are forced out from the population. (That does not necessarily imply the death
of the less competitive individuals. They can be, for example, prevented from
reproducing.) Vacancies appearing after elimination of the non-competitive individuals are filled by the offspring of normal individuals remaining in the population
(Figure 2.1). Such a mechanism maintains the population number as well as the level
of organisation of individuals in a stable state. The complexity of the maintained
organisation of living individuals can be as high as is wished. Unlike inanimate
objects, the complexity of biological objects is absolutely independent of the degree
of orderliness of the external flux of energy.
Detection of non-competitive individuals, their elimination and the filling up of
the vacancies with offspring of normal individuals constitutes the essence of
stabilising selection. Stabilising selection makes it possible to maintain stable
organisation of living objects at an arbitrarily high level. Such a mechanism of
maintaining stability is unique to living systems. Thus, we will refer to this type of
stability as biological stability.
Stabilising selection operates given the following essential conditions are met.
Individuals within the population must not be correlated with each other, so that
elimination of any relatively small number of individuals does not affect the
population's condition. This statement is very important for understanding the
bases of life stability. Elimination of a non-competitive individual should occur
quickly enough not to allow it to produce offspring which, naturally, will be also
non-competitive. It means that competitive interaction should be intensive and
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Figure 2.1. Competitive interaction of individuals in a population. Competitive interaction of normal
(equally competitive) individuals is balanced, an action is equal to its counteraction. A decay individual
cannot stand the competition and is forced out from the population (1). The vacancy is filled by offspring
of one of the normal individuals (2). When adult, the new normal individual is able to compete with other
normal individuals in the population (3). When another decay individual appears, the circle 1—2 -3—1 is
closed.

aggressive. Intensity is necessary for quick detection of all defects present in
individuals. Aggressiveness of competitive interaction means that competitive
interaction represents a continuous process independent of the availability or
unavailability of food, territory, sexual partners or other resources.
It is sometimes stated that individuals within a population compete for some
limited resource. Such consideration implies that if such a population is placed under
conditions where this resource is abundant the competitive interaction would cease
to operate. However, processes of decay of super-organised biological objects (living
organisms) occur irrespective of whether resources are abundant or not (see also
Section 5.7). It means that competitive interaction eliminating decay individuals is
necessary always and everywhere. Thus, it cannot be dependent on the degree of
availability of one or another resource and is in this sense simply aggressive, being a
competition for its own sake.
Non-competitiveness may be caused either by somatic defects appearing during
the individual's life span, for example, physical injuries, or by inherited genetic
defects that are due to erosion of some part of genetic information. Any kind of
deviation from the normal level of organisation is perceived by normal individuals as
a malformation. However, the word 'malformation' typically applies to significant
departures from the normal level of organisation. Thus, everywhere below we will
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refer to non-competitive individuals as decay individuals, bearing in mind that the
word 'decay' stands for one or another degree of malformation.
To support a high level of organisation of every biological species, it is necessary
to ensure that decay non-competitive individuals eliminated from the population are
not given a chance to reproduce and accumulate in some other place and form
populations built up entirely of decay individuals with a lowered level of organisation. This may be achieved only when there are no vacant territories suitable for the
existence of a given species. Such a situation is realised as a result of the expansion of
normal competitive individuals of the initial population, that is, rapid growth of
population and simultaneous colonisation of all suitable territories.
Absence of vacant territories during the most time of population existence makes
it possible to conserve the ability of individual organisms to form populations, which
is one of the most essential properties of living objects. Decay of this ability would
completely violate the mechanism of biological stability and lead to extinction of life
as a whole.
Indeed, consider a situation where due to some decay changes, individuals in a
population ceased to interact competitively with each other and went away from the
population, each to its own territory. All their decay offspring will do the same and
so forth, because in the considered situation the capability of expansion is not
inherent to biological organisms and, consequently, there will be many vacant
territories. As a result, the process of decay will go unimpeded in all further
generations, because the only thing that could stop it is competitive interaction of
individuals. Level of organisation of decay individuals will be continuously decreasing from generation to generation until it becomes incompatible with the viability of
the organisms, causing complete extinction of the species. In contrast, when all the
available territories are occupied by competitive conspecific individuals as the result
of expansion, a situation when some individuals may escape competitive interaction
is improbable.

2.3 SEXUAL DIMORPHISM
Continuous processes of decay result in the fact that in any population there is
always a certain number of decay individuals that have to some degree lost the
normal level of organisation characteristic of the species but still remain viable and
fertile. The average level of organisation of the population is determined by the
relative frequency of decay individuals. A high level of organisation corresponds to a
low relative frequency of decay individuals.
Two strategies of maintaining a high level of organisation are possible. If the rate
of decay processes is high, it is necessary to quickly eliminate decay individuals
shortly after their birth. Such a strategy is realised in many plants. Among numerous
seedlings, only very few grow to maturity. If the rate of decay is low, it is sufficient
just to prevent decay individuals from reproduction. In such cases, elimination of
decay individuals from the population is due to their natural death in the age of
maturity.
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Decay individuals can only be prevented from reproduction by normal individuals
in the course of competitive interaction. This is not an easy task to perform, because
decay individuals may try to escape competitive interaction, increasing the period of
time between two successive acts of competitive interaction and producing offspring
in the meantime. As a result, the relative number of decay individuals will grow up,
while the level of organisation of the population will be lowered. The only way to
avoid such a situation is to create a mechanism preventing all individuals from
reproduction unless special permission is granted. Such permission, a sort of carte
blanche, can only be granted to and by normal individuals that have been tested in
the course of competitive interaction.
Such a mechanism of granting and receiving permission to reproduce was created
by life in the course of evolution and is known as sexual dimorphism, that is, division
of all individuals in the population into two distinctive classes, males and females.1
Morphological differences between males and females are determined genetically. In
some cases the genetic difference between males and females may even exceed the
average genetic difference between closely-related species.
The major functional property of sexual dimorphism is that males are not capable
of reproduction at all, while females are able to produce both females and males, but
only with the permission of males. Intensive competitive interaction of males detects
normal and decay male individuals. Sexual activity of decay males is further
suppressed by normal males preventing the former from sexual contacts with all
females in the population. Normal competitive males choose for their sexual contacts
normal females only and ignore decay ones. As a result, all decay individuals in the
population—both males and females—are excluded from the process of reproduction, although they are allowed to live in the population until their natural death
occurs (Figure 2.2).
Among the two mentioned strategies of maintaining a high level of organisation
of living beings, the strategy based on sexual dimorphism has a number of
advantages compared to the strategy of physical elimination (killing) of the decay
individuals shortly after their birth. Evaluation of competitiveness of any individual
is performed by other individuals on the basis of its morphological and behavioural
properties, that is, characteristics of its phenotype. Phenotypic characteristics
generally reflect the genetic properties of the individual, that is, characteristics of
its genotype. Correspondence between genotypic and phenotypic properties of the
individual cannot be very informative in young individuals at various stages of
uncompleted ontogenesis. Young that look like decay individuals when cubs or
seedlings may prove to be quite normal as adults. Thus, it proves to be costly to
eliminate the young that look like decay individuals shortly after their birth, because
this leads to needless elimination of a certain percentage of normal individuals.

1
Sexual dimorphism should not be confused or identified with exchange of genetic material between two
individuals when producing offspring. Such an exchange pursues different goals and will be discussed in
detail in the chapters that follow (Chapter 9). It can be observed in the absence of sexual dimorphism as
well, e.g. in so-called hermaphroditic species, where any individual may act both as male and female.
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Figure 2.2. Competitive interaction of individuals in a population with sexual dimorphism. Competitive
interaction between males detects normal and decay individuals. Competitive capacity of females is
determined by normal males that choose normal females for sexual contacts and ignore decay ones.
Competitive interaction between females can be completely switched off. Normal females ignore decay
males. Normal males prevent decay males from sexual contact with decay females. All individuals, normal
as well as decay, remain in the population. Reproduction of decay individuals is prohibited.

The second strategy, based on sexual dimorphism, does not possess this
disadvantage. Evaluation of individual competitiveness occurs during the whole
life span of the individual. Individuals that cannot demonstrate high competitiveness
when young but achieve a normal level of competitiveness later in their life occupy a
worthy place in the population and are allowed to produce offspring.
Another disadvantage of the first strategy is that normal individuals have to spend
substantial amounts of their energy on physical elimination of decay individuals. In
the second strategy, decay individuals are not exposed to any energetic impacts.
The apparent advantages of the second strategy, based on preventing reproduction of decay individuals, has resulted in the widespread occurrence of sexual
dimorphism—division of the population into males and females—in most biological
species. For example, among about 100000 vertebrate species, asexual reproduction
is encountered in 25 species only, including 3 fishes, 2 salamanders and 20 lizards
(White, 1973).

2.4 COMPETITIVENESS AND ORGANISATION OF LIFE
Apart from providing for stability of organisation of the extant biological species,
functioning of the stabilising selection mechanism opens a possibility of progressive
biological evolution.
If, along with frequent decay changes of the normal genetic programme, there
sometimes arises a new progressive change ensuring higher competitiveness of the
corresponding individual, offspring of the latter will most probably force out from
the population all the other, less competitive, individuals. As a result, the whole
population changes genetically. The genome containing the progressive change will
become a new standard for the population. Former normal individuals will be
regarded as decay ones and eliminated from the population along with true decay
offspring of the individual that initiated the process. This process represents a
possible mechanism of the origin of new biological species that could explain the
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observed succession of species' origins and extinctions known from paleodata. This
possible mechanism of speciation may be called progressive natural selection in
contrast to stabilising selection discussed in the previous sections.
It should be noted that, while stabilising selection that prevents accumulation of
decay changes in a population can be readily illustrated with a great number of
empirical data accumulated during the last century of active development of genetics,
there is not a single contemporary example that could unambiguously document the
existence of progressive natural selection leading to formation of a new species. Such
a situation is due to an extraordinarily low frequency of appearance of progressive
genetic changes and will be discussed in detail in Chapter 11.
Stabilising and progressive natural selection ensure the stability of a high level of
organisation of biological objects provided that the following important condition is
met. An increased level of organisation should be paralleled by a corresponding
increase in competitiveness, while decreased level of organisation should bring about
lowered competitiveness. Such correlation of the level of organisation and competitiveness is not self-evident and is not always observed. One can envision a variety of
situations where high competitiveness is compatible with a low level of organisation
or even a low degree of viability of organisms and vice versa. Consider, for example,
a situation when competitiveness of animals determined by their physical power
increases at the expense of their fertility. In reality, such a situation can be observed
in many animal hybrids that are often extraordinarily strong, being at the same time
partially or completely sterile. The strongest individuals would then force all other
individuals out from the population and become extinct, being unable to maintain a
stable population number. Similarly, in technology it is often the case that increased
complexity of a mechanism (i.e. its level of organisation) adversely affects the
reliability of the mechanism and, consequently, its competitiveness.
It is important to note that all spontaneous genetic changes are decay in nature,
that is, they arise in a random and unpredictable manner in the course of
spontaneous decay of the high level of organisation of biological objects. Those
decay changes that ensure increased competitiveness of the individual carriers are by
definition progressive and bring about transition to a new stable genetic state of the
population. In the absence of mechanisms forbidding progressive evolutionary
changes that are accompanied by a lowered level of organisation, a series of such
changes would finally result in loss of viability of individuals and extinction of the
species. Stable existence of life during the last four billion years points unambiguously to the fact that progressive evolutionary changes of this type are strictly
limited. This limitation is ecological in nature and pertains to the inability of
biological objects with lowered level of organisation to participate in the maintenance of suitable-for-life environment.
To sum up, physical stability of inanimate objects is dictated by external fluxes of
energy. Level of organisation of inanimate objects is uniquely determined by the
degree of orderliness of the supporting external energy and cannot increase with
time. Random, highly-ordered physical processes occur sporadically, undergo
decay and, in most cases, never arise again. Mechanism of biological stability is
based on stabilising selection. It does not only ensure maintenance of any level of
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organisation, however high it may be, but also contains a potential for progressive
evolution accompanied by increasing levels of organisation.
Life supported by the mechanism of biological stability could not have been
existing eternally in the ever-expanding universe. Essentials for the existence of life
conditions could not be met at early stages of the universe's development. Thus, life
and the mechanism of biological stability appeared spontaneously as a result of a
certain physical process that already contained in itself all the necessary conditions
of biological stability, that is, capability of physical objects to form populations, to
compete and to reproduce. These properties made it possible for stabilising selection
to operate which prevented the newly arisen life from rapid decay and extinction.
They also opened a possibility for evolution. Since that time, life has been existing
and evolving on the basis of the mechanism of biological stability during nearly four
billion years. In the whole universe this is the only example of what might be called
sustainable development.
Note that biological stability at any relatively low level of organisation of
biological objects requires an extraordinarily high absolute level of organisation
(orderliness) to make it possible for the complex processes of stabilising selection to
occur. Artificially created robots that are often considered as cybernetic analogues of
life are not able to ensure such processes and cannot therefore maintain their
organisation at a stable level. All possible concerns that a stable, artificial civilisation
of robots may arise and force out humans are groundless.
One of the most complex properties of life is aggressive competitive interaction,
that is, the inherent desire or tendency to compete, which is essential to all living
individuals. In the absence of this property, the mechanism of maintenance of
biological stability of living objects will be undermined, which will lead to rapid
degradation and extinction of life as a whole.

2.5 ALTRUISTIC INTERACTION OF INDIVIDUALS
As was mentioned above, absence of correlation between individuals in a population
is a necessary condition for stabilising selection to operate. Elimination of one
individual should not influence the wellbeing of others. This statement seems to be
apparently contradictory to altruistic interactions of two or more individuals that are
often observed in populations of living organisms. There cannot be aggressive
competitive interaction between a male and a female during the breeding season,
between parents and offspring during period of parental care, between the queen and
working ants in an anthill. Interaction between these individuals is correlated, which
means that these individuals are mutually dependent on each other and their
interaction is performed along strictly specified behavioural paths.
Stabilising selection provides for the maintenance of a given level of organisation
or orderliness (which is essentially the same) of individuals in a population.
Orderliness of an individual is determined by the degree of correlation between
various parts of the individual. Stabilising selection prevents this correlation from
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decay. In the absence of stabilising selection, correlation of any kind will be
inevitably lost.
Internal correlation of macromolecules and organelles inside a living cell is
maintained by stabilising selection in a population of unicellular organisms, only
if the latter are not correlated with each other.
Correlation of cells with different specialisations in a multicellular organism can
be considered as their altruistic interaction ensuring the wellbeing of the whole
organism. Such altruistic interaction cannot be maintained by a stabilising selection
of cells inside the organism, because high competitiveness of individual cells does not
automatically ensure high competitiveness of the whole organism. Moreover,
selection of the most competitive cells inside the organism necessarily disrupts the
existing correlation of different cells vitally important for the organism as a whole.
To avoid it, genomes of cells of multicellular organisms must contain information
forbidding infinite reproduction (division) of individual cells and preventing the most
productive cells from forcing out less productive ones, i.e. those cells that divide
more slowly. Decay of this preventive genetic information may result in cancer,
which is one of the most serious diseases encountered in multicellular organisms.
Internal correlation of a multicellular organism (i.e. correlation between internal
organs, correlation between cells of different types inside organs and correlation of
organelles and macromolecules inside individual cells) can be only maintained by
stabilising selection in a population of non-correlated multicellular organisms. It is
highly improbable that a multicellular organism as a whole would remain competitive if, for example, in the result of decay processes organelles in a substantial part
of its cells ceased to function in a coordinated manner. Thus, the hierarchical
structure of multicellular organisms automatically guarantees maintenance of
correlation at all levels of organisation (from cells and tissues to organs) provided
that stabilising selection operates in the population of multicellular individuals.
As well as unicellular organisms, multicellular organisms also maintain certain
internal milieux within the organism. Objects like beehives, anthills and others all
represent internally correlated spatial associations that consist of individual multicellular organisms with different specialisation (queens and drones in bees, foragers
and soldiers in ants, etc.) and can be also characterised by a specific internal milieu.
Although individual members of such associations are capable of independent
travelling outside that internal milieu, they cannot sustainably exist outside the
framework of strictly-specified correlated interactions with other members of the
corresponding eusocial structure. Competitive interaction between individuals with
different specialisations is impossible for very much the same reasons as there cannot
be competitive interaction between different organs of one and the same organism.
Thus, in spite of the absence of a continuous envelope that separates various parts of
the objects like a beehive from the external environment, biological objects like
anthills and beehives feature the same major properties as true multicellular
organisms.
Decay of the correlation between individual members of anthills cannot be
prevented by any means inside one isolated anthill. This can be only achieved in
the course of stabilising selection that would detect decay and normal anthills in a
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Figure 2.3. Competitive interaction of correlated associations of biological objects. Correlated interaction
between individuals of one and the same association is prevented from decay due to the formation of a
population of such associations and switching on competitive interaction between them. Decay of internal
correlation of any association manifested in disruption of correlated links between its constituents lowers
competitive capacity of that association. As a result, the decay association is forced out from the
population by normal associations. Any type of correlated interaction between biological objects, both
strong (cells in a multicellular organism, species in an ecological community) and weak (animals in a herd)
may be maintained only in the course of competitive interaction of respective associations within a
population.

population of non-correlated anthills, which is completely analogous to stabilising
selection of multicellular organisms.
Using the same way of reasoning one comes to the conclusion that the only way to
prevent decay of correlation between objects of any level of organisation is to form a
population of internally correlated associations of these objects and allow stabilising
selection to operate in this population eliminating defective associations with
impaired internal correlation of their constituents. Here the word associations may
stand for cells, organisms, eusocial structures like anthills, hierarchical herds of
mammals and, as we will see below, ecological communities of species.
The main property of associations in the population should be the absence of
correlated links between different associations, so that aggressive competitive
interaction of associations could be switched on. In this sense such associations
represent generalised individuals (Figure 2.3).
Subdivision of populations into internally-correlated groups of individuals with
different specialisations is observed not only in eusocial insects. Sexual
dimorphism—division of population into females and males—is common to the
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majority of the extant species. During the breeding season, females and males are
correlated in pairs and cannot aggressively compete with each other. Correlation of
male and female is as subject to decay as any other type of correlation. It may be
only conserved if correlated associations—male-female pairs in this example—
compete with each other, forcing out from the population decay individuals that
are not able to perform normal sexual interactions.
Finally, one of the most important types of correlation encountered in the
biosphere is correlated interaction of individuals from different species. This type
of correlation is fundamental for formation of ecological communities that are the
only objects with a level of organisation high enough to enable them to maintain a
suitable-for-life environment on local and global scales. The most important
characteristics of the organisation of ecological communities are considered in the
chapters that follow. Here we stress that ecological communities represent correlated
associations of species with different specialisations, the most crude division being
into species-autotrophs that are primary producers of organic matter and speciesheterotrophs that destroy it. As with all correlated associations, there cannot be
aggressive competitive interaction between individuals of different species, i.e. under
normal ecological conditions interspecific competition is completely absent from
ecological communities. Interspecific competition may only take place in disturbed
communities during the period of their recovery.
An essential prerequisite for stabilising selection is the limited size of competing
associations. Cells and organisms have well-pronounced envelopes that define the
spatial extent of the internal correlation of these objects. In the majority of cases
ecological communities, as well as eusocial structures of insects and pairs of sexual
partners, do not have a visible boundary. For associations such as an ecological
community, the condition of limited size means that correlation of individuals from
different species inside the community should be characterised by a certain finite
radius, i.e. correlation should become weaker with distance and die out at a certain
critical value of it.
In multicellular organisms, correlated cells are characterised by one and the same
genome, though its active parts are different in cells with different specialisations. In
eusocial structures of insects, many individuals feature similar genomes, being
offspring of one and the same queen. Meanwhile, in ecological communities
correlated individuals from different species naturally possess different genomes.
Different genomes of correlated objects may be also observed in unicellular
organisms, where different organelles like, for example, chloroplasts and mitochondria, function in a correlated fashion on the basis of different genetic material in
concert with the main nuclear genome of the cell. Different genomes characterise
males and females in correlated pairs of sexual partners.
Thus, highly-ordered internal correlation of an association of biological objects does
not necessarily imply either visible boundaries of the association or identical genomes of
the correlated biological objects. Absence of these properties should not be an obstacle
to noticing the general biological principle of maintenance of any kind of correlation,
i.e. stabilising selection of independent competing associations, whatever their nature
may be.
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2.6 NOTORIOUS GROUP SELECTION
Stabilising selection operating in a population of several correlated associations of
biological objects is sometimes called group selection. Most often this term refers to
stabilising selection of anthills, beehives, termitaria and other structures of eusocial
insects. Stabilising selection of communities may be also classified as group selection
(see, e.g. Wynne-Edwards, 1986). The term emerges every time researchers encounter
a phenomenon of altruistic interaction of different individuals. Many investigators
deny the existence of group selection, trying to explain the peculiarities of altruistic
behaviour by individual or kin selection of organisms taking part in altruistic
interactions (Hamilton, 1964; Maynard Smith, 1964). The term group selection is
never applied to selection of internally correlated and, consequently, altruistic
associations of cells and organs of multicellular organisms. On the other hand,
sometimes one speaks about group selection of population or even species (Wilson
1980; 1997).
To our mind, the reason for such indefinite status of this term lies in the absence
of its clear definition. First of all, contradictions arise because of vague and
ambiguous interpretations of the term population.
Population is often used to denote a set of similar, weakly-correlated components
belonging to one and the same individual (in a general sense), be the latter an
organism or a social structure. One may speak about a population of erythrocytes or
leukocytes in blood, a population of working ants in an anthill or working bees in a
beehive, a population of animals in a herd or leaves in a tree. There may be elements
of competitive interaction between such components belonging to the same individual, but the essential thing is that they are always partially correlated. All blood
cells belong to one and the same circulatory system. All working ants belong to one
and the same anthill and contain genetic information about it. There is no
competitive interaction between erythrocytes or working ants from the same
anthill. Hierarchical correlation of animals within a herd may, on the contrary,
make competitive interaction between individuals more intensive. All leaves of a tree
are connected through branches with one and the same trunk. One can say that there
is a non-aggressive competition for light between different leaves and branches.
A low degree of correlation between such numerous components within the
individual makes it possible to substantially decrease the frequency of random
fluctuations in major characteristics of the organism. This effect is known as the law
of great numbers. Each erythrocyte plays a small role in supplying oxygen to the
various organs. When there is a large absolute number of non-correlated erythrocytes, relative fluctuations of oxygen supply in the organism become very low,
making possible reliable functioning of the whole organism. Similarly, a large
number of working ants ensures a reliable supply of food to the anthill. A large
number of leaves guarantees the process of photosynthesis against sharp fluctuations
(see Section 3.5).
Sometimes the word population simply refers to a group of sexually-reproducing
organisms. As we have seen, sexual reproduction represents a special type of
correlation between individuals. The fact that the term population is used to
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denote a set of objects that may compete but are at the same time correlated, is a
source of confusion. To avoid it, we will everywhere below use the word population
to denote a set of aggressively competing, mutually independent (non-correlated)
objects of any degree of complexity.
Thus, in the above definition the possibility of correlated interaction between
individuals is ruled out. On the other hand, unlike traditional definitions of the term
(Raven and Johnson, 1988), the above definition can be also applied to sets of such
objects as asexual organisms, social groups and ecological communities. Individual
organisms of the same or different species may form internally-correlated associations in the same manner as cells and organs constitute the structure of multicellular
organisms. Such internally-correlated associations can be considered as individuals
in a general sense of the word (generalised individuals). Stability of the internal
organisation of associations can be maintained by stabilising selection in a population of such associations.
We emphasise that correlation of any type is characteristic of a (generalised)
individual but not of the population. No properties that would be absent in an
individual emerge when we consider a population of such individuals. For example,
the ability of ecological communities to ensure close biogeochemical cycles of
biogens and maintain a favourable environment is inherent to every individual
community instead of emerging at the level of a large population of communities or
biosphere as a whole. Similarly, flight is a property of an individual bird or insect,
rather than a property emerging at the population level. Hierarchical organisation of
herds of animals is not an example of emergent properties. Due to substantial
correlation of individuals within a herd, the latter cannot be considered as a
population. Any single herd represents a generalised individual. The internal
correlation of herds (i.e. their hierarchical organisation) can be only maintained
by competitive interaction of different herds.
Note, however, that one and the same object may be sometimes envisaged both as
a population of non-correlated components or as an internally-correlated structure.
It depends on what properties of the object are under consideration. For example,
competitive interaction between drones belonging to the same beehive may serve to
prevent some important properties of drones (e.g. their ability to fertilise the queen)
from decay. In this sense, one may speak about a population of drones within a
beehive and about stabilising selection operating in this population and supporting
the property in question. In other words, internal correlation of drones themselves
can be supported (at least to some degree) by competitive interaction between
drones, which, in this sense, represent a population. On the other hand, competitive
interaction between drones or other bees within a single beehive cannot prevent the
decay of the property of bees to combine into a correlated structure like a beehive.
Internal correlation of beehives can be supported only in the course of competitive
interaction of beehives so that, with respect to this property, a beehive cannot be
envisaged as a population of bees. The same refers to herds of animals.
Stabilising selection provides for stability of population in spite of the continuous
decay of its individual members. Population stability is a fundamentally
new phenomenon that has no analogues in any physical or chemical systems.
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Earlier, it was called biological stability. Note that biological stability refers only to
populations, but not to individuals. All individual biological objects—be they
organisms, social structures or communities—are unstable and inevitably decay
with time. Stabilising selection acts by definition on individuals, not on populations.
Competitive interaction is performed by non-correlated individuals in a population. By the above definition, different populations cannot compete with each other.
Competition between different populations would mean that individuals from the
same population treat alien individuals in a different way than they treat their
population mates. Such a situation implies a certain correlation between individuals
of the same population, which is impossible by the above definition. Interaction of
two or more populations can therefore be reduced to competitive interaction
between individuals that is performed regardless of what populations the interacting
individuals belong to. Interaction of two or more populations is simply equivalent to
an increase in the number of competing individuals. Thus, stabilising selection or
group selection of populations is impossible.
Group selection of populations makes sense only if the word population refers to
an internally-correlated object like, for example, a beehive. However, as we do not
apply the word population to internally-correlated objects of any level of organisation, we will not use the term group selection anywhere below.
2.7 THE BASIC PRINCIPLE OF BIOLOGY
Modern physics is based on a few well-established, fundamental empirical laws. One
such law is the Second Law of Thermodynamics. According to this law, entropy of a
closed system never decreases. In other words, the degree of disorder (entropy) of
any closed system may only increase. No type of correlation (order) between
different components of a closed system may arise spontaneously. The Second
Law of Thermodynamics does not apply to open systems, i.e. systems existing in
an external flux of energy. The frequency of spontaneous appearance of ordered
structures in an open system is inversely proportional to the degree of orderliness of
these structures. In all biological objects, the degree of orderliness is so high that no
biological objects can arise spontaneously in any external fluxes of energy, which
constitutes the essence of Pasteur's law (see Section 2.1). In this sense, the degree of
orderliness of the external energy does not affect the orderliness of biological objects.
Thus, though biological objects are in essence open systems, their orderliness is not
exposed to any external influence, as well as in close systems of inanimate objects.
There should be, therefore, a biological analogue of the Second Law of Thermodynamics, which we discuss below.
Let us now formulate the basic principle of biology, which makes biological
objects fundamentally different from objects of inanimate nature.
All types of biological correlation are characterised by super-orderliness. They
cannot be supported by any fluxes of external energy, are subject to inevitable decay
and never spontaneously arise again. Stability of biological objects is maintained due
to detection of defective objects with a lowered degree of organisation and their
substitution for copies of normal objects retaining the initially high level of
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organisation. Normal objects must have time to produce their copies before they
decay. The process of detection and elimination of decay objects requires energy and
matter expenditures that are consumed by living beings from the environment. Thus,
life can only exist on the basis of continuous metabolic processes of energy and
matter exchange that take place within living objects. Detection of decay of the level
of organisation of one biological object is ensured by competitive interaction of
living objects. All these processes constitute the essence of stabilising selection. Any
level of internal correlation of individuals in a population can be maintained over
indefinitely long periods of time by stabilising selection.
Individuals in a population are not correlated with each other. Competitive
interaction between them is aggressive and occurs irrespective of abundance or
shortage of resources. Each individual is characterised by a certain probability of
losing the initial level of organisation (decay probability). A stationary population
number is maintained due to reproduction of normal individuals retaining their
competitiveness at the maximum level. In the absence of population and competitive
interaction, any type of internal correlation of individuals decays and never arises
again spontaneously. All the aforesaid refers equally to all types of biological
correlation from molecular level up to ecological communities.
It is impossible to maintain any correlated (altruistic) links between individuals on
the basis of any type of individual selection, e.g. kin selection (Hamilton, 1964;
Maynard Smith, 1964). Individuals by themselves cannot possess information about
what sort of correlation between them could increase competitiveness of their
correlated association. This can be found out only in the course of competitive
interaction between different associations. In an isolated correlated association any
type of internal correlation of its components inevitably decays. The last statement
represents an extension of the Second Law of Thermodynamics on super-ordered
biological systems existing in external fluxes of energy.
Internal correlation of associations of living individuals from the same or different
species can be maintained only by stabilising selection in a population of independent associations. Defective associations with impaired or totally degraded internal
correlation become less competitive and are forced out from the population by
normal associations (Figure 2.3). As soon as associations in the population are
independent, elimination of one or a few defective associations does not affect the
wellbeing of the others.

2.8 IMPOSSIBILITY OF GLOBALLY-CORRELATED LIVING OBJECTS
Let us now consider a speculative possibility of stabilisation of a super-ordered
macroscopic system without competitive interaction with similar systems. Such a
system could in principle be created on the basis of centralised control that would
include recovery and regeneration of those parts of the system which have suffered
decay. Decay of the control function itself can be prevented if the control organs are
present in the system in the form of multiple copies.
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Such a totalitarian system capable of regeneration of its decay parts would not
need to replicate. Unitary as it is, it would not need competitive interaction for
maintenance of its stability. Using external fluxes of ordered energy, such a system
could control the environment, compensating adverse changes on the basis of the
principle of homeostasis programmed into it. Neither would it need to expand.
Under conditions of energy and material abundance such a system could exists as a
single individual for an unlimited period of time. The Black Cloud by Fred Hoyle,
and The Ocean in Stanislav Lem's Solaris are fictitious examples of such systems.
Another example of such a hypothetical globally-correlated biosystem is Gaia
(Lovelock, 1988).
However, such a system would not be able to evolve. Due to the absence of
competitive interaction that could test properties of the system as a whole, there
would be no possibility for the system to discern between progressive and regressive
changes. Every possible change in the state of such a system would be equally
probable. Since the overwhelming majority of spontaneous changes are of decay
nature and naturally result in a decreased level of organisation, change in such a
system would be a synonym of degradation. Thus, stability of such system can be
attained only in the state of complete conservation where all changes are forbidden.
However, due to its high complexity, such a system could not have arisen
spontaneously as it is. It could only appear as a product of evolution, which is
necessarily based on competitive interaction of independent individuals in a population. Thus, a globally-correlated biosystem is impossible.
In all organisms a mechanism of regeneration is present in one form or another.
In the course of progressive natural selection, the stability of DNA molecules in
some organisms can be increased due to the evolutionary appearance of a genetic
programme of DNA repair (Lewin, 1987) capable of restoration of impaired parts of
DNA molecules. Multiple back-up of genetic material achieved by polyploidisation
of chromosomes and gene duplication makes it possible, in principle, to produce
individuals with a hereditary system absolutely immune to decay. A genetic
programme of regeneration of biochemically-defective parts of the organism
together with polyploidisation of the programme itself makes it possible, in
principle, to achieve an unlimited lifespan. However, a system that is immune to
decay changes is also immune to any kind of progressive changes including
evolutionary ones. Thus transition to a single, immortal, centrally-controlled
super-organism immune to decay would deprive this organism of the possibility of
progressive development and render it competitively inefficient, in contrast to an
evolving set of competitively interacting independent organisms.
Hence, nature knows no immortal individuals and there are no biological species
where all individuals were correlated with each other.
2.9 NORM AND DEFECT
The degree of orderliness of organisation of a given species is determined by the
amount of genetic information of this species. The amount of genetic information is
roughly proportional to the length of the species' genome. The character of the
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genetic information stored in the genome is determined by the particular structure of
local parts of the genome. Most local parts of genome are the same in all individuals
in a population. Random differences appearing in the course of decay processes are
observed in a small percentage of local parts of the genome (Chapter 9). These
genetic differences are responsible for the observed morphological and behavioural
diversity of normal individuals in a population. As they are not numerous, they do
not affect competitive capacity of individuals. Decrease of competitiveness in decay
individuals is due to a critically large number of such differences, i.e. a large number
of genetic defects (Chapter 9).
Decay individuals with various defects in their organisation may remain perfectly
viable and capable of reproduction outside their natural population, while inside the
population their activities are suppressed by normal competitive individuals. Many
domestic animals, e.g. cows or pigs, appear completely uncompetitive when deprived
of human care. They thus cannot compete with their wild relatives and are not
capable of maintaining stable populations in the wild.
This brings up the following important question: What is the defect (malformation, ugliness) and what is the norm? Perhaps this opposition is purely conventional,
and what seems to be ugly under certain conditions becomes the norm in some
others, and vice versa.
A possible way to get an insight into this problem is to analyse the state of the
matter in the human population. In humans a variety of defects of individual
organisation are known. Most of them are called diseases and pertain to mental and
morphological properties of the individuals. There is no doubt that diseases lower
the competitive capacity of individuals under all conditions, and thus are absolute
defects. This is very clearly manifested in the fact that no person would ever prefer to
be affected by any known disease. There are also behavioural defects observed in
murderers, thieves, terrorists and other criminals. The wellbeing of any society can
be monitored by its capacity to struggle effectively with such defective individuals.
No society will be prosperous and self-sustainable if the majority of its population
consists of murderers or thieves. Thus, these behavioural defects are also of an
absolute nature.
On the other hand, people classify as normal all individuals capable of performing
a certain amount of work aimed at maintaining the stability and wellbeing of society.
It is due to work of normal individuals that the artificial environment created by
modern civilisation does not degrade and demonstrates a tendency for further
progress. Work performed by normal individuals in any society is not chaotic, but
can be characterised by specific direction and quantity. Any deviation from the
generally prescribed fashion may undermine the existing stability of society. Thus,
for the human population, the notions norm and defect (or decay) can be defined
with sufficient clarity, i.e. as those pertaining to stability and degradation, respectively. As we will now show, an analysis of populations of biological species living in
the wild yields essentially the same result.
All organisms are characterised by a specific internal milieu. Healthy internal
milieu of the organism determines correct interaction of the organism with the
external environment that comprises, among other things, individuals of the same as
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well as of different species. The internal milieu of any organism is kept in a healthy
state thanks to the correlated work of macromolecules and organelles in unicellular
organisms and of internal organs in multicellular organisms. This correlated work is
made possible as a result of the consumption of ordered energy supplied from the
external environment.
Ecological communities represent correlated associations of individuals belonging
to different species. Correlated functioning of such individuals (community
members) keeps the internal milieu of the community (e.g. such parameters as
temperature, light regime, humidity, availability of biogens, see Section 6.7.1) in a
stable state suitable for life for all its members. However, ecological communities,
unlike multicellular organisms, cannot be characterised by a pronounced closed
boundary delimiting the internal milieu of the community from its external environment. Internal milieu of ecological communities represents an external environment
for all types of correlated associations of lower levels of organisation, e.g. multicellular organisms. Thus, by maintaining their own internal milieu, ecological
communities stabilise the external environment for all organisms of the biosphere.
Correlated interaction of individuals in ecological communities is, therefore, the
most complex work performed by living objects in the biosphere.
Viability of cells is maintained by a strictly specified set of macromolecules and
organelles. Viability of a multicellular organism is maintained by a strictly specified
set of internal organs. Elimination of any of them or their substitution for alien
structures adversely affects the state of the organism and may even cause its death. In
very much the same manner, normal functioning of an ecological community can be
maintained only by a strictly specified set of species characterised by strictly specified
population densities of their individuals. Elimination of an aboriginal species or
introduction of an alien one disturbs the normal functioning of the community and,
consequently, impairs its internal milieu. This leads to a decrease in competitiveness
of this particular community. As a result, the latter is forced out from the population
of communities by a normal community which contains all the necessary aboriginal
species and does not include any alien ones.
Consequently, not all the species that are able to adapt to an external environment
are able to survive in the biosphere. Only those species that are able to perform
certain specific work on the stabilisation of the environment in the framework of
some ecological community have a chance to persist. It is the correlation of an
individual of a given species with other individuals in a community that determines
the meaning of the notion norm for this particular species. Any substantial disturbance of such correlation is a defect. Thus, as well as in the human population and
biosphere as a whole, the notions norm and defect refer to the stabilisation or
destabilisation of a given environment, be this environment of social (human society)
or biogeochemical nature.

2.10 THE QUANTUM NATURE OF LIFE
An indispensable condition of population stability is the ability of individuals to
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make copies of themselves, i.e. to reproduce. As mentioned above, this ability is not
unique to living objects (see Section 2.1).
All living objects are super-organised structures and, inevitably, are subject to
rapid decay. On the other hand, life has been existing during several billions of years.
At first sight, there is a contradiction between these two statements. It seems puzzling
how copying of continuously-decaying, super-organised objects might help to
support the existing level of organisation. If we, for example, tried to build new
technological devices by copying devices already in operation, the obtained copies
would necessarily feature a lower degree of organisation than the original device due
to continuous ageing and wear of the latter. Making copies of absolutely new devices
does not rescue the situation, because the process of ageing (decay) is of a continuous
nature. Therefore, every device already contains certain elements of decay almost
immediately upon completion of its construction. The same statement is true for all
living organisms. Objects changing noticeably over time periods shorter than the
possible time of their copying are traditionally known as classical objects.
Conservation of the existing level of organisation by stabilising selection and even
its increase in the course of evolution, are only possible due to the quantum nature of
molecular processes within the cell. Decay of excited states of molecules, i.e.
transition from excited to ground states, occurs by quantum jumps. The probability
of the decay of an excited molecule per unit time is a fundamental constant
independent of time or prehistory of the current state of the molecule. Timeindependence of the decay constant is a well-established empirical fact. The decay
constant is proportional to the so-called half-life period of molecules, i.e. to the time
needed for half the initially existing excited molecules to decay. Quantum character
of decay means that a molecule not yet decayed does not change in any way. It
neither ages nor wears away. A copy of such a molecule, made at any arbitrary
moment of its life, is absolutely identical to the original. In that sense a molecule
does not have any age. That non-trivial empirical fact forms the basis for the
quantum-mechanical theory (Schrodinger, 1945).
Identity is a characteristic that can be tested experimentally. The identity of two
objects separated by space or time means that no increase in experimental accuracy
may reveal any difference between them. If there were no such phenomenon as
identity of atoms and molecules, chemical elements and substances would be
incapable of conserving their properties. For example, gold would not be the same
as it had been several hundred or a thousand years ago. Two objects not identical to
each other may be experimentally resolved. For example, two molecules of
hydrogen, one of them containing two identical protons and another a proton and
a deuteron (a nucleus consisting of a proton and a neutron) differ in their electronic
energy levels and hence in their radiation spectra.
It is the quantum nature of DNA molecules—major carriers of hereditary
information in the organism—that makes it possible to arrange copying of biological
objects not accompanied by loss of level of organisation.
Functioning of unicellular organisms is governed by information written in their
DNA molecules. Activity of DNA molecules is regulated by catalysts, the synthesis
of the latter being also coded in the DNA. In the course of their activities, DNA
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molecules may suffer quantifiable decay changes that determine their ageing and
wear. (Decay, wear and ageing all mean essentially the same in this context.) Ageing
of DNA and ageing of living cells are of a different nature. Working elements of the
cell—molecular catalysts and macroscopic organelles—are synthesised in the cell
according to the information written in the DNA. They wear out during functioning
and no longer correspond to the DNA information. Molecular catalysts and
organelles wear out much faster than DNA. The lifetime of catalysts is generally
much shorter than that of the cell. It is therefore possible to decrease the relative
number of decay catalysts in the cell by increasing the rate of their replacement with
new copies made on the basis of the DNA. Meanwhile, the lifetime of cell organelles
and other macroscopic structures like cell membrane is of the order of lifetime of the
cell itself. The only way to reduce the relative number of decay organelles is by cell
division. In the daughter cells, about half of their macroscopic structures are newly
synthesised on the basis of the relatively stable information of their DNA. Thus,
regulation of the rate of cell division makes it possible to keep the relative number of
decay organelles at a constant low level. Note that such a process does not require
formation of a population of cells. In the absence of divisions, the cell rapidly ages
owing to decay of its organelles and finally dies.
Absence of ageing of organelles in continuously-dividing unicellular organisms is
often mistakenly interpreted as immortality. In reality, however, division of cells is
accompanied by the inevitable decay of their DNA molecules. The rate of DNA
decay is slow and does not catch the eye, provoking erroneous conclusions about
immortality. However, in the absence of stabilising selection of organisms, decay of
DNA molecules, slow as it is, eventually results in loss of viability and death of cells.
Decay of DNA can be only prevented by competitive interaction of individuals in a
population. This possibility of preventing DNA decay is due wholly to the quantum,
saltatorial nature of change of DNA molecules. In a sufficiently large population of
unicellular organisms that are offspring of a single cell, there are always some cells
containing DNA molecules that are absolutely identical to the DNA of the initial
normal cell. Competitive interaction of cells results in elimination of cells with decay
DNA. As a result, the level of organisation determined by the normal DNA remains
unchanged for an arbitrarily long period of time.
An important point is that if the nature of DNA decay were not quantum, any
part of the DNA of absolutely all offspring of a single individual would necessarily
contain some elements of decay. There would be no offspring with any part of the
DNA identical to that of the parent cell. No competitive interaction would then help
to maintain the initial level of organisation (Eigen, 1971; Orgel, 1992).
Competitive interaction of cells may assume various forms. In particular, it is
possible that a cell generates an 'escort' of rigidly-correlated subordinate cells that
create and maintain conditions favourable for the main cell that contains genetic
information necessary for reproduction of the whole system of cells. Such a structure
is characteristic for multicellular organisms, where the most part of the work
necessary to maintain everyday existence of the organism is performed by somatic
cells that do not take part in the reproduction of the organism. The 'main' cells, i.e.
cells transmitting genetic information to the offspring (e.g. ovicells in females of
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mammals), are maintained under favourable mild conditions, where the rate of DNA
decay is minimised.
Several different strategies of existence of a multicellular organism are observed in
nature. In some organisms such as birds or mammals, the growth of the body stops
by a certain age. In most organs of such organisms, division of somatic cells is
strongly suppressed or completely stopped. In such organisms, ageing is due to
accumulation of macroscopic decay structures in somatic cells. Such a process occurs
more rapidly than decay of the cell DNA. Lifespan of these organisms is determined
by the lifespan of their somatic cells.
Bodies of individuals of other biological species (e.g. most fishes), grow throughout their entire lifespan. In their organs, the division of somatic cells is not
suppressed. Decay organelles of old somatic cells are replaced by normal, newlysynthesised organelles of new somatic cells. The lifespan of such organisms is
determined not by the rate of decay of organelles as in the first group of
organisms, but by the rate of decay of cellular DNA. As a result, the lifespan of
such organisms can be substantially longer than that of birds and mammals
characterised by the same average metabolic rate. However, decay of the DNA
itself cannot be prevented in multicellular animals, because it is impossible to arrange
a competitive interaction of somatic cells within an animal organism without
impairing its normal functioning which is based on rigidly correlated work of
somatic cells. When such competitive interaction does appear in cancer tumours,
it often leads to death of the organism.
Finally, weakly-correlated organisms like plants can afford to arrange competitive
interaction of some parts .of the organism (leaves, branches, roots). Somatic cells
with decay DNA can be eliminated from the organism without causing major
changes in it. That is why tumours in plants seldom lead to the death of the
organism. The same type of organisation is characteristic for correlated associations
of multicellular organisms, e.g., social structures of insects, herds of mammals and,
finally, ecological communities. The lifespan of such weakly-correlated biological
objects is generally longer than in the first two groups of organisms. It is determined
by the time of normal functioning of the unifying part of the object (e.g. trunk or
stem in vascular plants or queen in a beehive).
Let us now consider major principles of information storage and transmission in
biological and other systems. Clearly, DNA molecules can only be used by life due to
the fact that they decay more slowly than the time between two successive acts of
DNA copying. Were DNA molecules to represent classical objects that decay faster
than they can be copied, transmission of genetic information from parents to
offspring could not be performed on the DNA basis. Similarly, it is fundamentally
impossible to build life on the basis of copying purely classical, continuously-ageing
multicellular individuals, without recourse to the quantum nature of a DNA
molecule of a single cell. Thus, development of any multicellular organism necessarily starts from a single cell and inevitably goes through stages of infancy,
adolescence, adulthood and death.
In very much the same manner, any type of non-genetic information written in
memory cells of classical nature cannot be prevented from decay by stabilising
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selection. Information of individual memory of animals and humans that is
accumulated during the lifespan of individuals is an example of such information.
The information of individual memory cannot be copied without loss.
In modern computers, loss of information is prevented owing to the macroscopic
size of memory cells. A reliable storage of information in a computer memory cell is
achieved due to collective interactions of a huge number of molecules of the
condensed matter that constitutes the cell. For example, storage of one bit of
information may correspond to a state when all molecules of the computer
memory cell are characterised by the same magnetic moment imparting certain
non-zero value of magnetisation to the memory cell as a whole. One or a few
molecules may, of course, change their magnetic moment either spontaneously or
being induced to do so by computer operations in which the memory cell is involved.
However, due to a huge number of molecules in the macroscopic memory cells,
changes pertaining to a small number of molecules cannot affect the state of the cell
as a whole and will not lead to loss of information. In that sense, the macroscopic
character of information-carriers is essentially equal to multiple back-up of stored
information.2 Thus, macroscopic memory cells make it possible to ensure reliable
storage of information. However, the macroscopic size of memory cells rigidly
restricts both memory capacity and the information-processing capacity of modern
computers, as compared to molecular memory cells used by biological objects.
Transition to molecular memory cells in computer technology (i.e. abandonment of
the principle of multiple back-up of stored information) will have to face the
problem of rapid erosion of information. This can be only helped by creation of
mechanisms specialised in recovery of the partially-lost information, similar to the
catalytic system of DNA reparation used by life in higher organisms.

2.11 THE ECOLOGICAL COMMUNITY AS THE HIGHEST LEVEL OF
BIOLOGICAL ORGANISATION
As noted in Section 2.4, high competitiveness and high level of orderliness of a
biological object do not automatically follow from each other. Competitiveness
essentially means the ability of the object to dominate over similar objects,
suppressing their activities in one way or another. Orderliness means the inherent
Complexity of biological objects that enables them to persist in the environment. It
includes their ability to form populations, to feed, to reproduce, to escape danger,
etc.
It follows that competitiveness represents a more simple property of living beings
than their orderliness. One can say that competitiveness is as simple as the process of
destruction (elimination, forcing out, suppressing, killing, etc. of rivals), while
Human language and other types of cultural heritage in humans represent another example of multiple
back-up of information aimed at prevention of its loss. Most members of any society possess a certain
basic knowledge of language and culture. Misuse of language by small group of individuals cannot lead
the degradation of the language system as a whole.
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orderliness is as complex as the process of creation. For example, in a hypothetical
highly-ordered society consisting of honest people only, a liar suddenly appearing
will become the most competitive individual, because all the people, used to believing
each other, are vulnerable to lies. However, such a liar will not contribute to the
stability of the society and will only lower its level of organisation. In this sense, the
highly-competitive liar contributes to degradation of the society.
Thus, the important question that arises is, how could the high organisation of
living beings persist and even increase through time, if among all possible ways of
increasing competitiveness of a biological object, only few correspond to an increase
in its orderliness and higher level of organisation? What made it possible to couple
competitiveness and the high level of organisation of living beings?
Competitiveness of a living individual is a function of two variables, C = f(P, E).
Firstly, it is a function of the properties of the individual itself, i.e. its phenotype P.
To be competitive, the individual must be healthy, strong, fertile, etc. Secondly,
competitiveness of the individual is a function of the state of the environment E
where it exists (see Section 9.8). Individuals capable of swimming are competitive in
an aquatic environment, while those capable of walking are competitive on land, but
not vice versa. The maximum competitiveness corresponds to a combination of an
optimal phenotype with an optimal environment, Cmax =f(P0pt,Eopt).
As noted in Section 2.7., life is impossible without metabolic processes of matter
and energy exchange taking place within the body of living beings. Thus, any living
being necessarily imposes a certain impact on its environment and changes it. Being
highly competitive in the initial moment, individuals may lose their competitiveness
and become extinct when the environment (i.e. the second factor determining their
competitiveness) considerably changes, even though the optimal phenotype .Popt
remains the same. For example, the presently most-competitive branches of industry
based on fossil fuel burning will inevitably become extinct as soon as the fossil fuel is
exhausted. In this sense, they undermine their competitiveness, themselves changing
the optimal environment Eopt where they may remain competitive.
In such a situation it is clear that only such life has a chance to persist that is
represented by individuals able to support both Popt and Eopt, i.e. able to control
both factors that determine high competitiveness of living beings. Thus, an inherent
property of life must be the ability of living beings to control their optimal
environment. Individuals achieve the highest competitiveness Cmax possible under
the given environment choosing the most favourable phenotype Popt and further
maintain their optimal environment Eopt in a stable state. Only then, their maximum
competitiveness is guaranteed a long-term stability.
As soon as regulation of the environment cannot be performed by individuals of
one species only (that function on the basis of open matter cycles), we come to the
conclusion that living beings should be organised in ecological communities that are
able to ensure complex reactions to random perturbations of the optimal environment returning it to the initial optimal state. To maintain the environment in a stable
optimal state, a very high level of organisation is needed. Thus, the ecological
community represents the highest level of biological organisation tightly coupled
with high competitiveness (due to control of £^0- The fact that competitiveness is a
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function of environmental conditions makes it possible to couple competitiveness
and high level of organisation necessary for existence of life.
The major principles of organisation of ecological communities are addressed in
the following chapters.

Sec. 3.1]

3
Ecology of Organisms with Different Body Sizes
Why is the natural biota composed of such differently-sized organisms, from
microscopic bacteria to huge whales? What role does this diversity of sizes play in
the biotic regulation of the environment? How are the biotic energy fluxes distributed
over differently-sized organisms? What is the size of ecological community? These
and related questions are addressed in this chapter.

3.1 METABOLIC POWER OF INDIVIDUALS
Life of all individuals is maintained as a result of the continuous consumption of an
external flux of ordered energy. When external energy is supplied to the organism in
the form of energy-rich matter, this supporting flux of energy is called nutrition.
Plants are able to consume solar energy which is linked to massless photons. Within
living organisms the external flux of energy is used to generate ordered processes that
assume the form of biochemical reactions. The ordered, non-chaotic nature of such
reactions is dictated by molecules of catalysts synthesised by the organism. A catalyst
is a chemical substance capable of accelerating a particular reaction without being
spent in the course of the reaction itself.
Reaction rate is proportional to the relative number of molecules having energy E
above a certain potential barrier B, E > B, which characterises each particular
reaction under given conditions. At a given temperature T the number of molecules
having energy E follows Boltzmann distribution and is proportional to e~ElkeJ',
where kB is the Boltzmann constant and kBT characterises the average thermal
energy of molecules. Expression B/kB can be interpreted as the effective 'barrier'
temperature TB of the reaction, TB = B/kB. For most biochemical reactions, this
temperature is close to the temperature of the Sun, TB ~ 6000 K, see below (3.1.4).
Body temperature is of the order of T « 3 0 0 K , so that TB/T^20. Thus, the
relative number of molecules that could spontaneously enter the reaction is of the
order of e~Te/T « 10~10, which makes the reaction absolutely impossible.
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A catalyst lowers the potential barrier B down to the average thermal energy of
molecules kBT. This enables practically all molecules to enter the reaction, so that
the reaction rate is increased by e7"/7 w 1010 times. In the absence of a catalyst,
spontaneous biochemical reactions would never take place. Thus, synthesising
necessary catalysts, the organism controls all the biochemical reactions within it,
and strictly routes the decay of consumed ordered energy into prescribed channels.
Uncontrollable reactions that run spontaneously in the absence of catalysts cannot
be used by life.
All biochemical processes in the biosphere may be reduced to synthesis and
destruction of organic matter. During the synthesis of organic substances from
inorganic ones, energy is absorbed from the environment. Conversely, energy is
released in the process of the destruction of organic matter. The energy content of
organic substances (the calorific coefficient) naturally differs from substance to
substance (hydrocarbons, fats, proteins, etc.). However, on average, the energy
content per unit mass of organic carbon K is approximately constant for most
organisms in the biosphere and constitutes (Odum, 1983):

On average, the body mass of living organisms exceeds by a factor of ten the mass of
organic carbon, if we account for free water content of live matter. This relationship
is used in all the computations below. Thus we may assume an energy content of a
unit live biomass KU,:
*tt=4.2kJg-'

(3.1.2)

Deviations from this average may, in the extreme, reach a factor of two (Whittaker,
1975; Winberg 1979; Odum 1983).
The energy content coefficient KU, may be given an interesting interpretation. Its
dimension kJg" 1 coincides with that of squared velocity. We thus may formally
write:
Klh= — = 4.2 - 10"

= 3 - 10 3 ms-'

If all the energy content of the living body of an individual were transformed into
kinetic energy of its movement, the individual would move at a speed of
u) = 3 • 103 ms" 1 , which is 10 times faster than the speed of sound. Another
interpretation is that the obtained value of u is equal to the average speed of
molecules after sudden combustion of all the organic matter of the living body.
Recalling that water accounts for about three-quarters of the living matter, we may
relate the obtained velocity u> to temperature, following standard relationships of the
kinetic theory of gases according to which the average kinetic energy of molecules is
proportional to their temperature:
.2

(3.1.3)
where R = 8.3 J K ' mole"1 is the gas constant, M = 18 gmole"1 is the molar mass

