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models, that is such computers are merged with elements actually affecting the
environment.
Hence, to approach the "technology" employed by the natural biota one would
need some technical executing devices, driven by the solar energy and merged
with computers running them, both simultaneously reduced to bacterial size, their
computation programs made equivalent to genomes of several millions of the
natural species in their information content. Thus one would need to completely
reproduce the natural biota on a global scale, and consequently, the system already
existing, that is the biota itself, is the only possible system capable of stabilizing
the environment.

3. Stability of Life Organization

3.1 Biological Stability
All living beings exist by consuming part of the flux of external energy, i.e., by
feeding. Similar to physical systems of the dynamic equilibrium type, consumed
nutrients feed the reactions of directional biochemical decay of energy within
the living body. The ordered character of such reactions of decay is induced by
catalysts synthesized by the body itself. A catalyst is a chemical substance capable
of speeding up certain chemical reactions without being spent in the course of the
reaction itself. Reaction rate is proportional to the relative number of molecules
having energy E above the potential barrier A : E > A, Eq. (2.3.1). A catalyst
lowers that potential barrier A by a factor of several units, so that the reaction rate is
increased by exp(A/RT). For most reactions their effective "barrier" temperature
TA = A/R exceeds the solar temperature: TA > TS (see Eq. (5.1.1)). Thus we
have TA/T > 20 (see Eq. (2.8.4)), and
exp

A

Ur
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Hence, without a catalyst, the rates of respective biochemical reactions would
have been many orders of magnitude lower, and spontaneous noncatalytic reactions would have been practically impossible. Thus, by synthesizing the necessary
catalysts, the body controls all the biochemical reactions occurring within it, and
strictly routes all the decay energy into prescribed channels. No quick spontaneous
noncatalytic chemical reactions zeroing to thermodynamic equilibrium can be used
by life.
After the physical death of the body when catalysts cease to be synthesized
these controlled chemical reactions stop and a slow chaotic spontaneous decay of
all the accumulated chemical energy proceeds via all possible channels. Decay
of dead bodies is speeded up by the activity of bacteria and other organisms
which use the available organic matter to sustain catalytic biochemical reactions
within their own living cells. The synthesis of catalyzing molecules, specific for a
given individual under constant conditions, as well as changes in the rate of that
synthesis in response to change in the external conditions, are all written into its
hereditary program as different parts - genes, of the polymer macromolecules of
DNA (Lewin, 1983). The structure of the DNA molecules of the cell determines
the genotype of the individual.
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The rate of synthesis of various catalysts may also be influenced by an individual's experience (provided that individual possesses a nervous system). That
experience is stored as various forms of extragenetic memory (the phenotype) during the lifespan of that particular individual. The information stored in all these
other types of memory is not coded into the genotype and is not hereditarily transmitted. However, the very character of individual experience is prescribed by the
genotype of the individual.
Each living individual functions in accordance with the laws of physics and
chemistry. Every principle of physical self-organization, known today (Nicolis and
Prigogine, 1977; Anderson, 1983; Schuster, 1984) and all the attractors, which
may arise (Nicolis, 1986; Kaiser, 1990; Kauffman, 1991) may be used in various
structures of the living individual. However, in accordance with rare physical
fluctuations of high order, each individual decays in the course of time, losing its
initial level of order. That decay of the individual takes place due to both aging
and traumas of the individual, which take place during its lifespan (that is the
decay of the phenotype), and because of the random decay changes (deleterious
mutations) in the hereditary program of the individual (that is the decay of the
genotype), the latter bringing about the decay of all the ensuing offspring of that
individual.
As any other physical system subject to decay, the life of the individual is
characterized by a certain time for decay (or the lifetime). The average time for
decay of the individual phenotype is an easily measurable value. The average time
for decay of the individual genotype may be obtained by measuring the time of
appearance of deleterious mutations in the individual's offspring through several
generations.
Within much shorter times than the time for their decay the living systems
may, quite similar to rare physical fluctuations, be treated as stable systems of dynamic equilibrium. The stability of the internally correlated living systems means
that the state of that system returns to its initial level after some external perturbation. Physiological reactions of the individual then arise to compensate for that
perturbation, such as regeneration of damaged organs, etc. The destroyed parts of
the DNA are repaired (Radman and Wagner, 1988).
All these reactions are programmed into the individual genotype and characterize physical stability of the individual. However, according to available observations, all these features of the individual are also subject to decay, and may be
described by some finite measurable lifetime. Hence the life of a separate individual is a process of decay under complex control, which cannot be supported for
an unlimited length of time, irrespective of the flux of external energy available.
Stability of physical systems over long observation times is equivalent to the
existence of a deep potential well in some measurable variables of adequate choice
(Sect. 2.7). No such well exists for decay systems. All the isolated live individuals
and their genotypes are unstable in time, provided that time is of the order of or
longer than their characteristic time for decay. In that sense the living organisms
reside on top of a peak rather than in a well, and they constantly roll down that
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peak and perish. (Those peaks are qualitatively described in measurable variables
below, see Sects. 3.5-9 and elsewhere.) The stability of life as a whole (instead of a
separate individual) is based on a completely new principle, which places biology
outside the scope of problems usually considered in physics and chemistry.
Life exists in the form of separate internally correlated individuals, (either
as separate organisms or as correlated sets of such individuals, that is as social
structures and communities), which have limited spatial dimensions - correlation
lengths or distances (these are perceived as body size in case of separate individuals). The observed finite distance to which every type of correlation extends
in every life form is, together with super-high organization, the most important
difference between living individuals and the highly ordered physical fluctuations.
As noted in Sect. 2.8, the latter may have arbitrary or unlimited correlation radii
(such as cyclones, for example), and may also be globally correlated (such as the
general atmospheric circulation or oceanic currents).
Internal correlation of individuals means that the numerous processes, such as
biochemical reactions, taking place in different parts of the individual, are related
to each other. A change in one process entails a certain, non-random change in the
other. An increase in the level of order of an individual is related to increase in
the number of such processes related to each other and of the number of types of
correlations. The level of order of life processes is immeasurably higher than both
the average level of order of the observed physical processes and of any complex
spontaneous rare physical fluctuation, whatever its level of complexity.
The first observable feature of life is that life processes are never spontaneously
generated, whatever the type and level of the flux of available energy. That is
an empirical fact known from the times of Pasteur. Thus any living individual
may be regarded as a superorganized physical fluctuation, the probability of it
spontaneously arising in any flux of external energy (that is its physical selforganization) being equal to zero.
The second observable specific property of life is that, in contrast to rare
highly ordered physical fluctuations, living creatures are never found in single
numbers. They always exist in the form of a set (a population) of homogeneous
individuals interacting with each other, each of them being of limited dimensions
(body sizes). That property is retained independently of the mode of their breeding
(either sexual or asexual). Individuals comprising the population are not correlated
with each other: any one of them vanishing from that set in no way changes the
state of the others. Hence, individuals in such a set interact competitively, instead
of correlating with each other.
These observable properties of individuals unequivocally indicate that stabilization of the observed super-organization of live individuals is realized with
respect to the set of non-correlated individuals, instead of any separate individual, and that is based on the stabilizing biological selection. As a result of such
competitive interaction all the individuals are compared against each other. The
individual already subject to decay is eliminated from the set, despite its life capacity still being retained. (Such individuals are called "decay individuals" below.)
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That phenomenon expresses the essence of stabilizing biological selection. The
remaining highly organized individuals (called "normal" below) fill the vacancy
appearing in the set by breeding (replication-generation of their own copies), so
that the stability of the set is sustained.
Competitive interaction should be continuous, independent of either presence
or absence of limiting resources: the time interval between two successive acts of
competitive interaction should always remain less than the time of spontaneous
decay of the individual. The necessary condition for selection to take place is the
absence of correlation between the individuals in the set (population). That means,
in particular, that the spatial size of the individuals must necessarily be limited
and that the population as a whole should have no overall government (control).
The term "population" is often used to denote the set of identical, weakly
correlated components in one and the same individual, be it an organism or a
social structure. We therefore speak about the population of blood erythrocytes
or leukocytes, about the population of worker ants in an anthill or of bees in a
beehive, about a population of animals in a herd or of leaves on a tree. Elements
of competitive interaction may be encountered between such components of an
individual, but nevertheless there is some level of partial correlation. Blood cells
circulate in one and the same blood system. Worker ants belong to one and the
same social structure and contain genetically pre-programmed information to that
effect. There is no competitive interaction between various blood cells in an individual circulation system or between the worker ants in a single anthill. All the
animals in a herd are correlated via the hierarchical structure of the herd, which,
in contrast to those former structures, provides for a most efficient competitive
interaction between these animals (Sect. 6.2). All the leaves of a tree grow from
twigs connected to one and the same trunk. Leaves and twigs of the same tree
compete for light among themselves.
Weak correlation between these components within an individual serves to
lower the level of random fluctuations via the operation of the law of large numbers (Sect. 2.3). If a large number of weakly correlated erythrocytes are available,
fluctuations in the influx of both oxygen and nutrients to organs and separate cells
of a body remain low, which makes it possible for the whole body to function
without a hitch. Similarly, fluctuations in the provision of food and of other substances necessary to anthills are kept low because of the large number of'worker
ants involved. An almost total lack of correlation in the functioning of separate
leaves on a tree keeps fluctuations in the synthesis of organic materials by the tree
itself low. Using the term "population" in these different meanings is sometimes
quite confusing. Thus the term is used throughout the present book exclusively to
indicate sets of competitively interacting completely non-correlated individuals of
an arbitrary level of complexity.
The above definition of population completely covers the traditional definitions
(Raven and Johnson, 1988). The expansion of the notion of population means that
it now also comes to embrace the cases of asexual breeding, and social groups
and communities.
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Separate organisms (individuals) of either the same species, or of different
species, may combine to form internally correlated social groups and communities in just the same way that cells and organs combine into a structure of a
multicellular body. Such groups and communities may be envisaged as further extending the notion of an individual (called "hyperindividuals" below). The stable
internal correlation within the social groups and communities may be supported
via the stabilizing biological selection from among the set of competitively interacting social groups and communities (Wilson, 1975; Wrangham, 1977; Wilson,
1980; Wynne-Edwards, 1986). Such a set is called a "hyperpopulation" below.
Communities are dealt with at more length in Chap. 4.
One should note that all types of internal correlation characterize an individual
and not the population as a whole. No new types of correlation, absent in the
individual, appear when one proceeds to population level. For example, it is the
separate internally correlated community that the highly closed cycles describe at
the highest accuracy, instead of arising as a new property of the large set of hyperpopulation of homogeneous communities or of the biosphere as a whole. Similarly
the capacity to fly characterizes a separate bird or insect, instead of arising only
as a property of a population of either birds or insects. The capacity to organize
into an animal herd with a hierarchical structure may be supported via competitive interaction between different herds, which combine into a hyperpopulation of
herds. A separate herd is then a generalized individual and does not represent a
population of animals.
Individuals in a population may not in principle be correlated to each other.
Competitive interaction and the stabilizing biological selection provide for a stable
state of the population despite the continuous decay of these individuals in the
course of their lives. The stability of a population is a new phenomenon which
has no analogies in either physical or chemical systems. Thus this type of stability
will be called biological stability in what is to follow. Note that biological stability
characterizes a population and not a separate individual. The separate internally
correlated individuals, be they organisms, social structures, or communities, do
not feature such stability and decay with time. By definition, only individuals and
not populations in general, are subject to stabilizing biological selection. Strictly
speaking, genes responsible for controlling the life of an individual are subject to
inclusive (resulting) selection (Hamilton, 1964; Dawkins, 1976). The functional
meaning of the information written into genes is manifested in the course of an
individual's life.

3.2 Differences Between Biological and Physical Stability
In this section we look into the principal differences between the notions of physical and biological stability, competition, and selection. Physical stability of the
dynamic equilibrium of a system is controlled by the external flux of energy fed
to that system, the decay of the level of order of that system being compensated

68

3. Stability of Life Organization

by its regeneration. In other words, the ratio of the number of decays of the internally ordered correlated structures forming the system to the number of new
generations of such systems is equal to unity. The number of such structures is of
no importance. The physical state may be formed by a single structure, its correlation radius covering the whole state. When the external flux changes, physical
stability is violated and the system enters a new state of dynamic equilibrium.
One may only speak about competition between stable and unstable structures and
about selection of one of these structures when the flux of external energy varies
(Schuster, 1984). If the flux of external energy remains unchanged, the dynamic
state of the system remains stable, and neither competition nor selection among
the structures combining to form the system take place (Lima-de-Faria, 1988).
Selection of a more highly ordered physical state (physical self-organization)
of the system only takes place when the organization of external flux of energy
increases (Sect. 2.8). When the organization of that flux is diminished, a physical
state of lower level of organization is selected. All the stable physical states of
dynamic equilibrium are strictly determined by the level and character of their
external fluxes of energy. If external conditions repeat themselves, precisely the
same stable physically self-organized states of dynamic equilibrium originate. They
naturally cannot compete among themselves nor with the average state of dynamic
equilibrium. Decay of rare fluctuations is an act of physical selection taking place
under conditions of constant flux of external energy.
In contrast to this situation, the set of living individuals supports the stability of
its population in a constant flux of external energy only via continuous competitive
interaction between a large number of mutually independent individuals and via the
stabilizing biological selection. Living individuals are equivalent to superorganized
physical fluctuations and decay irreversibly outside the population, independent of
their breeding capacity, provided their offspring are also isolated and do not form
a population. As will be demonstrated in sections to follow, the ratio between
the number of decays of any type of biological correlation and the number of
spontaneous generations of such types of correlation exceeds unity by many orders
of magnitude, approaching the value of 1025, and does not in practice depend on
the level of the external flux of energy (Sect. 3.15). For the physical states of
dynamic equilibrium that same ratio is unity.
The internal order in an individual is not limited to adaptation to existence in
some prescribed environmental conditions. A most important characteristic in describing an environment is the flux of external energy. From that point of view the
term adaptation could well be applied to physical states of dynamic equilibrium,
which arise in the given flux of external energy, and which retain their stability
within certain limits when that flux fluctuates (the so-called "physical tolerance",
Kauffman, 1991). Beside adapting to their environment living individuals should
be capable of stabilizing the conditions of that environment, and that necessity
results in an incomparably more complex organization of these individuals, exceeding by far that of the physically self-organized systems. Stabilization of the
conditions of the environment may take place via certain orientation (functioning)
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of the individual within its natural community. Both adaptation to the environment
and work on stabilization of these environmental conditions are controlled by the
respective informational genetic programs written into the individual. These programs will be called the adaptation program and the stabilization program below.
The only factors preventing decay of biological correlation are competitive
interaction within the population and biological selection, but not the external
flux of energy (as is the case with the physical systems). That decay consists
of disintegration of the genetic programs of adaptation and stabilization. Thus a
quantitative abyss, 25 orders of magnitude deep, exists between the states of common dynamic equilibrium and life, that abyss determining the principal qualitative
difference between the two. One should stress once again that it is not the selfreproducing individual, but the population, which is a stable biological state of
dynamic equilibrium with an unlimited life expectancy.
Completely different biological states of dynamic equilibrium may exist in the
external flux of energy of a given level - various biological species featuring totally
different level of organization are possible. This statement follows from the enormous diversity of the existent species, starting from the "poorly" organized single
cell species to "highly" organized multicellular individuals and social structures.
Indeed, the interaction between such contrasting species has resulted in differences between the fluxes consumed by each of them. However, the introduction
of new species to new habitats and the observed process of forcing of the aboriginal species out of that habitat by the newly introduced ones proves that various
species with varying competitive capabilities may well exist using the same fluxes
of external energy. Paleontological data provide independent proof that species of
various levels of organization had apparently existed within the same fluxes of
energy during various historical periods (Raven and Johnson, 1988).
Thus the level of organization of living beings is not related to the level and
character of the flux of energy they consume. Biological stability serves to maintain any existing superorganization of living organisms and contains the possibility
of its evolution towards higher organization at the constant flux of energy feeding
these organisms. In contrast, the physically stable organized state of dynamical
equilibrium is completely determined by the character of the flux of external energy introduced to the system. The evolution of such a physical (or chemical)
system towards higher organization is impossible at constant flux of external energy because the state of higher organization that may arise in the physical system
will inevitably disintegrate.
Below we also focus on the notions of natural and group-stabilizing selection. The widely used term "natural selection" combines two essentially different
phenomena: 1) biological selection (sometimes called "soft selection", Maynard
Smith, 1978), which is based on competitive interaction between the individuals
of one species and is switched off when the individuals are isolated from their
natural population; and 2) physical selection (sometimes called "hard selection"),
during which all the individuals devoid of life capacity are eliminated, independent of their competitive capacity, and that selection identically affects both the
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individuals within the population and those isolated from that population, provided
all the other environmental conditions remain unchanged. The first type of selection operates independently of variations in the environment. The second is totally
controlled by the actual environmental conditions.
The staggering diversity of internal organizations of individuals from different
species works to correlate these species within the natural communities. Interspecies competition disrupts such a correlation, similar to competition between
normal and cancer cells, which disrupts internal correlation in a multicellular
body. Decay communities with their internal correlation between the disrupted
species are eliminated from the hyperpopulation. When a new normal community
is formed in their place, the species composition of that community is successively
altered (the process of succession takes place; Horn, 1975; Finegan, 1984; Shugart,
1984; see Sect. 5.14). Interspecies competition is possible in a decay community,
as well as during natural extinction (dying out) of the community, when foreign
species are introduced into it, or when the external environment is perturbed. The
interspecies competition presents a process of physical selection ending in elimination of one of the competing species (the exclusion principle of Gauze (Begon
et al., 1986)).
By virtue of the definition of "population" there may be no competitive interaction between the two populations of the same species. If interaction between the
two populations actually takes place, it means that individuals from both populations competitively interact, that is, both populations are merged into one. Competitive interaction between the internally correlated groups of species from either
one or different species has a completely different meaning: such is the interaction between breeding couples of both sexes, between the nests of social insects,
between the animal herds, or between the ecological communities of individuals (Wilson, 1980). Such an interaction strengthens internal correlation of those
groups and may take place within the hyperpopulation of respective groups. The
form of correlation in the enumerated groups of individuals does not differ, in principle, from correlation between the nuclear and cytoplasmic genes and organelles
within the cell, or from correlation between the cells and organs in a multicellular
body. As for the often used notion of group selection (see, e.g., Wilson, 1975;
Wynne-Edwards, 1986; Maynard Smith, 1978), with respect to all those types of
internal correlation it is identical to stabilizing biological selection among the hyperindividuals in a hyperpopulation. Note that in accordance with the above, the
often used combination "group selection of populations and species" is a complete
nonsense.
We now finally formulate the most important and unique principle of biology,
which differentiates it from other sciences, and which will be subject to critical
analysis throughout the rest of the book. All the types of biological correlations
without any exception, are of decay-type in nature, and cannot be supported in
arbitrary external fluxes of energy fed to the correlated entity for an unlimited time.
The stability of any type of biological correlation is supported by the existence of
a population - a set of the respective internally correlated objects, the individuals.
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No new types of correlation appear when we proceed from individuals (assumed
to lack such correlations) to populations of such individuals. All the individuals
in a population are completely free of mutual correlation and live in a state of
permanent competitive interaction, independent of the presence or absence of any
limiting resources. Each individual is characterized by a certain probability of
decay and of loss of the type of internal correlation typical of it. Decay individuals
lose their competitive capacity and are forced out from the population by other
individuals. Stability of population numbers is supported by copying (breeding) of
individuals retaining their competitive capacity at a maximum level. In the absence
of population and of competitive interaction between the individuals any type of
internal correlation observed in isolated individuals is subject to inevitable decay
and may never originate spontaneously again. All the aforesaid refers equally to
every type of biological correlation, from the molecular level up to the level of
communities in ecological systems.

3.3 The Quantum Nature of Life
A necessary condition for the stability of population is copying (breeding) of
individuals. Being a superorganized decay state, life has already been existing for
billions of years. It seems puzzling, at first glance, how copying of superorganized
individuals may help to support the stability of the level of organization already
achieved. Indeed, were we to try to reproduce technical achievements by copying
mechanisms already in operation, such copies, produced following arbitrarily short
lags after the actual start of operation, would inevitably include elements of wear
and tear due to continuous aging and wear of the initial mechanism, so that such
copies would necessarily feature a degree of order lower than the original (the
initial mechanism) had had at the start. The same holds for any multicellular
body. Objects changing noticeably over time periods considerably shorter than
their possible copying times, may traditionally be called classical.
The unlimited conservation and growth of the level of organization of life
resulting from Darwinian selection is well known to be possible only due to
the quantum nature of molecular processes within the cell. Spontaneous and induced decay of molecules occurs by quantum jumps. The probability of the decay
of a molecule per unit time is a physical constant, independent of either time
or prehistory of the molecule. The permanency of the decay constant is a thoroughly substantiated empirical fact. That constant is proportional to the halflife
period of these molecules, that is to the time needed for half the initially existing
molecules to decay. The ground state of a molecule not yet decayed neither ages
nor wears away. The copy of such a molecule, formed at an arbitrary instant of
that molecule's life, is identical to the mother molecule taken at the initial moment
of its history. In that sense the non-decayed molecule does not have any age. That
non-trivial empirical fact serves as the basis of the quantum-mechanical theory
(Schrodinger, 1945).
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Identity is an experimentally tested characteristic, which refers to the fact that
no increase in experimental accuracy may reveal any differences between two
identical objects. If atoms and molecules were not identical to each other, 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 thousand years ago. Two molecules not identical to each other may be experimentally
resolved. For example, the 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.
Functioning of single-cell individuals is controlled by the information-bearing
molecules of DNA, their activity being regulated by trigger molecules of catalysts.
The synthesis of the latter is also coded in the DNA. In the course of their life
activities the molecules of DNA may suffer certain quantifiable decay changes.
The residence time of most catalysts in living cell is very short and their structure completely determined by the existing DNA. Single-cell individuals are not
immortal, they suffer decay as any other living organisms. Besides DNA and catalysts, the cell contains membranes, ribosomes and other cytoplasmic organelles
that are a result of gene expression. Such macroscopic structures decay and age
faster than DNA. After cell division about half of such structures should be newly
synthesized in accordance with the information of the normal DNA in the daughter
cells conserving the normal parent DNA. As a result the daughter cells contain a
lower proportion of decay structures than the parent cell. Thus accumulation of
decay structures in the parent cell can be compensated by creation of new elements in the daughter cells and a steady state in the succession of generations can
arise. Therefore, over arbitrarily long time periods, one may always find a certain
number of individuals not yet aged and worn, provided the set of the single-cell
individuals is large enough, neither the DNA molecules nor catalyst molecules
and cell organelles corresponding to them having had enough time to decay in
these individuals. Replication of such individuals produces a certain number of
copies identical in their level of organization to normal individuals at the initial
moment thus restoring the initial number of normal individuals in the population.
All the individuals with either their DNA or their triggering catalysts and excessive
number of organelles already decayed are eliminated from the set via selection.
Clearly, only DNA molecules whose decay times exceed the time between
two successive acts of DNA copying are fit for life, all the catalytic systems of
reparation of that molecule naturally being taken into account (Ayala and Kiger,
1984). Such molecules may be called quantum. Were the DNA macromolecules
to remain classical and decay faster than they were formed, the ordered nature of
life could not be supported by biological selection (Eigen, 1971; Orgel, 1992).
Age changes are inevitable in any multicellular individual, and cells are present
in it with their biomolecules already decayed. The support of level of organization
of multicellular species is only possible by way of replication of one of the cells
free of decay (that is of an unaged one), which such a multicellular individual
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might contain. These are germ cells in sexual breeding. Successive divisions of
such a cell results in the formation of a new multicellular individual. It appears
fundamentally impossible to build life on the basis of purely classical continuously
aging multicellular individuals, without recourse to the quantum nature of a single
cell, hence without passing through the periods of infancy, of development, and
of ensuing death of each separate multicellular individual.
Bodies of multicellular plants and individuals of certain species (some invertebrates, and certain ectothermic vertebrates) grow throughout their entire lifespan.
Cells of all of their organs divide continuously. Macroscopic structures containing
normal DNA in their cells may be maintained in a steady state similar to that of
the cells of unicellular individuals. However no selection of cells in a multicellular
body is possible. Thus the DNA of its cells inevitably accumulates decay changes
(deleterious substitutions). The gene expression and all the processes in cells are
destroyed. As a result the individuals age and die.
The body growth of multicellular individuals of other species (insects, some ectothermic vertebrates and all endothermic vertebrates (birds and mammals)) stops
by a certain age. Cell division is strongly suppressed in most organs of such
adult individuals. Therefore their cells accumulate the macroscopic decay structures much faster than the decay DNA. As a result these types of individuals age
rapidly and have a much shorter lifespan than species of the same average body
size and metabolic rate which keep growing throughout their lives (Sect. 5.1).

3.4 The Nature of Genome Decay
The molecule of DNA is a double helix, an information-bearing polymer molecule
consisting of the two mutually complementary spirals (they contain the genetic text
of the properties of an individual). The monomers composing them are the four
nucleotides (the letters of the four-letter alphabet of genetics). DNAs of higher
order individuals are extremely large and consist of separate chromosomes (separate books, to continue the analogy). The complete text of all the properties of
the individual is called its genome. Replication of DNA is performed by unwinding the double helix and building a complementary daughter strand of nucleotide
pairs at each of the single parent strands, so that two identical copies of the parent
DNA appear. However, errors are possible in the course of such copying (called
mutations). Such errors include random change, insertion, or transposition of the
nucleotide pairs or whole fragments of DNA (separate phrases, pages or whole
volumes). Errors in nucleotide pairs (letters) are called point mutations. Errors in
whole fragments (phrases) are called the chromosome mutations or macromutations (Ayala and Kiger, 1984; Lewin, 1983).
The probability of random mutation depends on the quantum characteristics
of the polymer molecule, which are not correlated to the information written
into that molecule. That probability is reduced by approximately a millionfold
by a DNA-synthesis catalytic system such as proofreading and mismatch repair
(Loeb and Kunkel, 1982; Radman and Wagner, 1986; Modrich, 1987), which is
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coded into certain parts of the DNA macromolecule. The proofreading and other
repairing catalysts (enzymes) operate in the same way upon any section of the
DNA molecule, independent of the information it contains. Thus the probability
of random mutation, v, should remain identical for every section of the genome.
In other words one may assume that the probability of random mutation, v, per
single nucleotide site is a universal value typical for the whole genome.
The probability of random mutation in certain parts of the genome may increase in cases where special "mutator" genes are present, that is, coding enzymes
which identify these particular parts of the genome and increase the probability
of mutations in them, for example blocking the system of proof-reading (Drake,
1969, 1974; Drake et al., 1969; Ayala and Kiger, 1984). Hence, zones of higher
mutability are also written into the general information in the genome. Decay of
mutator genes results in the failure of synthesis of the respective enzymes and in
the evening out of the rate of mutations in the genome as a whole. When affected
by radioactive and/or chemical agents, the probability of induced mutations may
increase evenly for every part of the genome, independently of information written
into it. Higher mutability in certain parts of the genome in response to chemical
forcing may also be programmed into some parts of the genome, their decay
leading to elimination of the respective property. In what is to follow we envisage environmental conditions which are close to natural, and understand random
mutations as spontaneous.
When synthesizing protein enzymes the information is first transcribed from the
DNA to single-chain polymer molecules of the RNA, and is then translated to proteins, which are polymer molecules built of 20 amino acids (protein letters). These
proteins play the role of catalysts of biological reactions. Autocatalysts of certain
reactions in RNA are the RNA molecules themselves (Lewin, 1983). Genomes of
certain viruses are built of RNA molecules directly. RNA molecules do not include
any proofreading and mismatch repair systems. Thus the probability of random
mutations in RNA viruses is a million times higher than that in individuals having
their genetic information written into the DNA molecules (Holland et al., 1982;
Gojobori and Yokuyama, 1987; Gojobori et al., 1990). The probability of random
mutation in the RNA genome does not depend on the character of information
written into it, and should be universal for all the RNA viruses, because of the
universal structure of the RNA molecule. If we assume that the system of catalytic
repair is also universal for any DNA genome, that is does not depend on either
the size of the genome or the information written into it (Radman and "Wagner,
1988), one may expect that the probability of random mutation, v, per nucleotide
site is also a universal value for all the individuals containing such genomes. Such
an assumption agrees satisfactorily with the experimental data available (Drake,
1969, 1974; Radman and Wagner, 1988), according to which such a probability,
v, of random point mutation per nucleotide site per division is of the order of
wwlO-10(bp)-|d~1,

(3.4.1)
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where the dimensions are denoted as follows: bp = base pairs; d = division.
Deviations from (3.4.1) in either direction, observed in various species, do not
usually exceed an order of magnitude (Drake, 1974).
Probabilities of mutual substitutions between the four nucleotide pairs differ
slightly from pair to pair (Kimura, 1983; Jukes, 1987). Beside point mutations
at a given nucleotide site, various macromutations are possible (these include
transpositions, deletions, and insertions of certain sequences of nucleotide pairs
from other parts of the genome). The cumulative probability of such events per
nucleotide site does not exceed the average probability of point mutation (3.4.1)
by more than a factor of five (Ayala and Kiger, 1984). Thus, recalling that the
value of (3.4.1) is found to an accuracy of an order of magnitude only, we may
further use that value as a representative estimate of the probability of a single
random mutation (point plus macro).
A most important characteristic of genome stability is the average number of
mutations per birth of a single individual, or per whole genome (which is actually
the same) in a single generation. That characteristic is called the genome decay
rate, //, below. Let the size of the genome (that is the total number of nucleotide
pairs in the genome) be M. The number of divisions of the embryo cell (of the
parent zygote), that is the number of divisions per germ line, is denoted kg. Then
the dimensionless value of the genome decay rate is:
(3.4.2)
We have for a bacteria: M « 5 x 106 bp, kg = 1 d, p, w 10~3. We further have for
mammals: M w 3 x 109bp, kg « (20-40) d (the latter value is calculated by the
number of doublings of the zygote needed to obtain from 106 w 220 to 1012 w 240
germ cells (Raven and Johnson, 1988; Vogel and Rathenberg, 1975; Vogel and
Motulsky, 1979, 1982, 1986)), and n w 10 (Lewin, 1983).
The number of germ cells produced in women and men by the time of puberty
(13 years of age) is equal, respectively, to nw = 1 x 106 and nm = 6 x 108 (Vogel
and Rathenberg, 1975; Roosen-Runge, 1962, 1977). Accounting for ripening, their
generation demands kwg = 23 and kmg = 29 dichotomous divisions. The daily
sperm output is us = 1.5 x 108 spermatozoa/day (Vogel and Rathenberg, 1975). In
50 years the number of ejaculations remains within ne « 1.8 x 104. So the total
sperm output per male lifespan is about 1012 spermatozoa. Such an extremely high
number is not needed for fertilization and is not usual for most species. It may be
function similar to hormone-like injection to the female body in humans. There
are two ways in which the daily sperm output may be achieved in the human
male.
1) The number of stem germ cells does not change with age. Each stem
(Ad) cell doubles. One of them remains in the unchanging store of stem cells.
The second is transformed into 16 spermatozoa via four dichotomous divisions.
Therefore the daily Ad output is um = us/\6 w 107 Ad/day. To cover the annual
sperm output jn m /(u m • 365 days/yearj~*= 6 divisions/year of each Ad cells take
place yearly (Vogel and Rathenberg, 1975). The value of kmg grows linearly with a
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male's age and reaches kmg = 333 by the age of 63. The ratio p.m/^w = kmg/kwg
is equal to 15.
2) As in women, the number of Ad cells in men decreases with age. The
number of stem cells used for the daily sperm output is um = nm/ne = 3 x I04,
each of them producing 4 x I03 spermatozoa by way of 12 dichotomous divisions.
The value of kmg = 29 + 12 = 41 does not depend on the male's age. The ratio
kmg/kwg = 1-8 (instead of/50- The number of Ad cells diminishes linearly
with age at the rate of 1.1 x 104 cell/year. One may only distinguish between
these two possibilities by measuring the actual rate of depletion of stem Ad cells
with age, independent of natural degradation. Empirical data demonstrate that
hereditary distortions in offspring increase approximately equally with the age of
either parent. That fact testifies in favor of the second possibility, that is the level
of decay is approximately equal in both males and females.
If n > 1, one should account for the probability of the appearance of several
mutations. If multiple mutations remain completely uncorrelated, the probability of
the appearance of n mutations is known to be described by the Poisson distribution
(Arley and Buch, 1950; Sachs, 1972; Prigogine, 1978):
(3.4.3)
The Poisson distribution characterizes a multiplicity of mutually independent
events. We have for average multiplicity n, for variance (dispersion) (n — n)2, and
for standard (the root mean square) deviation ^/(n - n)2, from (3.4.3):

1
(3.4.4)
n
The second relation in (3.4.4) follows from the first one, and corresponds to the
law of large numbers (2.3.4). Therefore, relations (3.4.4), may serve as criteria
showing that we stay within the Poisson distribution (3.4.3). If several individuals
are born, the average number of decay mutations is the same for each of them, the
difference lying in the localization of those mutations in the genome. Therefore,
when calculating the number of decay mutations one has to sum mutations in
every individual, and consider ^ to be the average number of mutations per single
individual (instead of per generation), see Sect. 3.15 below.
Essentially, decay mutations are irreversible, as is every decay process in general. That irretrievably means that decay mutations result in an increase »in the
overall number of states of the genome. Probabilities of the direct and reverse
mutations in any fixed nucleotide position (site) do not differ by more than an
order of magnitude. However, these probabilities are lower than the cumulative
probability of a decay mutation at arbitrary position in the genome per number of
nucleotide sites in the genome. If the size of the genome is M ~ 1010 bp, and
p, ~ 1, a decay mutation appears in some part of the genome in any individual
born. Meanwhile a given reverse mutation appears only in one individual in every 1010 individuals, that is the probability of reverse mutation is ten orders of
magnitude lower than that of the direct one. Conversely, the probability of reverse
n = (n — n)2 = p.
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mutation in any two given nucleotide sites is twenty orders of magnitude less
than that of the direct one, etc. Thus one may always neglect reverse mutations
as compared to direct ones.
If direct and reverse mutations have probabilities coinciding in their order of
magnitude, that means that such mutations are neither random nor do they decay,
but are prescribed by a program written into the genome (Drake et al., 1969;
Ayala and Kiger, 1984). Mutations featuring an anomalously high probability of
appearance in a given local section of the genome (Ptashne, 1986, 1987) or those
happening in a correlated fashion in certain differing parts of the genome (as mutations producing site-specific transposition of mobile gene elements, mutations
producing a switch in mode from asexual to sexual reproduction in yeast (Hesin,
1984), and other such switches from one functionally sensible mode of cell operation to another) are also included in the program of the normal genome. These
will occur until the part of the genome carrying that program decays. Meanwhile
the decay of the program is a random process and follows the Poisson distribution
too.
Generally speaking, neutral mutations (those not altering the phenotype and
consequently the competitive capacity of an individual) and progressive ones (those
increasing that capacity) are also possible. The latter quickly spread among all the
individuals and are fixed in the population. They lower the level of inhomogeneity
(or disorganization) in the genome, and hence are not decay in nature. The relative
number of progressive mutations is much less than the total number of decay
mutations (Sects. 3.8 and 3.15). Thus the value of p, (the decay rate) specifically
controls decay of the genome. It is equal to the ratio between the number of
offspring carrying hereditary mistakes to the number of offspring free of such
mistakes in the genome, as compared to the parent genome.

3.5 Population: a Stationary State
Consider a population which initially consists of genetically identical individuals
(clones). The clone genome may be considered a reference of genetic information,
so that we calculate all the mutations taking place in that population with respect
to that reference. For clarity, we also assume that such a reference genome is a
normal one, containing all the information necessary for individual survival and
for stabilization of the environment within the community to which that species
belongs. The notion of the normal genome calls for a constructive definition,
which would make it possible to differentiate, using some empirical procedure,
the normal genome from the decay ones. That definition as well as the problem of
degeneration of the normal genome (of the set of normal genotypes) is discussed in
Sect. 3.6 below. To simplify our treatment, we consider the normal genome to be a
unique one here, and all the deviations from it to be of a decay (deleterious) nature.
Due to spontaneous separate decay mutations, new decay individuals featuring
deviations from the normal genome will appear in the population during each
successive generation of clone individuals. We denote the number of separate
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decay mutations existing in the genome as n. The number of individuals in the
population having such a genome is Nn. Then, assuming that all the mutations are
random and follow the Poisson distribution Eq. (3.4.3), we obtain the following
equation to describe the change of the number Nn with time:
N0

=

Nn

=

(B0-do)N0,
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Thus the first term in (3.5.1) may be neglected at fj.\/Nn » 1, which is always
satisfied for all the species in the biosphere. The solution of (3.5.1) at Bt » 1
then has the form (Gorshkov 1989, 1990):
Nn(t) = N0(vBt)n/n!

at JVn(0) = 0,

7V0(0) = N0.

(3.5.2)

Hence, if the number of individuals with the normal genome NO is constant, the
total population number N grows exponentially due to an increase in the share of
decay individuals:

n\

(3.5.1)
Bn =
dt
where NO is the number of normal individuals, bn and dn are the average birth
rate (fertility) and death rate. We have dn = T~I for the coefficient dn, where
rn is the average lifespan of an individual with n decay changes in its genome,
the latter figure coinciding with the lifetime of a single generation in a stationary
population. The coefficient bn (fertility) is equal to the average number of offspring, generated by a single individual during the unit of time; Bn is the share of
these offspring containing no changes in their genome, as compared to the parent
genome. Accumulation of the deleterious decay substitutions in the genome results
in a gradual erasing of information from the normal genome. We may thus assume
that accumulation of deleterious substitutions goes as far as the lethal threshold
UL '• n < UL- At n > UL the number of lethal cases starts to increase quickly,
and such individuals are eliminated from the population by physical selection.
A certain part of the genome of any organism, from 0.01 % to 1 % of the total
size of the genome remains conservative and does not change from generation
to generation, whatever the external conditions (Lewin, 1983). That means that
any changes in that part of the genome, including any arbitrary point mutation,
bring about a lethal outcome, that is, such individuals are immediately selected out
physically. The rest of the genome is capable of accumulating decay substitutions
up to the lethal threshold: n < TIL- Such accumulated decay mutations may be
distributed randomly along arbitrary sections of the genome. Thus the limitation
n < HL means limiting the average density of the number of decay substitutions
per unit length of the genome: TL = nL/M or the value inverse to TL, which
is the average minimal length of the succession of nucleotide pairs, containing
no deleterious decay substitutions: IL = T~^ . Deviations from that average are
described by the value of the Poisson variance (3.4.4). This aspect is discussed in
Sect. 3.10 at greater length.
Lacking competitive interaction in the population (when it grows exponentially
or exists under artificial laboratory conditions), both the birth and death rates of
all the individuals may be assumed equal to each other (J50 = d0 = Bn = dn = B)
when n < UL. We have for arbitrary fluctuations of Bn and dn
Bn
= 0,
In - dn)2 ~

N = ^Nn>,

Nn(0) = 0,

= N0.

(3.5.3)

n=0

If the population number remains constant, the number of normal individuals
falls off exponentially. At Bt > 1 and ^Bt < n/, the frequency of occurrence
pn = Nn/N has the form of a Poisson distribution, its multiplicity n = p,Bt
growing linearly with time:
Nn

(3.5.4)
n=
n\
As demonstrated below, the value HL remains within 104 > UL > 103. Thus
the latter condition (3.5.4) is satisfied for all the species over many generations.
Therefore (3.5.1) does not have a stationary solution in the absence of competitive
interaction, with yBt < UL.
When nBt ^> HL one has to account for the finite number of terms in (3.5.3).
In that case the frequencies of occurrence Nn/N are close to the lethal threshold
and obtain the form of 6nnL functions (with the Kronecker symbol):

Nn

(3.5.5)

so that the complete population consists of decay individuals, N = NnL and the
number of decay substitutions is n = n/,. Every following generation will shift
population to the right beyond the lethal threshold, to the average of its decay
rate /x. The number of individuals retaining life capacity after each generation
is Nniie~v-. Hence, the stationary state may be supported when every individual
produces eM offspring. However, any fluctuation of external conditions resulting in
a lowering of the lethal threshold n^ may push the complete population beyond
the limit for life. Thus the existence of the population in a state bordering on
the very lethal threshold (3.5.5) is unstable and should result in the extinction of
that species. Besides, for individuals with a large genome and low fertility, b0,
the condition /j,Bt > UL is reached in times, t, exceeding the average lifespan of
the species Ts ~ 106 years (Simpson, 1944; Van Valen, 1973; MacFadden and
Hubbert, 1988), that is ^BTS < nL. The genome of such species should decay
during the whole lifespan of the species according to (3.5.4).
Hence definite mechanisms must be acting in populations to stop the decay of
the genome a long time before it reaches the lethal threshold nL. The stabilizing
program in the genome, necessary for correct functioning of the individual in
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its natural community, is erased much earlier than the lethal threshold is reached.
This fact is testified to by the very possibility of selecting domesticated animal and
plant species from the respective natural species via artificial selection and genetic
engineering techniques. Domestic individuals are not capable of existing in natural
communities and are completely devoid of the genetic information necessary to
stabilize the environment. The most efficient functioning of a population within
the community takes place on condition that the normal individuals in it comprise
the overwhelming majority. The number Nn of individuals in a population may
only be stationary while the number of normal individuals is at maximum, if either
the birth rate is decreased, or the death rate is increased for the decay individuals,
that effect being reached via interaction with normal individuals.
For purposes of convenience we introduce the relative birth and death rates
for decay individuals:
JJQ

OQ

(3.5.6)

UQ

The stationary numbers of the normal individuals, N0 - 0, NO = const, is denned
from (3.5.1) via the condition:
B0 = d0,

b0 = d0e^.

(3.5.7)

To obtain a stationary state for the number of decay individuals Nn = 0, Nn =const,
all the terms Bn-dn in (3.5.1) should be negative, so that the appearance of decay
offspring from parents of a lower level of decay be compensated. Hence, the death
rate, 6n, should always remain higher than the birth rate /?„. One may assume,
without losing generality, that
*,>0,

(f-

n>0,

(3.5.8)

Pn

Under condition (3.5.8) the stationary state has the form (Gorshkov, 1989a):

Nn = N0(^-) (6n- /?„)-',

No = const.

(3.5.9)

It may be seen from (3.5.9) that the condition Nn < NO is satisfied at small
levels of decay p. <g; 1 if 6n = 1 and 6n - /3n ~ 1 (regulation of the relative
birth rate of decay individuals), or if-6 n » 1, /?„ ~ 1 (regulati6n of the death
rate of decay individuals). At n > 1 the condition Nn <c N0 is satisfied only for
6n » 1, 0n < I (that is the regulation of the relative death rate).
When a single normal genotype is in the population the relative birth rate
regulation at /j, > 1 inevitably brings about an inverse condition Nn » N0,
that is the share of decay individuals in a population increases and its stability
decreases. Then the total number of individuals in a stationary population is N «
N^ and hence the share of the normal breeding individuals in the population
is No/N « e~ M . The number of breeding individuals in the population is called
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the effective size of the population, Ne, (Kimura and Crow, 1963). Hence, the
decay rate /j, being high, we have for birth rate regulation for decay individuals:
Ne = N0 w e~^N. Each normal individual produces eM offspring in accordance
with (3.5.7). All the offspring born are given identical expected lifespan, but
breeding by all the decay individuals is prohibited. These conclusions are modified
if the several normal genotypes are in the population, see Sect. 3.11.
For a species to function properly within its natural community the overwhelming part of the population should be constituted by normal individuals. Thus at
low decay rate /j, < 1, regulation of both the death rate and birth rate are possible,
that is the juvenile death rate may be relatively low. But at large decay rate p 2> 1
the number of decay individuals in the population may be held relatively low only
if the death rate of decay individuals is regulated, that is if the juvenile death rate
in the population is high.
The difference (3n — Sn in (3.5.8) may be called relative competitiveness; it is
at maximum in a stationary state, is equal to zero for normal individuals, and is
negative for decay ones. It seems more natural to consider a value of the opposite
sign:
7n = 6n - 0n = noncompetitiveness,
(3.5.10)
which should then be called noncompetitiveness. The noncompetitiveness of decay
individuals for both types of regulation of their numbers in a population remains
<5n ~ Ai > 1- Hence, when we proceed from normal to decay individuals, their
noncompetitiveness suffers a jump from zero (Sg - A) = 0) to a value exceeding
unity (6n-/3n > 1). The noncompetitiveness of decay individuals cannot be much
lower than unity; this corresponds to (3.5.9) remaining far from the pole appearing
a t f i n - A . = 0.
The traditional variables of fitness and coefficient of selection differ from that
of noncompetitiveness, 7. The absolute fitness, W, is defined as W = b - d. Note
that W0 = Wmax > 0, as follows from the definition of the normal genome. Further,
Wmax = (dN0-,/dt')N0~l, where N0_> is the total number of offspring, including
both the normal and decay ones, produced by normal parents, the share of the
normal ones among the former being e~^ and that of the decay 1 — e~ M . The
last value presents the mutation load (Kimura and Maruyama, 1966). The relative
fitness is w = W/Wmm (or W/W), wmax = 1, 1 > w > 0. The coefficient of
selection is s = wmax — w=l—w. We have 1 > s > 0 for stabilizing selection. It
is assumed that the value of s may be small, e.g. s = 0.01 (Fisher, 1930; Haldane,
1954, 1957; Crow, 1958, 1970; Ohta, 1987).
The coefficient of selection, sn, and the relative fitness, wn, are related to
relative birth rate and to noncompetitiveness, 7n, by the relation:
7n

(3.5.11)
- 1
When only the death rate is regulated (i.e. /3n = 1) the values sn and ~fn differ
from each other by the factor (eM - 1)~'.
The use of the notion of relative competitiveness /3n — 6n = (bn — dn)/B<) is
stimulated by the fact that the maximum stationary value is BQ — do = 0, while
sn = 1 - wn = 1 - /3n +
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Bn - dn < 0 for n > 1, that is the relative competitiveness (3n - 6n < 0. When
the generation of offspring by all the decay individuals is zero (bn = 0, n > 0)
their numbers may remain stationary, because the rate at which decay individuals
die is compensated by the rate at which they are born of normal parents. The latter
produce decay individuals via decay mutations following the Poisson distribution.
Then fitness of the decay individuals is Wn = bn - dn = -dn < 0, which is
not accounted for by the traditional definition of fitness. For example, even if
people with obvious genetic defects are prohibited from reproducing, such genetic
deviations will still be present in the society because these will be produced by
normal parents.
To regulate both the birth and deathjrates of decay individuals the possibility
should be provided of identifying such decay individuals and of distinguishing
them from the normal ones. That task is solved by combining all the individuals
into a population and switching on competitive interaction between them. The
difference between the normal and the decay individuals is only controlled by
their competitiveness. Under natural conditions the number of decay-individuals
in a population is suppressed via their competitive interaction with the normal
ones.
Superimposing conditions of stationarity, (3.5.8), which provide for the maximum competitiveness of the normal and for the noncompetitiveness of decay
individuals, corresponds to the introduction of complex nonlinear relations between the normal and the decay individuals into (3.5.1). These relations may be
prescribed in the form of the complex functional dependences Bn(N0,Nk) and
dn(No, Nk), which describe the differences between normal and decay individuals
and which are equivalent to introducing competitive interaction between them.
However, such nonlinearities may be substituted by an analogue of the boundary
conditions, (3.5.8).
Information on the necessity for individuals to join into a population, to switch
on competitive interaction, and to reach the maximum possible competitiveness
of the normal individuals must be written into the genomes of these normal individuals. That basic program of supporting the species stability should be safely
insured against decay mutations (e.g., by multiple back-up); it should also decay
itself if the number of decay substitutions becomes large and approaches the lethal
threshold. As a result all the individuals, independent of their decay rate, still enjoy
the capacity to join into a population and to interact competitively. These behavioral trends are prescribed by the internal program in the genome. Competitive
interaction between the individuals in'a population always occurs ^t a maximum
intensity under the natural conditions of the specific ecological niche of a species,
and does not depend on the "limiting resources" (Sect. 4.7).
When breeding is sexual the genetic material in the offspring presents a random
mix of parental genetic material. Decay substitutions in the genomes of the offspring individual are then Poisson distributed (Maynard Smith, 1978; Kondrashov,
1982, 1988). Since decay of the genome results in a Poisson distribution anyway,
the distribution (3.5.4) does not change when sexual breeding is switched on. (Sex-
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ual breeding broadens narrow peaks with low dispersion to that of the Poisson peak
with a large dispersion (Kondrashov, 1988); it only shows in the states bordering
on the very lethal threshold, Eq. (3.5.5), as discussed in Sect. 3.8.) The stationary
state (3.5.8) and all the conclusions related to it also hold when sexual breeding
is switched on. Besides, (3.5.1) and (3.5.8) may be envisaged as equations written
not for individuals bearing decay genomes, but for inclusive numbers of genes
with prescribed number of decay substitutions for the whole population, independent of separate individuals which bear those genes (Hamilton, 1964; Dawkins,
1976). Apparently the advent of sexual breeding changes nothing in either results
or conclusions for the latter case.

3.6 Normal Genotypes and the Normal Genome
Determining competitiveness during the process of competitive interaction between
the individuals in a population is actually a process of measurement. As any such
process is characterized by some limited resolution, it is impossible to separate a
normal individual from a decay one in the process of competitive interaction, if the
genome of the latter contains n decay substitutions only, that number being less
than the sensitivity threshold of competitive interaction nc : n < nc. The inverse
value of that threshold, n~', may be called the resolution of competitive interaction. Thus competitive interaction is effectively switched on and active within the
margin nc < n < n^. Here n^ is lethal number of decay substitutions. Similar to
UL the number nc of the decay substitutions should be evenly distributed along the
genome. The sensitivity threshold of competitive interaction is determined by the
average density of decay substitutions per unit length of the genome, rc = nc/M
or by the average length of the genome free of any decay substitutions lc = rt
Deviation from the average density (r - rc)2 at certain sections of the genome
of a given length is described by the Poisson variance (3.4.4). It may also be
expected that rc and lc both appear to be universal characteristics of sensitivity
of competitive interaction, which do not depend on the size of the genome within
the large taxa. Estimates of the values of lc and rc for both haploid and diploid
genomes are obtained in Sect. 3.11 from the analysis of empirical data.
All the genomes containing decay mutations in numbers n < nc possess the
program of adaptation and stabilization necessary for individuals to function normally in the community, so that such genomes are genetically equivalent to each
other. Various genomes found in the range n < nc will be called normal genotypes
below. All the individuals possessing normal genotypes have equal competitiveness, which is at a maximum under the normal conditions (that is in a natural
community, in natural environment, i.e. in a natural ecological niche). Indeed,
7n = 0 in (3.5.10) for n < nc, and that competitiveness exceeds that of any decay
individual found in the range n > nc (7n > 1 in (3.5.10) when n > nc). All the
individuals with their genotypes remaining within the range n < nc are called
normal below, and those with n > nc are decay.
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The competitiveness has no absolute value and may only be described by
some relative one. When comparing the competitiveness of any two individuals
one faces only two possibilities. First, these competitivenesses may remain unresolved to within the resolution of competitive interaction. Neither individual is
then capable of forcing the other from the population. Second, the competitiveness
of one may exceed that of the other. The genotype of the first individual will then
inevitably force that of the second one from the population, independent of the
actual difference between the competitivenesses of the two. Thus the relative competitiveness appears to have a stepped nature. This nature is most vividly displayed
during sexual selection. The female or the male may either accept or reject the
mating partner. It is impossible to partly select mating partners, for instance with
the selection coefficient s « 0.01, see Sect.p. 11 for details. That feature comprises
the main difference between the notions of competitiveness and of fitness.
If the differences in competitiveness of two genotypes exceed the resolution of
competitive interaction, one may assume, to a good approximation, that the genotype of higher competitiveness has a relative fitness of unity, so that it produces
the most numerous offspring in the population
Wn<nc = 1,

Sn<nc = 0,

/3n<nc = 1,

7n<nc = 0,

while the genotype of lower competitiveness has a relative fitness close to zero,
that is does not produce any offspring
Wn>nc = 0,

Sn>nc = 1,

j3n>nc = 0,

-yn>Hc > 1.

Thus noncompetitiveness 7-(e /J — 1)~' coincides with the coefficient of stabilizing
selection, s, and the value of 1 - -j(e^ - 1)~' coincides with fitness in the case
of truncating selection, see (3.5.11).
Assume that we managed to form a clone population of the normal genome
with n = 0 at zero time t = 0. In accordance with (3.5.1) that clone will keep
on decaying and accumulating decay substitutions up to n = nc, since when
BQ = do all the differences Bn - dn coincide with each other if n < nc and
are also equal to zero. Similar to the considered case of decay down to the very
lethal threshold UL (when competitive interaction is totally absent) the population
appears to be pushed to a value inverse to resolution nc, and that happens in time
nB0t » nc : Nn = 0, n < nc, Nnc = N, see (3.5.5). Further increase of the
number of decay substitutions is then stopped by competitive interaction, that is
one may assume that Nn ss 0 for n > nc. The shape of the stationary distribution
depends on the character of competitive interaction and may differ from a narrow
peak at Nnc = TV. In particular, competitive interaction may stop the growth of the
Poisson multiplicity (3.5.4) with time. In that case the stationary distribution will
have the shape of a Poisson distribution with n = nc. Such a distribution always
arises in the case of sexual breeding, Sect. 3.10.
Decay results in the formation of genetic diversity in a population. The genetic
polymorphism - that is the number of different genotypes corresponding to n decay
mutations of the initial clone - is equal to
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where M is the number of nucleotide pairs in the genome, C^ is the number of
combinations from M by n, 4 is the number of different nucleotides (of genetic
letters). Even with n = 2 the number of various genotypes reaches 1020 which by
far exceeds the number of individuals in any multicellular species over the whole
lifespan of that species. Thus no pair of individuals may randomly happen to be
genetically identical to each other.
For small populations, a random drift of genes in which decay mutations have
occurred takes place. A stable final state of that process is either loss or fixation
of a given decay substitution in all the individuals of the population (Wright,
1932, 1988; Kimura, 1964, 1983; Ayala and Kiger, 1984; Altukhov, 1991). New
substitutions appear in place of the lost decay ones, so that the total number of
decay substitutions remains equal to nc. Genetic drift results in a reduction of
genetic polymorphism due to fixation of a certain part of decay substitutions with
n < nc in certain sites of the genome in all the individuals in the population.
Localization of the deleterious decay substitutions in various populations originating from one and the same clone of normal individuals should be different due
to the random nature of the process of decay and of the following genetic drift.
When the value of nc is high, genetic differences may also lead to the observed
phenotypical (morphological, behavioral, etc.) differences between the populations,
which are traced through many generations. Depending on the scope of these differences they may be perceived as either racial, national, or subspecies. However
the races and nationalities thus originating remain genetically equivalent: various
genotypes of individuals from all the races are normal, that is contain n < nc
decay mutations, and still have the complete adaptive and stabilizing program of
the species. Normal individuals from different races have equal competitiveness,
which is higher than the competitiveness of all the decay individuals, the latter
featuring different decay genotypes of n > nc.
The phenomenon of splitting a population, initially formed from the clone of
a normal genome, into different races and nationalities is similar to spontaneous
breaking of symmetry of physical states, which, for example, takes place when a
vertical beam is bent in a random direction, and is subject to a pressure exceeding
its critical limit, or when ferromagnetic material is randomly magnetized (Haken,
1982, 1984; Nicolis, 1986; Goldanskii and Kuz'min, 1989).
Among the substitutions appearing during the decay of a clone of a normal genome both deleterious and neutral decay substitutions may occur (Kimura,
1989). These substitutions may be experimentally differentiated from each other in
the following way. A given deleterious substitution in a given site of the genome
can change the phenotype but does not change the individual's competitiveness
in the range n < nc, but the same substitution lowers that individual's competitiveness if it happens in a normal individual with n = nc or in a decay one with
n > nc. Neutral substitution never changes the phenotype and the competitiveness
of an individual. There is no threshold for accumulation of neutral substitutions
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in a genome. Those sites of the genome in which such neutral substitutions may
take place (if they exist at all) do not bear any information. Thus the sequence of
nucleotide pairs in a normal genome may only be defined to the accuracy of such
neutral sites.
The total number of neutral sites devoid of information content is apparently
much lower than the overall number of information-bearing sites of the genome in
which deleterious substitutions at n > nc are identifiable through the process of
competitive interaction. Arguments in favor of such a statement are given below
in Sects. 3.7 and 3.11.
The average number of differences between the nucleotide sites of the genomes
of two individuals from different non-interacting natural populations may be taken
as the sensitivity threshold of competitive interaction, nc. The respective number
of differences between the genomes of the two individuals from one and the same
population should remain lower than nc, since a certain portion of deleterious
decay substitutions may be randomly fixed in the population if n < nc. However,
random fixation of one and the same decay substitution in different nonrinteracting
populations is quite an improbable event. Therefore, if coinciding sequences are
found in different populations, one may safely assume that these are fragments of
the normal genome.
Hence, if several non-interacting natural populations of the same species are
present, an experimental procedure may be capable of yielding, at least in principle, the sequence of genes in the normal genome to an accuracy exceeding
the sensitivity of competitive interaction. To realize this, sections of the genome
should be identified in individuals in each population which feature the lowest
polymorphism, that is such sections of the genome in which the genotypes of all
the individuals in the population feature the smallest mutual differences. In order
to exclude the possibility of fixing deleterious decay mutations in the population
one should further define the coinciding sections of the genome with the lowest
polymorphism in a pair of non-interacting or weakly interacting populations. Such
sections may be considered to be fragments of the normal genome of the species.
If the overall number of non-interacting populations is large enough, that procedure might practically identify the whole sequence of genes in the normal genome.
Thus the normal genome is characteristic of species. The normal genotypes are
the characteristics of individuals.
The normal genome remains unique for each species. The information programmed in the non-transcribed nucleotide sequences of a normal genome should
be correlated at large distances (Peng et al., 1992). The existing long-range correlation in nucleotide sequences of a normal genotype should be partly broken
due to the presence of the permitted number, n < nc, of decay (deleterious and
neutral) substitutions, which are distributed with differing density per unit genome
length in different parts of the genome.
Indefinite character (degeneration) of the genome is exclusively related to the
number of neutral sites containing no information. The position of such neutral
sites may be identified by comparing homological sequences in various individuals
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both within a single population and from population to population. Any pair of
individuals with their normal genotypes residing within the n <nc range always
has a large number of non-neutral sites with differing positions of nucleotide pairs,
one of them being normal and the other decay. If different nucleotide pairs are
found in the homologous sites of the genomes of three different individuals, these
sites are neutral to a high probability. The probability of random coincidence may
in that case be reduced by comparing the genomes of many individuals. Random
fixation of a certain nucleotide pair or of a fragment of the genome in the neutral site of different individuals of the population may be detected by comparing
homologous sites of the genome in individuals from several non-interacting populations. If fixed nucleotide substitutions in a homologous site are different in any
two arbitrary populations, that site is neutral with high accuracy (Sect. 3.7).

3.7 Neutral Mutations
Let us consider truly neutral sites in the genome in greater detail. Assume that
initially the frequency of occurrence of all the four nucleotide pairs in each neutral site is the same in all the individuals of the population (that is the state of
thermodynamic equilibrium or of total degeneration). The genotypes with different
neutral substitutions must correspond to identical phenotypes. So far we have neglected the mutation process. A random drift of nucleotide substitutions in neutral
sites will then take place in small populations with sexual breeding, due to mixing
of genetic material and to random dying out of individuals (Wright, 1931, 1988;
Kimura, 1964). That process is described by the Fokker-Planck equation, which
is a generalization of the common equation of diffusion. The final stable state of
that random drift is fixation, of a certain substitution in the neutral site in all the
individuals of the population (Kimura, 1964, 1983). Due to neutrality of states,
and to the random character of the process of fixation the number of generations
needed to fix a certain state is proportional to population number, N, (Kimura,
1983). In other words, fixation occurs in a time of the order of NT, where T
is the time between two successive generations, r = rgkg, where rg and kg are
the average times between two successive cell divisions, and the number of cell
divisions to form gametes during the individual lifespan, respectively, see (3.4.2).
The probability of finding each nucleotide pair in a neutral site is identical,
equal to 1/4. Assuming that the number of neutral sites in the genome is equal to
n0, we find that the total number of different sequences of nucleotide pairs in these
sites is equal to 4n°. When the population number is N < 4™°, one may assume
that these sequences are initially different in all the individuals of the population.
The probability of finding one such sequences of nucleotide pairs in the neutral
sites of individual genomes within the population is I/TV (Kimura, 1968, 1983,
1987). (If N » 4"°, the probability of fixing one of the sequences is 4~n°.)
The process of fixing one of the alleles, initially having one and the same
frequency of occurrence, may be traced experimentally in vitro, when competitive
interaction is effectively switched off (Ayala and Kiger 1984; Altukhov, 1991).
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Now we account for the process of mutation. A neutral mutation is a particular
case of a common decay mutation taking place with a probability v in a neutral
(devoid of information) site of the genome, Eq. (3.4.1). The probability of occurrence of a new point mutation in a given site of the genome in a single generation
is vkgN = N/NU, where Nu = (vkg)~l is the number of members of such a
population in which a neutral mutation occurs at a probability of unity in each
single generation. The number of generations in which one mutation occurs in a
population of TV individuals is NU/N. Correspondingly, the time interval during
which such a mutation occurs is rNu/N. The probability of fixing a specific neutral mutation in a whole population is proportional to l/N. Thus the probability
of neutral substitution in a normal genome of the population per single generation
is vkg (Kimura, 1987). Hence, the resulting rate at which the mutation is fixed in
the normal genome of all the individuals in the population does not depend on TV
and is equal to vkg/r.
The process of random fixation will only take place when the time of fixation
rTV is much shorter than the time of appearance of a new mutation rNu-/N, that is
on condition that Nzvkg < 1. That condition is satisfied for small populations of
eukaryotes only, in which TV < 105 individuals. The inverse condition N2vkg » 1
holds for practically all the single cell species, both prokaryotes and eukaryotes,
as well as for many insect species. In that case no neutral mutation may become
fixed. To a large extent the nucleotide sequences in neutral sites will not coincide
for any two individuals arbitrarily chosen from the population.
Even when the initial thermodynamic equilibrium is absent, it should settle
in the neutral sites as time goes on. For reasons of simplicity consider a single
neutral site with two possible values of nucleotide pairs 1 and 2. The population
numbers TV, and TV2, valued at 1 and 2 in these sites satisfy the equations:
TV,

=

Wi TV, + z/,2&2TV2 - 1/2, 6, TV, ,

TV2

=

W2N2+V2ibiN1 - J

(3.7.1)

where i/12 and z/21 are the probabilities of transition from state 1 to state 2 and
back: vn ~ v2\ ~ v K, vkg ~ 10~10 for bacteria and v ~ 10~4 for RNA viruses
(Holland et al., 1982); Wt = 6, - di is the difference between the birth and the
death rates (fitness), i = 1,2. We have for neutral sites 6, = 62; J, = d~2. The
stationarity of the total the population number TV+ = TV, + 7V2 = 0 means that
Wi = W2 = W = 0, VIP = b/VN. When vVN > 1, that is when N » 1020
(which is the case for practically every bacteria species, see Sect. 5.6), the first,
diffusional term in (3.7.1) may be neglected. As a result, assuming, for simplicity
reasons, that v\2 - v2\ = 0, we find:
TV+ = 0,
+

TV- = -(z/I2 + 1/21) 6 AT-,

N~ = TV" e-(t/a+v*l)bt ,

(3.7.2)

where TV = TV, + TV2, N~ = TV, - TV2.
When i/,2 - »2\ i 0, the difference N~ tends to a finite limit, which is proportional to the difference i/,2 - v2\ (Jukes, 1987; Sueoka, 1988), its exponential
relaxation rate being the same as in (3.7.2).
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Thus the time period for settling thermodynamic equilibrium in that site is
equal to [(z/,2 + ^i)&]~' = r/(v\2 + v2\) ~ 5 x 106 years, for T ~ 10~3 years,
and about 5 years for RNA viruses. Hence, equilibrium should settle in within the
lifespan of a separate bacterial species, while for the RNA viruses all the neutral
sites should always remain in the state of thermodynamic equilibrium. When the
number of neutral sites in a bacterial genome would be 50 (which is one 10~5 part
of the whole genome), the number of neutrally equivalent genomes (those having
equal frequencies of occurrence) would reach 450 = 2100 = 1030, that is, would be
larger than the total number of individual bacteria in all the populations together,
see Sect. 5.6. Nucleotide sequences in those sites would not have been species
specific then, which is not actually observed (Lewin, 1983; Hesin, 1984). Hence,
neutral sites in the genome are either negligible in number or remain totally absent
from it. Section 3.13 presents independent arguments in favor of the assumption
that neutral sites are as scanty in the eukaryote genomes.
Neutral sites are usually related to the observed level of degeneration of the
genetic code (when several triplet-codons of nucleotide pairs correspond to one
and the same amino acid in the protein), to the presence of non-transcribed sequences in the genome (those not coding the proteins, such as introns within
the genes, spacers between them, repetitions of short sequences, etc.) (Ayala and
Kiger, 1984; Lewin, 1983), to the presence of functionally inactive parts in the
proteins. Degeneration of the genetic code may be neutralized by gene overlap
(when different reading frames are used), and by the coding of synthesis of different molecules (such as tRNA) in other parts of the genome, each of these relating
the amino acid to one of the possible degenerated anticodons (Grosjean et al.,
1982; Kimura, 1983; Buckingham and Grosjean, 1986). The number of neutral
sites is by far lower than the number of noncoding sequences in the genome. For
example, the telomeres, the end sequences of chromosomes in the higher species,
provide for the stability of chromosomes during their division, and do not change
from generation to generation (Moses and Chua, 1991). The differences in physical and chemical properties of degenerated tRNA and of the proteins, differing
in their functionally inactive parts, may be detected within the resolution of competitive interaction while remaining undetectable during laboratory experiments.
Non-transcribed sequences probably play an important role in the process of development of a multicellular individual from an embryo.
Thus observation in vitro of neutral mutations does not necessarily mean that
these correspond to identical phenotypes in natural populations. There is no absolute degeneration of genome in nature. The resolution of competitive interaction
may be several orders of magnitude higher than that achieved in the laboratory.
The problem of the existence of genome degeneration is actually the problem of
threshold sensitivity of competitive interaction. Neutral substitutions can remain
inseparable from deleterious substitutions within the range of n < nc in a single
population (Kimura, 1983), see Sect. 3.6.
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3.8 Normal, Decay, and Adaptive Polymorphism
in a Population
The existence of finite threshold sensitivity of competitive interaction results in a
genetic diversity of individuals which have the same or different phenotypes but
feature equal competitiveness under the conditions natural for the given species.
Such a polymorphism may be called normal, despite the fact that it is determined
by deleterious decay substitutions, provided the number of those substitutions
n satisfies n < nc. As demonstrated above, the level of normal polymorphism
in most species is extremely large, so that individuals with identical genotypes
cannot be randomly found in practically any populations (Paune and Westneat,
1988). Even when neutral substitutions are totally absent, random drift of genes
should take place in a population within the range where the deleterious character
of mutations is not manifested. In small populations such a drift results in random
fixation of a limited number of deleterious decay substitutions.
The sensitivity threshold of competitive interaction may differ from species
to species. It is natural to expect that demands on the genetic program of all
the individuals in a species should be the strictest in those species which exist
under extreme environmental conditions. The sensitivity threshold of competitive
interaction, nc, in such species may be decreased to its minimal level. One can
expect the lowest normal polymorphism in populations of those species. That is
indeed the case for the polar bear - the largest carnivore living under the extreme
conditions of the far North, and for the cheetah - the carnivore demonstrating
the highest sprinting speed among all the land animals (Cohn, 1986; see also
Sects. 3.11 and 3.14).
Neutral polymorphism not related to mutations may also be found. A typical
example of such polymorphism is the right-to-left asymmetry in the bodies of
individuals. For example, the river flatfish (Pleuronectes flesus) is found in two
forms: one with both of its eyes on the right side of its body and the other a leftsided
one (Andrijanov, 1954). Of the 215 individuals of the P.f. bogdanovi river flatfish
subspecies caught by the present author in the Onega Bay of the White Sea, 21 %
were leftsided. The asymmetric shape of that fish is an adaptation to sea- and
riverbed life. It is reached by a correlated change in the position of many of its
organs. In a real environment the right form cannot have any noticeable advantage,
since there is no right-to-left asymmetry there. The molecular stereoisomers in the
cell are known to have identical symmetry in all the living beings and are the
same for the right and the left forms. Thus both the formation and frequency of
occurrence of the right and the left forms cannot be prescribed by the two different
normal genomes, independently formed in the course of evolution, and should be
programmed in one and the same normal genome. The actual configuration (the
right and the left form) cannot be hereditary. The only hereditary characteristic
programmed is the frequency of occurrence of the left form with respect to the
right one. Frequency of occurrence is a neutral genetic characteristic which is
randomly fixed in a certain position. That neutral characteristic should be subjected
to random genetic drift with subsequent fixation in its alternative position. Due

3.8 Normal, Decay, and Adaptive Polymorphism in a Population

91

to random genetic drift in two non-interacting populations of one and the same
species that frequency of occurrence may have different values (Andrijanov, 1954).
In many species of the flatfish family such a drift has resulted in random fixation
of either the right (Hippoglossus vulgaris) or the left (Rhombus maximus) form.
When the body is formed along the somatic line or during vegetative budding a
certain configuration should be preserved. Otherwise the correlation between the
positions of separate organs would be broken, and the asymmetry of the body
would be absent. At equal frequencies of occurrence of the right and left forms
asymmetry might occur due to spontaneous breaking of symmetry (Nicolis, 1986).
In that case the frequency of occurrence is not related to any program in the genome
and should not suffer any genetic drift. Such a situation is found for duckweed
(Lemna minor and L.gibba, Kasinov, 1968).
Due to the continuous process of decay of the normal genotypes a certain
number of decay individuals with lowered competitiveness is always present in
the population, their genotypes having n > nc. Genetic diversity of the decay
individuals results in the appearance of decay polymorphism in the population. In
conditions of a natural ecological niche the number of such decay individuals may
be kept at a level much lower than that of normal individuals. Thus the decay
polymorphism is much lower than the normal one in those conditions and it may
be safely neglected as compared to the latter.
However, adaptive genetic polymorphism is also present in any population.
Non-decay "switching" mutations may take place in the normal genome. The
changes of the genetic program which occur during such mutations may spread
and get fixed within each population if it enters some new conditions different
to the initial ones. Switching mutations does not contribute to higher levels of
chaos or to erasing information of the normal genome. It is similar to switching
to different TV programs and fine tuning of the image in each program. When a
TV set ages and fails at random, no new possibilities for finer tuning or switching
to new channels not envisaged in the design appear. The information on the types
and number of possible switches, on the frequency of such switching mutations,
and on all the functionally sensible modes of life of an individual are coded in
one and the same normal genome. When the programs controlling such switching
mutations in the normal genome disintegrate, the very possibility of such switching
may vanish, and with it the functionally sensible mode of life of the individual
corresponding to that switching.
Switching mutations may take place via site-specific transpositions of specific
macrofragments of the genome, which are accompanied by either activation or
inactivation of certain fragments of the genome. These include "latent genes":
phenotypically dormant DNA sequences that are usually not expressed during the
life cycle of an individual, but can be selected for, and have the capacity to be
activated by, some genetic event such as mutation, recombination or insertion of
a transportable element. Latent genes are distinguished from other pseudogenes
by this potential for expression; in fact, these genes were first detected by the
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altered phenotypes resulting from reactivation of the latent sequences (Moody and
Baston, 1990).
In contrast to decay mutations all these processes should be of catalytic nature,
that is be performed by enzymes coded by separate parts of the genome. Individuals
with their program switched acquire the highest competitiveness in the population
and start to dominate it when environmental conditions correspond to that program.
Stabilizing selection then proceeds to act as intensely as before, so that decay
substitutions are not accumulated. Then switching mutations become reversible,
that is a switch-back to the initial program occurs when the environment returns to
its initial state, and individuals possessing such a program become dominant in the
population once again. The whole set of external conditions, with respect to which
their corresponding switching mutations are programmed in the genome, should
be regarded as natural for the existence of the particular species. Both the adaptive
and stabilizing programs of that species are retained under any of those conditions,
these programs working to keep both the community and its environment stable.
The process of adaptation via individual switching mutations to various programs
of the normal genome will be called "programmed local adaptation" in what is to
follow.
Switching mutations are similar to switching of genes in the course of an individual's life (Ptashne, 1986, 1987). However, in contrast to the latter, switching
mutations are transferred to offspring and act throughout the whole of the population instead of in a separate individual only. Certain protein-induced multi-drug
resistances in bacteria (Newbold, 1990), as well as transposition switching of sex
in yeast (Hesin, 1984), changes of body and organ size in depending on habitation
temperature (Bergman and Allen rules), changes in fat layer, in wing span, in
clutch-size and in migration programs in the migrating bird species depending on
their actual habitation area (Green et al., 1989; Greenwood, 1990; Yoshimura and
Clark, 1991) may all serve as examples of such switching.
The whole possible set of species genome programs and the mechanisms used
for switching from one such program to another, as well as any other genetic
information, must inevitably decay when no stabilizing selection takes place. Thus
all the possible genome programs are only saved when each of these programs is
used by some population of species, the competitive interaction of individuals in
it withholding the respective program from decay. Besides, to prevent the decay
of these mechanisms, which switch from one sensible program in the genome
to another, populations should continually exchange individuals, these following
different programs from the normal genome of the species.
Due to the extreme complexity of all genetic programs, random local adaptation
to changes in external conditions is improbable, be it a spontaneous appearance of
a new functionally sensible regime via some single random decay point mutation
or some macromutation, the information on that regime being initially absent from
and not programmed into the normal genome. (Such a situation is quite similar to
that when some classic masterpiece by a genius of composition or of performance
is written onto a magnetic tape. One cannot really expect then that random erasure
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or wear and tear of tape would result in the appearance of a new masterpiece by
another genius on that tape.)
It is particularly the absence of random local adaptation, which is confirmed
by the observed stability and the discrete nature of all the biological species, that
provides for the possibility of biological regulation and sustenance of environmental stability (see Chap. 4). The absence of such local random adaptation does
not contradict the observed fact of species evolution, as discussed in detail in
Sects. 3.15 and 3.16.
The frequency of switching mutations may be programmably changed depending on environmental conditions (Stahl, 1990). However, that frequency is different
from zero in most cases. Thus, if the respective populations are large enough, few
individuals may be present in them in which such switching mutations have indeed
taken place, corresponding to some alternative functional mode. When conditions
arise corresponding to that mode, individuals with their programs already switched
enjoy a certain competitive edge over the rest of the population (provided no other
switching mutations occur), so that the number of those individuals becomes the
largest in the population (Rossi and Menozzi, 1990). Thus adaptive polymorphism
exists in the population, programmed into its normal genome, in addition to the
normal and decay polymorphism. Such adaptive polymorphism is incomparably
narrower than either normal or decay polymorphism.
Broadening of such adaptive polymorphism increases the stability of the
species (Fisher, 1930, 1958; Dobzhansky, 1951; Wright, 1988), as well as the
number of communities in which the individuals from such species retain their
stabilizing program necessary to support stability of that community and of its environment. Increase in decay polymorphism always results in shrinking the species
habitation area and in lowering that species' stability. There are no natural variations of the external conditions at which decay mutations might result in increase
of the number of decay mutants with a definite decay genotype. The notion of the
normal genome retains its meaning if we include switching mutations. The normal
genome, which includes all the possible functional modes for the individual preprogrammed into it, may be called "the inclusive normal genome". It is defined
to the accuracy of neutral mutations and remains unique for all populations of the
biological species.
Thus all the observed adaptive polymorphism may be attributed to one and the
same normal genome of the population. Individuals with several different normal
genomes may be present in the population only when they are correlated with each
other, cannot exist without each other for long periods of time, and none of them
can be forced out from the population due to competitive interaction between them.
Several normal genomes, replicating independently of each other, are present in
the nucleus-containing eukaryotic cells of higher organisms: one in the form of
a set of nuclear chromosomes, and another as chromosomes of mitochondria and
chloroplasts (in plants), which are found in the cytoplasm (Sager, 1972; Ayala
and Kiger, 1984). Nuclear and cytoplasmatic genes cannot function independently
of each other. Prokaryotic bacterial cells devoid of nuclei contain, beside their
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principal chromosome, autonomous cyclic genomes in the form of plasmids, which
replicate independently (Ayala and Kiger, 1984). Plasmids can transmit from one
bacterial cell to another. Some plasmids determine resistance to antimicrobial
drag and toxic metal ions in bacteria (Foster, 1983; Newbold, 1990). The socalled coevolution in bacterial-plasmid population (Modi and Adams, 1991) may
apparently be considered both as the transition between the different admissible
states in the adaptive polymorphism and the increase of decay polymorphism in the
perturbed natural conditions. Bisexual species have two normal genomes in their
populations — the male and the female ones. Two different normal genomes may
be present in individuals which are in a symbiotic relation to each other, as in case
of the algae and the fungus in a population of lichen (Margulis, 1971). Finally the
numerous normal genomes are mutually correlated in the community of different
biological species, providing for biological regulation of the environment.
One may speak about the combined normal genome of all the individual species
correlated in the community in exactly the same" way as one speaks, about the
genome consisting of several non-homological chromosomes in the cell, or about
the combined genome consisting of a nuclear and a mitochondrial DNA. The
combined normal genome of a population of identical communities (similar to a
community of lichen of a single species) remains unique for the given type of community. Rigid correlation between species in the community is often inadequately
called adaptation. (Following such reasoning one should speak about mutual adaptation of different nuclear chromosomes.) Only rigidly correlated species in the
community may feature the necessary wide range of reactions to changes in their
environment. Such a community is characterized by a single combined normal
genome with its minimal normal polymorphism, that is by the one corresponding
to the largest genetic information of the community. It is as unthinkable to compose
an artificial community of arbitrarily picked species as to compose a cell genome
of arbitrarily chosen genes and chromosomes picked from the individuals of different species. All the deviations from the normal composition of species and from
the normal population numbers of each given species in a given community are
decay phenomena, which are eliminated in the process of competitive interaction
and selection of homological communities in hyperpopulations (Gorshkov, 1985a,
1986a). Relative frequency of occurrence of such decay communities is controlled
by the resolution of competitive interaction between various communities; it may
be described by equations of the types (3.5.1) and (3.5.9).

3.9 Stability of the Biological Species
The resolution of competitive interaction reaches its maximum under natural conditions, and its threshold sensitivity drops to its respective minimum, which is much
lower than the lethal threshold, nc <§: n/,- The condition that competitiveness of
the normal genotypes featuring the non-perturbed stabilization program (Sect. 3.2)
is at its maximum under the natural conditions of that species, ecological niche
is an independent one, providing for stability of the species, the community, and
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Fig. 3.1. Normal polymorphism and non-competitiveness in the natural environment, r =
n/M is the density of decay substitutions, n, per unit genome length, M; Pr is frequency
of occurrence of individuals with density r decay substitutions in the population; 7 is noncompetitiveness, see (3.5.9) and (3.5.10). The traditional variables of relative fitness, w,
and of coefficient of selection, s, are related to non-competitiveness, 7, by a simple relation
7 = s = 1 — w provided the genome decay rate is p, = In2 = 0.69; rc = nc/M is threshold
density denning sensitivity, nc;ri, = nz,/M is the lethal density, HL is the lethal threshold
of the number of deleterious decay substitutions. A is the range of normal polymorphism
(the normal genotypes), and B is the range of decay polymorphism (decay genotypes).

the environment. As noted in Sect. 3.5 above, competitiveness, Eq. (3.5.8), measured for individuals within communities, does not coincide with fitness, which
is measured for individuals isolated from the population, that is removed from
the process of competitive interaction. Competitiveness should drop sharply under
natural conditions, while non-competitiveness jn, Eq. (3.5.10), should simultaneously grow quickly from 0 to 1 with the number of decay mutations in the
genome, n, entering the range n > nc. Meanwhile fitness may remain practically
unchanged in the range n > nc up to n « n/,, see Fig. 3.1.
When conditions deviate from the natural, the resolution of competitive interaction n J' (that is the average length of the genome fragment containing no
decay substitutions lc) decreases, and the value of nc (i.e. rc = l~]) increases, so
that competitiveness of the normal and the decay individuals even out.
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When conditions deviate strongly from the normal ones, the genetic information of normal genotypes loses its initial meaning, and the value nc grows up to
the lethal threshold nL. For all the individuals within the whole range n < nL
their competitiveness appears to be equal, on average (as is the fitness measured
for individuals isolated from the population), while competitive interaction fails
to perform its stabilizing functions (7n « 0 up to n ~ nL). Decay polymorphism
snowballs catastrophically in the process of such a decay of the normal genotypes,
corresponding, as it were, to erasure of all the sensible genetic information. The
quantitative measure of decay polymorphism may be given using the expression
(4M/n)n (Sect. 3.7). When n > nc that decay polymorphism exceeds the normal
one by many orders of magnitude and becomes dominant in the population. The
rest of the possible decay genotypes and of decay individuals corresponding to
them and retaining life capacity up to the very lethal threshold (that is covering
the range nc > n > nL) may then be called the decay tail of the species.
Build-up of the relative number of decay individuals in a population results in
erasure of the genetic stabilizing program (Sect. 3.2), which is otherwise responsible for correlated interaction between the species in their natural community and
controls the mode of their behavior, that is the necessary work by the species
contributing to the stability of both the community and its environment. Decay
individuals devoid of their stabilizing programs may turn "gangster" when introduced into another community, so that they quickly increase in number and destroy
the correlated interaction and stability within that community and its environment.
Some well-known examples of such developments are given in Sect. 4.5. Formally
such a situation corresponds to an increase in fitness but it cannot be considered
a random local adaptation to altered conditions of the environment. After the
community is destroyed and decays and the environmental conditions deteriorate,
such "gangster" species are also eliminated. Such a situation cannot arise under the
natural conditions of the natural community in its ecological niche, in which the
natural genome and the normal genotypes of the species have originally formed.
Beside switching mutations programmed into the genome (Sect. 3.8) insensitivity to newly appearing diseases, poisons and other unnatural conditions may also
appear due to decay of those parts of the genome which code fragments playing an
important part in an individual's life under natural conditions, but also randomly
encode susceptibility to various harmful substances and organisms not encountered
in natural environments. Destruction of these parts of the genome, which may be
inflicted in many different ways, as any other decay, randomly results in higher
survival of such decay individuals under such unnatural conditions, as opposed to
natural. Genetic information is only lost then, and no new genetic information is
synthesized. (Similarly, a car with one of its tires burst regains some of its stability
if another one is punctured - it "adapts".) It is apparent that in the overwhelming
majority of cases there are no genomes and genotypes in the decay tail belonging
to individuals with such random adaptation to prescribed change in the external
conditions. It is known, for example, that artificial selection in any trait always
reaches saturation (Mettler and Gregg, 1969; Raven and Johnson, 1988).
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Fig. 3.2. Decay polymorphism and non-competitiveness in perturbed environment. For notation see legend to Fig. 3.1.

After returning to natural conditions the maximum competitiveness of the normal genotypes is restored, so that normal individuals force all the decay individuals
from the population at an exponential rate. The rate of such exponential forcing
out is defined by the maximum difference actually attainable BO ~ ^o (which is the
biotic potential of the normal individuals). When external conditions are perturbed
for a sufficiently long time, the processes of decay embrace all the individuals in
the population, so that no individual with its normal genome is left in it. The
maximum frequency of occurrence for decay genotypes with n deleterious decay
substitutions becomes n » nc and approaches the lethal threshold, see Fig. 3.2. In
that extreme case the population may return to its initial state after the perturbation ceases and the conditions return to natural, provided competitiveness of decay
individuals under the natural conditions monotonically increases with the number
of deleterious decay substitutions decreasing in the range down to nc = n. Then
the maximum competitiveness goes to individuals surviving in the population with
the number of such substitutions minimal: nmin > nc. They force all the decay
individuals with n > nmin from the population at an exponential rate. In that case
we have for noncompetitiveness, Eq. (3.5.10):
Tnmin

=

0,

7n>nmill >
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Fig. 3.3. Relaxation to normal genotypes after cease of perturbation in the natural environment. For notation see legend to Fig. 3.1.

Further progress back to the normal state of the population occurs via reverse
mutations and genetic recombinations during sexual breeding, which decrease the
number of deleterious decay substitutions in the genotype. Individuals thus appearing and having n^ - 1 deleterious decay substitutions in their genotype,
acquire the highest competitiveness in the population and force individuals with
nmjn deleterious decay mutations out of the population. We then have
7nmin-l

7n>(n min -l) >

and so on, until the number of deleterious decay substitutions reaches the threshold
nc of sensitivity of competitive interaction (see Fig. 3.3). When all the fragments
of the normal genome are retained in the population, spread, as it were, among the
different decay individuals, genetic recombinations, considered in more detail in
the next section, make it possible to reduce the number of decay substitutions by
several units in each successive generation. Thus with genetic recombination operating it may be that there is no monotonic increase in competitiveness following
a reduced number of deleterious decay substitutions.
All processes combine to produce genetic relaxation instead of genetic drift.
The drift within the range of normal polymorphism does not disrupt either the
stabilizing or the adaptive program of the species under natural conditions. Ran-
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dom drift within the range of decay polymorphism, taking place under unnatural
conditions, cannot bring one back to the normal genome. Then such a drift is but
a manifestation of further decay processes and should eventually lead beyond the
lethal threshold, ruining the population.
Genetic drive, on the other hand, is related to random transpositions of macroscopic fragments of the genome (Dover, 1987). All the above statements on the
drift of separate nucleotide pairs also refer to the random drive of the genome
macrofragments.
After all the normal genotypes in the population are lost, genetic relaxation to
the normal genotype may follow in different ways, related to various successions of
reverse mutations and reparative recombinations. Thus the process of relaxation
should depend on the pathway via which natural conditions of habitation are
restored for the given species. When comparing decay populations at various
stages of their relaxation it may appear that each population is best fitted to those
perturbed conditions under which it exists. When transferring the decay population
into different perturbed conditions it may happen to be less fitted to them than the
aboriginal decay population. That phenomenon is observed in most domesticated
animal and plant species which differ strongly from their natural predecessors
(Begon et al., 1986). Such a phenomenon should not occur with species existing
in their natural ecological niches, or during the process of decay of (instead of
relaxation to) the normal genotypes of the population in cases of deviation from
natural conditions.
Environmental conditions of the natural ecological niche fix the maximum
competitiveness of the normal genome. The relative number of decay individuals
is defined by the intensity of their competitive interaction with normal individuals
instead of the limited resources of the ecological niche. Population density of normal individuals is prescribed by the information contained in the normal genome
and may be held at a level much lower than that permitted by the available resources of the ecological niche. Such a situation exists particularly for most large
animals (see Chaps. 4-6). That makes it possible to keep not only the species but
its environment stable as well, including all the other species in the ecological
community.
Within the picture described, the biological species is strictly determined within
its ecological niche by the set position of the normal genome. When external
conditions fluctuate, random oscillations take place around that normal genome
without any shift in its position. The biological species cannot continually crawl
away from that position adapting to changing environmental conditions. Only such
genetically stable species and their communities are capable of satisfying the Le
Chatelier principle in the biosphere and controlling the state of the environment.
Accumulation of decay individuals in any population accompanying deviation
of environmental conditions from the normal should not disrupt the stabilizing
program of the whole community. Even when a certain species in the community loses such a stabilizing program due to loss of the normal genotypes and to
accumulation of an excessive number of decay individuals, such a decay species
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produces some additional perturbation with respect to other species in the community. The latter should retain their stabilizing program as well as the capacity to
compensate environmental perturbations within some short time period, including
the perturbation produced by the decay species. In that case such a decay species
also returns to its normal state after the natural conditions are restored due to the
compensating reaction of the community as a whole. If the situation is the opposite,
the environment may go outside the scope of control, so that the whole community
will be doomed. Thus excessive perturbation by the decay species is much more
dangerous than complete extinction of any species entering the community from
it.
Thus normal genotypes should be preserved in the populations of species consuming the principal part of energy fluxes in the community (Chap. 5), irrespective
of the actual perturbation of the environment, so that after these natural environmental conditions are regained they capture the whole population at an exponential
rate. Hence, prolonged deviations from the conditions of their natural ecological
niches are prohibitive for small populations. Such populations may only exist under very stable weakly fluctuating external conditions. When the biomass of the
whole community is fixed, an increase in the species diversity of the community results in a reduction of separate population numbers. Thus communities of
high species diversity may only exist under quite stable external conditions. When
these conditions are sharply perturbed, such communities must lose their stability
together with the species forming them and disintegrate.
The highest species diversity is found in tropical forests on land and in the
coral reefs at sea. Such communities and the species forming them may only exist under extremely stable environmental conditions, in the absence of any sharp
perturbations. Stability of the environmental conditions is then supported by the
communities themselves which quickly compensate all the fluctuations in the environment in agreement with the Le Chatelier principle (see Chap. 4). These communities feature the highest productivity and greatly provide for stabilization of
the environment for the whole of the biosphere on the global scale. At the same
time sharp anthropogenic perturbations of such communities result in their quick
destruction, which destabilizes the environment for the whole biosphere.
Communities of the moderate and polar areas exist under strongly fluctuating
environmental conditions. Contemporary terrestrial biota is apparently incapable
of suppressing these fluctuations, stabilizing the environmental conditions in these
zones to such an extent that communities with high species diversity, low numbers
and low stability of each separate population would become possible. Communities
in those zones feature low species diversity, high population numbers, and high
stability of the genomes of all the species. These communities suffer strong perturbations, anthropogenic included, without losing their stability. However, their role
in stabilizing the overall environment for the biosphere is significantly smaller than
that of the tropical and subtropical communities, since their production contributes
less to the overall production of the biosphere (Whittaker and Likens, 1975; see
also Chap. 5).

We now demonstrate that all the known features of the genome structure, the
characteristics of life cycle, the morphology and behavioral traits of individuals
work to increase the genetic stability of the species and to increase the rate of
relaxation back to normal genotypes and to the normal genome after external perturbation of the conditions of the natural ecological niche, so that competitiveness
and stability of the community and of the environment both increase as a result.

3.10 Genetic Recombinations
Relaxation via reverse mutations occurs because lowering the number of decay
substitutions by one results in a stepwise growth in competitiveness and in an
exponentially quick capture of the whole population by the individuals with lowest decay level. For a reverse mutation to occur in a given site (vk)~l ~ 1010
individuals should be accumulated (under the condition of the subsequent accumulation of deleterious decay, mutation is stopped), i.e. 104 generations should pass
in a population of 106 individuals. There are numerous programs in the genome
which code enzymes speeding up the relaxation to the normal state of the genome.
Among there are such features as "hot points" of higher mutability in vital parts
of the genome, as well as multiple back-ups of the genome fragments with the ensuing random distribution of those fragments across different parts of the genome
as mobile genetic elements (Ayala and Kiger, 1984). These programs increase the
rate of relaxation due to reverse mutations to three orders of magnitude.
However, the relaxation rate is most accelerated by genetic recombination.
Essentially recombination is as follows. Assume that there are two genomes containing one deleterious decay substitution in each of them. The probability that the
locations of those decay substitutions coincide is negligibly small. Let us cut both
genomes at some arbitrary but identical point and connect the righthand part of
one to the lefthand of another and vice versa, see Fig. 3.4. As a result we obtain
two new genomes. If then the cut (the chiasma) passes between the decay substitutions, one of the new genomes will contain no decay substitutions, that is it
will be normal, while the second one will contain two decay substitutions. If both
decay substitutions lie to the same side of the chiasma, recombination changes
nothing, see Fig. 3.4. Several scores of such chiasmata occur in the process of
each act of recombination in the process of specific cell divisions (meiosis) (Cano
and Santos, 1990; Burt et al., 1991). Contact (syngamy) of two different genomes
is always needed for genetic recombination to occur. That goal is attained via
sexual breeding.
Note that in the course of the individual's life cycle there should be a period of
diploid phase in which the haploid genomes (or haploid parts of the genomes as is
the case with bacteria) of two different individuals combine into one. The principal
period of existence during which the individual affects its environment the most
may fall in either the haploid or the diploid phase (see Sect. 3.12, Maynard Smith,
1978; Bell, 1982; Kondrashov, 1988; Michod and Lewin, 1988; Dunbrack, 1989;
Hedfick and Whittam, 1989; Kirkpatrick and Jenkins, 1989).
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Fig. 3.4. Genetic recombination. Crosses indicate deleterious decay substitutions in the
genome. When two genomes, each containing one deleterious decay substitution in its
specific position (or containing different unspoiled fragments of the normal genome, which
is essentially the same) merge, a single new genome may form containing neither deleterious
decay substitution, as well as another genome containing both. That happens when the
initial genomes are cut between the two substitutions, and the first half of the first is joined
to the second half of the other one, and vice versa. If the cut happens to one side of
both deleterious decay substitutions, recombination does not result in any changes. The
probability of recovering the unspoiled genome is decreased with the distance between the
two deleterious decay substitutions narrowing, and that effect serves as the basis for genetic
mapping.

When the initial number of decay substitutions in both genomes is high, such
recombination always results in the appearance of genomes with both higher and
lower numbers of such decay substitutions. Recombination is a random process
which should bring about a Poisson distribution of the number of decay substitutions in the offspring genomes forming after recombinations (Maynard Smith,
1978). The Poisson multiplicity, (3.4.4) and (3.5.4), should clearly coincide with
the average number of decay substitutions in the genomes of the parent population.
(If these decay substitutions already followed a Poisson distribution in the parent
population, recombination would not change anything without reverse mutations.)
If the parent population is characterized by a narrow peak in the n > nc range,
recombination results in the appearance of normal individuals as early as the first
generation of the offspring, having n < nc. In other words recombination accelerates the process of genome relaxation by ten orders of magnitude, as compared
to reverse mutations without any recombinations!
Sexual breeding and genetic recombination may result in a recovery of the
normal individuals lost in the parent population, as early as the first generation
of offspring only if all the fragments of the normal genome are present in their
distributed form in the genome of the parent population. Recombination makes it
possible to bring together all the fragments of the normal genome into a single
genome of an individual in the offspring. If some fragment of the normal genome
is lost from all the individuals in the population, return to the normal state of that
fragment may only occur via reverse mutation. A gene consists, on average, of 103
nucleotide pairs. In accordance with (3.4.2) the decay rate of a single gene has an
order of fj,gen ~ 10~7. The probability that some mutation takes place in a given
gene in one single individual is 1 — e~Meen. The probability for a mutation to occur
in all the individuals of the population is equal to product of such probabilities
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for every individual, i.e. (1 - e~^m)N « /x^n. That probability will be negligibly
small for N > 2 so that no gene can be lost from the population within the species
lifespan. Sexual breeding thus safely guards the population from the decay of its
genome.
When breeding is asexual (parthenogenesis or budding) some decay of the
genome takes place if a decay substitution occurs in some part of the genome in
each normal individual of the population (n = nc), that is if normal individuals
vanish from that population altogether. The probability of such an event is (1 —
e~^)N, where /x is the decay rate of the whole genome, Eq. (3.4.2). At // < 1
that probability is of the order of JJ,N . For example, if p, = 0.9 and N = 150 we
have fiN = 1.4 x 10~7, that is no normal gene will be lost from the population
in [i~N = 7 x 106 generations. (Separate individuals losing their normal genome
are immediately forced out from the population under natural conditions.) Thus an
asexual population of practically any population number keeps its stability under
natural conditions within an almost unlimited time span, provided \i < 1. However,
no asexual population may enter a perturbed external environment for any sizeable
time period, because competitiveness of the normal and decay individuals even out
then and the normal individuals can be forced from the population. If conditions
fluctuate to any noticeable extent, sexual breeding has to be switched on now and
again in addition. Such a life cycle is typical for many insects (Williams, 1975;
Raven and Johnson, 1988).
The probability (1 -e~^)N approaches unity for any N if /u > 10, and several
normal genes are lost in every generation from all the individuals of an asexual
population, that is both normal genotypes and normal individuals vanish from the
population. Since sexual breeding is absent (there is no recombination of genomes
of different individuals), such genes cannot be recovered (1010 generations are
needed to recover them via reverse mutations). Thus at fj, > 10 inevitable disintegration of an asexual population takes place. In other words, a stable state
of a population with p. > 10 is only possible in the case of sexual breeding
(Muller, 1964). Sexual dimorphism, that is splitting of the population into males
and females is not mandatory anyhow.
To support a stationary state of a permanently decaying genome condition
Eq. (3.5.7) has to be satisfied. At low decay rate ^ < 1 that condition corresponds
to each normal individual producing one normal offspring during its life span. In
that case the population numbers will remain unchanged. However, to have at least
one normal individual among the offspring of the normal parent at high decay rate
(M > 10), the number of offspring should exceed eM > 2 x 104, see Fig. 3.5a. Such
is indeed the number of offspring produced by many species. The number of seeds
in many plants with high decay rate satisfies that condition (Wilson, 1975). The
number of eggs spawned by a single fish during its lifespan (fecundity = average
fertility x lifetime) often exceeds 106 (Wilson, 1975). (However, high fecundity
is not necessarily related to high decay rate of the genome (/z » 1). It may result
from purely ecological factors, when the main work specific to the given species
is carried out by the numerous juvenile individuals, while the few adult ones are
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Fig. 3.5a,b. The Kondrashov effect: (a) Asexual breeding, n is the number of deleterious
decay substitutions (contamination of the genome). pn is the respective frequency of genotypes, nc is the sensitivity threshold for competitive interaction (individuals are of equal
competitiveness if n < nc, while at n > nc their competitiveness is zero). The initial
distribution of the parent population is shaded. Each parent produces eM offspring (see
right dashed line). Due to accumulation of deleterious decay substitutions the distribution
for offspring (the left dashed line) is shifted by the value of decay rate n, Eq. (3.4.2) (the
solid line). The offspring with n > nc are selected out. As a result the distributions for
the surviving breeding offspring coincide with the parent one; (b) Switching on of genetic recombination. The distribution for offspring prior to selection (the solid line "a",
see Fig. 3.5a) is broadened to the Poisson distribution (solid line "b"). The average values
and areas enveloped by distributions "a" and "b" coincide with each other. After that the
offspring with n > nc are selected out. As a result the number of offspring with n < nc
(hatched area) appears to be much larger than the one for asexual breeding (the shaded area).
When the Poisson width ,/r^T 3> /^, one half of the offspring has the normal genotypes and
the other half has the decay genotypes which are selected out.

only responsible for reproduction of those juveniles.) However, in both mammals
and birds their progenies cannot be numerous because of their endothermic nature
(see Sects. 5.2 and 6.2). For example, a woman cannot give birth to more than 20
children during her lifespan.

With of high genome decay rate, ^ > 10, and a low number of offspring are
produced by the individual during its lifespan, bo/d0 < e M , the stationary state
may also be supported if sexual breeding takes place (Kondrashov, 1982, 1988).
Assume that the distribution Nn = Nna in parent genomes is characterized by an
average number of decay substitutions n = nc and a very low variance (n - nc)2 -C
nc. The average number of decay substitutions in the genomes of the offspring
shifts by A* <C nc to the direction of larger n, as compared to parent genomes.
Let us assume that after a long period of asexual breeding the sexual process is
switched on. Due to the random character of the process of genetic recombination,
decay substitutions in the offspring genomes appear to be distributed according
to Poisson, with approximately the same average n = nc + n « nc as the parents
had, but a higher variance (n - n)2 = nc + n « nc, as prescribed by (3.4.4)
(Maynard Smith, 1978; Kondrashov, 1982, 1988). If nc > n, approximately half
the offspring appear to be normal and to have genomes with the number of decay
substitutions n < nc, so that they survive and breed, Fig. 3.5b. After that the
distribution acquires the shape of a Poisson profile around its maximum, truncated
on the right, and having a standard deviation of ^/rTc/2. If (j, and nc are related
via y, ~ ^/n~c, each subsequent generation shifts the truncated Poisson distribution
beyond the threshold n > nc by a value of the order of distribution width ^/n~c.
Up to that threshold, n < nc the distribution remains narrowed, with its variance
(n _ n)2 -C nc. Sexual breeding broadens that distribution to the Poisson one and
so on.
When fj, <C ^/n~c immediately after switching on sexual breading, offspring of
normal parents appear to be normal, so they survive and breed. Hence, to support a
stable population at /z <§: ^/n~c each individual should produce two offspring only,
instead of the e^ offspring in an asexual population (Kondrashov, 1982, 1988),
see Fig. 3.5b. If p, » ^/n~c the share of surviving offspring drops off sharply.
To summarize, with the genome decay rate /z being high, that is the genome
itself being large and containing much information, Eq. (3.4.2), the stationary state
of the population may be supported via sexual breeding on condition that
nc>/x2,

(3.10.1)

if the respective sensitivity threshold nc is chosen for competitive interaction.
Assuming p, ~ 10, we obtain the estimate of the nc value: nc > 100. The actual
value of sensitivity threshold for competitive interaction apparently exceeds that
estimate so that nc » $ for all existing species (see Sects. 3.11 and 3.13).
Note also that when nc ~ /x2 in accordance with (3.4.2) and (3.10.1) the density
of the acceptable number of deleterious decay substitutions per unit genome length
rc = nc/M should increase for larger genomes: rc > (vk)2M. When nc S> /z2
the value nc does not depend on /z and rc does not increase proportionally the
genome size M and may be a universal quantity for all species.
One might call the genetic breeding strategy based on keeping the sensitivity
threshold for competitive interaction excessively high nc > /i2 (the Kondrashov
effect) the strategy of a species with "hidden genetic information". In that case
both the population of individuals of that species and the community in which
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that species exists gain something from the genome of that species being so large
and featuring a large store of information in the normal genome and its high
decay rate /j,. At the same time the top limit on nc, Eq. (3.10.1), prevents there
being sufficient numbers of individuals in the population with their genotypes
close to the normal genome. These individuals only randomly and rarely appear
in the population and are not identified in the process of competitive interaction.
They do, however, have enough time to produce the necessary "work" in both
the community and the population of their own species, gaining some advantages
over communities and populations lacking such individuals.

3.11 Sexual Dimorphism and Regulation
of Birth Rate of Decay Individuals
All the considered advantages of sexual breeding relate to both single sex
(hermaphrodite) and bi-sexual (sexually dimorphic) species. Only part of the population (the females) is capable of actually producing the offspring in the bi-sexual
species, while in the single sex species all the individuals of the population are
capable of producing offspring (such are the hermaphrodite species: sexual breeding exists in them but sexual dimorphism is absent - all the individuals are the
same and combine the functions of both the male and the female involve; the
asexual species rely, on breeding by budding or parthenogenesis, so that the whole
popluation consists of females only).
An equal number of males and females in the population results in halving
the biotic potential of the population (that is of the maximum possible value of
fitness, WQ = BO - do, which defines the maximum possible rate of exponential
growth of the population), and that is considered a significant drawback of the
bi-sexual strategy (Wilson 1975; Maynard Smith, 1978; Bell, 1982; Hamilton et
al.,1990). Large non-productive losses of both pollen and sperm are considered
another drawback of sexual breeding. However, no population ever increases its
numbers at a rate close to the biotic potential under natural conditions. In some
species of invertebrates the sex ratio of emerging adults can vary from nearly
100% males to nearly 100% females (Clutton-Brock, 1982). Therefore halving
the biotic potential in a bisexual population with an equal number of males and
females against that of a hermaphroditic monosexual or an asexual population can
never manifest itself under the natural conditions. Energy losses associated with
futile expenditure of either pollen or sperm are negligible in comparison with the
natural variations of individual productivity. Besides, many bi-sexual individuals,
such as ants, for example, are capable of using sperm at an efficiency close to
100%. Therefore, genetic recombination, based on monosexual (hermaphrodite)
and bi-sexual (sexually dimorphic) modes of breeding are practically equivalent
to each other in all the characteristics so far considered.
However, the bi-sexual strategy of genetic recombination is a much more
complex system, which demands additional information to form two different
types of individuals in the population - the male and the female (Partridge and
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Harvey, 1986). As demonstrated in Sect. 3.5, preventing the genetic disintegration
of the population and supporting it in a stationary state is only possible when the
death rate of the decay individuals is forcefully increased or their birth rate is
decreased.
Apparently, there is only one method for relative regulation of birth rate of
decay individuals. That is polygamy based on sexual dimorphism, during which
two normal genomes - of the male and the female - appear in the population. Sexual dimorphism is often understood as the apparent striking differences in body
size and coloration, etc. between the male and the female. However, the main
difference between them regarding sexual dimorphism is functional. The male is
incapable of reproduction by himself. The female is only capable of reproduction
after her contact with the male. In such a situation all the relations of competitive interaction and of stabilizing selection are transferred onto sexual relations,
that is onto sexual selection. The male may prevent one female (a decay one)
from breeding, while stimulating another (normal one) into it. The normal female
may accept the normal male for mating and reject the decay male. Competitive
interaction between the males is apparently aimed at winning the female, instead
of environmental resources. In one way or another that interaction results in suppressing sexual activity of the decay males. As a result all the decay males and
females are excluded from reproduction. Competitive interaction between the females appears to be either completely switched off or minimized (Partridge and
Harvey, 1986). The expected lifespan of all the individuals (both normal and decay
ones born of normal parents in the course of the inevitable processes of decay) is
kept identical. In particular, a low juvenile death rate is sustained. The necessity
vanishes for an energy consuming procedure of forced elimination of live decay
individuals from the population (Gorshkov, 1989; Gorshkov and Sherman 1990,
1991). All these advantages have worked to make sexual dimorphism and sexual
selection so widely spread throughout the animal world independent of species
ecology (Emlen and Oring, 1977; Bradbury and Andersson, 1987).
Sexual dimorphism in plants (diclinous plants) also provides for regulation of
birth rate of decay individuals: specific aerodynamic properties of pollen, specific
structure of the female sexual organs to catch the normal pollen and other similar means are employed. However, that does not exclude competitive interaction
between the individuals within the population of plants, so that the principal mechanism for genetic stabilization of the species in the plant world remains that of
regulating the death rate of the decay individuals. Thus sexual dimorphism among
plants is a feature much less developed than in the animal world. The relative
number of diclinous plant species is equal to several per cent of the total number
of plant species (Maynard Smith, 1978).
All the advantages of sexual dimorphism are only manifested in p6lygamy.
They often reveal the difference between polygyny and polyandry within polygamy.
However, as with monogamy, all the cases of polyandry should actually represent
subvert polygamy: the decay males either totally or partially barred from sexual
contact with the females are used to help the females to bring up the offspring
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(Gorshkov, 1982a; Andelman, 1987), while the breeding females keep coupling
with the normal males (that question is covered at more length in Chap. 6).
As indicated in Sect. 3.5 regulation of the birth rate and hence sexual dimorphism may only be completely effective at low decay rate, fj, < 1. The population
will then always consist overwhelmingly of normal individuals, so that the presence of a small number of non-breeding decay offspring of normal parents does
not perturb the normal genetic information of the population to any significant extent. In an opposite case, when /x ^> 1, only regulating the death rate of the decay
individuals may be effective. That is seemingly testified to by the data on most
plants, for which the decay rate is ft » 1 (Williams, 1975; Maynard Smith, 1978;
Lewin, 1983). However regulation of the birth rate and, hence, sexual dimorphism
become natural for the species with "hidden genetic information", based on the
Kondrashov effect. The difference between regulating the death and the birth rates
is then that, when regulating the death rate all the individuals belonging to the
righthand part of the Poissonian peak, to n > nc, Fig. 3.5, are extinguished during
their youth and before puberty, whereas, when the birth rate is regulated, these
decay individuals stay alive for a full lifetime, as the normal ones, but are excluded
from breeding.
At large nc the relative width of the Poisson peak is low, in compliance with
the law of large numbers, Eq. (3.4.4), and the individuals with the smallest number
of deleterious decay substitutions in their genomes ("hidden genetic information")
are always a minority in the population in any breeding strategy. The genetic quality and competitive capacity of an individual in the population may be determined
during its lifetime. The longer the life of the individual is extended, the better the
quality of its genetic information may be defined. Therefore the strategy based on
regulating the death rate via extinguishing juvenile decay individuals with their
n > nc, inevitably associated with energy, social, etc. losses, is less advantageous
than the strategy of regulating the birth rate based, as it were, on sexual dimorphism, on preserving the lives of all the decay individuals, and on barring them
from the process of breeding.
As it will be demonstrated in Sect. 3.13, the condition

nc»

(3.11.1)

is met for most species. Such species are characterized by very high normal polymorphism, see Sect. 3.8. The condition (3.11.1) makes it possible to sustain the
level of organization of individuals in the population of species with high decay rate ^ » 1 via bisexual breeding by means of suppressing the birth rate of
decay individuals. With (3.11.1) the average steady state number of permissible
decay substitutions in the Poisson distribution, n, should be less than the sensitivity threshold, nc, of competitive interaction: n w nc(\ — \/(2^/n^)), see Fig. 3.6.
The steady state share of decay individuals in the bisexual population is a small
quantity of the order of n/^/n^ <§C 1. Hence, no increase of the death rate of
decay individuals is needed. Sexual dimorphism (that is separation of the population into males and females) makes it possible to remove decay individuals from
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Fig. 3.6. The Kondrashov effect in sexual dimorphism. Solid line is the Poisson distribution
of parent genotypes in the population. Individuals in the hatched area are excluded from
breeding. The dashed line gives the distribution of the offspring genotypes when recombination is absent: the number of the offspring from parents with the normal genotype
has increased, as compared to the parent population (see the solid line). It compensates
for the non-breeding decay offspring in the hatched area, while the maximum distribution,
n'max, shifts to the right by the value of the decay rate (j,. The average values of the decay
substitutions, n, and the areas under the envelope curves in both distributions coincide.
Introducing recombination turns the dashed line into the Poisson solid line. See Fig. 3.5 for
other notation.

further breeding through mating choices of normal individuals, i.e. of competitive
interaction and sexual selection between all the individuals.
In contrast, when nc ~ /j?, the share of decay individuals in a stationary
bisexual population will be of the same order of magnitude as that of normal
ones. Such a high load of decay individuals is apparently too large for an adequate
functioning of the species within the community. To reduce the share of decay
individuals in the population such species should turn to regulating the death rate,
based on increasing the death rate of juvenile decay individuals. Consequently
sexual dimorphism loses its advantages when nc ~ /j2. That is why condition
(3.11.1) is valid for the majority of bisexual species with high decay rate /j, ~^> 1,
the vertebrates in particular. No cases of hermaphroditism or parthenogenesis are
found among birds and mammals. Parthenogenesis is only found in 25 vertebrate
species (three fishes, two salamanders, and 20 lizards) (White, 1973).
In monogamous bi-sexual species, as well in hermaphrodite and parthenogenetic ones, only regulation of death rate is possible. Then the number of decay
individuals in the population is reduced via more juvenile deaths. Monogamy loses
all the advantages of sexual dimorphism. In its stabilization strategy for the species
monogamy does not differ from hermaphroditism at all. Competitive interaction
then goes on between the different monogamous couples (generalized individuals), similar to such interaction between regular hermaphrodite or parthenogenetic
individuals. At low population densities hermaphroditism with its possibility of
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self-fertilization and parthenogenesis both appear to be more advantageous than
monogamy, since there is no need to seek a sexual partner.

3.12 Diploid and Polyploid Genomes
Multicellular bodies contain up to 1015 « 250 cells formed via divisions of the initial single embryonic cell (the zygote). The number of divisions along the somatic
line ks is, respectively ks « 50 in case of dichotomic divisions (that is when each
somatic cell then divides into two, etc.), and exceeds that number if we account
for the fact that it is not all the cells which keep on dividing. However, one may
assume for the majority of cases that ks < 2kg. That is why germ (/z = Mvkg)
and somatic (fis = Mvks) decay rates are of the same order of magnitude, so that
we may henceforth neglect the differences between them.
All the cells of a multicellular body are correlated among themselves. There
may be no strict selection of normal cells within the body. If the genome is large
M ~ 1010bp (Mv ~ one division"1) each division of the cell brings about some
error (a somatic mutation). Each cell of the mature body thus contains in excess
of 50 such errors. Thus, all the cells of such a mature body should contain about
1017 errors. That number is much larger than the size of the genome, so that any
error, including those lethal for the body as a whole, should be found at least 107
times. Clearly, a body built that way cannot exist. The condition for building a
body capable of life is the complete absence of somatic mutations in most of its
cells.
Individuals whose genomes occur singly in each cell are called haploid (Ayala
and Kiger, 1984). All the prokaryotes (bacteria and the blue-green algae) are
haploid. Among the multicellular eukaryotes the haploid genome is typical for
gametophytes, plants, which are always small in size (such are certain mosses and
some algae) and some insects (such as the haploid drone among the bees) (Raven
and Johnson, 1988). The largest haploid animals known (that is having strictly
correlated bodies, insects mainly) have their genomes within M < 5 x 108.bp
(Lewin, 1983) and contain 1010 = 230 cells, that is, their building takes ks = 30
divisions. Hence, the condition

= Mvks

<1

(3.12.1)

is satisfied for haploid animals, and it may be considered the condition limiting the
possibility of forming a haploid body (Gorshkov, 1989; 1990). The condition that
more than 2/3 of body cells contain no somatic mutations has the form e~ M " >
0.67, i.e. p.s < 0.4, which is principally the same as (3.12.1).
Large mammals contain up to 1015 = 250 cells, which corresponds to ks = 50
divisions, and have a genome of M w 3 x 109 bp (Lewin, 1983). We have
Hs = Mvks > 10 for them, that is, mammals cannot be built on the basis of
a haploid genome. The solution consists in a transition to diploidy, that is to
duplicating of the genome. The idea that diploidy saves the process from somatic
mutations is apparent and has been repeatedly expressed in many studies without
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any detailed discussion of that problem (Crow and Kimura, 1965; Gorshkov, 1990;
Kondrashov and Crow, 1991).
The life cycle of all the diploid individuals implementing the sexual mode
of breeding consists of two phases: the diploid and the haploid. In all the large
plants and animals the life of their multicellular bodies takes place in the diploid
phase while only their germ cells (the gametes) exist in the haploid phase. Merging
together these cells form a zygote, which gives the start for the multicellular diploid
body. Genetic recombination takes place between the two copies of the diploid set
before the gametes are formed, during a special cycle of cell division, the meiosis.
As indicated above, multicellular bodies may only exist in their haplophase in
small plants and animals.
If the zygote contained no decay substitutions at all, the probability of coincidence of the decay mutations in two homologic sites of the genome would
constitute v2, and the condition for building a multicellular body would have the
form Mv2ks < 1, that is ks < 1010 divisions. (The dimension of an identical
mutation in two homologic sites v2 is bd~' (b = base pair, d = division), respectively, so that the value Mv2ka is dimensionless.) In that case the number of cells
that a multicellular body could contain would be
210'° w 103xl°9,
which would exceed by many orders of magnitude the size of the universe. However the limited sensitivity of competitive interaction results in a zygote necessarily containing several decay substitutions, the overwhelming majority contained
in only one of the copies of the genome.
The catalysts (enzymes) of biochemical reactions are proteins. The structure of
proteins is coded by parts of the genome, the genes (Watson et al., 1983). Beside
the genes the genome contains large parts of DNA, whose functional meaning
is still obscure (Lewin, 1983; Watson et al., 1983). The decay transformation of
a gene together with the part of the genome correlated to it may bring about
distortion of the biochemical reactions occurring in the body. As a rule, apparent
decay features appear in the individual (either diploid or polyploid (Lewin, 1983)),
if decay mutations affect the same gene in both (or every) copy of the genome.
Two differing nucleotide sequences in one and the same gene, which result
in synthesizing two different sequences of amino acids in the protein coded by
that gene are called the two alleles of the gene. Differences in the proteins are
found by assessing the differences in their phenotypical features, in differences in
their mobility during electrophoresis in gel, or via direct sequencing of the amino
acid sequence in the protein. States with either coinciding or differing alleles of
the genes situated in homologous sites (at the same locus) of the two copies of
the chromosome are called homozygotic and heterozygotic, respectively. When
studying a large number of genes positioned in paired chromosomes the majority
are found in the homozygotic state, and a minority in the heterozygotic. The ratio
of the share of heterozygotic genes to the total number of studied genes is called
heterozygosity H (Ayala and Kiger, 1984). If one copy of the genome contains a
normal (dominant) gene in a heterozygotic state, and the other a decay (recessive)
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gene, such a type of decay may not be manifested at all in the phenotype, or its
manifestation may be significantly masked.
The dominancy of the normal gene is manifested in the enzymes it codes being
dominant in controlling biochemical reactions, which are built into the correlated
set of all the other normal biochemical reactions of the body. The recessive decay
gene codes enzymes, which control biochemical reactions leading into a dead end,
so that they do not fit into the general set of the normal biochemical reactions
of the body. The decay may result from new decay mutations appearing in the
heterozygotic part of the genome. In the case when the decay gene is dominant
(e.g., when a chain of biochemical reactions controlled by the normal genome is
blocked by a decay enzyme) the apparent decay is already manifested when only
one copy of the genome decays, so that diploidy loses the above advantage. Thus
such cases should only be encountered extremely rarely (Ayala and Kiger, 1984;
Lewin, 1983).
To a first approximation the heterozygotic part of the genome of diploid bodies
presents a set of normal genes in a single copy, and within that approximation it
is an effective haploid part of the genome. Disintegration of the normal genome in
its heterozygotic part cannot already be compensated by diploidy of the genome.
Selection may only control preservation of the dominant gene. In the heterozygotic
state recessive decay genes are not manifested in the phenotype. Further decay of
recessive genes (even if one assumes that they had not been decay initially and
had some functional meaning different from that of the dominant gene) cannot
be prevented. Only blocking of such disintegration is possible for recessive genes
when their homology with the dominant gene is strongly perturbed, far in excess
of the threshold critical value. That happens due to a process of gene conversion
during which homozygosis is restored along one of the two alleles of genes entering
the heterozygotic state. However, both the normal and the decay gene may be
found in the final homozygotic state with equal probability (Ayala and Kiger,
1984). Homozygotic decay states of n > nc are subject to selection.
Lack of any diploidy advantages associated with insurance against the deleterious decay mutations in the heterozygotic part of the genome results in possible
occasional cooperative interaction between the two homologous genes, when the
functions of one of them are complimented by those of the other (so-called interallelic complementation (Fincham, 1966)). That may, for example, lead to the
appearance of a functionally sensible protein dimer coded by that cooperative pair
of genes (Ayala and Kiger, 1984). In that case both cooperating genes are no
longer decay, and the decay of each of them is selection controlled. Evacuation
(or blocking, which somehow mutes the respective entity) of certain groups of
genes or even whole chromosomes (such as, for example, sexual X,Y chromosomes) in one of the copies of the genome of diploid set, which might be lethal if
simultaneously occurring in both copies, might also be considered a certain type
of cooperation. Such cooperations are used to prescribe the sex of the individual
and are apparently adaptive, unlike the decay changes in the genome. For example
the male in most mammals contains the X,Y chromosomes, while the female has
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X,X ones. In many invertebrates the male carries the (X,0) set with only one X
chromosome (White, 1973; Hodgkin, 1990). By way of analogy with the common
state the (X,X) state in the sexual chromosomes may be considered homozygotic,
with the (X,Y) and (X,0) ones (the so-called hemizygotic state) as heterozygotic.
These types of cooperation may be considered as particular cases of heterosis
(Ayala and Kiger, 1984), i.e. the advantage of the heterozygotic state over both
homozygotic ones (the individual containing no X chromosomes is not capable of
life, that is the "homozygotic recessive" states (YY) or (00) are both lethal; an
individual containing doubled X and Y chromosomes is abnormal).
When breeding is sexual and genetic recombination takes place too, the two
copies of the diploid set of the offspring genome originate from the random combination of haploid gametes of the parents. Therefore the types of cooperation
present in the parents may vanish in the offspring and be substituted by new ones.
All these processes, including the above-mentioned chromosome prescription of
the sex, may be envisaged as particular cases of switching, programmed into the
genome, which increases the adaptive (functionally sensible) polymorphism of the
population, as discussed in Sect. 3.7. All the types of the possible functionally
sensible cooperations between the non-paired chromosomes and the non-paired
fragments of the genome in both copies of the diploid set should be included
into the common program of the normal genome. Random decay processes in the
genome cannot result in a new functionally sensible cooperation, just as the male
genome cannot originate from decay processes in the female genome and asexual
species cannot originate from decay processes in the sexual ones and vice versa.
The random advantage of a heterozygotic condition as compared to both homozygotic ones in abnormal external conditions (to the exclusion of cases of
cooperation), that is the random appearance of a "hybridizing force" usually results in destruction of the natural community of species and is therefore decay in
nature. Typical examples of such developments are the hybrids appearing during
artificial selection and the sickle cell anemia. In the latter case the point mutation, lethal in its homozygotic state, increases its frequency of occurrence in the
heterozygotic state if the population enters a state of malaria infection (Ayala and
Kiger, 1984; Vogel and Motulsky, 1979; 1982; 1986). These phenomena correspond to abnormal conditions, which are lethal (or unfavorable) for the normal
genome but are randomly acceptable for some decay genomes of separate species.
In the natural ecological niche in which the normal genome has formed, such conditions never appear. Any cooperation is principally impossible in the homozygotic
part of the genome which insures it from decay changes. Homozygotic recessive
states may be found in separate individuals. However, in a population with sexual
breeding the decay recessive alleles in most individuals should be found in their
heterozygotic state only.
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•M/2

A transition to diploidy decreases the effectively haploid part of the genome,
vulnerable to decay mutations, to the value of(M/2)H, where M/2 is the haploid
size of the genome (the average size of the genome in its haplophase, that is in the
gamete), M is the total size of the genome in which the decay substitutions may
accumulate, H is the heterozygosity, including the X and Y chromosomes, that is
the ratio of the number of normal genes present in one of the chromosomes only
to the total number of genes in both the paired and the non-paired chromosomes.
The conditions for life capacity of the multicellular diploid individuals, similar to
Eq. (3.12.1), then take the form:
fj,2s =nsH = MvksH< 1,

(3.13.1)

where the value of /x2s may be called the diploid somatic decay rate, because it is
particularly that value which controls the probability of phenotypically manifested
mutations in the diploid genome. From these estimates we find that the heterozygosity of mammals (including the haploid sexual X and Y chromosomes in males)
should not exceed 10-20%. Such an estimate of heterozygosity is given by the
analysis of frequency of occurrence of the non-coinciding gene alleles in various locuses, which code different proteins and result in the observed phenotypical
changes in individual features (Ayala and Kiger, 1984). The X chromosome in
most mammals amounts to 5 % of the haploid value of the genome M/2, while
the heterozygosity of paired chromosomes is 4% (Ayala and Kiger, 1984). The
Y chromosome is much smaller than the X. The length of the Y chromosome
varies strongly among various populations and races of the same species. These
variations are included in the normal polymorphism (Vollrath et al., 1992; Foote
et al., 1992), see Sect. 3.8. As for the human species, the Y chromosome is longer
in the Japanese, and shorter in Australian aborigines, than in Europeans (White,
1973).
Were the decay substitutions to have been distributed in a completely random
manner through both copies of the genome, the relative number of the coincident
(manifested) deleterious decay substitutions in both copies of the genome would be
proportional to H2. However manifested deleterious substitutions in the diploid individuals are subject to strict selection, so that their share is actually much smaller
than H2. In triploid bodies (those having three copies of the genome) selection
only acts when the decay mutations simultaneously hit all three homologous fragments of the genome. The probability of the coincidence of such decay mutations
in any taken pair of genomes is proportional to H2. Thus the haploid part of the
genome effectively vulnerable to decay mutations in triploid bodies is (M/3)H2,
and in the n-ploid ones its is (M/ri)Hn~l, respectively, see Fig. 3.7, where M/n
is the haploid part of the n-ploid genome.
The condition for forming a multicellular n-ploid body has the form:
= ^«fc.H»-'<l.
n
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(3.13.2)

HM/2

HM/3

H2M/3
Fig. 3.7. Diploid and polyploid decay rates of the genome. The total length of all the
chromosomes in the n-ploid genome is M. The haploid length of the genome (that is the
length of the gametic genome) is M/n. Thick lines indicate the normal genomes. The
diploid genome (n = 2) is formally indicated as the one in which all the deleterious decay
substitutions are concentrated in only one (the lower) copy. Deleterious decay substitutions
are however evenly distributed over both copies. It is apparent from such a presentation
that the haploid part of the genome, unprotected from somatic mutations (the thin line) is
equal to HM/2, and the non-paired X and Y chromosomes may also be included into it.
As for the triploid genome (n = 3), the upper pair of chromosomes is presented the same
way as is the diploid one. However, the section homologous to the thin line in the second
copy contains only the share of decay chromosomes in the third copy. The rest of the genes
of the lower chromosome (the thick part) are normal. As a result the part of the triploid
genome, unprotected against somatic mutations is equal to //2M/3. As for the n-ploid
genome, that part is equal to Hn~] M/n, respectively.

The values of the decay rate /j,ns and the haploid genome M/n being the same,
the heterozygosity in polyploid bodies may be much higher than in diploid ones,
see (3.13.1). Denoting the total length of the n-ploid genome as Mn and its
heterozygosity as Hn, we obtain that fulfilling conditions (3.13.1) and (3.13.2) at
Mn/n = M2/2 and fj,na = /u2s corresponds to an equality:
Hn = H2/(n~l).

(3.133)

On the other hand, heterozygosities being equal to each other, the polyploid
genome may be increased in length. We have at nna = /z2s and Hn = H2 = H:
n
H
"(3.13.4)
While the diploid heterozygosity is equal to H2 = 0.1, the tetraploid one may reach
H4 = 0.5. In accordance with that, the number of deleterious decay substitutions
increases sharply in the recessive genes of the heterozygotic part of the genome.
We have H4 = H2 = 0.1 at equal heterozygosities. In this case the size of tetraploid
genome may be increased to the ratio of M4/M2 ~ 200.
The value of heterozygosity in diploid and polyploid individuals is not an
adaptive feature (except for the small number of cooperating genes), but char-
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acterizes the resolution (sensitivity) of competitive interaction instead. The latter
fails to discern between the individual with a given level of heterozygosity and the
supernormal one, in which both copies of the non-cooperating part of the genome
are totally identical to the normal genome. If a population of such supernormal
individuals is cloned at the initial moment, competitive interaction appears to be
incapable of preventing the genome of those individuals from decay.
A "spontaneous breaking of symmetry" would then take place with respect
to the normal genome, so that a given level of heterozygosity would set in and
corresponding hidden deleterious substitutions would arise at arbitrary positions
in the genome.
All the individuals with their heterozygosity H remaining below a prescribed
threshold Hc have equal competitiveness and hence feature normal genotypes.
Decay of the genome and increase of heterozygosity will apparently go on until
H equals Hc. Further build-up in heterozygosity under natural conditions results in
lowering of competitiveness and is cut off by stabilizing selection. Heterozygosity
also includes part of the cooperating genes, which carry the functionally sensible
information from the normal genome. That party of heterozygosity including the
non-paired sexual X,Y chromosomes may be denoted by H0. Then the observed
heterozygosity in the natural population should vary within:
H0<H< Hc.

(3.13.5)

The increase of heterozygosity above Hc results in a drop off of competitiveness
of the individuals placed under the natural conditions of the ecological niche.
Life capacity of the individuals is still sustained at up to the very lethal threshold
H = HL > Hc. That threshold is absent for species with small body size and small
genome, that is HL = 1, their multicellular individuals being capable of existing
in the haploid phase, such as, e.g., insects and gametophytes (see Sect. 3.12).
However, such a lethal threshold of heterozygosity is present in mammals with a
large genome and large body size, which is much lower than unity: HL < I. Under
natural conditions all the individuals with their heterozygosity staying within the
limits
Hc < H < HL

(3.13.6)

are decay and are eliminated from the population.
As demonstrated in Sect. 3.6, the sensitivity threshold of competitive interaction is characterized by the highest admissible density of the number of deleterious
decay substitutions per unit length of-the genome, rc = nc/M, or by a'value inverse to it, lc = r~', which is equal to the average length of fragment of the normal
genome, free of deleterious decay substitutions. We assume that the values rc and
lc are universal for all the fragments of the genome containing information, that is
the competitiveness of all the individuals with r < rc and I > lc is the same. Then
the part of the diploid genome containing information, that is all the homozygotic
states and the normal (or the cooperating) part of heterozygotic states should be
characterized by the density rc and the length lc. Now the decay component of
the heterozygotic state containing no information may have a density of deleteri-
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ous decay substitutions much larger than rc and, hence, the average length of its
genome containing no such deleterious decay substitutions will be much shorter
than lc.
Hence, the average values of lc for paired chromosomes (autosomes), in which
originates the decay heterozygotic component free of information, should remain
shorter that the respective value of the haploid (hemizygotic) part of the genome,
that is of the non-paired X and Y chromosomes. That difference should quantitatively characterize the relative input of the truly neutral sites of the genome, free
of information, into the total size of the genome. Were the neutral sites to constitute the dominant part of the genome, e.g., 90 %, the difference in lc between the
sexual chromosomes and autosomes would not exceed 10%. If neutral sites were
absent or constituted a minor part of the genome, the respective lengths would
differ by a factor of several units and possibly by an order of magnitude.
The lengths of coinciding fragments of chromosomes may be determined either
by directly sequencing homologic parts of chromosomes from different individuals
of the population, or by using restrictase-enzymes which cut the DNA molecules
in all the positions where the given sequences of four, six, or eight prescribed
nucleotide pairs are found. The latter technique is widely used due to its simplicity
and is called studies of the restriction fragment length polymorphism, RFLP (Ayala
and Kiger, 1984; Hofker et al., 1986; Mandel et al., 1992).
Due to genetic recombination which mixes fragments of the genomes from
different individuals in the population, the average lengths of the coinciding fragments in homological parts of the genome should be identical in autosome pairs in
both a single and different individuals. The observed average lengths of coinciding
fragments in a separate population may be somewhat longer than the lengths of
the true fragments of the normal genome, devoid of decay substitutions only in the
result of random fixation of a part of deleterious decay nucleotide substitutions. As
indicated in Sect. 3.6, such fixed substitutions may be detected by comparing homological fragments of the genome in individuals of the different non-interacting
populations, that is by determining the average length of coinciding fragments for
different populations.
Studies of nucleotide sequences of the diploid chromosomes (autosomes) and
of the haploid sexual X,Y chromosomes (in one of the sexes) demonstrated that
the lengths of the coinciding nucleotide sequences of homological chromosomes,
for the autosome (and the genome as a whole) both in a single individual and in
different individuals, amount to several hundreds of (100-500) nucleotide pairs,
Zic = n-c' «(0.1-0.5)kbp,

(3.13.7)

while the lengths of coinciding fragments in X and Y chromosomes (in different
individuals) amount to more than a thousand such pairs,
he = n2-'

l-2)kbp,

(3.13.8)

i.e., are several times (and maybe an order of magnitude) larger (Sandberg, 1985;
Hofker et al., 1986; Donnis-Keller et al., 1987, 1992; White and Lalouel, 1988)!
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The same should be true when comparing the lengths of coinciding DNA fragments
of the related diploid and haploid species.
It means that the number of truly neutral mutations is far smaller than the
number of deleterious decay mutations (assuming that the diploid and haploid
chromosomes are equally important for the individual). It further means that the
majority of deleterious decay mutations are concentrated particularly in the heterozygotic part of the genome. Finally, the value of the average length of coinciding fragments of the haploid part of the genome gives an estimate of the size of
the decay tail of the haploid genome of the species, which is thus about 10~3 part
of the haploid genome, that is the haploid genome of insects and the haploid part
of the genome of mammals (the X,Y chromosomes) might suffer up to 105 point
decay mutations without losing their life capacity. Most single mutations (about
80 %) occur due to transposition, deletion, or insertion of large fragments of the
genome, which are several hundred times larger than the average size of a gene
(103 bp) (Lewin, 1983; Ayala and Kiger, 1984; Finnegan, 1989). If one assumes
that after averaging over all the point mutations and macromutations the average
length of the fragment changing its position in the genome per single mutation
is of the order of 10 kbp, then n < n\c KS 10. Such a number of single decay
substitutions may occur in the haploid genome of insects or in the X,Y chromosomes of mammals, without any loss in competitiveness. Due to the presence of
a heterozygotic part in the diploid genome of insects, that value may be almost
an order of magnitude larger, that is n < nic < 102, see (3.13.7) and (3.13.8). As
for the genome of mammals, which is an order of magnitude larger than that of
insects, we obtain an estimate of n-ic < 103.
The data presented on the difference between the average lengths of restriction
fragments are mostly available for the human genome. Man, however, has been far
from his natural ecological niche for many thousands of years. The human species
is the most polymorphic one within the biosphere. Normal competitive interaction
between individuals in the human population is either weakened, or distorted,
or completely switched off. Besides, for the last few hundred years the human
population has been at a stage of exponential growth at a rate exceeding that of
the accumulation of the decay substitutions p,B in (3.5.3). Therefore the number of
decay substitutions n, characterizing the genome of modern man, apparently lies
within the decay tail, nc < n <C UL, see Fig. 3.2, and the heterozygosity of man is
H > Hc. The observed heterozygosity of the natural mammal species (excluding
X,Y chromosomes) is H « 4 %. The respective observed heterozygosity of man
is H « 7% (Ayala and Kiger, 1984). If we assume that H = Hc for mammals,
it may be concluded that Hc < H < 2HC for man. It follows that HL > 2HC. It
is yet unknown how far it is from 2HC. However, these figures indicate that the
obtained estimates for the X and Y chromosomes n\c ~ 102 and for the whole
genome n2c ~ 103 give the upper limit, so that it may be expected that n\c < 102
and n2c < 103. The decay rate is /j, ~ 10 for mammals, see Sect. 3.4. Hence, the
relation (3.11.1) is valid for mammals.
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The total nucleotide heterozygosity is defined by the average length of coinciding fragments in the diploid genome and has an order of 0.1-0.2%. The
gene coding the sequence of amino acids in the protein contains on average 103
nucleotide pairs (Lewin, 1983).
About one third of the nucleotide substitutions in a gene do not change any
amino acid sequences in the protein due to degeneracy of the genetic code (synonymous substitution). Furthermore the catalytic properties of the protein are determined by the amino acid sequence of the active center, which comprises only a
minor part of the protein polymer. Analyses of the nucleotide sequence of genes
and non-transcribed parts of the genome adjacent to them indicate that most nucleotide differences in the chromosomes are accumulated particularly in those areas
(Kimura and Ohta, 1974; Ayala and Kiger, 1984; Ohta, 1987).
Thus the average length of the effective sections (locuses) of the genome,
their change in either of the two (diploid) copies of the genome of somatic cells
perturbing the bodily functions, appears to be much less than the average length
of the genome and is, by all appearances, within a hundred nucleotide pairs. The
relative number of such non-coinciding effective sections in the two copies of the
genome is what amounts to heterozygosity H, which should thus be of the order of
10-20 %, that is exceed by about two orders of magnitude the observed nucleotide
heterozygosity. Simultaneous somatic mutations in the homologous functionally
inactive parts of both copies of the genome appearing during the late stages of
development of a multicellular body are not apparently manifested in its functions.
However, those same mutations appearing in the initial germ cell (in either the
gamete or the zygote) result in further perturbations of bodily functions, in its
ensuing loss of competitiveness, so that it becomes subject to selection.

3.14 Stability of the Diploid Genome
As repeatedly stressed, all the observed functionally sensible morphological and
behavioral differences between populations occupying different geographical regions lying in varying external environments should be programmed in the joint
normal genome of the species. This contains the information on all the possible
changes in the external environment which characterize the ecological niche of
the species and all the necessary changes in both morphology and behavior correlated to them. The number of possible functional genetic differences between
populations of the same species, related to switches from program to program,
programmed into the normal genome, is much less than the randomly varying
decay heterozygotic part of the genome.
The presence of high heterozygosity in the diploid species, in which most decay substitutions are concentrated, means that the diploid individuals may differ
strongly from each other in the position of their heterozygotic part of the genome.
The position of heterozygotic part of the genome may be kept at quite a conservative level in each population of the species inhabiting a certain territory (due
to the slow nature of the process of change in heterozygosity) but differ strongly
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from that in another population. These differences may be perceived as subspecies
(racial), so that they may be subjected to direct empirical testing. Another conclusion follows from that reasoning too, that the subspecies differences in the haploid
species should be significantly less than in the diploid ones, and that statement
might also be tested empirically.
If the subspecies differences are indeed mainly differences in the position of the
heterozygotic part of the genome, while the value of heterozygosity is completely
controlled by the need to build a multicellular body, that is remains one and
the same in all populations, then it follows that all subspecies are genetically
equivalent to each other. Indeed, all subspecies are positioned at an equal genetic
distance from the normal genome (determined, as it were, by the constant value of
heterozygosity), provided the number of individuals in the population is in excess
.of one thousand, that is fluctuations in deviations from the natural distribution,
Fig. 3.1, remain within several per cent, as prescribed by the law of large numbers.
The position of subspecies is defined by a spontaneous breaking of symmetry,
related to the presence of heterozygosity. The increase in heterozygosity occurring
during cross-breeding between the different subspecies, which brings it into the
decay zone, Eq. (3.13.5), may hamper mixing of the sub-species even when their
habitats overlap.
A typical example is given by the existence of the two European forms of
seagull, Larus argentatus, and Larusfuscus. That species of seagull contains about
ten subspecies, continuously transforming one into another as one proceeds along
the Polar Circle from L.argentatus to L.fuscus (Green et al., 1989). All these
subspecies feature normal genotypes with n < nc. However the position of the
admissible number of decay mutations, nc, in the genome of the subspecies is
constantly changing. When these subspecies are encountered in a European area
of localization, the values of nc for L.argentatus and for L.fuscus do not overlap.
If individuals of both these subspecies breed, their offspring fall into the decay
zone n ~ 2nc > nc and cannot withstand competition with the normal individuals
from either subspecies.
It is natural to determine the subspecies as different populations of the same
species containing a small overlap of the normal polymorphism. Any subspecies
may be converted from one to another by a succession of decay and reverse single
mutations.The number of admissible deleterious substitutions, nc, in the genome
is universal for all the subspecies, and the total number of decay and reverse mutations should be equal to each other. On the contrary, however, the genome of
one species cannot be transformed to that of another species in this majjner, see
Sect. 3.15. In that sense L.argentatus and L.fuscus should be considered as different subspecies but not as different species (Orr, 1991; Coyne, 1992; Kondrashov,
1992).
As described in Sect. 3.9, competitiveness of normal and decay individuals
evens out under strongly perturbed external conditions, and an exponential increase
of the relative number of decay individuals in the population starts then, see (3.5.4).
The average heterozygosity of a population then increases up to the very lethal
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threshold HL. The number of deleterious decay substitutions in the recessive genes
of the heterozygotic part of the genome increases simultaneously, building up a
genetic load of the population. Differences between the two gene alleles in one
and the same locus of paired chromosomes is limited by the threshold at which
gene conversion is switched on (enhanced) (Curtis and Bender, 1991). Return to
the normal state of the population with H < Hc is effected after conditions return
to normal via higher competitiveness of normal individuals in the population.
If external conditions are perturbed for a long time so that all the normal individuals with their H < Hc vanish from the population the highest competitiveness
after the final return of those conditions to normal is assumed by individuals with
the lowest heterozygosity in the range (3.13.6). Return to the normal state of
the population with H < Hc then proceeds via various mechanisms decreasing the heterozygosity. Among them are the processes of genetic conversion and
inbreeding. Hermaphrodite self-fertilization and parthenogenesis, that is, asexual
breeding, may be considered as such mechanisms if genetic recombination takes
place between the two pairs of homologous chromosomes. Temporary switching to
hermaphroditism and to parthenogenesis is observed in many invertebrates (White,
1973; Hodgkin, 1990). Inbreeding is apparently the principal mechanism reducing
heterozygosity in mammals (more on this subject below).
With ploidy n increasing, the admissible level of heterozygosity increases
under natural conditions, see (3.13.3), while the lethal threshold tends to unity:
HL —> 1. However, the return to normal heterozygosity Hc when external conditions are no longer perturbed is difficult for polyploid species typically characterized by long relaxation times and hence by lowered stability. Thus polyploidy
should be found under constant external conditions.
All the above relates to the initial heterozygosity of a zygote, that is to heterozygosity in the germ line. Zygotes give rise to new individuals which are subject
to stabilizing selection. However, selection does not function along the somatic
line, so that deleterious decay substitutions are not eliminated. The processes of
genetic conversion (of transition into the homozygotic state) keep on working,
which results in the accumulation of homozygotic deleterious decay substitutions.
That process may be one of the principal causes of individual aging (that idea was
suggested to the author by M.V. Filatov). Heterozygosity of a multicellular body
increases by a small value, about 1 %, during its lifespan (along the somatic line).
(Assuming the total number of genes to be 104, heterozygosity H to be close to
10%, the number of genes in the heterozygotic state to be 103, and the number
of single mutations in the somatic line to be 102, we find AH/H ~ 1 %.) Thus
the increase in heterozygosity in the somatic line could hardly be responsible for
individual aging.
Hermaphroditism with its capability for self-fertilization and parthenogenesis
corresponds to monogamic inbreeding. Low heterozygosity is supported during
hermaphrodite self-fertilization and parthenogenesis (White, 1973), so that the
genome cannot be strongly contaminated with decay states (alleles) of genes, so
characteristic for bi-sexual species and resulting in monogamic inbred depression.
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Thus heterozygosity is almost always an admissible genetic load of decay
genes, instead of the hidden treasury of possible adaptations to changes in the external conditions (Ayala and Kiger, 1984; Gorshkov, 1989). Transition to parthenogenesis with internal recombination of the genomes from a diploid set, and also
to haplodiploid species (as in case of the haploid male and the diploid female;
White, 1973; Trivers and Hare, 1976), and inbreeding in bi-sexual species diminishes heterozygosity and the genetic load of the population (instead of limiting the
possibilities of adaptive reaction). Haploid genomes or haploid parts of diploid
genomes (X,Y chromosomes and normal genes in heterozygotic states) must be
contaminated by that load to a far lesser extent.
The presence of haploid non-paired chromosomes in the genomes of diploid
species thus provides for a lower level of contamination of these chromosomes
by decay deleterious substitutions than that of the diploid (paired) chromosomes.
Mammalian males containing a single X chromosome clean that chromosome for
the female lives, that female genome containing two X chromosomes. As a result
the males have less mean lifespan than the females. Meanwhile the males of social
insects (such as drones) of the honeybee feature a completely haploid genome. The
death rate for drones is quite high so there must be many drones in the beehive,
although only one of them is needed to fertilize the queen. The surviving drones
feature the genome with the lowest number of decay deleterious substitutions. That
genome is transferred to the diploid offspring consisting of working bees and the
new queen, so that their genome is cleaned of decay deleterious substitutions.
The only way to clean the diploid parts of the genome from decay deleterious substitutions and to lower heterozygosity is inbreeding, which is invariably
accompanied by frequent inbred depression. During inbreeding, deleterious decay
substitutions in the heterozygotic state of parents may transfer to the homozygotic
state of their offspring with high probability, which results in the offspring losing
its competitiveness (inbred depression) so that they are eliminated from the population. However part of the offspring from inbreeding features a genome much
cleaner of decay deleterious substitutions than that of the parents, due to genetic
recombination taking place, Fig. 3.8. A population that does not inbreed cannot
lower its heterozygosity and ease the load of deleterious decay substitutions.
Populations existing under extreme conditions may be subjected to even
harsher selection. Sensitivity of competitive interaction in those species can be
higher than the average value known for other species. Such species should have
a lower frequency of decay individuals, lower heterozygosity, and hence, lower
observed genetic diversity. As already noted above, such a shrinking .in genetic
diversity is indeed observed in such species as the polar bear (Ursus maritimus),
musk-ox (Ovibos moschatus), Californian sea elephant (Mirounga angustirostris)
and the cheetah (Acinonix jubatis) (Cohn, 1986; Yablokov, 1987).
Altruistic behavioral patterns and those which depend on the density of individuals in a population, including sexual breeding among others, are manifestations
of correlations in the group of individuals. They may be supported via biological
selection in a population of competitive groups of such individuals, which are
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Haplophase after recombination Diplophase of descendants

Fig. 3.8. The scheme of recombination during cross-breeding and self-fertilization. A and
B are sexual diploid cells from which haploid gametes a and 6 form. Crosses indicate
the positions of deleterious decay substitutions in the genome. It is assumed that parents
have identical genotypes. Genome recombination in cells A and B take place at different
positions (the vertical dashed lines), and ab are the diploid cells of the offspring which
appear as a result of fusion of the gametes. a\b\ and a\b2 are cells with lower numbers
of implicit deleterious decay substitutions in the genome (with lower heterozygosity) than
that in the parent; 0261 and 0262 are cells with explicit (manifested) deleterious decay
substitutions in both homologous parts of the genome (vertical ovals), absent in the parent
(these are the cases of inbred depression or the recombination genetic load; Crow 1958,
1970).

essentially social individuals or hyperindividuals, see Sect. 3.2 (Wynne-Edwards,
1962, 1986). To give a few examples, an anthill, a beehive, or a herd of animals of
definite species are internally correlated hyperindividuals and cannot be regarded
as populations in exactly the same way as a multicellular body cannot simply
be considered a colony of cells. Organization of anthills, beehives and herds is
supported via competitive interaction between different anthills or different herds
among themselves in a respective set (hyperpopulation) of such social structures
(Wynne-Edwards, 1963).
Altruistic interrelations between relatives, either close or remote, within a single species, or between the individuals of different species (such as alarm calls
among birds) are different types of correlation between the individuals in social
groups of a single species or in communities of various species. Such types of
correlation should be written into the normal genomes. Assume that two individuals - a normal and a decay one - have originated from individuals with a normal
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genome (it might be either the same original individual or different ones). If the
decay individual is then prevented from further breeding under the drive of the
normal one and further helps to raise the offspring of the normal individual, that
property may be written into the normal genome of the breeding individual and
may be preserved in the decay genomes not too far removed genetically from
the normal one. It will be preserved until the normal genome itself exists. Such
altruism will be equally typical for individuals in close and remote relation to
the normal breeding individual, which agrees with the available empirical data on
altruistic behavior (Hamilton, 1964; Maynard Smith, 1964, 1978; Manning, 1979;
Michod and Hamilton, 1980; Lorenz, 1981; McFarland, 1985; Ross, 1986).
Self-sacrificial altruistic behavior increasing competitiveness of the self-sacrificial social structure in general may be manifested by normal individuals correlated
to that structure as well. If a single normal genome determining the stable position
of a biological species in its natural ecological niche is available, there may be no
kin selection among the relatives (Hamilton, 1964; Maynard Smith, 1964, 1978).
However, when conditions deviate from natural for long enough, and a large
number of decay individuals accumulate in the population, a kin selection might
greatly accelerate relaxation of the population to its normal state, provided the
environment returns to normal. Kin selection with elements of self-sacrifice, which
increases fertility of the closest relatives, speeds up the spread of the normal genes
present in those relatives, throughout the population. The degree of relation in that
case is proportional to the number of genes common to individuals embraced by
that kin (Hamilton, 1964).
As already mentioned above, the queen in the honeybee species being diploid,
haploidy of its drones provides for cleaning of their genome of decay genes, as
in other haploid insects, and for decreased heterozygosity in the diploid worker
bees. The latter contain all the genes of the drones and only half the genes of the
queen. That result is achieved via increased death rate of the drones. The social
behavior of honeybees is written into their normal genome, to which both the
surviving haploid drones and hence the worker bees are closer than the diploid
queen (Trivers and Hare, 1976; Brian, 1983). Similarly the male in mammals
cleans the female's genome. Kin selection apparently has no relation to these
processes of genome stabilization.1
All the existing correlations, both between normal individuals of the same
species within the population, and between the normal individuals of different
species within the community, may be considered altruistic: every individual restricts its reproductivity so as to maintain the normal reproductivity of -it own and
the other species, belonging to the community. Expulsion of the decay individuals
(and of hyperindividuals, see Sect. 3.2) from the population (and hyperpopulation,
see Sect. 3.2) by the normal ones in the course of competitive interaction is the
general principle governing the existence of life. It may be considered egoistic
behavior.
1

I hope for the last statement will not be considered "the thirteenth misunderstanding of
kin selection" (Dawkins, 1979; Maynard Smith, 1991).
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The diploidy of the somatic cells in multicellular organisms and, similarly, the
diploidy of the queen and workers in social insects prevent manifest deleterious
substitutions from accumulation within the lifespan of such multicellular individuals and social structures, respectively. Recall that the major part of the haploid
males are decay individuals. The relative number of normal haploid males is very
small, see Sect. 3.12. On the other hand, the major part of the workers should be
normal. Hence, workers have to be diploid-individuals.
As for the genetically determined social structures, it is only the queen that
can produce workers. The reason for that is very similar to the case of spermatogenesis, discussed in Sect. 3.4, and is as follows: The number of accumulated
deleterious decay substitutions in the genome increases in proportion to the number of cell divisions, see Sect. 3.4. A queen in a social insect species produces
about 109 eggs via 30 dichotomous divisions of the initial germ cell. Were workers capable of breeding, they would produce their progeny by means of several
tens of additional divisions in each generation. The number of successive generations of workers over a single queen's lifespan would be much larger than one.
Thus the number of deleterious decay substitutions in the progeny of workers
would be much larger than in that of the queen. Therefore all the unusual traits
of haplodiploid social insects (Trivers and Hare, 1976) can be explained without
considering kin selection.
The presence of a large decay tail and the low relative number of truly neutral
sites (that is of parts of the genome free of information) means that the normal
genome features a large strength reserve. It is removed far from the border of life
capacity (that is from the border of fitness of an isolated individual to environmental conditions) to a maximum possible distance. Except for a minor number
of conservative (lethal) sites in the heterozygotic part of the genome, a series of
decay mutations may occur in other parts of the genome without it losing its life
capacity. The loss of competitiveness due to each such decay still permits a quick
return back to the normal genome. The evolution of the genome, accompanied by
growth in the individual's competitiveness, may, on average, remove the genome
from the border of life capacity, without changing the isolated individual's fitness
to the environment.
Artificial selection consists in the selection of such teratic states as are fit for
efficient use by man (such as individuals with the anomalous production of meat,
fat, milk, eggs, seed, flowers, etc.). Such special features are always accompanied
by a loss of some other characteristics, which provide for the highest competitiveness of normal individuals. Without man's support all the domesticated breeds
are immediately forced out from the natural community under natural conditions.
Artificial selection in any trait always reaches saturation, which characterizes the
limit in the decay tail (Calow, 1983; Raven and Johnson, 1988). Traits absent from
the decay tail of populations of wild species (including their hybrids) cannot in any
way be obtained via artificial selection (Raven and Johnson, 1988). Capabilities
of gene engineering in constructing new artificial breeds are apparently even more
limited due to the high probability of a lethal change outside the limits of the
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decay tail (Watson et al., 1983). Artificial selection is a change of environmental
conditions which is lethal for normal genomes. Artificial support of certain decay
genotypes, devoid of their stabilization program, turns the domesticated animal and
plant breed into "gangster"-species, destroying the stability of the environment.
Conditions similar to artificial selection may exist under natural conditions
too, when decay individuals randomly enter a state isolated from the normal ones
(that means apparent decay substitutions of the same locuses in both copies of the
genome and high heterozygosity). In that case the return to the normal genome
in those species may only happen due to reverse mutations, so that it appears to
be suppressed by ten orders of magnitude, as compared to normal relaxation back
to the normal genome via recombinations. The diversity of such "decay" species
is controlled by decay polymorphism (Sects. 3.8 and 3.9) and may be quite large
(consider the number of genera of the fruit fly Drosophila in the Hawaii Islands and
the number of Darwin's finches in the Galapagos Islands (Vitousek, 1988; Grant,
1991a,b) etc.). Such species might be devoid of their program of stabilization of
the environment, so that they exert a perturbation load upon the functioning of
the natural community. That effect should work to decrease the capacity of the
community to compensate for external perturbations and also its competitiveness.
Thus survival of species that have partially lost information from the genome of the
normal species is only possible under narrower external conditions which do not
vary as strongly (such as in the islands, lakes, or mountains). The natural habitat
areas of all such species should always remain much smaller than the natural
habitat areas of the normal species (Raven and Johnson, 1988; Grant, 1991a,b;
Coyne, 1992; Kondrashov, 1992).

3.15 The Evolution of Species
All of the above refers to preserving the existing level of order in biological objects and to preventing their decay. Biological stability may work to sustain life
at a prescribed maximum level of organization without any evolutionary changes.
However, if that maximum level is either not reached or does not exist, the employed mode of stabilizing the level of organization of life based on Darwinian
selection results in evolutionary changes in a certain direction. Random changes in
genotypes, associated with loss of competitiveness, are eliminated. Provided they
take place, random changes in genotypes associated with higher competitiveness
are fixed and spread through the whole population.
As a rule, increase in competitiveness is associated with a higher degree of order in life processes. This factor controls spontaneous evolution of life towards its
higher organization. The number of possible decay changes in genotypes resulting
in the decrease of order in life processes is many orders of magnitude higher than
the possible changes resulting in a higher degree of order. That is the very essence
of the notion of order. It is why the rate at which life orderliness decays when
competitive interaction and stabilizing selection are switched off should be many
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orders of magnitude higher than the rate of evolutionary changes. That difference
may be found from the available empirical data.
The observed difference between the normal genomes of two related eukaryote
species in the number of substitutions of nucleotide pairs is about 1 % of the size of
the genome (Lewin, 1983; Ayala and Kiger, 1984). The difference between all the
genotypes of the diploid individuals of one species due to normal polymorphism,
over all their nucleotide pairs (see Sects. 3.8 and 3.13) is also of the order of 1 %
of the genome size (Lewin, 1983; White and Lalouel, 1988). Hence, the observed
difference between two species in the number of non-coinciding nucleotide pairs in
their genomes does not characterize the genetic distance between those two species.
Assuming that the genome of the two kin species contains 109 bp, we find that
the difference in the number of nucleotide pairs between both the individuals from
different species, and individuals within the same species amounts to m = 107 bp.
The number of different genotypes, which may be built using that difference, is
4m K, 10 6xl ° 6 .
All those genotypes remain within the range of normal polymorphism, they are
normal and correspond to individuals with full life capacity. Therefore, random
coincidence between the genotypes of any two individuals (whether normal or
decay), taken from the populations of the two kin species, is improbable. In other
words, genotypes of the two species do not overlap each other, and therein lies
the explanation of the observed discreteness of the species.
However evolution is an empirical fact, and transitions from the normal
genome of an old species to that of new one still take place. If one assumes
that the genome of the founder-individual is already at the border of the decay tail
of the new species, then progressive transition to the normal genome of the new
species takes place via single (point or macro) mutations. That process takes the
same course as relaxation to normal genome described in Sect. 3.9, which goes via
single reverse mutations after long-term perturbations of natural external conditions cease. In that case every single substitution driving the genome towards the
normal one is associated with higher competitiveness, and it embraces the whole
population exponentially in just a few generations (it is fixed). Such a process of
approaching the new normal genome may be called microevolution.
The time t needed to fix that mutation is found from the equation nl0'T = N
or t = rln AT/In n0, where r is the lifespan of a single generation, n0 is the
number of offspring produced by a single individual during its lifespan (fecundity), N is the number of individuals in a population. We have for a bacteria with
N RS 1024, T ~ 10~3 year, n0 = 2 : t ~ 1 month. As for mammals with their
N ~ 108, T ~ 1 year, no ~ 100, we find t ~ 4 years. For man the figures are
N ~ 109, T ~ 25 years, no ~ 10, and t ~ 200 years. In any case the time of fixation is negligible, compared with the time necessary to acquire a new functionally
sensible substitution in any single individual from the population. Thus fixation
will be considered instant in what is to follow. All the new progressive functionally
sensible substitutions, leading to a formation of genes of the new normal genome,
are initially absent from the population. Each new progressive substitution initially
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appears in just one individual in the population due to a single mutation (which
is similar to reverse mutation in relaxation) and is instantly fixed in the population. Now, it is apparent that sexual breeding (that is the presence of genetic
recombination) cannot speed up such microevolution as compared to the effect of
asexual breeding. (Speeding up of evolution due to sexual breeding may only take
place in extremely large populations, in which the time of appearance of a single
progressive substitution (of reverse mutation) is of the same order of magnitude
as the time of fixation of that progressive substitution. Hence, the appearance of
two or more progressive substitutions is now probable (Crow and Kimura, 1965).)
Thus microevolution from the border of the decay tail of a new species to
its normal genome (which is similar to relaxation to the normal genome in the
old species) takes place due to single mutations during the relatively short time
as compared to the species lifespan. The evolution from the border of the decay
tail of one species into the decay tail of another one ("macroevolution") clearly
cannot take place due to single mutations. If that were the case, individuals should
be found driven by microevolution into either this or that species in quite a short
time. That is not observed for the existing species: all the species retain their
stability and discreteness. Thus there are no grounds to assume that transitions
due to single mutations might be found even if we moved through time with the
course of evolution.
Hence, all the observed microevolutionary changes among the presently existing species should be regarded as processes of relaxation to the normal genetic
state of the population following the ceasing of external perturbations. These processes of relaxation, taking place due to altered frequencies of occurrence of the
alleles for the genes to be found in the population, and due to single reverse mutations, are not related to evolutionary transitions from one species to another. To
preserve the stability of a species the transition from one species to another should
be prohibited to a high degree of certainty, as compared to permitted relaxation to
the normal genome of the old species. In other words, there should exist a probabilistic barrier preventing the transition to a new species. That barrier is supported
by the fact that the evolutionary transition goes via multiple mutations, their probability being proportional to the product of probabilities of the respective number
of single mutations. It is particularly during such multiple mutations that the first
new fundamental functionally sensible information may appear resulting in higher
competitiveness of the individual, as compared to competitiveness of the normal
genotypes of the former species. In other words the evolution is prohibited with
high certainty. That is why the stabilization of the Earth's life and environment is
possible. Let us look into that problem in more detail.
The new information distinguishing the genome of one species from that
of another should be written as a certain sequence of nucleotide pairs, that is
of "words" consisting of four different "letters". The total number of possible
"words", which may be combined of n "letters", is 4". Since 45 = 210 « 103, we
have 10" = 45"/3. Therefore, the genome containing 10" "letters" may contain all
the possible "words", each not longer than 5n/3 "letters". The unique sequences
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in the genomes of most multicellular individuals (eukaryotes, their cells containing
nuclei and of size about 50 ^m) contain no more than 107bp, i.e. "letters". The
rest of the genome is mere repetitions (Lewin, 1983). The genome of bacteria
(that is of prokaryotes, their cells containing no nuclei and of size about 1 /xm)
contain about 5 x 106bp and practically consist of unique sequences only. Hence,
"words" containing no more than ten "letters" may be present in the genome of
any individual (for n = 6 we have 5 • 6/3 = 10). The genome of a virus contains about 105bp. Therefore arbitrary combinations consisting of no more than
8 "letters" may be found in the virus genome. The number of fragments (primers
or cohesive ends) actually existing in the genome among the arbitrarily chosen
sequence of nucleotide pairs may be found empirically using the single primer
polymerase chain reaction (Jones et al., 1990).
Since the probability of a random point mutation (that is, change of a single
letter) in a given site of a cell genome is 10~'° per single division (and is about
10~4 per replication for RNA-viruses (Holland et al., 1982)), to obtain a definite
change in a given site of the bacterial genome one has to accumulate 1010 individual cells (or 104 virus particles). The probability of two random errors is equal
to the product of probabilities of the two separate errors. Accordingly, to change
just two "letters" in two given sites one has to accumulate 1020 individuals, or
1030 if we are speaking about three sites (these figures for RNA-viruses are 108
and 1012 respectively). Elementary calculations show that the global population
of a single bacterial species is about 1024 individuals (see Sect. 5.6). The time of
reproduction for bacteria does not exceed a few hours, that it is of the order of
10~3 year. About 1027 individuals are generated annually in just a single bacterial species, that number growing to 1030 in about 1000 years. Hence, bacteria
are capable of forming any three letter "words" (codons, Lewin, 1983) via single
point substitutions. The number of viruses may be two orders of magnitude higher.
Therefore, the RNA-virus genome is capable of simultaneously producing up to
eight point nucletide substitutions.
The total number of individuals generated during the whole lifespan of any
bacterial species or viruses is much less than 1040. Therefore no specific word
consisting of four letters or more in the bacterial genome and of nine letters or
more in the RNA-viral genome may be formed that way. All the new functionally sensible fragments may only appear due to macromutations, that is random
combinations of the already existent words and word combinations present in the
genome (that process is called the molecular drive or DNA turnover, Dover, 1987).
The probability of a random macromutation during which the fragment (word) already existing in the genome finds a new prescribed position does not exceed
that of a given point mutation in its order of magnitude (Ayala and Kiger, 1984).
Thus macromutation with given transpositions of no more than three fragments is
possible for a bacterial genome (and one of no more than eight such transpositions in an RNA-virus genome). Since the maximum word length containing any
combinations of letters is limited to ten letters (to eight letters in RNA viruses),
a random formation of a new fragment is possible, composed of any combination

130

3.16 Evolution of Prokaryotes and Eukaryotes

3. Stability of Life Organization

of no more than 30 nucleotide pairs (of no more than 70 nucleotide pairs in the
RNA-virus genome). Random macromutations accompanied by the formation of
any given combination of 40 or more nucleotide pairs (that is of 80 or more such
pairs in the RNA-virus genome) is already impossible. The very fact of evolution
then means that the progressive properties of new fragments, formerly non-existent
in the genome, which result in higher competitiveness, should originate at the level
of arbitrary sequences containing up to 30 nucleotide pairs in the bacterial genome
(or up to 70 such pairs in the virus genome). Naturally, the overwhelming majority
of random macromutations are simply decay changes in the genome, or are within
the decay tail (thus resulting in a loss of competitiveness), or drive the genome
outside that tail (resulting in death).
The average lifespan of eukaryotes is about 106 years, according to paleodata (Simpson, 1944; MacFadden and Hubbert, 1988). With the observed relative
constancy of the number of species in the biosphere (Raup and Sepkoski, 1982;
Wilson, 1989) extinction of every species should be compensated by the appearance of a new one, which, among the eukaryotes, would differ from the old one by
a change of about 1 % of its genome. If the genome is 109 bp in size, that corresponds to a change of 107 bp. Estimating the number of individuals in a species as
109, and assuming the time of generation to be equal to one year, we find that there
appears about 1015 individuals during that time. That is about 108 individuals fall
for every positive (progressive) substitution. Following the analogy with decay rate
the inverse value may be called generative rate (//, its dimension being (+) substitutions/individual) of the genome. The value of genome decay rate p., Eq. (3.5.1),
that is the number of decay mutations per single individual (or per genome per
generation, which is the same), denoted below as p,~ (its dimension being (—)
substitutions/individual) is of an order of unity for eukaryotes (n~ ~ 1 (—) substitutions/individual). The single decay point and macro-mutations introduce inputs
into genome decay rate, which are of equal orders of magnitude (Ayala and Kiger,
1984). The ratio of probabilities of the decay (v~ = v, see Eq. (3.4.1)) and positive
(u+) mutations per nucleotide site for the eukaryotes, Ke, which is equal to the
ratio p,~ ///"", is thus of the order of 108:
8
*e = ^ = ^~10
.
+

[17

V

(3.15.1)

That is, one positive mutation should appear every 108 decay mutations (if calculated per equal number of nucletide pairs affected by mutations).
Now we may estimate a similar value for prokaryotes, KP. The average lifespan
of a prokaryote species is of the same order of magnitude as that for eukaryotes,
that is ~ 106 years (Ochman and Wilson, 1987). The size of the bacterial genome
is ~ 106 bp. Kin bacterial species differ by 10 % of nucleotide substitutions in their
genome, that is ~ 105 bp, (Ochman and Wilson, 1987). The number of a single bacterial species is about 1024 individuals. The time of generation for bacteria is 10~3
year. During the lifespan of a single bacterial species about 1033 individual bacteria
appear. Hence, there are about 1028 individuals per positive nucleotide substitution,
that is the generative rate for bacteria is /j,+ ~ 10~28(+) substitutions/individual.
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The decay for bacteria is n~ ~ 10 3 (—) substitutions/individuals, see Sect. 3.4.
The ratio of probabilities of the decay to positive mutations for bacteria KP is of
the order of
25

(3.15.2)

which is 17 orders of magnitude higher than the respective value for eukaryotes
(3.15.1) (Gorshkov, 1987b, 1989, 1991e). Using the well-known value for probability of the decay mutation (3.4.1), we find from (3.15.2) the following estimate
for probability of the positive nucleotide substitution, following from the observed
rate of evolution for bacteria:
v+ w 10~35 (+) substitutions (bp)"1 division"1.

(3.15.3)

3.16 Evolution of Prokaryotes and Eukaryotes
Due to universal structure of the DNA molecule and of all the organization of
life, it is natural to assume that the ratio of probabilities of decay and progressive
mutations should also be of universal nature for the whole of life. In any case,
these ratios cannot differ by those 17 orders of magnitude from eukaryotes to
prokaryotes. Therefore we consider two possibilities: first that ne is universal, see
(3.15.1), and, second, that KP is universal, see (3.15.2).
If we take the value of Ke to be universal, we find for bacteria (JJL~)~I ~ 103
individuals/(—Substitution, so that we find 0/1")"1 ~ 1012 individuals/ ^substitution. Recalling that any two bacterial species differ by the value of 105 ^substitutions/species, we find that to transit to a new bacterial species 1017 individuals
must be accumulated per single species. Hence a population consisting of 1024
individuals should actually include 107 various species, which exceeds the total number of species in the whole of the biosphere and which contradicts the
observed discreteness of bacterial species.
Besides, positive point nucleotide substitutions would then take place for any
species numbering more than 108 individuals, see (3.15.1). These would then
occur due to any mutations at a probability of unity. The time for appearance
of each subsequent mutation would then be controlled by the time of fixation
of the preceding one. To within the approximation of instant fixation the rate of
evolutionary changes would then tend to infinity. Such statements would hold for
positive single macromutations as well. If one assumes that about 104 substitutions
of nucleotide pairs take place for every single macromutation, the probability
of such a macromutation would already reach unity for a population of 1012
individuals. Populations of that size are typical for many invertebrates. All such
species would then be genetically unstable and would not be capable of preserving
their discreteness for long enough periods of time, i.e. would not exist as biological
species. Therefore such a possibility should be rejected. We are left with the second
possibility.
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The universal value may thus only be that of KP, Eq. (3.15.2). In that case,
assuming that the evolution of eukaryotes occurs exclusively by the internal (endogenic) transformations of nucleotide pairs and of their macrofragments in the
genome, we find that (/z1")"1 ~ 1025 individuals/(+)substitution are needed if
([j,~)~t ~ 1 individual/(—)substitution. Such a number of individuals is not produced in any eukaryote species within the lifespan of that species.
Thus endogenic evolution of eukaryotes should be considered impossible. Evolution (and, apparently the origin of eukaryotes (Margulis, 1975)) may only be
explained on the assumption of exogenic consumption of the functionally sensible
"words" and "phrases" from the virus and bacterial genomes and from bacterial cellular structures by the eukaryote genomes and their cellular organelles (Margulis,
1975; Martin and Fridovich, 1981; Kordum, 1982; Hesin, 1984; Syvanen, 1984,
1987, 1989; Moses and Chua, 1988; Gorshkov, 1987b, 1989, 1991e; AmabileCuevas and Chicurel, 1992). There seems to be no possibility of explaining the
observed evolution of eukaryotes without assuming such a genetic flow of information from viruses and prokaryotes. The long-range correlations in nucleotide
sequences of the normal genome of the prokaryotes (Peng et al., 1992) should
be conserved during transition of the genome's fragments from prokaryotes to
eukaryotes.
Random genetic drift takes place in the range of normal polymorphism of
any species n < nc (Sect. 3.8), which results in fixation of certain deleterious
nucleotide substitutions within the small populations (Kimura, 1968, 1983, 1987;
King and Jukes, 1969). Such substitutions cannot be identified in the process of
competitive interaction, they do not decrease the competitiveness of individuals,
and preserve that individual's genotype normal. Thus fixation of the deleterious
decay substitutions in the range of normal polymorphism is not in any way different
from fixation of the truly neutral substitutions, which characterize the degree of
degeneracy of the genome (Kimura, 1968, 1983; Ohta, 1987). As demonstrated
in Sect. 3.7 above the rate of generation of neutral substitutions in the normal
genome of small populations does not depend on their population numbers and
is of the order of vkg ~ 10"9 substitution (bp)"1 generation"1 (Kimura, 1983).
Assuming the time of generation for mammals r ~ 1 year, we find for the rate
of substitutions vkg ~ 10~9 substitution (bp)~' year"1. The time necessary for
a substitution to arise is then equal to r/vkg ~ 109 years. After a substitution is
fixed, fixation of the next given substitution takes the same time. As a result, to
fix n > 2 given substitutions needed to form a new progressive fragment of the
genome, the time nr/vkg > 2 x 109 years is needed, which is severaHhousand
times longer than the time of formation of any given species.
Nucleotide substitutions in mitochondrial DNA take place ten times as fast
(De Salle et al., 1987; Cann et al.,1987), but it is still a process a hundred times
slower than the rate of formation of species. As demonstrated in Sect. 3.7, random
fixation of neutral substitution in a bacterial or viral genome is impossible due
to large numbers of populations of bacteria and viruses. Therefore the observed
rate of substitutions in RNA-viruses which is a million times as fast (Gojobori
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et al., 1990) may be explained by fixation of progressive (instead of neutral)
substitutions, the latter occurring at the million times faster rate of v+ in RNAviruses, compared to (3.15.3). Hence, random fixation of substitutions in the range
of normal polymorphism (Sect. 3.8) cannot explain the progressive evolution of a
species.
However, the temporally uniform process of fixing random substitutions in the
range of neutral polymorphism, which is independent of the numbers of populations, explains well enough the observed constancy of substitutions in the homologic genes of different eukaryotic species, i.e. the so-called "molecular clock"
(Zuckerkandl and Pauling, 1965; Kimura, 1987; Ohta, 1987; Zuckerkandl, 1987).
In many cases the time various contemporary species have taken to diverge from
a common ancestor is known from paleodata. The observed differences in the
nucleotide sequences of homologous sections of the genomes of two such species,
divided by the time of their independent evolution, gives the doubled rate of
molecular evolution of each species. Comparing several pairs of such species with
differing times of divergence, one may find the average rate of molecular evolution
during various time periods. These rates appear to be identical for every homologous section of the genome, and that effect is essentialy what the "molecular
clock" is about.
The values v+k and v~k for bacteria present, respectively, the dimensionless
probabilities of the positive and decay local mutations (including macromutations).
Since v+k ~ (u~fc) 3 ' 6 , the probability of a positive local mutation may treated as
three to four given local decay mutations taking place simultaneously. As noted
above, such mutations may lead to the generation of completely new sequences,
formed of no more than 70 nucleotide pairs. Any macromutations are also possible with arbitrary transpositions of fragments of any length present in the genome.
There is no mandatory duplication of the gene in which successive decay mutations take place; these are not manifested in the state of the individual due to
the presence of the second copy of the normal (non-mutating) gene (Ohno, 1970).
These three to four specific mutations in the genome increase the competitiveness
of the individual, as compared to those having three to four arbitrary decay mutations in their genomes. The frequency of occurrence of individuals with such
positive mutations increases against the background of the decay tail, see Fig. 3.1,
and a secondary peak appears there.
The positive mutation does not, generally speaking, lead to a competitiveness
higher than that of the normal genome (of the principal peak, see Fig. 3.1). Thus
the secondary peak appears to be lower than the principal one of the species competitiveness. Step by step fixation of positive mutations in the secondary peak
gradually shifts it outside the threshold of life capacity nL, finally resulting in the
formation of the normal genome of a new species. The old peak may meanwhile
keep its initial position, if the new peak corresponds to the altered ecological niche.
In that case sequential positive mutations only cover the part of the population
occupying the secondary peak. That, however, does not change the estimates presented in (3.15.2) and (3.15.3), because they remain valid to the accuracy of two
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to three orders of magnitude, to which the number of individuals in a bacterial
species N is known, as well as the lifespan for bacterial species.
The total number of bacterial species is of the order of 104 (Chislenko, 1981;
Raven and Johnson, 1988). The bacterial genome consists of unique sequences
and is about 106 bp in size. Genomes of the kin bacterial species differ by 10%,
that is by 105 bp. The total number of unique sequences in all the bacteria in the
biosphere is of the order of 1010 bp. The average lifespan of a bacterial species is
106 years. Hence we have for the rate of generation of progressive substitutions
by bacteria 104(+) bp/year (that is one new species every ten years).
The total number of RNA viruses in the biosphere is of the order of 103
(Chislenko, 1981). The size of the viral genome is 105 bp (Lewin, 1983). Let us
assume that the genomes of two virus species differ by 100%, that is by the same
105 bp. The total number of unique sequences in the genomes of all the RNA
viruses in the biosphere is of the order of 108 bp. Assuming the lifespan of an
RNA virus species to be 106 times less than that of a bacterial one (Holland et
al., 1982; Gojobori et al., 1990) we find for the rate of generation of progressive
substitutions by RNA viruses a value of 107(+) bp/year (a hundred species a year).
The number of eukaryotic species is of the order of 107, their overwhelming
majority being insects (Raven and Johnson, 1988; Thomas, 1990). The average
size of the eukaryotic genome is of the same order as the average insect genome,
that is 108. Unique sequences comprise 1 % of that total, that is amount to 106 bp
(Lewin, 1983). Genomes of the two kin eukaryotic species differ by 1 %, that is
by 104 (by ten genes). The total size of the unique sequences in the genomes of
all the eukaryotes in the biosphere is thus of the order of 10" bp. The lifespan for
eukaryotic species is 106 years. The rate at which the new progressive substitutions
in eukaryotic genomes are acquired is, hence, of the order of 105 (+) bp/year (ten
species a year), which is two orders of magnitude less than the rate of generation
of progressive substitutions by the RNA viruses. And it is only 1 % of these genes
generated by viruses and bacteria which, upon entering the eukaryotic genomes
via horizontal transfer, control their progressive evolution.
The evolution of each eukaryotic species within the 107 species existing in the
biosphere is determined by one of the 109 genes generated by the RNA viruses and
bacteria. It is assimilated by that species. Other genes either do not interact with
individuals of that species, or effect some pathology, such as the AIDS virus, to
give an example. On the average, each separate eukaryotic species assimilates one
unique progressive sequence of about 103 bp long every 10-100 thousand years.
The probability of simultaneous appearance of two progressive substitutions in a
population of eukaryotes any population numbers is negligibly small. Therefore,
sexual breeding is incapable of speeding up the evolution (Crow and Kimura,
1965).
The horizontal transfer of genes between different eukaryotic species is apparently not too large. Therefore the obtained estimate of the rate of evolution of
eukaryotes based on the relative rate of evolution of the two kin species should
be close to the absolute rate of evolution of each species. However, due to strong
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horizontal gene transfer between bacteria the given estimate of the rate of evolution of bacteria is undoubtedly underestimated. If the horizontal transfer of genes
were extremely large, the relative rate of evolution of bacteria would tend to zero,
despite the absolute rate for each separate species, which could then approach the
rate of evolution of RNA viruses. Therefore the true absolute rate of evolution
of bacteria is in between the observed relative rate of evolution of the two kin
bacterial species and that of evolution of the RNA viruses, that is between 104(+)
bp/year (that is one species in ten years) and 107(+) bp/year (that is 100 species
a year).
The ratio of the residence time for viral (and retroviral) DNA in eukaryotic
genomes to that in bacterial genomes should coincide with the inverse ratio of
the absolute observed rates of evolution of eukaryotes to that of bacteria. On the
other hand, that ratio should characterize the homology of genomes of contemporary eukaryotes and bacteria. The difference in the residence times for viral DNA
in the genomes of eukaryotes and bacteria being large, that homology should be
low. However, during exogenic, virus-controlled evolution, the younger eukaryotic species should feature higher homology with contemporary bacteria than the
ancient species, "the live fossils". If the evolution were endogenic and independent
for prokaryotes and eukaryotes, the homology of eukaryotes and bacteria should,
inversely, increase for larger eukaryote ages.
As indicated above, the difference in the genomes of two kin multicellular
species is of an order of 1 % (Raven and Johnson, 1988; Golenberg et al.,1990).
Mostly that difference is related to normal polymorphism within each species
(Sect. 3.8). The number of genes in the genome being of the order of 104 (Lewin,
1983) that means that less than 100 genes differ from each other in them. The
lifespan of a species being of the order of 106, a new gene should appear in
the genome within the time span in excess of 10 thousand years. Within the
times of about several thousand years one may neglect the evolutionary processes.
Within that approximation the normal genome may be regarded as a constant
characteristic, and all the deviations from it as decay phenomena.
Note also that all the biological rules of an individual's structure and behavior
are written into the normal genome. The necessarily present decay states in any
population mean that, in contrast to physics, there are no rules without exclusions
in biology (Dover, 1988).

3.17 The Rate of Evolution
New species originate in relatively small changes in the genome. That process
(cladogenesis) is similar to that of formation of new branches in a tree or of new
cells in a multicellular body. Assuming that each old species gives rise to two
new ones, on average, and that the lifespan of each species is of the order of
Ts ~ 3 x 106 years (Simpson, 1944; Van Valen, 1973; MacFadden and Hubbert,
1988), we find that the time t needed to form all the presently existing species
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N ~ 107 (Raven and Johnson, 1988; Thomas, 1990; May, 1990, 1992), is given
by the equation
2t/T> =NK 107,

6
-%- 70x 10 years.
In
Thus the whole complexity of species found today could have been formed
within 70 million years, that is within a time of the order of a geological period.
That is much shorter than the whole time of biological evolution (Te ~ 3 x
109 years) (Raven and Johnson, 1988). If the process of species formation were
continuous during the whole of Te, the number of species in the biosphere could
have reached

,1000

that is t =

10300.

It does not actually happen, however, since it is absolutely impossible to squeeze
all those species into the Earth's biosphere.
Hence the existing number of species may be considered as the characteristic
capacity of the biosphere, rather than the limit of the functionally sensible genetic
variations. Therefore the presently observed number of species has apparently remained more or less constant over half a billion years (Grant, 1977; Raup and
Sepkoski, 1982). According to paleodata the number of families in the biosphere
has not changed by more than a factor of two (Raup and Sepkoski, 1982; Wilson,
1989). The change in the total number of species (which cannot be found from paleodata) has probably remained within a much smaller range. Now, the appearance
of a new species is only possible when the old ones become extinct. Within the
relatively constant environmental conditions supported by the biota there should
be no spontaneous extinction of species. However, random generation of genes
(such as in viruses, bacteria, etc.) should take place in the global biota, capable
of destroying the normal (instead of only the decay) genome of certain species.
The appearance of destroyer genes for certain normal genomes is equivalent to
the transformation of an ecological niche into a condition unfit for the life of such
species. The probability that the decay of a normal genome will compensate for
the effect of destroyer genes is unimaginably small. Such a species should indeed
become extinct. And only then can its place be occupied by the new species that
has assimilated the progressive genes.
The rate of evolution should thus be controlled by the flow of destroyer genes.
The observed constancy of the average lifespan for biospheric species, independent
of their taxonomy and body size testifies to a universal character of that flow (Van
Valen, 1973). The flow of progressive genes should be either larger or equal to
the flow of destroyer genes. If it were smaller, all the species would alraedy have
become extinct.
Along with exogenic destruction of the old normal genomes there may also
be exogenic destruction of the old ecological niches. That should happen when
new large taxa are formed (such as higher plants, insects, birds, mammals). In the
course of these events certain species, having assimilated particular progressive
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gene fragments2, acquire significant advantages in their competitive interaction
with the old ones. Forcing out of large old taxa takes place, which is accompanied
by massive extinction of the older species. Simultaneously the diversity of the
new taxon increases (adaptive radiation takes place) (Raven and Johnson, 1988).
The process of such radiation may occur due to assimilation of progressive genes,
which do not significantly alter the structure of the species genome, while at the
same time not weakening the advantages of the new taxon. If the formation of
those new taxa results in significant changes in the structure of the communities,
that is of species, through which the principal fluxes of matter and energy flow in
the biosphere, such a restructuring of the biota may result in significant changes
of the environment (see Sect. 5.6). The formation of new taxa and mass extinction
of the old species has, on average taken place every 100 million years during the
last half a billion years (Raup and Sepkoski, 1982; Raven and Johnson, 1988;
Schneider, 1989b). In between those rare processes of the cardinal restructuring
of the biota there apparently took place a smoother evolution, related to exogenic
destruction of the genomes of older species.
The ordered state formed in either physics or chemistry may disintegrate into
different channels. The probabilities of decay into each such channel are strictly
determined by the ordered state itself. They may be measured for each such state
and hence forecast in advance. Inversely, it is impossible to find from the decay
state whether it stems from the disintegration of an ordered state (and what that
state might have been) or remains within equilibrium interaction with other decay
states.
The direction in which the level of order in living objects increases in the course
of evolution could not have been programmed in the information contained in the
preceding life forms of lower order, hence it is random and unpredictable (Erlich
and Holm, 1963). If, on the other hand, decay of an already reached level of order
takes place in the course of evolution (as is the case for parasites, for example), it
occurs towards increasing the level of order in the community as a whole, and the
course of that process is different from the one it had originally been formed by.
The existing forms of life cannot intentionally and directionally select and support
by selection properties that are not presently needed by individuals, but which
might be of use in the future to some new species yet to evolve. Individuals cannot
adjust to conditions yet non-existent, on which that individual has no information.
In other words, biological selection cannot store bodily properties in advance,
cannot choose the direction of selection, that is the present does not prescribe the
future in biology.
All the features of life so far considered (such as sexual breeding, diploidy,
etc.) could not have been designed to speed up the evolution or to choose its
direction. On the contrary, all these features are aimed at increasing the rate of
relaxation back to the normal state of the species, to block out the evolution,

The treatment in this section does not depend on whether the destroyer or progressive
gene fragments affecting the genome of the species are of exogenic or endogenic nature.
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which makes possible disintegration of life, and to sustain the presently existing
stationary state and environmental stability.
Biological selection provides for stabilization of the randomly achieved level
of order and cannot affect the rate of evolution. That rate is determined by the
characteristics of biological molecules, which do not in practice depend on the
changes occurring in the environment. It may only vary randomly in a species
with differing level of organization, and is inhibited in species of the "living
fossils" type. Therefore, there is apparently no external moving force of evolution
("Red Queen Concept" (Van Valen, 1973, 1979; Hoffman, 1991)).
The ordered physical and chemical states occurring at a given flux of external
energy cannot evolve towards higher organization when the flux and character of
external energy does not change. Evolution towards higher organization of life is
not related to the flux of energy that life uses, and in that sense it has nothing in
common with physical self-organization, produced by the increased organization
of external energy flux, the latter being the very external moving force for it
(Anderson, 1983; Schuster, 1984; Kauffman, 1991). Random changes in fluxes of
energy used by life do not alter the level of life organization on average. If certain
species become extinct, they are never again resurrected, independent of possible
changes in energy fluxes.

3.18 Is There Extraterrestrial Life in the Universe?
So far numerous attempts to find extraterrestrial life and intelligence have met
with no success (Shklovsky, 1987; Kerr, 1992). The question arises, whether any
proxy data might be available, based on the properties of life actually observed on
Earth, which could testify either for or against the existence of extraterrestrial life.
Among such properties of terrestrial life are the biological stability of populations
of species and communities, discussed above, and the right-to-left asymmetry of
macromolecules in the living cell (Gorshkov, 1982a).
The right-to-left asymmetry of the natural organic matter of biological origin,
that is matter produced by living beings on Earth, is now disscussed.
Almost no complex multiatomic organic molecules possess a symmetry with
respect to mirror reflection, so that after such an operation they cannot be returned
into their initial state by any spatial rotations and transpositions of identical atomic
nuclei. Thus a given molecule and the one produced by its mirror reflection differ from each other. They are called stereoisomers or enantiomers. A substance
consisting of an unequal number of right- and left-hand molecules features some
optical activity: it is capable of rotating the plane of polarization of light passing
through it. (The mixture of stereoisomers containing an equal number of rightand left-hand molecules, called racemate, does not feature any optical activity).
The biological enzymes which control the rate of every biochemical reaction (see
Sect. 3.1) are also stereoisomers. Generally speaking, a left-hand enzyme may
only affect the reaction between the organic molecules of a certain asymmetry
sign, which may conditionally be called left-hand too. Now in case of a complete
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mirror reflection, that is of total substitution of all the left steroisomers participating in the reaction by their right-hand counterparts, the reaction will go on exactly
as it did when only left-hand stereoisomers took part in it. That is the consequence
of symmetry of the electromagnetic interactions with respect to mirror reflection.
It thus becomes clear that all the biological individuals and the organic substances serving as food to them, and hence the whole community as well, should
be exclusively built of either left- or right-handed molecules: the presence of minor admixtures of the mirror-reflected molecules hampers biochemical reactions
so that in the process of evolution these should have been selected out of the
population via competitive interaction (Kisel, 1980, 1985; Gorshkov, 1982a). In
the presence of excess oxygen, or during anaerobic breathing, the spatially superimposed right- and left-hand communities would have competitively interacted
at the autotrophic level alone, competing for light and for the mirror symmetrical inorganic nutrient substances (CO2,H 2 O,NH 3 , etc.) The right- and left-hand
heterotrophs would occupy completely non-overlapping niches: the left-hand herbivores would not consume right-hand vegetation, and the left-hand carnivores
would avoid right-hand prey. Since the formation areas for both the local community and the local ecosystem are comparatively small (Sects. 5.4 and 5.5), one
could expect to find frequently alternating mutually mirror reflected communities.
Meanwhile the whole biosphere consists of left-hand organic stereoisomers
(Lehninger, 1979). There are no indications of the existence of right-hand communities in the past, however far removed (Kisel, 1980, 1985). If life had initially
developed with an equal number of the mutually mirror reflected communities, it
becomes hardly likely that all the right-hand communities had been forced out of
the whole of the biosphere by the left-hand ones. This becomes even less probable if life originated on the basis of its anaerobic feeding on organic matter of
abiogenic nature. The organic molecules forming as a result of abiogenic photoreactions should have combined into a racemate. The spontaneously originating
major statistical set of heterotrophs capable of replication should also have consisted of an equal number of the right- and left-hand individuals. Furthermore
on the right- and left-hand communities should have developed completely independently of each other, without mutual competitive interaction for the food
sources, incompatible, as it were, with each other. The random termination of all
the right-hand local communities is as improbable as termination of life in general.
Life is based on the catalysis of biochemical reactions, on competitive interaction, and on stabilizing selection, which prevents disintegration of its organization.
Thus there could have been no protoindividuals, their bodies built of an equal number of the left- and right- hand stereoisomers, and hence there could have been nospontaneous symmetry breaking (Nicolis, 1986) in such protoindividuals, leading
to contemporary life forms. Quite the contrary, the body asymmetry in certain
natural living beings, discussed in Sect. 3.8, may be treated as spontaneous symmetry breaking, originating in the process of evolution and adaptation to certain
lifestyle. However, that body asymmetry appears without perturbation of the over-
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all observed molecular asymmetry of life (Kasinov, 1968; Kisel, 1980, 1985), and
does not have anything to do with the latter.
The differences between the properties of the left- and right-hand stereoisomers
are only controlled by weak interactions, which produce infinitesimally small corrections (about 10~16) to the respective electromagnetic values, thus resulting, for
example, in the differences between the binding energies and the rates of chemical reactions for the respective molecules. Such differences lie far beyond the
sensitivity of the biota and cannot be manifested within the ranges comparable to
correlation radii of the natural local communities and to individual body sizes. For
those weak interactions to result in vanishing of all the right-hand communities
off the face of the Earth due to some random fluctuation, the correlation radii of
such communities would have had to be enormous and comparable to sizes of the
large ecosystems (that is to that of the whole hyperpopulation of the local communities) or to the size of the Earth itself. That contradicts the observed biological
stability of life based on competitive interaction, see Sects. 3.1, 3.2, and 4.5. The
left- and right-hand stereoisomers may function differently in the asymmetric abiotic environment. However, the observed relative degree of that asymmetry in the
environment (such as, for example, the degree of circular polarization of solar
radiation absorbed by plants) lies far beyond the sensitivity limit of competitive
interaction of the biota, and cannot give any decisive advantage to either the rightor left-hand communities.
The biological stability described in Sects. 3.1 and 3.2 is an informational
characteristic of life. It provides the conservation of any existing superorganization of life and contains the possibility of evolution towards higher organization.
Biological stability is based on competitive interaction and is maintained by natural selection. Initially, however all the special features of biological stability of
life should originate through random physical fluctuation in the prebiotic environment. Clearly, the non-informational chirally pure polymers capable of autocatalytic replication could be originated many times in the universe through a
spontaneous breaking of mirror symmetry of the prebiotic environment (Morozov,
1978; Goldanskii and Kuz'min, 1989; Avetisov and Goldanskii, 1993). However,
this physico-chemical ordered state is devoid of biological stability and cannot
evolve towards higher organization, see Sects. 2.4, 2.5 and 3.2. The spontaneous
breaking of mirror symmetry could originate and disintegrate randomly and independently in numerous local prebiotic environments due to fluctuation of the
external flux of organized energy in the Earth and other part of the universe.
The space and time averaged global prebiotic environment should be racejnic, i.e.
mirror symmetrical.
The absence of the right-hand community in the biosphere is evidence for
the fact that the biologically stable informational content in chirally pure noninformational polymers could appear randomly only with extremely low probability (Eigen, 1971; Nicolis and Prigogine, 1977; Orgel, 1992).
To estimate the probability of the appearance of a similar system in the universe, certain assumptions on its molecular structure have to be made. It is natural
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to assume that the respective molecular structure could not be simpler than the
proteins and genes already existing. To save oneself the trouble of accounting for
the degree of degeneration of the genetic code, the estimate can be made for the
simplest protein. The simplest proteins consist of a hundred amino acids (Ayala
and Kiger, 1984). The number of possible combinations in a sequence of a hundred amino acids is 20100 = 10130 : each of the twenty amino acids used by life
may, with equal probability, occupy a position in each site of the protein chain
(Eigen, 1971). The number thus obtained exceeds the overall number of possible
interactions of all the atoms in the universe (about 1077 atoms) with an object
of molecular size within the characteristic lifetime of atomic processes (about
1(T17 s) during the whole lifespan of the Universe (about 1017 s), that number not
exceeding 10110 (Allen, 1955). Thus spontaneous formation of an informational
molecular structure capable of life could not have happened more than once in
the whole universe. Moreover, if one imagines the process of multiple formation
of universes similar to ours (with the same values of the basic physical constants,
which make possible the formation of chemical elements, of stars, similar to our
Sun, and of planets similar to Earth (Rosental, 1980; Shklowsky, 1987)), life could
only have originated in very few such universes.

3.19 Biological Stability and Neo-Darwinism
The concept of biotic stability of the environment seems to contradict the principal biological paradigm, that has dominated science during the last hundred years,
and which is now called neo-Darwinism (Dobzhansky, 1951; Mayr, 1963; Erlich and Raven, 1969; Stebbins, 1971, 1974). Following that paradigm, the biotic
species are capable of adapting to practically any changes in the environment.
Environmental changes due to abiotic factors also take place, but the rate of these
changes is much less than the rate of biological adaptation. (Possibly, such a ratio
has been violated during the industrial era for certain species.) Adaptation of the
biota means that it is capable of changing under external environmental forcing.
In its turn the biota alters the environment in the process of its functioning. However such a biotic effect upon the environment is random in nature and does not
compensate for the abiotic changes.
Therefore, any environmental conditions are optimal for the biota adapted
to them. There are no preferable optimal environmental conditions. The biotic
regulation of such nonexistent preferable conditions is, naturally, impossible. A
continuous adaptation of the living species to environmental conditions changing
over the geological eras controls the observed evolution of the biota. The adaptation program for each species is optimized in the process of evolution. Adaptation
and evolution are the two principal characteristics of life in general. In the process
of evolution only the individuals more effectively adapted to environmental conditions survive and produce the more numerous progeny. All the useful hereditary
information involves adapting to the existing environmental conditions.
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The basis for the dominating paradigm is the observed genetic polymorphism,
i.e., genetic nonidentity of the individuals in any given population, and the mutability, i.e., the appearance of new genetic options, not found in parental lines.
It is assumed that parallel to detrimental mutations, which reduce the adaptive
capacities of an individual, new useful mutations also occur, which increase the
degree of their bearer's adaptation to practically any prescribed environment. The
maximum adaptation is determined by the highest frequency of alleles (versions)
found for each gene under various conditions. As a result most alleles feature some
adaptive value in some environment. In other words, all the observed polymorphism is, basically, adaptive. The decay polymorphism is very small, particularly
in perturbed environmental conditions.
In reality most decay traits (decay genotypes) are absent under normal conditions and consequently have a zero fitness. The new nonadaptive decay traits
(new decay genotypes) inevitably arise in perturbed or highly variable conditions.
Therefore these traits have, by definition, a finite nonvanishing fitness. Such events
should traditionally (but erroneously) be considered as adaptations to perturbed
conditions.
The total set of gene alleles composes the gene pool of the population. The
genetically different individuals in the population carry unique adaptive capacities
which may meet all the possible variations in the environment. The gene pool
is continuously enriched by new alleles due to individual mutations. Mutations
neutral under the presently existing conditions may appear useful under some
new, formerly nonexistent conditions. The intraspecific mutational process (the
sequence of single mutations) controls the evolution of separate species.
In such a traditional picture, the biological species cannot contain any information on sustaining the preferable optimal environmental conditions. The notion of
a species is not genetically described or fixed. The genetic information contained
in the population differs from environment to environment, i.e., the combination
of occurrence frequencies for various genes changes. Following a change in the
environment, such information would continuously shift from its initial level, according to the needed adaptation to new life conditions. Each individual is then
adaptationally unique. Selection among the relatives displaying the elements of
altruism with respect to their closest kin works to propagate their adaptive program. Because of the extremely high polymorphism, a return to the initial state of
the genetic information in a population is improbable, even if the initial environmental conditions are repeated. This feature is indeed observed in the course of
evolutional transfer from one species to another, close species (the Dollo«principle
of evolution irreversibility). However it contradicts the observed discreteness of
contemporary species, the stability of morphological characteristics found in fossil
species, and the lack of transitional fossil forms between these species.
The traditional concept is also in contradiction to the observed stability of the
environment, which has remained fit for life during the last several billion years
(see Sect. 2.7 and Chap. 4).
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To accept the concept of biological stability, and of the environment optimal
for life, it is necessary to reject the concept of random genetic local adaptation,
which is the basis of neo-Darwinism, that is explain all the available empirical
data which would make possible an unequivocal conclusion in favor of one of
these two alternatives. Random local genetic adaptation should then be understood
as the appearance of new functionally sensible adaptive changes in the genetic
information in the population, not coded into the old genome, which appear when
individuals enter new conditions. Such changes should appear due to the observed
single (point and macro-) mutations and be manifested during time periods shorter
than a thousand years, that is much less than the lifespan of a species according
to paleodata, which is of the order of 3 x 106 years, see Sect. 3.17.
Following the analogy with the second law of thermodynamics a corresponding biological principle could be formulated stating that no new functionally and
ecologically sensible genetic information can be created via sequential random
decay single mutations in any existing species.
Neo-Darwinism has been repeatedly criticized from different sides (Ho and
Saunders, 1984; Lima-de-Faria, 1988; Wesson, 1991), but also defended (Maynard Smith, 1991). It is demonstrated in the present chapter that all the available
empirical data may be explained without introducing the concept of random local
genetic adaptation. Moreover, all the contradictions related to use of that concept
fall away. The necessity to involve the concept of Non-Darwinian evolution also
becomes redundant (King and Jukes, 1969; Kauffman, 1991; Wesson, 1991). The
theory of neutral mutations and of the molecular clock is saved (Kimura, 1983,
1987). However, the neutral theory appears to be irrelevant to the origin of species.
The evolutionary theory of the origin of species on the basis of natural selection
is preserved in practically the same form as had been suggested by Darwin. However, the priority of evolution is significantly decreased, as compared to priority
of stabilization.
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4. Stability of the Biosphere's Organization

4.1 Limitations to Expansion and Evolution of Species
As demonstrated in the preceding chapter, stable life is only possible when individuals compete with each other within the population. Formation of populations
and competitive interaction between the individuals within them is a genetically
fixed trait of all living beings. However, when external fluxes of energy and nutrients, fit for inclusion into the feeding cycle, are available and are not used by
existing life, noncompetitive decay individuals, expelled from the population, may
start using them, thus decreasing the average level of organization of life. To prevent such a development, competitive normal individuals should expand, that is
claim all the external fluxes of energy and nutrients regenerating their own copies.
Noncompetitive individuals are then expelled from the available niches (that refers
to both the individuals of the given species and also other species which use the
same fluxes of energy and nutrients, i.e. occupy the same ecological niches).
Expansion may occur both within the boundaries of a given territory, when
the population density of a competitive species continuously builds up to reach
its possible limit, and through expanding into the areas as yet unoccupied by that
population. Evolutionary changes brought about by an increase in competitiveness
also become fixed in the genotype in the course of expansion. During expansion the
competitive interaction weakens, or even ceases. This implies that the competition
capacity might remain unchanged only when expansion took significantly less time
than such an acquired trait would take to deteriorate in the absence of competitive
interaction. Expansion is a most general characteristic of life, observed in every
species; it even covers such advanced forms of claiming new territories as space
ventures by man.
Were the fluxes of free energy limitlessly available to life (i.e. in conditions of
energy abundance), expansion would have been infinite; competitive interaction
would then have been totally absent, so that stabilization and, consequently, life
itself would have become impossible. Therefore, life may only exist on condition
that fluxes of free energy are limited, i.e., there should exist some restriction of
available energy (lack of energy abundance).
Separate biological species may exist stably outside their natural communities
for lifespans of several thousand years, when the effect of evolutionary processes
is not yet noticeable, provided the flux of external energy is limited. A population
of a species with competitive interaction "on", may support stable numbers if the

stationarity of a local environment is artificially supported, that is, if the necessary
nutrients are introduced into that environment and the wastes are evacuated. Such
is the existence of certain urbanized species (cockroaches, sparrows, rats, etc.) and
of all domestic animals and plants.
However, separate biological species, isolated from their communities, appear
to be unstable within lifespans of several millions years, when evolution takes its
full force. Evolutionary processes may only work to increase the competitiveness
of individuals. The increase in such competitiveness is not, generally speaking,
associated with higher adaptation to the environment or with higher stability of
the population.
For example, evolution in the direction of abnormally big antlers in certain
extinct animals (McFarland, 1985), the appearance of exceptionally bright and
excessive feathering in certain bird species (Zahavi, 1975; Manning, 1979; McFarland, 1985; Diamond, 1991), higher level of aggression, accompanied by lower
vitality (Tinbergen, 1968; Lorenz, 1981) do not result in better adaptation to environment and may destroy the organization of life. The principal direction in which
competitive capacities grow is dictated by larger correlation radii of individuals,
that is by larger body size of individuals and by broader spatial sizes of various
social structures. Evolution in that direction should have resulted in an unlimited
growth of both the body size and dimensions of social structures, which would
then expel all the other species from the environment.
Expansion of large individuals should have occurred both extensively, resulting
in a general proliferation of large individuals, and intensively, resulting in a local
expulsion of smaller size individuals from the environment, so that the larger size
individuals would claim all the fluxes of nutrients available. Thus, finally, one or
several groups of the most competitive species of the largest body size or social
structures should have been singled out eventually resulting in a global correlation
of the whole of biota (including both the flora and fauna), consequently stopping
competitive interaction, selection, and life in general.
Tracing from paleontological data the evolutionary changes in certain animal
species, we may satisfy ourselves that the evolution towards larger body sizes indeed takes place (Cope's rule (Stanley, 1973)). The same data show that expansion
of large bodied individuals have indeed taken place, and large animals proliferated throughout the whole of the biosphere and could be encountered everywhere.
However, paleodata fail to provide any conclusions on the population density of
such large individuals, that is on the share of consumed nutrients per large individual. That conclusion may only be drawn by studying the presently existing
biospheric communities. Such an analysis shows that no natural communities (that
is communities not perturbed by anthropogenic impact) feature internal expansion
of the larger individuals. Instead an opposite development is observed: with the
body size of the species increasing the share of nutrients it consumes (the larger
individuals consume in general) from the overall flux of nutrients decreases. The
appearance of large animals in natural communities practically does not change

