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ABSTRACT

The author distinguishes three types of evolutionary theories: 1) ahistorical
theories, constructed according to the methodological patterns of classical phys-
ics (mechanics), 2) supra-historical theories, in which the historical nature of
the evolutionary process is reflected in a more complete (than only in the sense
of the chronology of events) and richer, but its mechanism remains un-
changed—“taken out of history,” 3) fully historical theories, recognizing that the
factors and mechanisms of evolution themselves are entangled in history: are
subject to changes in the course of historical development. A prominent repre-
sentative of the third type is the theory of Ivan I. Schmalhauzen. Some peculiari-
ties of its methodological structure are analyzed. This analysis allowed to reveal
the premises of the process of evolution understood as a process of self-
organization and to determine the basis on which it can be concluded that the
general theory of evolution is nothing else than a theory of biological organiza-
tion.

Keywords: Synthetic theory of evolution, driving (and other) factors of evo-
lution, theory of stabilizing selection, historical variability of factors and mecha-
nisms of evolution.

EVOLUTION AND ORGANIZATION

In the methodological perspective, the problem of the relationship be-
tween evolution and organization is often presented as a postulate to sup-
plement the historical approach with a structural and systemic approach.
This standpoint seems unsatisfactory, as it suggests that these are two fun-
damentally independent approaches. It remains unclear whether the theory

t This paper is a translation of an article from the author’s handwritten legacy; translated by
Wlodzimierz Eugowski.
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of evolution or the theory of organization should be taken as the starting
point. And in what relation will the central theses of both theories stand in
each of these variants? The answer to this question is quite simple, albeit
seemingly paradoxical: the fundamental biological theory is the general the-
ory of evolution—which is nothing else than the theory of the development
of biological organization.

With this understanding of the theory of evolution, the concept of “bio-
logical organization” becomes a category of this theory, i.e. a concept neces-
sary to express its central theses. And vice versa: it is on the basis of these
theses that the concept should acquire its definition.2

An in-depth analysis of the basic issues of biological organization within
the theory of evolution—in its modern form—becomes absolutely possible,
and this is because:

— while earlier in the theory of evolution the central place was occu-
pied only by evolutionary processes and their mechanisms, today the
issues of the stability of biological systems have also gained full civil
rights;

— evolutionary processes were once considered only at one (organismal
or population) level of biological organization; this one-sidedness
has already been overcome—evolutionary processes are studied at
various levels of the organization;

— the theoretical approach to the evolutionary process as a process of
self-organization is deepened and consolidated [such an approach
has recently gained support from cyberneticists and scientists study-
ing the origin of life (Manfred Eigen, Hans Kuhn et al.)].

An example of such an approach can be the widely known theory of evo-
lution, developed by academician Ivan I. Schmalhauzen (1884—1963). His
work in cybernetics is prioritized to address the entire evolution of life on
Earth as a self-organizing system.

The analysis of the basic content and methodological structure of the
“pre-cybernetic” version of Schmalhauzen’s theory, to which this article is
devoted, will reveal the premises of the evolution process as a process of
self-organization.s

2 At one of the symposia gathering naturalists and philosophers, the author formulated this very
idea—that the general theory of evolution is precisely the theory of the development of biological
organization; he also analyzed a number of “organizational” concepts, viewing them as an integral
part of the causal-explicative theory of evolution. This speech sparked a lively discussion. The
speaker was accused of underestimating the role of the substrate in evolution and of taking the
position of “organismocentrism.” This article is intended to be an indirect response to those criti-
cisms.

3 Scientific research is in our understanding a teleonomic system of actions and statements,
aimed at causal explanation of empirical regularities (adequate to reality). An essential part of this
system is the explicative theory. Theory is more than a set of sentences: it is a structured whole in
which the empirical regularities of the examined processes (explanans) are derived from theoretical
premises defining the factors of evolution and their mode of operation, i.e. the mechanism of the
process (explanandum).
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In the views of Schmalhauzen and Julian Huxley from the turn of the
1930s and 1940s, there are premises for such an approach to the evolution
process, which treats it as a progressive increase in the level of morphophys-
iological organization. However, in the genetic theory of evolution, which is
being developed at the same time, there are no such premises; even the very
idea of evolutionary progress is frowned upon in it. It is enough to recall that
in 1951 and 1955 Theodosius Dobzhansky claimed that one can talk about
progress only in the sense of an increase in biomass on Earth; George G.
Simpson’s considerations are also known, who in his work Meaning of Evo-
lution tried to subjectivize the concept of progress, making an exception for
only one objective tendency “for life to expand.”

The genetic theory of evolution was built on the foundation of popula-
tion genetics in the sense that, firstly, its main concepts were taken from this
arsenal (evolution is a change in the genetic makeup of a population; its
mechanism is gene substitution, etc.), and secondly, that all theses of this
theory can and should be directly tested in population-genetic experiments.
Hence the tendency of this theory to an operationalist (in the Bridgman’s
sense) approach to concepts.

The first two editions (1937 and 1941) of Dobzhansky’s Genetics and the
Origin of Species provide a classic exposition of this theory. The author con-
structed his theory according to the methodological patterns of classical
physics (mechanics). He spoke, in particular, of evolutionary “motion,”
“statics” or “dynamics;” as the causes of evolutionary changes, he pointed to
additively acting factors, leading the population out of genetic equilibrium,
etc. A theory of this type does not allow for the recognition of evolution as
a process of self-organization. Despite the changes that the genetic theory of
evolution underwent over the next few decades, its main features and meth-
odological “ideals” remained intact. You can see this by reading the works of
authors such as J. Maynard Smith, W. Ludwig, P. R. Ehrlich, R. W. Holm
ands G. C. Williams.

THE THEORY OF EVOLUTION AND THE VARIETY
OF EVOLUTIONARY PROCESSES

The theory of evolution—according to Schmalhauzen—is an independent
branch of biology. Attempts to squeeze its issues into the framework of any
of the other biological sciences end in failure. Efforts to situate it on a basis
that is sufficient for other fields of life sciences are also fruitless. And so, the
relationship between the theory of evolution and ecology is striking, because
ecology, as the science of mutual relationships between organisms and their
environment, has as its subject the “struggle for existence”—the process that
is the basis of natural selection and evolution. However, outside the area of
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interest of an ecologist, there are, for example, such important issues for the
theoretician-evolutionist as the historical variability of forms—the subject of
morphology and paleontology.

The historical dynamics of forms also remains outside the field of view of
experimental genetics. At the same time, genetics, which studies the founda-
tions of hereditary variability, is far from analyzing the specific bonds
between organisms and their sphere of being. Putting the regularity of the
formation and dissemination of hereditary changes in the foreground,
geneticists tend to overestimate them. Due to the limited tasks faced by
ecology and genetics, these fields cannot provide the basis for the theory of
evolution—but vice versa yes: as a fundamental biological theory.

“Darwinism,” wrote Schmalhauzen, “investigates the regularities of the
historical development of organisms and its driving forces.”s Taking into
account the role of chance in particular phases of change, Schmalhauzen
considers evolution to be a lawful and directed process. The task of the theo-
retician is not only to reveal its regularities, but also to explain them by ana-
lyzing the factors and mechanisms of evolution.

Such a causal and explicative character was given to the theory of evolu-
tion by Darwin, who tried to explain such regularities as the adaptive char-
acter of evolutionary changes, divergence of features, increase in organiza-
tion complexity, irreversibility of the course of evolution.

Theorists do not have to complain about the lack of empirical regulari-
ties of evolution. What makes their task more difficult is rather the variety of
directions and forms of evolutionary changes. In his theory, Schmalhauzen
tries to take this diversity into account. His theory is clearly akin to Huxley’s
in this regard. Huxley, however, seems to overly succumb to the pressure of
diversity, which makes it difficult for him to construct a logically coherent
theory, while Schmalhauzen skillfully combines multiplicity with an indica-
tion of the basic feature of all manifestations of earthly life. This feature is
the adaptive nature of the processes of biological evolution.

This thought runs like a guiding thread through the entire work of
Schmalhauzen—the theoretical successor and creative continuator of the
ideas of A. N. Severtsov. “According to Darwin,” writes Schmalhauzen, “the
purposefulness of the structure and functions of an organism is expressed in
its adaptation to certain living conditions.”s Purposefulness understood in
this way is “the basic feature of all life.” Hence the logical conclusion: “Dar-
winism assumes that of all the problems of the theory of evolution, the ques-
tion of the morphophysiological purpose of organisms should be resolved
first.”s

4 U. U UImanseraysed [I. I. Schmalhauzen], IIpo6aemst dapsurusma [Problems of Darwinism],
Moscow 1946, p. 6.

5 Ibidem, p. 132.

6 Ibidem.
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By revealing the multitude of directions and forms of evolutionary pro-
cesses, Schmalhauzen also establishes a hierarchy of problems in the theory
of evolution. Central among them is the issue of adaptation. This must be
borne in mind in order to be able to accurately recognize the foundations of
Schmalhauzen’s theoretical construction, which will be the subject of con-
sideration in the next paragraph. In the meantime, let’s stick to the very
concept of adaptation.

The methodological clarity of the position taken by the author of Factors
of Evolution is evidenced by the fact that he precisely separates the meaning
of the theoretical concept of “adaptation” from recognizing organisms as
“adapted” (objective reference of the concept). Since a certain degree of ad-
aptation is an indispensable feature of life,” the concept of adaptation is re-
lated to the very concept of life. Only a developed definition of life, difficult
to formulate with the current state of knowledge, will allow us to define the
concept of adaptation without falling into a vicious circle. Therefore,
Schmalhauzen limits himself to only some aspects of adaptation, and the
following seems important.

The adaptation of an organism (i.e. the purposefulness of its construc-
tion and functioning) depends on its interaction with the environment, its
specific activity and way of life. When talking about the adaptation of an
organism, one should bear in mind the correlations of its parts. The co-
adaptation of organs and their functions is, in a way, the internal side of
adaptation to the environment. The adaptation of the body manifests itself
not only in maintaining its own life activity but also in caring for offspring.8

It can be said—expressing Schmalhauzen’s thought in a modern termi-
nology—that an organism adapted to a given environment functions in it as
a teleonomic system, focused on preserving its own life and that of its off-
spring. “It is necessary,” wrote Schmalhauzen, “to study the structure and
functioning of an organism in detail in order to be able to isolate features
that are particularly important for its survival.” “Maximizing survival can
occur in many ways: by increasing the level of internal organization, protec-
tion from predators, increasing fertility, caring for offspring, and other
ways. 10

So far, we have presented Schmalhauzen’s views on the meaning of the
term “adaptation” and on what characteristics of organisms may be respon-
sible for a “high degree of adaptation.” Turning to the question of the objec-
tive reference of this concept, however, Schmalhauzen asks what are the
criteria for recognizing organisms as adapted to a given environment?

7 N.U. IlImaneraysen [I. I. Schmalhauzen], Ilymu u 3axoHomepHOCMU 380A10YUOHHO20
npoyecca [Ways and Laws of Evolution Process], Moscow-Leningrad 1939, p. 232.

8 Ibidem, p. 69.

9 Ibidem, pp. 64—65.

10 Tbidem, p. 69.
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“Apart from observing the fact of survival, in fact, we have no other criterion
for adaptation.”

Separating the analysis of the theoretical meaning of the term “adapta-
tion” from the issue of the criterion of adaptation (actual survival and leav-
ing offspring) is the difference between the theories of Schmalhauzen and
Huxley, on the one hand, and the genetic theory of evolution, on the other.
In the latter, the pursuit of operational definition of concepts leads to the
blurring of the difference between the driving factors of evolution (deter-
mining survival and reproduction) and the available observation and meas-
urable experimentally differentiated reproduction (carriers of different gen-
otypes). It is only on the basis of such a distinction between the two types of
theories that it becomes understandable why the danger of a tautological
definition of the term “natural selection,” noted with some exaggeration in
the framework of the genetic theory of evolution (C. H. Waddington,
M. Lerner et al.),2 in fact, did not threaten this theory of evolution, which
was moving towards the theory of self-organization.

FACTORS OF EVOLUTION

The theory of evolution is expected to explain the various aspects of life
as it develops. This goal is served by determining the factors of evolution
and the way they work—that is, the mechanism of evolutionary changes (ex-
planans of the theory). The cognitive value of the explanans theses is con-
firmed not only empirically, by the fact that such factors occur in nature, but
also by revealing the explanatory power of these theses, i.e. by showing that
the regularities of evolution described in the explanandum can be derived
from them.

The specificity of Schmalhauzen’s approach to the factors and mecha-
nisms of evolution consists in distinguishing “necessary premises” from
“factors” of evolution, and among the latter—in distinguishing “driving”
factors from “others.”

In Schmalhauzen’s theoretical construction, driving factors play a major
role. These include the struggle for existence and natural selection.

Both the struggle for existence and natural selection are invariantsts of
evolution: throughout the history of the living world, organisms have been
drawn into the struggle for existence and thus subjected to the action of se-

u Tbidem, p. 68.

12 C. H. Waddington, The Strategy of the Gene, London 1957; M. Lerner, The Concept of Natural
Selection, Proceedings of the American Philosophical Society, 1959, 101 (2).

13 On the concept of invariant see: A. Lubomirski, Rozwdj i niezmienniki [Development and In-
variants], in: Ewolucja biologiczna. Problemy informacji i rozwoju. Szkice teoretyczne i metodolo-
giczne [Biological Evolution. Problems of Information and Development. Theoretical and Methodo-
logical Studies], Cz. Nowinski (ed.), Ossolineum, Wroclaw 1976, pp. 155—163.
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lection. The driving factors of evolution are causal in this case—in the “strong”
sense of the word: they not only cause evolutionary changes, giving them an
adaptive character, but also produce new organic forms. Creating new forms,
of course, does not mean creating them “out of nothing,” but transforming the
“raw material” which is a necessary premise for evolution. This material is
genetic variability related to heredity. Heredity and variability—as immanent
features of organisms—should also be considered as invariants of evolution
(“convariant reduplication” by Timofeeff-Ressovsky’s et al.).14

However, heredity and variability—which in Schmalhauzen’s conception
are the premises of evolution—are not among the driving factors. Evolution
would be impossible without heredity and variation; when they occur, the
struggle for existence and natural selection act as causes of evolution. If by
“cause” we mean simply the totality of necessary and sufficient conditions
for evolutionary change (and this understanding has become widespread
under the influence of positivist thought), it would make no sense to distin-
guish necessary premises from driving factors.

Heredity, variability, the struggle for existence and natural selection—
together they form a complex of conditions necessary for the course of evo-
lution. However, the term “driving factor” expresses something more: it
points to its guiding role in the creation of new organic forms from the “raw
material” offered by genetic variation.1s

There is another meaning behind the distinction between “driving” and
“non-driving" factors. We will return to this, however, after considering the
central concepts of Schmalhauzen’s theory—“struggle for existence” and
“natural selection”—and their relationship to each other.

In the scientific literature, the concept of driving factors of evolution has
been discussed quite extensively. Here, therefore, it is enough to dwell only
on those of Schmalhauzen’s theses that are related to the topic of our article.

The “struggle for existence” expresses the “complicated relations be-
tween the organism and its biotic and abiotic environment.” Darwin’s con-
cept of “struggle for existence” reflects an important feature of organisms,
namely, their activity in relation to the environment.¢ This activity is ex-
pressed in the “acquiring” of the necessary substances and energy by an
organism from the environment, in defence against attackers and in repro-
duction. This activity of is opposed by resistance from the environment,
which results in the annihilation of a certain number of individuals from
a given population or preventing them from reproducing.

14 H. B. Tumodees-Pecosckumii, H. H. Boponros, A. B. fA6mokoB, Kpamkuil ouepk meopuu
asooyuu, Moscow 1969 [Kurzer Grundriff der Evolutionstheorie, Jena 1975].

15 This idea refers in a way to the Aristotelian understanding of matter and form, as well as to the
concept of formal cause. The most important thing here, however, is that the causal relationship
means something more than just a constant succession of phenomena—it also includes the idea of
natural (biological) necessity.

16 1. U. IImansraysex [I. I. Schmalhauzen], ®axmoput sgoatoyuu [Factors of Evolution], Mos-
cow 1946, p. 127; Edition in English: Philadelphia—Toronto 1949.
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The struggle for existence is always connected with elimination under-
stood in this way. All other things being equal, individuals that are less well
adapted (in some respects) perish or do not leave offspring, while those that
are better adapted survive; elimination is selective. This is related to another
aspect of the struggle for existence—the competition between individuals. If
a certain number of individuals of a population or species face the same
danger, or if they are subject to the same constraints on survival and repro-
duction, then natural selection becomes possible for some of them, namely,
those that have been able to avoid threats or overcome barriers. “Natural
selection,” Schmalhauzen writes, “is closely related to the struggle for exist-
ence: it fully depends on its occurrence. It is a process diametrically opposed
to elimination and directly defined by competition.”

The nature of the struggle for existence is always determined by the spe-
cific mutual relations of the organism and the environment—created in
a given place, time and conditions. Different forms of elimination are asso-
ciated with different forms of natural selection and mark different directions
in the process of evolution.8 As a necessary and sufficient premise of natural
selection, the struggle for existence, figuratively speaking, plays the role of
“commanding,” and selection “executing her commands.”

Although there are various forms of elimination and competition, the
explanans of Schmalhauzen’s theory emphasizes that “only individual natu-
ral selection, based on the competition of individuals within a group, has
a creative character.”9

Both the struggle for existence and natural selection are population
phenomena, since competition takes place between individuals within
a population, and the elimination of some individuals automatically entails
the selection of others. At the same time, however, selection, as the reverse
side of the elimination of some individuals, is precisely the selection of
individuals—and its population dimension should not obscure this
fact. When analyzing Schmalhauzen’s theory, one should not avoid recogniz-
ing this fact, even under the threat of being accused of “organismocen-
trism.”z0

17 1. U. MImansrayseH [I. I. Schmalhauzen], ITpo6aemst dapsurusma [Problems of Darwinism],
op. cit., p. 261.

18 1. Y. IlImasnseraysex [I. I. Schmalhauzen], ®axmoput agoatoyuu Factors of evolution], op. cit.,
p. 131.

19 Ibidem, p. 137.

20 This concept was introduced by K. M. Zawadski. However, some authors use it in discussions
as “long-range weapons.” Scientific literature has recently been enriched by Zawadski’s valuable
book Pazsumue agoatoyuonnoit meopuu nocae /lapsuna [The Development of Theory of Evolution
after Darwin], Leningrad 1973. It includes a huge amount of factual material and proposes a new
approach to the history of evolutionary theory in the post-Darwinian period. Unfortunately, it is
difficult to agree with some of Professor Zawadski’s conclusions, in particular with his belief in the
unity of the synthetic theory of evolution. Professor Zawadski, rightly emphasizing the need to
confront theses of theory with empirical material, pays too little attention to the organizing role of
theory and the importance of theoretical constructions in the development of scientific thought.



Self-Organization and the Theory of Evolution 103

In the light of this theory, we cannot talk about the selection of genes,
genotypes, reaction norms, phenotypic features, etc. Changes in the genetic
composition of the population, reaction norms, etc. are derivatives of the
natural selection of individuals, and the direction of these changes is deter-
mined by the relations of the struggle for existence. The mechanism of evo-
lution, according to Schmalhauzen, consists of several interrelated links,
which include:

— struggle for existence;

— natural selection of individuals within a population as a result of the

struggle for existence;

— selection-related change in the genetic make-up of a population, ex-

acerbated in successive generations by recombination of genes.

Any attempt to replace the selection of individuals within the population
by the selection of genes, genotypes and their transmission, or any attempt
to reduce the struggle for existence to natural selection—is, in our opinion,
a significant departure from Schmalhauzen’s theory.2

Natural selection always has to do with the morphophysiological struc-
ture of the organism, realized in given conditions, i.e. with the specific phe-
notype of particular individuals. Schmalhauzen’s theory, developed in the
1930s, differs because of this thesis from the genetic theory, according to
which the evolutionary dialogue takes place between the environment (rep-
resented by selection) and genes (and their mutations).

For Dobzhansky, this involved a “genetic reduction” of phenotypic traits
to “underlying genes.”22 In the 1940s and 1950s, the views of the proponents
of the genetic theory on this issue gradually changed: the belief, that natural
selection “favors (or eliminates) phenotypes rather than genotypes, began to
prevail.23 Thus, the genetic theory assimilated the thesis that had been advo-
cated for a long time by representatives of the second current of the synthet-
ic theory of evolution. However, with a different construction of the explan-
ans, even an identically sounding thesis takes on different meanings in both
streams.

In the “self-organization theory,” the statement that selection has to do
with the phenotype realized in given conditions means that the organism in
the entire course of its individual development (ontogeny) is subject to “en-
vironmental control,” i.e. the pressure of the struggle for existence. Natural
selection, on the other hand, summarizes the comparative assessment of

21 The tendency to blur the difference between the theoretical concepts of both currents of syn-
thetic theory seems wrong. It is very surprising that W. Berg, a close relative of Schmalhauzen, in
presenting (in two prefaces) his position on the factors of evolution, makes no mention of the strug-
gle for existence and actually reduces his concept of natural selection to that of the representatives
of the genetic theory of evolution.

22 Cz. Nowinski, Kryzys struktury teorii ewolucji [A Crisis of the Structure of Evolution Theory],
Studia Filozoficzne, 1969 (2), pp. 47—67.

23 R. Mayr, Animal Species and Evolution, Cambridge 1963.
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organisms of a given population as teleonomic systems from the point of
view of their functioning in a given environment.

Within the framework of the genetic theory, however, this thesis cannot
be given a similar meaning, because it would have to be admitted at the
same time that evolution is based not on transgenerational mechanisms
(studied by population genetics) but on the mechanisms of the struggle for
existence within one generation. Emphasizing the role of the phenotype here
is tantamount to valuing ontogenesis and its regularities, however, not in
the relationship “ontogenesis—struggle for existence” but in the relationship
“genotype—its realization in ontogenesis.”

Abandoning the primitive, unambiguous correlation of "features" of
phenotype and genes (or genotype and phenotype) allows advocates of the
genetic theory to recognize the importance of epigenesis and buffering of
developmental processes. Buffered ontogeny shields certain mutations from
selection based on phenotype traits, and these may turn out to be the same
across genotypes.

The peculiarities of ontogeny processes may therefore affect the rate of
evolutionary change; they also increase the proportion of chance, because,
as Adam Urbanek notes, “natural selection is like a gambler pulling cards
from a deck, seeing only their identical shirts, unable to assess their real
value.”24 This is the case from the perspective of genetic theory, which focus-
es on genetic and population processes, making them a model of evolution-
ary changes.

From a different point of view—oriented towards the concept of self-
organization—the “snag” created by the ambiguous correlation of phenotype
and genotype is also noticed, but interpreted differently: the buffering of
ontogenesis, its autonomization and regulatory nature accelerate the pace of
evolution.

Let us now turn to the “non-propelling” factors of evolution. When ana-
lyzing the struggle for existence and natural selection, we referred to a varie-
ty of processes: ecological, organism-population (such as dynamic relations
“organism—environment,” elimination of individuals and their selection
within the population), etc. It is obvious, however, that the operation of the
“driving” factors of evolution leads also to changes at the genetic level,
namely to changes in the genetic composition of the population; by their
very nature they transcend the boundaries of a single generation.

However, the mere ascertainment of the genetic consequences of natural
selection, or the recognition of heredity and variability as the necessary pre-
requisites for evolution, does not yet provide an answer to the question of
the essence of the action of the factors of evolution—their role that should be
taken into account in the explanans of the theory.

24 A. Urbanek, Rewolucja naukowa w biologii [A Scientific Revolution in Biology], Warszawa
1973.
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Consider the example of the genetic reserve of variation to which
Schmalhauzen paid special attention. Well, this “mobilization reserve” does
not determine the direction of evolutionary changes—even in conditions
conducive to its activation. Instead, it increases the rate of transformation
by increasing the efficiency of selection, providing it with material in the
form of an additional pool of diversity.

Schmalhauzen is far from considering population-genetic models as
models of evolution, but this does not prevent him from using the findings
of Fischer, Wright or Haldane to consider the role of “non-drivers.” Thus,
the evolutionary potential of natural selection is determined, in his opinion,
by the genetic diversity of individuals in a population according to Fischer’s
so-called fundamental law of selection. In turn, according to Wright, the
possibility of an increase in the rate of evolution appears with the splitting of
a species into a series of relatively isolated populations. In a word, popula-
tion and genetic factors play an important role in determining the pace of
evolutionary changes—they can decrease or increase them.

Considering the role of genetic factors in evolution in a slightly different
aspect, it is usually stated that genomes, shaped in the course of the histori-
cal process of evolution, in fact limit the paths and possibilities of further
changes, setting in particular the limits of acceptable mutations.

However, a closer analysis also reveals the other side of this issue.
Schmalhauzen is known to have opposed the widespread view that the emer-
gence of new organic forms was the result of the accumulation (preserved by
selection) of “lucky” (beneficial) mutations. Individual mutations, as he em-
phasized, are usually harmful: they violate the structures and functions
formed in the course of long-term evolution, in the course of which organisms
adapted to the environment, and their organs adapted to each other. The for-
mation of new, harmonic forms can in no way be the result of a combination
of a series of harmful mutations. Even if a mutation is (under the given condi-
tions) useful in some respect, it is highly unlikely, due to the pleiotropic effect
of genes, that its other manifestations will turn out to be just as “lucky.”

From this, Szmalhauzen draws the conclusion that one of the factors of
evolution is not individual mutations, but gene recombinations. With sexual
reproduction and diploidy, the number of possible combinations is enor-
mous; therefore, there may be those whose beneficial effects are preserved
and the negative ones are neutralized. In the next steps of natural selection,
mutations are “processed” in such a way that their harmful manifestations
are neutralized and their beneficial manifestations are amplified. The result
is a new form, different from the previous ones, adapted to the environment
and functioning in a harmonious way.25

25 Schmalhauzen considers these problems in detail in his book INymu u 3axonomeprocmu
asoatoyuoHHoz0 npoyecca [Ways and Laws of the Process of Evolution], 1939, and in a number of
articles from this period. It is interesting that here too there is an analogy between his views and
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According to Schmalhauzen, evolution entered the path of forming new,
progressive forms of life, and natural selection became creative in the full
sense of the word, only when an orderly mechanism of gene recombination
was formed.

Comparison of the situation in the early phase of evolution, when genetic
recombination does not yet occur, and the material is provided by single
mutations, with the situation where we are already dealing with a wealth of
recombinant variability, allows us to conclude that genetic recombination
opens up new possibilities for the operation of natural selection. Previously,
selection could only accept or reject a mutation, but could not influence its
phenotypic expression. The emergence of the mechanism of genetic recom-
bination allowed to remove this limitation. From then on, a gradual “pro-
cessing” of the mutation could begin, improving its phenotypic expression
and neutralizing the harmful, while strengthening the beneficial “novelties.”

The genetic factor created a new possibility by removing a pre-existing
constraint. However, this possibility could materialize only because an in-
variant of the evolution process is the struggle for existence and its result,
i.e. natural selection. By realizing these new possibilities, selection becomes
more flexible and efficient in creating new life forms.

The example of recombination shows that genetic factors, while not
themselves among the driving factors (i.e. causes) of evolution, co-determi-
ne its direction and effects—allowing for a new way of natural selection.

This brief review of the ways in which the non-driving factors of evolu-
tion work has shown us that they either limit or expand the field of selection,
increase or decrease the rate of change. Let us return now to the question of
the drivers of evolution for a moment’s consideration of the well-known
theory of stabilizing selection. This will create an opportunity to show an-
other side of the interrelationships driving and other factors of evolution.

In a situation of achieved balance between the organism and the envi-
ronment, stabilizing selection maintains and consolidates the developed
adaptive norm. Of course, the elimination of deviations from the norm also
leads to the reduction of variability, to the “normalization” of the population
and thus to the narrowing of evolutionary possibilities. However, the elimi-
nation of deviations from the norm entails other, much more distant conse-
quences, which are also very important for the course of evolution.

Well, organisms sometimes react to random, short-term changes in the
action of external factors. These reactions are undesirable, as the conditions
soon return to normal, and the selective advantage remains with individuals
with a lower reaction standard, those that have not reacted to a temporary
change in environmental conditions or internal factors (mutations).

Huxley’s position, when the latter talks about the process that mutations undergo under the action
of selection with the participation of modifier genes, etc.
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As a result, selection favors the survival and procreation of more stable
individuals. The means of this stabilization may be different: at least some
genetic apparatus, such as diploidy, the dominance of the norm, co-
adaptation of genes or intracellular regulatory systems. It also includes
mechanisms of ontogenetic development, such as a complex system of mor-
phogenetic correlations, shifting the upper and lower thresholds of normal
tissue reactivity, development of regulatory mechanisms of ontogenesis or
development autonomization.

Stabilizing selection cooperates in the formation of these mechanisms,
thus favoring the reconstruction of the genetic apparatus and ontogenesis
with its mechanism. This, in turn, affects how natural selection works in
a feedback loop. Let’s take a closer look at this on the example of morphoge-
netic correlations. As a rule, they have a hindering effect on evolutionary
changes, as it is not only individual organs and their reactions that are at
stake here, but also the relationships between them. The situation changes
when, under the action of stabilizing selection, a regulatory system of onto-
genetic processes is created and reaches the degree of complexity and preci-
sion that characterizes higher vertebrates.

Under these conditions, evolutionary changes in one section of the mor-
pho-physiological organization entail changes in other sections. The correla-
tive regulatory system thus becomes a factor accelerating the evolution of
the population by ensuring the possibility of a comprehensive, harmonious
reconstruction of organisms. At the same time, selection will be more effec-
tive and less dependent on random factors, such as single mutations.

Two types of conclusions can be drawn from the above analyses.

e According to Schmalhauzen’s theory, the hereditary stability of the
morpho-physiological structure and reaction of organisms can be expressed
to varying degrees. This stability and the balance of organisms of a given
population in relation to the environment is the result of evolution. The the-
ory discussed here seeks to explain not only evolutionary changes, but also
the resulting states of equilibrium and stability.

The principles of genetic construction of the theory of evolution are fun-
damentally different from Schmalhauzen’s theory. According to her, the
factors of evolution (mutations, selection, etc.) upset the genetic equilibrium
of a population. Within this theory, the causal explanation of genetic bal-
ance, described by the Hardy—Weinberg law, is redundant: the balance is
given in advance, only deviations from it need to be explained.

In Schmalhauzen’s theory, however, the stability and balance of the “or-
ganism-environment” system is not something “given from above”—but
shaped historically. This allows us to pose the question of what role the de-
gree of stability obtained in its previous phases plays in the further stages of
evolution.
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e The driving factors of evolution (the struggle for existence and natural
selection), producing new adaptations, new organic forms, new relations in
the apparatus of heredity, and finally new, more stable forms of ontogenesis,
thus modify the character of the previously existing non-driving factors (ge-
netic and ontogenetic). The feedback from the modified non-propelling fac-
tors towards the driving ones leads in turn to a change in the mechanism of
evolution. Evolution, “guided” by a certain mechanism, therefore changes
(reorganizes) this mechanism itself. Moreover, on the basis of the above
analyses, it can be assumed that in the course of evolutionary changes—and
under their influence—their mechanism is improved: in the sense that it
becomes more and more independent of accidental influences and more and
more effective. These assumptions are confirmed by Schmalhauzen’s con-
cept of evolutionary progress, which we will now analyze.26

THE THEORY OF EVOLUTION AS A THEORY
OF SELF-ORGANIZATION

Schmalhauzen considers the evolution of life on Earth from two points
of view. On the one hand, evolution is a multiplicity of diverse processes,
running in different phyla and in different geological epochs. Investigating
these processes allows us to establish certain empirical regularities. On the
other hand, evolution is treated by Schmalhauzen as something more than
a collection of individual processes: namely, as a uniform historical whole,
directed in its development. Schmalhauzen’s concept of progress fits pre-
cisely into the context of the process of evolution as a coherent whole. The
genetic theory of evolution offers no basis for such a holistic view. It is not
surprising, therefore, that the issue of evolutionary progress has not found
an appropriate place in her field and only recently has begun to pave its way.

Let us briefly recall Schmalhauzen’s characterization of evolutionary
progress. Namely, it include:

— an increase in the morpho-physiological complexity of the organiza-
tion associated with the accumulation of adaptations of the widest
possible understanding;

— increase of individual adaptive capacity in its various forms;

— increasing complexity of correlation mechanisms, which are becom-
ing more and more regulatory;
— autonomization of ontogenesis;

26 Beginning in 1938, Schmalhauzen considered in his works elements of the theory of progress,
taking into account the proposals formulated in this respect by academician A. N. Severtsov, but also
making a significant own contribution. A detailed exposition of this concept is contained in the last
part of his monograph ®@axmopwt ssoaroyuu Factors of Evolution].
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— increase in the importance of the hidden reserve of mobilization var-
iability in the population;

— activating various forms of the struggle for existence, increasing the
intensity of metabolic processes and the pace of life;

— the increasing selectivity of elimination and selection, as well as the
increasing efficiency of selection and the increase in the rate of evo-
lution.

Progress understood in this way can, generally speaking, be presented as
an increase in morpho-physiological complexity—as well as an increase in
the ordering of the mechanism of evolution, which works more and more
effectively.

With the increase in morpho-physiological organization goes hand in
hand the expanding scale of control of the environment. The selective nature
of selection, in the face of the ongoing competition of teleonomic systems
(organisms) as to the effectiveness of their functioning in a given environ-
ment, gives evolutionary changes an adaptive direction. The historical time-
scales of the evolution of terrestrial life, as well as the accumulation of
broad-profile progressive changes, make it likely that species with a high
degree of organization will emerge.

The evolution of life on Earth, taken as a historical whole, thus gives
a picture of the emergence of organic forms with an increasing degree of
organization. Along with the increase in the selectivity of elimination, the
very mechanism of evolution is also perfected, its orderliness and independ-
ence from accidental influences increase.

Schmalhauzen’s theory in the 1930s and 40s did not yet include
the statement that perfecting the mechanism of evolution over time is
a biological necessity. Explicitly, this phrase appeared in the author’s cyber-
netic works in the 1950s and 1960s. However, already in the first phase of
developing his theory, Schmalhauzen clearly sees that the process of evolu-
tion, accompanied by an increase in the level of morpho-physiological or-
ganization, is a process of self-development. He writes about it in the last
chapter of the book Roads and Regularities of the Evolutionary Process,
entitled “Evolution as the historical self-movement of the organism-
environment system.” This historical self-movement, associated with an
increase in the degree of organization, in the modern sense is a self-
organizing system. So here we are dealing with the theory of self-
organization.
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AN HISTORICAL APPROACH

Schmalhauzen often emphasized the importance of the historical meth-
od in his works. The “historical approach” is usually understood to refer to
the history of life in explaining biological processes and regularities. At the
same time, however, in the biological literature “historical explanation” is
often understood simply as genetic explanation (in the methodological
sense). Well, this identification does not seem correct to us. The difference
between the analysis of the origin of a given system, state or event and the
explanation of the empirical regularities of a certain process within the
framework of historical theory is fundamental. Let us look at Schmal-
hauzen’s theory from this angle: first, at its explanandum (defining the fea-
tures of evolution as a historical process) and then at its explanandum (re-
vealing the specificity of explanation on the basis of a theory of the historical
type).

Its explanandum can be characterized as follows.

e In the process of evolution, taking place in the geological time scale,
new (compared to earlier) species forms are created.

e These forms are adapted to their surroundings. If by adaptation we
mean a state of dynamic equilibrium between the population (species) and
the environment, then the evolutionary process can be defined as a series of
successive transitions from one such state to another.

e In the course of evolution, there is no return from new species to pre-
existing ones. In this sense, the process of evolution is irreversible.

e The process of evolution is directed: its course increases the complexi-
ty, integration and activity of organisms—and the scale of environmental
factors they control expands. This is the direction of morpho-physiological
progress.

The emergence of new species forms in the process of evolution, its ori-
entation and irreversibility characterize it as a historical process. It follows
that the historical character of the process in Schmalhauzen’s theory cannot
be reduced to a mere chronological sequence of events according to the “ar-
row of time.”

A diametrically opposed point of view was taken by the genetic theory of
evolution in its early phase. Dobzhansky=7 strongly opposed causal explana-
tion to historical one. He believed that for the analysis of always and every-
where equally acting factors of evolution (mutation, migration, drift and
selection), the parameter of geological time is of no importance. In his theo-

27 Th. Dobzhansky, Genetics and the Origin of Species, New York 1937.



Self-Organization and the Theory of Evolution 111

ry from this period, the causes of the evolutionary process are considered,
the “historical” nature of which can only be said to be in the sense that they
are ordered “according to the arrow of time.”

As the above analysis of Schmalhauzen’s theory shows, factors and
mechanisms are not “supra-historical”’—they are entangled in historical pro-
cesses and in their course they themselves undergo changes.

This analysis also shows that the role of chance decreases over the
course of the evolutionary process. Adaptive changes are becoming more
and more orderly, drowning out accidental disturbances of internal and
external provenance.

The evolutionary variability of the mechanism of evolution significantly
enriches its historical character. Schmalhauzen’s theory, taking into account
the direction and irreversibility of evolutionary changes—as well as the vari-
ability (directed) of the mechanism of evolution itself—represents the “his-
torical approach” highly consistently. It is a historical theory—in the full
sense of the word.

It is worth noting that such a view of evolution is an extremely rare phe-
nomenon. Much more often the historical nature of the evolutionary process
is understood in the sense of:

— a chronological sequence of events,

— the irreversibility of the evolutionary process, or else

— emergence of new genre forms in its course.

At the same time, the same mechanism of evolution is assumed to remain
unchanged. The mechanism understood in this way does not depend on its
historical course, it remains as if “taken out of history,” has a supra-
historical character.

From the point of view we are interested in here, therefore, three types
of the theory of evolution can be distinguished.

e Ahistorical theories. This understanding of evolution was approached
by Dobzhansky in the early stages of the development of the genetic theory.
Assuming the “historical” (in the sense of “chronological”) character of the
evolution process, he abstracted from the historical process in the theory of
evolution, trying to approach the methodological model of classical physics.
This is also the nature of some theories formulated on the basis of molecular
biology, aiming at explaining all biological processes, including evolution, by
referring to the laws of physics and chemistry. The idea of such an ahistori-
cal theory became the guiding thread of J. Monod’s book Chance and Neces-
sity.

e Transhistorical theories, in which the historical nature of the evolution
process is reflected in a fuller and richer way, but its mechanism remains
unchanged—*“taken out of history” (Simpson’s theory is an example).
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e Fully historical theories, recognizing the entanglement in history of the
very factors and mechanisms of evolution—assuming that these factors and
mechanisms are subject to change in the course of historical development.

TOWARDS A GENERAL THEORY OF EVOLUTION

In our opinion, Schmalhauzen’s theoretical considerations suggest in
what direction it is worth looking for a solution to one of the most difficult
methodological issues of contemporary evolutionism: is it possible to con-
struct a general theory of evolution, and if so, on what foundations? This
problem was posed already in 1942 by Julian Huxley, but he failed to solve
it.

The theory of evolution, according to Huxley, is essentially “comparative
evolutionism;” it consists of a number of partial theories describing evolu-
tionary regularities specific to various parts of the living world. The “com-
parative evolutionism” understood in this way is crowned with a certain
superstructure of a series of quite general statements such as: the direction
of selection is adaptive, selection directs mutational variability, “improves”
living matter (according to Huxley, these are Darwin’s poorly justified
claims, based “on three facts and two deductions™).28

Such a position is, of course, unsatisfactory, so it is not surprising that
Huxley returned to this issue in the 1950s, recognizing the unity of the his-
torical process of the evolution of life on Earth (and therefore also the unity
of theory) and linking it to the problem of progress. The latter, in his opin-
ion, refers to such biological “improvements” that make further ones possi-
ble. This series of unlimited refinements leads to the emergence of ever
higher types of organization, which in turn entails a succession of dominant
types that change from era to era. Significantly, in the early stages of evolu-
tion there were many possible ways to increase the degree of organization,
but from the Pliocene onwards only one thread of further progress remains
open, i.e., that leading to man. In short, for Huxley, the unity of evolution
and its holistic character is expressed in the fact that it is possible to distin-
guish in it the main path of biological progress, which is carried out at the
expense of “failures” of many types of plants and animals—the advantage of
extinction over further development.

However, this solution by Huxley also seems to us to be insufficient.
Firstly, it is difficult to consider development running along a certain “high-
way” as a “natural necessity.” It is also difficult to exclude the element of
chance, which undoubtedly plays a role in the evolution of specific lineages.

28 Cz. Nowinski, Syntetyczna teoria ewolucji: Julian Huxley [A Synthetic Evolution Theory],
Kwartalnik Historii Nauki i Techniki, 1972 (4), pp. 708-715.
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Secondly, the focus here was only on limiting opportunities in the course of
evolution, and the emergence of new development opportunities remained
on the sidelines.

In Schmalhauzen’s theory, the issue discussed here is clear. The direc-
tion of evolution is determined in it by the relations of the struggle for exist-
ence that have developed at a given time, in a given place and under given
conditions. From these specific relations (determined, on the one hand, by
the historically shaped properties of organisms, and on the other hand—by
a given system of environmental factors), it is impossible to eliminate the
moment of chance.

So how can we talk about the natural direction of evolution here? In var-
ious, sometimes even contradictory lines of development, we find different
regularities. It seems, however, that Schmalhauzen’s theory, which strongly
emphasized the evolutionary role of specific conditions of the struggle for
existence—and thus seemingly hindered the path to a general concept of
evolution—also indicated a possible way out of this difficulty.

Schmalhauzen, analyzing the variability of organisms, divides them into
stable and labile. Labile organisms in their individual ontogenesis depend
on various accidental influences from the environment, while stable organ-
isms are independent of random events in their development. Thus, they
differ in the degree of autonomy of morphogenesis.

Taking into account the action of natural selection, Schmalhauzen dis-
tinguishes organisms:

— stable in a homogeneous, constantly changing environment;

— labile in such an environment;

— stable in a diverse, constantly changing environment;

— labile in such an environment,

These analyzes lead the author to some conclusions regarding the opera-
tion of selection. It is worth paying attention to the way concepts are creat-
ed, the level of abstraction at which they are formulated. There is no ques-
tion here of one or another type of food, its lack or abundance, the presence
of these or other enemies (predators or parasites), that is, what is important
for the formation of given, specific relations of the struggle for existence.
Abstraction tends to free itself from specific factors (internal and external).
Schmalhauzen, on the other hand, speaks of dependence (or lack of it) on
random environmental factors; about its oneness or diversity; about its reg-
ular (or not) changes; about changes in the relationship between a homoge-
neous environment undergoing transformation in a specific direction and an
organism whose morphogenesis is autonomous (or not).

This way of creating concepts allows us to free ourselves from the con-
crete-empirical image of the struggle for existence, and introduces it into the
game of abstract relations of homogeneity, diversity, repetition, depend-
ence, independence, etc. When we talk, for example, about changing the
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relationship between a homogeneous, constantly changing environment and
an organism with a morphogenesis independent of external factors—this is
what we have in mind the relation of relations, so quite a high-order ab-
straction is involved here. Thus, we break away from empirically available
evidence, such as the presence of oxygen in the environment, the availability
of certain proteins, the proximity of this or that parasite, etc.

We therefore abstract here, in short, from the specific conditions of the
struggle for existence, which include, among other things, case element. It
may be assumed that this abstraction holds the secret that makes it possible
to deduce “evolutionary progress” from the premises of the explanans. The
formulation of a general theory of evolution is possible only at such a high
level of abstraction.

The biological necessity of abstractly conceived directions of evolution-
ary progress can be demonstrated by deriving it from the explanans of the
theory.29 Specific theories of evolution, on the other hand, are concretiza-
tions of theses of the general theory, obtained by reducing abstractions—
taking into account the specific conditions of the struggle for existence and
selection that occurred in various geological epochs for some “regions” of
the living world. The analysis of factors and mechanisms within these specif-
ic theories of evolution will, in turn, allow for the explanation of individual
phylogenetic lines.

In conclusion, it may be worth emphasizing that for the general theory of
evolution understood in this way, an appropriate source of mathematical
apparatus seems to be the currently developed cybernetic theory of self-
organization. This is a much better perspective than trying to mathematicize
the theory of evolution on the basis of population genetics.

FINAL REMARKS

We have outlined the main ideas of Schmalhauzen’s theory above. Some
of the peculiarities of its “methodological structure” have been analysed.
This analysis allowed

— to reveal the premises of the process of evolution understood as

a process of self-organization, as well as

— to determine on what grounds it can be said that the general theory

of evolution is nothing more than a theory of biological organization.

Concluding remarks will deal with these two issues.

29 The role of higher-order abstractions (predicates of a higher logical type) in the construction of
the general theory of evolution, starting with Darwin, is discussed in the paper: Cz. Nowinski,
Biologie, théories du développement et dialectique, in: J. Piaget (ed.), Logique et connaissance
scientifique, Gallimard, Paris 1969, pp. 862—892.
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e The premise for understanding a specific process of self-development
is the discovery of the underlying dialectical contradiction, the unity and
struggle of opposites, or in other words, opposing and at the same time mu-
tually conditioned tendencies. Schmalhauzen took this dialectical approach
as the basis of his theory. This is generally known, so there is no reason to
dwell on it any longer. It is worth noting, however, the difference between
the two types of theories belonging to the general trend of the synthetic the-
ory of evolution. Some representatives of the genetic theory of evolution are
also ready to recognize that two opposing tendencies lie at the basis of the
evolutionary process. However, in their view, these are a tendency to disor-
der—due to mutation—and a tendency to order—due to natural selection.
Schmalhauzen, in our opinion, goes deeper: he writes about “opposite” rela-
tions between organisms (of a given population) and their environment. The
latter is a necessary condition for the existence of organisms, because it is
from it that they derive the substances and energy necessary for life—but at
the same time their relations with the environment lead to elimination in
the struggle for existence, which results in selection.

As can be seen from the above, according to Schmalhauzen, the mecha-
nism of evolution consists of several interrelated links (struggle for exist-
ence, natural selection and change in the genetic composition of the popula-
tion). The tendency of representatives of the genetic theory to “dissolve” the
struggle for existence in natural selection is an obstacle to a deeper under-
standing of the process of evolution as a process of self-organization.

e In the process of historical self-development of the living world, the
complexity and ordering of organisms (the morpho-physiological process),
as well as the ordering of the very mechanism of evolution, increase; it is in
this sense that we are talking about a process of self-organization here.3° The
mechanism of evolution adopted by Schmalhauzen leads to the “growth of
order,” due to the fact that the organisms of a given population, competing
with each other for food, protection against enemies and the ability to leave
offspring, are subject to systematic control throughout their lives in the
struggle for existence. and comparative assessment in terms of the effective-
ness of their functioning as teleonomic systems, aimed at sustaining life and
passing it on to offspring.

In Schmalhauzen’s theory, two different processes were separated:
(a) control according to the criterion of functional efficiency and (b) regula-
tion of the composition of the population. Control is carried out in the
course of the struggle for existence in a given biocenosis; on its basis, regula-
tion takes place through natural selection within the population. Control is

30 The concept of organization refers only to such an ordered whole in which the order of ele-
ments is governed by the principle of teleonomy. In a living organism, such a principle is to main-
tain one’s own life and pass it on to offspring.
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thus exercised in a system hierarchically superior to the population as an
evolving unit. The conditions for optimizing the functioning of the organ-
isms are also met, as the control criterion is the appropriate parameter.

The genetic theory of evolution, built on the foundation of population
genetics, treats the concept of the struggle for existence as a metaphor and
disregards the activity of organisms as teleonomic systems—so, of course, it
does not create premises for the theory of self-organization.s

e The formulation of a general theory of evolution, justifying the natural
necessity of the main directions of the evolutionary process, is possible only
at a high level of abstraction, using predicates of a higher logical type. At this
level of abstraction, the moment of chance, present in individual phyloge-
netic lineages, remains aside. The condition for the methodological correct-
ness of such a theory is the separation of two planes:

— the construction plane of the theory, in which statements concerning
its regularity (explanandum) are derived from theses relating to the
factors and mechanisms of evolution (explanans), and

— a theory-testing platform that requires reference to specific facts and
processes, established by observation or experiment.

The general theory of evolution, formulated on these principles, is capa-
ble of explaining the regularities of the development of biological organiza-
tion—and contains no other content.
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