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Abstract—Cognition is not a process of mastering truths, i.e., grains of ultimate knowledge. Even in the
details, cognition only allows us to get closer to the ultimate truth, not to reach it. Consequently, the real tool
of knowledge is not a proof, but a presumption. The latter refers to a certain decision that was successfully
established in the past in an appropriate context and therefore can be taken without additional proofs, though
only in the absence of serious contradictory evidence. Two paradigms compete within the framework of mod-
ern evolutionary biology, i.e., the dominant cladistic paradigm and the often disregarded but indestructible
phyletic paradigm, which grew from the traditional view on systematics and evolution. Cladistics corresponds
to the genetic (=population-genetic, “synthetic”) theory of evolution, whereas phyletics corresponds to the
holistic (=“epigenetic”) one. The cladistic paradigm seemingly offers a strict procedure of objective analysis,
but its prerequisites, such as the mandatory dichotomy of a particular phylum combined with the simultane-
ous disappearance of an ancestor, which disregards the possibility of speciation without divergence, are
hardly consistent with the real order of things, and unavoidable sources of subjectivity are also usually
ignored. The holistic paradigm does not represent a less clear procedure, but a more complex protocol of
analysis, since it not only recognizes the unavoidable elements of subjectivity but also explicitly introduces
them into the research protocol as a choice between the conflicting presumptions. Phyletics, as part of the
holistic paradigm, provides taxonomic and phylogenetic schemes that are stabler in the long run, and the
holistic theory of evolution, together with the adaptive compromise metaphor derived from it, can explain
many evolutionary phenomena that are incompatible with the genetic (“synthetic”) theory of evolution, such
as the discrete nature of biological diversity, the fundamental nonuniformity of the evolutionary process, and
the paradox of the inverse correlation between the evolutionary rate and level of organization, e.g., the highest
and lowest rates of the evolution of large mammals and microorganisms, respectively.
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INTRODUCTION

In this work, I would like to present my vision of
the most general problems and tasks of evolutionary
biology, which is understood as the study of objects of
the organismic level in the context of their evolution
and diversification (the formation of biological diver-
sity). Therefore, the reader will not find an overview of
the opinions of other researchers here: only what is
needed to clarify the author’s standpoint is cited. I see
the justification for this approach in the fact that my
views are very different from the views characteristic of
the majority of colleagues and, judging by the experi-
ence of a fairly long life in science, many seem odious.
However, I still have not heard any serious arguments
against the views that I have formulated. I must also
admit in advance that I in no way pretend to be a pro-
fessional in the field of philosophy: I am sure that
many of my statements will seem naive, or even erro-
neous, to a professional. The justification for my cour-
age may be the fact that I am writing not for philoso-
phers but for biologists. However, it would be very
important for me to hear the opinion of a philosopher.

The main questions that life asks us are what and
how, because the no-less important questions—where,
when, why, and wherefore—are meaningful only when
we have decided what we want (to know, do, or have)
and how we intend to achieve it. What is the subject of
ontology, and how is the subject of epistemology (the
theory of knowledge). In science with ontology, it is
clear in the most general form: we want to know. To
know what is the real order of things. To know every-
thing and for sure. The problems arise in details, which
will be discussed later. The question of how we obtain
knowledge, how complete and accurate it can be,
requires discussion from the very beginning.

SCIENTIFIC METHODOLOGY
In daily work, a scientist usually does not focus on

its methodological foundations. However, when
familiar standards and methods begin to fail or simply
cease to satisfy us, it is tempting to create something
like a scientific revolution (Kuhn, 1970): to discard the
routine methods and standards, along with the meth-
odology on which they are based, and to replace all of
1
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it with something else. Revolutions, even scientific
ones, rarely pass bloodlessly, in the sense that they dis-
card approaches that are still quite workable, albeit in
a slightly different context, and the results that are sig-
nificant but require rethinking. Therefore, it is prefer-
able to reanalyze the methodological foundations of
scientific activity in the hope of identifying and fixing
weak points, thereby preserving both the approach
itself and the bulk of the results obtained with its use.

Two main approaches—deductive and inductive—
have long been distinguished; another hypothetical-
deductive method associated with the name of Karl
Popper was added to them relatively recently (less than
a century ago). Roughly speaking, we can say that, in
the case of the deductive approach, the scientist pro-
ceeds from some system of postulates that are accepted
as true and, in a strictly logical way, deduces the con-
sequences from them, which, for the same reason, are
accepted as true. In the case of the inductive approach,
the scientist draws conclusions from observations
(“facts”) rather than from postulates and, being con-
fident in the truth of these facts, also considers the
conclusions to be true, i.e., they describe the actual
state of things (what is “in reality”).

This difference does not seem fundamental to me,
since the postulates are not a “stab in the dark” but are
formulated, albeit from general considerations, such
that the results of their application are compatible with
experience, with the real order of things. That is,
deduction is also observation-oriented and thus relies
on induction to various degrees. Conversely, in the
case of induction, the results of observations are gen-
eralized in the form of inferences about the nature of
things, which are already used as postulates in further
reflections. This similarity allows the use of the deduc-
tive and inductive methods as a unified approach aimed
at the comprehension of truth as the purpose of cogni-
tion.

The hypothetical-deductive method is just the
opposite. It postulates that any conclusions made on
whatever basis (observations, postulates, or any other
generalizations) remain hypotheses, i.e., inferences
that require mandatory testing. A hypothesis in princi-
ple cannot be verified, i.e., its fairness (truth) cannot
be proven once and for all. As we will see, it cannot be
rejected once and for all either; one can only make a
decision about its adequacy or inadequacy in terms of
the available data, i.e., about the possibility or unde-
sirability of reliance on it for further cognitive or other
activities. Thus, the hypothetical-deductive method,
which is now recognized as the most appropriate for
real cognitive processes, is aimed not at comprehen-
sion but at an approach to the truth that uses effective
methods of cognition.

In accordance with the hypothetical-deductive
method, each step (cycle) of cognition, in my opinion,
includes six successive stages.
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• Based on previous experience and knowledge, we
set a task and plan observations.

• We then conduct observations (and/or perform
an experiment) and analyze the results, distinguishing
new, not yet understood elements in the resulting pat-
tern.

• Based on general experience and the results of
previous knowledge of similar objects, we distinguish
the features and elements in the resulting pattern that
seem to be the most important. The features and ele-
ments that are, we assume, most closely associated
with the structure of our pattern allow us to under-
stand and foresee its behavior in different circum-
stances. For example, when a taxonomist discovers an
absolutely new group of insects and begins to classify
them (create an internal system of the group), knowl-
edge of the existence and possible differences of sexes
and stages of ontogeny will allow the exclusion of
characteristics that distinguish males and females,
adults and larvae, etc., from the number of taxonomi-
cally important characteristics, no matter how pro-
found these differences are themselves.

• This is where the fourth stage begins. We hypoth-
esize about a special similarity between the studied
pattern and some class of patterns studied earlier. The
hypothesis must be prognostic, i.e., it should point to
the particular mechanism responsible for the observed
similarity or predict similarity in many other charac-
teristics. This will allow us to make a further assump-
tion about the behavior of our pattern (system, aggre-
gate of objects and phenomena) in various conditions
and circumstances. Returning to the previous exam-
ple, the taxonomist hypothesizes, for example, that
structural similarity indicates a higher (say, generic)
level of general similarity, whereas coloration belongs
to a lower (e.g., species) level. In other words, the tax-
onomist suggests that such a hypothesis will allow the
insect group to be classified in a more natural way than
an alternative approach (e.g., one that give more
weight to the coloration characteristics).

The four previous stages of cognition strongly
depend on the personal experience and intuition of the
researcher. Their formal cognitive structure is not yet
clear, and I will not discuss them in detail.

• The fifth stage is the testing of the proposed
hypotheses for which the longest and most branched
chains of consequences are derived from the hypothe-
ses. These consequences (predictions) are compared
with the results of observations and experiments (see
below for more detail).

• The sixth and final stage is the decision as to
whether each of the proposed hypotheses is acceptable
based on the test results and whether they should be
kept for further testing or should be rejected. Examples
and discussion are below.

Since the time of Karl Popper (2005), it has been
known that all results of scientific research are nothing
more than hypotheses that cannot be finally con-
LOGY BULLETIN REVIEWS  Vol. 11  No. 1  2021
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firmed (verified). One can hope that a hypothesis is
open to final refutation (falsification); however, this is
also not the case, because the final falsification is at
the same time the final verification of an alternative
hypothesis that the falsifying result is neither an acci-
dent, nor the result of the action of unaccounted fac-
tors and circumstances (e.g., Lakatos, 2003, p. 51;
Popper, 2005, p. 47). If you postulate that all swans are
white and you are presented with a black one, then,
before refuting your hypothesis, you should attempt to
reject at least two other possibilities: first, that this is
not a swan (but, for example, a goose, or a clever fake,
or something else like that) and, second, that the swan
is not truly black (for example, it has been artificially
colored). In my opinion, these alternative possibilities
are always evaluated in terms of probability (likeli-
hood) and not as simple “yes” or “no” answer. That is
why the sixth stage of cognition is required: the com-
parison of competing hypotheses and decisions based
on the evaluation of alternative falsifying evidence.

According to the proposed interpretation of the
hypothetical-deductive method, all of our knowledge
is a mountain of hypotheses based on one another,
and this mountain is oriented top down, because the
basic hypotheses are scanty, whereas the partial ones
based on them are an abyss. The trouble is also that
our usual analytical tools do not correspond to the
material that they are intended to operate on: they are
focused on the search for truth rather than on the
manipulation of hypotheses. Proofs are based on pos-
tulates that are regarded true. However, even in math-
ematics, these basic postulates can be disputed, and
they can be not found at all in our biology. Laws, as
empirical generalizations of a high degree of reliability,
are not so reliable, even such fundamental ones as the
laws of conservation of matter and energy. And our
evolutionary laws, such as those on biogenetic evolu-
tion, irreversibility, or a nonspecialized ancestor, are
poorly reliable.

Explanation is also not the best tool for the penetra-
tion of the nature of things. Explanation brings
observable phenomena into a general context. How-
ever, the way in which a fact is consistently brought
into context is not necessarily unique; this also applies
to the context itself. It is no coincidence that the same
evolutionary phenomena are explained (often with
approximately equal success) by selectionists,
Lamarckians, and theologians. In fact, Popper devel-
oped the falsificationist concept starting from his
Freudian experience, when he was convinced that
there was no (and, most importantly, it was impossible
to imagine) a situation that could not be successfully
explained within the framework of psychoanalysis. On
this basis, he refused to accept Freudianism, as well as
Marxism and Darwinism, as science. Whether his
assessment is fair is a separate question. I think Popper
was wrong, because, in accordance with his concept of
falsificationism, he meant experimentum crucis—a
decisive experiment that alone must falsify the entire
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corresponding system of views and thereby give the
final answer to the posed question. However, this is
impossible, just as the final falsification of a hypothe-
sis is impossible.

Thus, it turns out that we possess only very unreli-
able knowledge and inadequate tools for work with it.
However, something is clearly wrong in this pessimis-
tic conclusion: if it were true, then science would not
have achieved even a hundredth of what it has
achieved. In everyday life, truth is even less accessible
to us than in science, and the problems faced there
require much more responsibility, when the cost of
a mistake is one’s own life and sometimes the lives of
many other people. Nevertheless, we generally solve
these problems successfully enough to survive with our
negligible reproductive potential.

This means that we still have adequate tools and
actively use them, but we are not aware of this, as
Monsieur Jourdain did not guess that he was speaking
in prose. The lawyers managed to pull the sought-for
tool from the subconscious long time ago, but even
they did not suspect its universal significance. This
tool, in my opinion, is presumption (Rasnitsyn, 1988).
Its paradigmatic version (a sample against which all
other presumptions can be verified (in our terms, a
type specimen)) is, of course, the presumption of
innocence: “No matter how heavy the suspicion is, the
suspect must be considered innocent as long as and
since his guilt is not proven properly.” What is “prop-
erly” is a separate and very important question, and we
will have to return to it. In all other aspects, all pre-
sumptions are structured in the same way: for a certain
class of problems, the presumption offers a type solu-
tion that should be taken regardless of whether or not
there is evidence in its favor, provided that there is no
reliable evidence against this decision. An example is
reputation: if a person has proven himself well, his
words and actions should be treated with trust (if not
well, then with distrust), unless there are serious rea-
sons to estimate them in another way.

Here are some examples of presumptions from our
field. The sequence of deposition layers should be
interpreted as a temporal sequence of strata, as long as
and since there is no reliable evidence to the contrary.
Homotaxal (of similar taxonomic composition) fossil
assemblages should be considered geologically syn-
chronous unless there are serious counterarguments
for this. Any taxon should be considered monophyletic
(descending from the parent taxon in one ancestral
lineage) if there is no convincing evidence of its poly-
phyly. The similarity of organisms should be consid-
ered inherited until reliable arguments for its multiple
origins are presented. The ontogenetic sequence of
changes in the organism should be interpreted as evo-
lutionary unless there is sufficient reason to interpret it
in a different way. In general, you should not multiply
entities unnecessarily (“Occam’s razor”), i.e., make
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the simplest decisions until and since there is no good
reason to make more complex ones.

A more detailed analysis of the system of presump-
tions used in the field of evolutionary biology called
phylogenetics (the study of relationships between
groups of organisms) has been given in other studies
(Rasnitsyn, 1988, 1996, 2002, 2006; Zherikhin et al.,
2008).

I would like to draw your attention here to the fact
that a presumption, in fact, is a concentrated experi-
ence of successful solutions to specific problems. For
example, it is normally more hazardous for the health
of society to condemn an innocent person than to
leave a criminal free. The normal sequence of geolog-
ical layers is more common than the reverse. On a geo-
logical time scale, migrations are usually instanta-
neous, and significant asynchrony of fossil complexes
similar in composition is rare. Demonstrable poly-
phyly of a taxon is not a very common situation, espe-
cially in higher organisms. The coincidence, as a first
approximation, of ontogenetic and paleontological
sequences is really striking in many cases, etc. Never-
theless, there are always exceptions, and sometimes
there are so many of them that the applicability of pre-
sumption is significantly limited. According to
G.A. Zavarzin (1987; see also Woese, 1987), the simi-
larity of microorganisms (except for the primary DNA
structure) is more often acquired independently than
inherited, and the corresponding presumption does
not apply to them. In Quaternary paleontology with its
fractional chronometry, the demonstrable asynchrony
of homotaxal complexes is often explained precisely by
migration. Soviet society was organized in such a way
that its health was rather supported by the presump-
tion of guilt (i.e., in reality, justice was administered
not by the court but by the investigation, the legal
instrument of which is the presumption of guilt), etc.

Even for this reason, one should not analyze pre-
sumptions in terms of truth or suitability in general:
one can only say that a given presumption works well
in the given context, and its alternative is successfully
applied in some other cases. It should also be borne in
mind that different presumptions can be applied
simultaneously to solve the same problem, and the
solutions recommended by them may be incompati-
ble. For example, regarding the evolutionary sequence
of changes in a certain structure (which is the problem
of the polarization of a characteristic in phylogenetic
terminology), important information can be provided
by paleontological and ontogenetic sequences, the
nature of the distribution of different states of a char-
acteristic in the studied population and beyond, the
complexity and degree of the functional perfection of
different variants of this structure, the presence of
rudiments, etc. Each of these approaches has its own
presumptions, and the results of their application to a
specific problem often contradict each other. For
example, many characteristics of the skull of an adult
BIO
human correspond to the embryonic characteristics of
apes, whereas in our ontogeny there are no corre-
sponding characteristics of adult apes; i.e., the bioge-
netic presumption indicates the origin of apes from
humans. On the contrary, in the fossil record, skulls of
humans appear much later than those of apes, which
indicates the opposite course of events.

In this particular example, the solution is quite
obvious: the human skull re-acquired embryonic fea-
tures as a result of a relative slowdown of the corre-
sponding ontogenetic processes; however, such clarity
may be absent in other cases. Experience, intuition,
and art, in general, are required to answering the ques-
tion of whether the paleontological sequence is a very
serious counterargument that renders a biogenetic
presumption unacceptable or, on the contrary,
whether the ontogenetic data do not allow one to fol-
low the paleontological presumption.

Of course, this is where presumptions come to
one’s aid. For example, if there are several indepen-
dent sources of phylogenetic information that provide
conflicting instructions, the indications of the major-
ity of obtained evidence should be followed. Indeed, it
is in full agreement with the paleontological presump-
tion that a number of other human organs (primarily,
the brain, but also phialine lips, sharply differentiated
hair, etc.) have a rather pronounced advanced (apo-
morphic) character. The primary structure of DNA
also brings humans close, not to humanoids in gen-
eral, but exclusively to chimpanzees. This again con-
tradicts the biogenetic presumption, which assumes
that humans are close to the roots of all anthropoids
rather than to chimpanzees alone. However, the opin-
ion of the majority cannot always be considered a kind
of “voice of God”: when the sources of information
that have showed themselves to be particularly reliable
are in the minority, they must be followed, contrary to
the instructions of the majority. If we begin to under-
stand further, we will find more reservations.

It can be easily seen that the use of presumptions is
not an easy matter; it always requires experience, intu-
ition, and courage, since the risk of error is never neg-
ligible. But life and, furthermore, science is like that
and, therefore, I cannot imagine any other means of
cognition.

METHODOLOGY
FOR THE SYSTEMATIZATION

OF KNOWLEDGE

Cognition is possible only if the acquired knowl-
edge is systematized; otherwise, the cognizing subject
will instantly drown in the mass of unsystematized
information. Systematization is undoubtedly an oblig-
atory method of cognition, and the nature of the used
system (the knowledge systematization algorithm)
turns out to be fundamentally important.
LOGY BULLETIN REVIEWS  Vol. 11  No. 1  2021
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Although the methods of knowledge systematiza-
tion are infinitely diverse, two main approaches
(which, of course, do not exclude each other) can be
apparently distinguished. We can approach this diver-
sity using a certain a priori logical scheme. For exam-
ple, using some characteristics that are important for
us in some way, we will divide animals into large and
small, terrestrial and aquatic, useful and harmful. In
contrast, relying as much as possible on a complete set
of characteristics, we can also trace the boundaries
(hiatuses, gaps) between the groups of objects to be
systematized, distinguishing thus outlined groupings
as taxa of our system. Wingless kiwis will be considered
birds, hairless whales and oviparous platypuses will be
considered mammals, saccular sacculin will be con-
sidered crayfish, etc., simply because each of them, in
terms of the aggregate of characteristics, is closer to the
typical representatives of their group. In the first case,
we impose our system on the existing diversity; in the
second case, we attempt to identify the immanent struc-
ture of the group and reflect it with the resulting system.
In the first case, with the logical division of diversity,
the resulting groups (taxa) will be uniquely defined by
the corresponding characteristics and will be called
classes. In the second case, when the boundaries are
traced, taxa are unambiguously determined by hiatuses
and correspond to the definition of a continuum
(Ponomarenko and Rasnitsyn, 1971; Zherikhin et al.,
2008). The first approach is associated with the name
of Procrustes, who, as we know, adjusted the size of
the guest to the size of his bed using a knife and rope.
The second approach is associated with the names of
Plato (objects should be separated, i.e., cut along their
natural joints) and Linnaeus (the genus determines
the characteristic, but the characteristic does not
determines the genus; i.e., we first distinguish groups
and then look for the characteristics that mark them;
for more detail, see Rasnitsyn, 2013a). Although the
taxa in reality usually combine the characteristics of
class and continuum, the distinction between these
terms is fundamentally important.

Taxonomic classification as a cognitive tool orga-
nizes our knowledge of biological diversity in such a
way as to facilitate our interaction with this diversity.
There are many forms of classification created for spe-
cific purposes and specific categories of users (e.g., the
life-form system or the system of pests, which is based
on the characteristics of the harm they cause). They do
not pose significant theoretical problems, and here we
will only talk about the system that is used as an inter-
disciplinary language and claims to be of general
importance. We will call it the general system of
organisms.

Taxa of the general system, in order to perform
their functions, must be meaningful associations from
the point of view of the widest possible range of users.
For example, a bird represents a well-defined concept
not only for an ornithologist but also for a hunter,
cook, and artist. To meet such a goal, the taxa of the
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general system should be maximally homogeneous
within themselves and maximally different among
themselves in the widest possible range of characteris-
tics. This property allows the system to perform two
more important functions. First, it enfolds informa-
tion about living organisms in an accessible form. For
example, our knowledge of the cockroach includes a
significant amount of information about itself and
about the characteristics of higher taxa. Second, this
system makes it possible to predict the properties of
insufficiently studied groups. Only an insignificant
part of insect species has been studied in any detail,
but we have no doubt that they consist of eukaryotic
cells of the corresponding structure and function and,
with sufficient confidence, we describe many details
of the biology of even extinct species. For example, the
finding of an incomplete forewing in the Lower Creta-
ceous sediments of Transbaikalia, which was identi-
fied as the wing of a stem sawfly (Cephidae), served as
the basis for the prediction that angiosperms, on
which only the modern stem sawflies develop, existed
already at the beginning of the Cretaceous (Rasnitsyn,
1969). Indeed, angiosperms (leaves of Dicotylophyllum
pusillum Vakhrameev in Vakhrameev and Kotova, 1977
and pollen of Asteropollis and Tricolpites) were found
in the same sediments and in the same year that this
prediction was published (Vakhrameev and Kotova,
1977; see also Krassilov, 1997, p. 105; 2002, p. 377).

Analysis of the methodology of systematics, as
already mentioned, reveals a dichotomy. We either
construct a logical scheme and superimpose it on the
diversity, dividing it into taxa (Procruste’s method), or
we identify the preexisting structure of the diversity
and explicate the revealed heterogeneity of the diver-
sity in the form of an empirical system of taxa (Plato–
Linnaeus approach). The choice between these alter-
natives is determined by the ontology: if the structure
(heterogeneity) of the cognizable diversity is expressed
well enough to be consistently and reproducibly
described by a system of recognizable and, if possible,
nonoverlapping taxa, such a system is undoubtedly
preferable. It ensures much a more efficient enfolding
of information and interaction with reality. If the
diversity is poorly structured, then it is difficult to dis-
tinguish a system of nonoverlapping taxa. All of the
experience of folk and scientific systematization indi-
cates that at least most of the biological diversity is
structured enough to make an attempt to use natural
structure to systematize biodiversity to be meaningful.

In the biological systematics of the last century,
there are three main directions: the already half-for-
gotten phenetics, the currently dominant cladism, and
the traditional, repressed, but ineradicable phyletics
(“evolutionary systematics,” Ponomarenko and Ras-
nitsyn, 1971). The differences between them are much
deeper than one might assume: they really correspond
to different ontologies, different ideas about the struc-
ture and origin of biological diversity, and, accord-
ingly, different hypotheses about the evolutionary pro-
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cesses that create this diversity. I will outline the onto-
logical aspects of this issue later. Here, I will only
attempt to briefly formulate the methodologically
most important features of these concepts.

Phenetics is ideologically the simplest and most
straightforward. If the system is to operate with taxa
that are meaningful from the point of view of the wid-
est possible range of users, then these taxa should be
maximally homogeneous (similar) within themselves
and maximally different from other taxa. This means
that it is necessary to find the appropriate characteris-
tics and, to make the result reliable and objective, it is
necessary to take many characteristics, to find (create)
the correct algorithm (mathematical, to ensure objec-
tivity), and to calculate the structure of the analyzed
group. In the third quarter of the 20th century, the
phenetic approach was very popular (for review, see
Rasnitsyn, 1972), but the expansion of cladism
stopped this work.

Phyletics, in essence, is a refined version of the tra-
ditional taxonomy, which, in turn, grew out of folk
taxonomy (Rasnitsyn, 2013b). The ideological stand-
points of phyletics are close to those of phenetics: it
also recognizes an ideal (natural) system in which the
taxa are maximally homogeneous within themselves
and maximally different from other taxa. However,
phyletics also recognizes the principal incompleteness
of the set of characteristics available to us and, accord-
ingly, the necessity of indirect methods to control the
naturalness of the system. Of course, the phylogenetic
control is at issue, since diversity is formed in the
course of evolution; the common history, to various
degrees, predetermines the similarity of the descen-
dants of one ancestor. A common origin (monophyly)
suggests the probable deep (general) similarity of the
members of a monophylum but does not define it
unambiguously. Thus, phyletics includes phenetics as
one of its methods. Indeed, a taxon of the phenetic
system can be formally described as a continuum, i.e.,
as a simple or branching chain of objects, each of
which is more similar to its neighbors in the chain than
to members of other continua. A phyletic taxon should
then ideally be a monophyletic continuum, i.e., it
should originate from another continuum via a single,
distinguishable root (Ponomarenko and Rasnitsyn,
1971).

Thus, phyletics follows the traditional taxonomy,
being based on both similarity and relatedness, whereas
phenetics in this heritage has absolutized similarity.
Cladism, conversely, absolutizes relatedness: its taxa,
first, are not continua but clades (branches)—tree seg-
ments that have a single root (ancestral lineage) and
have no descendants: no branching allows them to go
beyond the clade. Likewise, the clade has no real
ancestor: only a hypothetical ancestor is possible as
a collection of apomorphies of the clade. The essence
of evolution and biological diversity in cladism is
ignored, since the characteristics of organisms (fea-
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tures of their organization, development, and behav-
ior) are important only as markers of relatedness, i.e.,
only as an indication of a divergence event that took or
did not take place. Cladistically (to distinguish
a clade), only apomorphies are significant, i.e., the
characteristics that appeared in the closest common
ancestor of the clade. The characteristics of similarity
inherited from more distant ancestors (plesiomor-
phies) are ignored in the analysis of this group, and the
characteristics of secondarily acquired similarities
(parallelisms, convergences, and reversions) are
important only as sources of errors in the reconstruc-
tion of the cladogram branching sequence. It is well
known that, once acquired, a characteristic can be
easily lost (or changed) later, like the legs of a snake,
but apomorphy as a marker of a clade (a marker of the
emergence of a new branch, a new phyletic lineage) is
indestructible (a snake is a tetrapod). This means that
apomorphy is not a characteristic. Apomorphy is a fact
of the history of a group, the fact of acquiring a certain
characteristic by the common ancestor of the clade,
and that is why it is indestructible. In reality, of course,
apomorphy is always only a hypothesis and not a fact.
Here, we use this metaphor only for simplicity.

A theoretical substantiation of cladism (why the
system of organisms should strictly reflect consan-
guinity (be isomorphic to their genealogy)) has not
been proposed at all. This is not an axiom (a postulate
taken without proof, because it is so fundamental that
there simply cannot be proof). However, this is also
not a generalization based on observations: what we
know about biological diversity and its evolution quite
often contradicts the provisions of cladism (see
below). Thus, it is nothing but a dogma.

There are two aspects here—cladism as a method-
ology of phylogenetics (how to find out the relatedness
of organisms) and cladism as a methodology of taxon-
omy (how to take relatedness into account in the con-
struction of a system of organisms). Relatedness is
reflected in a cladogram, i.e., a branched graph where
nodes correspond to ancestors, edges correspond to
evolutionary transitions, and vertices correspond to
terminal taxa (operational units of analysis, species in
the limit), and clades (branches including a common
ancestor, i.e., the basal node and all edges, nodes, and
endings above it) correspond to taxa. Within the
framework of phylogenetics, cladism implies (in fact,
requires) that

• If an evolutionary lineage is divided, then it is
divided only in two.

• In this case, each lineage changes so significantly
that the ancestral lineage disappears and, accordingly,
cannot give rise to the third daughter lineage.

• No evolutionarily significant events occur
between divergence events (all such events are bound
to divergences).
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• There is no fusion of branches (hybridization,
symbiosis, and convergence are not taken into
account).

• The presence of polytomy in a cladogram (when
three or more branches exit a node at once) is always
interpreted as a f law (“unresolved polytomy”).

Cladism as a methodology of taxonomy implies
(again requires) that

• The system is isomorphic to the cladogram (the
taxon includes only the closest common ancestor and
all its descendants).

• Hence, there are no descendant taxa, or, accord-
ingly, ancestral taxa (a node is interpreted as a theoret-
ical construct, i.e. only as a collection of synapomor-
phies of a taxon).

• Accordingly, only sister relationships between
taxa are permissible.

• Phyletic evolution (the emergence of a new taxon
without the simultaneous appearance of a sister
group) and the budding of taxa (the emergence of new
taxa without the extinction of the ancestral lineage)
are impossible.

In my opinion, there is no need to prove the con-
trived nature of the theory of cladism, which does not
correspond to the worldview of any practicing taxono-
mist or biologist dealing with the evolution of organ-
isms. However, it may still be useful to point to a recent
study that clearly showed traces of both budding spe-
ciation and anagenetic speciation in the evolution of
specific groups of organisms: “Our joint analysis of
fossil and phylogenetic data provided empirical evi-
dence of budding speciation as the most prevalent pro-
cess in some сlades, but also instances supporting a
substantial contribution from anagenetic speciation
(while the contribution of bifurcation (a strictly cladis-
tic event, see above (AR)) remains elusive)” (Silvestro
et al., 2018, p. 9).

More paradoxical is the general success of cladism
and its (usually aggressive) position in modern biol-
ogy. Of course, there are reasons for this, but, in my
opinion, they basically, although not completely, lie
outside of evolutionary biology. However, some bio-
logical considerations may also support cladism.

The centuries-old experience of taxonomy shows
that a system of similarities and differences can rarely
be constructed in a single, generally accepted way.
However, any phylogenetic lineage has its own evolu-
tionary history, which means that the unique genea-
logical relationships within it can be reconstructed in
only one possible way. In turn, this means that there
remains hope for knowledge of the true genealogy
and, therefore, it is possible to build the only objective
(although not necessarily the best) system of organ-
isms based on this genealogy. Obviously, such a hope,
indeed, has a right to exist, but only under one condi-
tion: it is necessary to “forget” about the existence of
such generally recognized evolutionary phenomena as
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(1) budding and phyletic evolution, which cannot be
revealed with the cladistic methods; (2) symbiogenesis
and hybridogenesis, which lead to the existence of
reticular cladograms that are fundamentally incom-
patible with cladism; and (3) intense parallel evolu-
tion, which often radically distorts the true genealogy
(Zherikhin et al., 2008).

However, another question is more important: do
we need a system in which a human, in fact, turns out
to be just a naked ape, forming one taxon with the
chimpanzee, as a general system, as a basis for an inter-
disciplinary language (see above)? Thus, the unique-
ness of humans does not follow and cannot follow
from the cladistic system. Conversely, how can we talk
about evolution and, at the same time, refuse to recog-
nize the existence of ancestors? Such an “evolution” is
strange enough… How can the existence of real ances-
tors be ignored in principle if the simplest mathemati-
cal calculation shows that the number of terminal
branches of a cladogram (i.e., both modern and
extinct species that left no descendants) is always
approximately equal to the number of ancestral spe-
cies (in other words, to the number of nodes in the
cladogram)? Naturally, the number of final species
will be slightly greater than the number of ancestral
species if budding predominated in the evolution of
a certain clade (and vice versa for the dominance of
the phyletic evolution). In any case, paleontological
collections always contain a lot of ancestral species,
although it is difficult to identify them.

Conversely, it can in no way be denied that even the
most primitive cladistic methods, starting with the
pen-and-paper cladistics of its founding father Willie
Hennig (Hennig, 1950, 1966), can be useful for phylo-
genic reconstruction. This, of course, also applies to
the subsequent methodological achievements of this
field: maximum parsimony and maximum likelihood,
Bayesian analysis, and, particularly, phylogenomics.
Here, however, a fundamentally important reservation
should be made: these are only some of the methods of
phylogenic reconstruction, which means that none of
them will reveal the final truth to us but can only give
some approximation of it (for more detail, see below).
Another fundamentally important reservation is that
these are methods of phylogenetics but not taxonomy,
because the latter has its own methods and limitations,
which do not allow, in particular, to consider humans
as just another species of chimpanzee or a similar
genus (for more detail, see below and Rasnitsyn, 2002,
2006).

It can be stated that the advantages of cladism as a
method of phylogenetic reconstruction allow it to
claim the role of no more but one of the useful meth-
odological directions in phylogenetics. However, cla-
dism also claims a more privileged position in a broad
philosophical context, emphasizing the objectivity of
its methods, the absence of subjectivity, and the mini-
mization of the personal factor. Of course, if clearly
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defined protocols and detailed and formalized proce-
dures are indeed followed, this makes it possible to
limit the arbitrariness and subjectivity. However, one
should not forget, first, that objectivity does not guar-
antee efficiency, and second, that the objectivity of the
result requires total objectivity of the method, which is
a serious problems in cladism. The cladistic procedure
carefully monitors the use of formalized, standard,
and correct calculation methods, and here there are
usually no complaints about objectivity. However, the
hypertrophied attention to the clarity and correctness
of this aspect cast a shadow on those aspects of analy-
sis in which some degree of subjectivity cannot be
avoided. This is, in particular, the selection of the spe-
cific objects (operational units) of analysis, both basic
(ingroups) and especially external (outgroups)
objects, which play a fundamental role in the organi-
zation of the cladogram (determine the initial state
and direction of changes in characteristics in evolu-
tion). This refers to the selection of the characteristics
used in analysis and often the selection of the calcula-
tion parameters. Indeed, if the resulting cladogram
does not fit for some reason, the parameters of its cal-
culation can be changed until this cladogram fully sat-
isfies the authors of the study. Such sources of subjec-
tivity and arbitrariness exist everywhere. However, in
cladism, with its cult of objectivity, they are not spoken
of and, furthermore, are not analyzed, although an
open analysis of the sources of arbitrariness could
minimize their harmfulness. The problem is swept
under the carpet. Mistakes are not criticized, and the
methods of the selection of the groups and character-
istics for research are not analyzed in a critical light,
and, hence, enter the zone of irresponsibility.

It may seem that the objectivity of cladistic meth-
ods and, accordingly, the reproducibility of results
must promise a high efficiency. Unfortunately, the
reproducibility of cladistic results in fact is usually very
low, and the scatter of cladograms for the same group
is high. Of course, this is a subjective assessment, and
it is not easy to make it more objective. My attempt to
advance in this direction, published approximately
10 years ago (Rasnitsyn, 2010), was based on the fact
that evolution leaves traces not only in the structure of
recent organisms but also in the sequence of fossils,
and a good correspondence of a particular system to
these traces can be regarded as evidence for the ade-
quacy of respective taxonomy methods. It turned out
that the traditional methods of taxonomy give a much
better correspondence between the system and the
fossil record than cladistics. Paradoxically enough,
molecular cladistics methods did not reveal any
advantage over morphological cladistics. The point, of
course, may be that phylogenomics was too young at
that time and that now the results could be different, at
least in terms of the consistency between the results of
molecular and morphological cladistics. Nevertheless,
no noticeable advantages of cladistics have been found
to date.
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It is interesting that, in recent years, cladistic meth-
ods (including molecular ones) have made it possible
to obtain more definite results that do not give the
colossal scatter in the topology of obtained clado-
grams that occurred before the 2010s. However, in
those groups where I feel myself an expert (the system
of insects at the order level and the system of
hymenopterans at the family level), I am surprised to
see that computer cladograms are increasingly closely
approaching those that I drew 30–40 years ago with
the completely traditional (i.e., intuitive) method
(Rasnitsyn, 1969, 1980, 1988; for Hymenoptera, see
also Heraty et al., 2011; Sharkey et al., 2012; Klopf-
stein et al., 2013; Payne et al., 2013; Mao et al., 2015;
Peters et al., 2017; and for the insect system as a whole,
see also Letsch et al., 2012; Misof et al., 2014; Kjer
et al., 2016; Wang et al., 2016). Although no consensus
was reached, but nothing like that had been previously
seen at all, neither in our studies nor in the works of
foreign colleagues. The fact that large and well-
equipped teams are gradually approaching what has
long been done by one person raises serious doubts
about the effectiveness of computer cladistics.

Thus, the direct advantages of cladism over the tra-
ditional methods of phylogenetics and taxonomy are
more than doubtful, the achievements in objectivity
are not obvious, and the advantages in the efficiency of
phylogenetic reconstructions are still inappreciable.
What provided them with this social success? In my
opinion, the key word here is “social”, i.e., the socio-
logical aspect in this case was decisive. The cladistic
approach, with its denial of the personal factor and
emphasis on high technology and clear research pro-
tocols that are available even to a student, is extremely
democratic: if you work hard, your success will depend
only on the equipment and other resources that you
have at your disposal. In other words, this success will
depend only on the money that you have as a member
of a corporation/organization/team, and since money
is the equivalent of invested labor, everything is fair
and just. In essence, however, this means that primacy
in such science is guaranteed for rich countries,
regardless of the depth of their scientific traditions,
accumulated scientific experience, and established
scientific schools, especially given the fact that the sci-
entific publishing houses that dictate publication stan-
dards are naturally concentrated in such countries. It
is well known that a taxonomic and phylogenetic arti-
cle will not be accepted in a top-rated journal without
a cladistic interpretation of results and that founda-
tions award grants only to the projects that promise
compliance with the same standards.

Thus, the cladistic method works, among others,
in phylogenetics and does not work in taxonomy.
What, then, works there? What is an effective practice
for the study of biodiversity from a phylogenetic and
taxonomic perspective?
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My understanding of the basic principles of the
study of the relatedness (genealogy) of living organ-
isms, formulated as a method of presumptions, has
been described in detail in other works (Rasnitsyn,
1988, 2002, 2006; Zherikhin et al., 2008). To summa-
rize the information described there, two main meth-
ods can be distinguished—the analysis of characteris-
tics and the analysis of groups (i.e., direct tracing of
relatedness). The analysis of characteristics involves

• the identification of similarities and differences
between the compared objects for each character;

• their interpretation as presumable synapomor-
phies (the similarity acquired by the closest common
ancestor of groups similar in this character), symplesi-
omorphies (the similarity acquired by a more distant
ancestor), and homoplasies (the similarity inde-
pendently acquired by different groups);

• the identification of conflicts between the
obtained results, when the presumable synapomorphy
of two groups for one characteristic is incompatible
with the presumable synapomorphy of one of them
with a third group for another character;

• the assessment of the balance of all (including
conflicting) data in order to decide which of the
incompatible synapomorphies can be accepted as true
and which can be considered homoplasies (or symple-
siomorphies) and, as a result, to build a diagram of
relatedness.

Here, the cladistic methods are naturally used,
along with various other methods (for more detail, see
the studies cited above).

The direct tracing of relatedness is most clearly car-
ried out in the fossil record, especially if rich, well-
preserved fossil material is available, which often
occurs with marine skeletal organisms. In these cases,
it is possible to trace in detail the transformation of
one species into another, then into a third one, etc., as
well as bursts of morphogenesis, multiple migrations,
extinctions, etc. As an instructive example, I can rec-
ommend the works of the school of L.A. Nevesskaja
on the mollusks of the Neogene of Eastern Paratethys
(Nevesskaja et al., 1986, 2001, 2009; Nevesskaja,
2007; and the publications cited there). However, even
a much less complete geological record provides good
opportunities to trace relatedness, as, for example, in
the case of fossil insects. Xyelidae form a small, relict
modern family of Hymenoptera that was previously
considered aberrant due to the unusual structure of
their antennas. Their fossil record was traced deep into
the Mesozoic; it becomes increasingly abundant and
diverse until it becomes the only representative of its
order in the Triassic. It is demonstrative that, in the
more recent Jurassic faunas, most other families of the
lower hymenopterans have the same unusual antennae
as Xyelidae or bear clear traces of the transformation of
xyelid antennae into the normal ones. Taken together,
all of the above information indicates that Xyelids were
the ancestors of all other hymenopterans and shows
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the pathways of the early divergence of the order (Ras-
nitsyn, 1969, 2002, 2006).

Paleontological evidence can be very compelling,
but, of course, it should not be taken as the ultimate
truth. This equally applies to other methods of related-
ness tracing, e.g., the use of embryonic similarity (the
biogenetic “law” of Mueller–Haeckel and the Baer’s
“law” of embryonic similarity). Since a lot has been
written about the advantages and disadvantages of this
method, there is no need to repeat it here. In addition,
phylogenomics is actually involved in relatedness trac-
ing, as are other integral methods for the assessment of
the similarity of many groups for many characteristics
with a branching diagram, including the “total-evi-
dence cladograms” and any cladograms in general.
Since the genealogical schemes obtained in this man-
ner almost always contradict each other in some way
and do not coincide in certain areas, they should all be
taken into account when they are coordinated in the
creation of the “final” cladogram—the current
hypothesis of the relatedness of the studied fragment
of biodiversity, as far as it can be reconstructed based
on the available data. The main question is which
instruments should be used for such coordination. I do
not know another answer to this question than the eru-
dition, wisdom, and tact of the researcher assessing
the weight (i.e., credibility) of each piece of available
evidence. In any case, neither the recognition of all of
the evidence as equal (a simple calculation of the pros
and cons, as in voting), nor the selection of the only
option among all options as the final one, seems
promising to me.

Finally, there are several more comments on the
methodology of taxonomy. Phyletics proceeds from
the fact that the organization of living beings is deter-
mined not only (and, perhaps, not so much) by the
conditions of their existence but by their history. The
similarity of history (consanguinity), to a greater or
lesser extent, determines the similarity of organiza-
tion. In order for a phyletic taxon to simultaneously
reflect both similarity and relatedness, it must be,
first, maximally homogeneous phenetically (i.e., by
similarity) and maximally different from other taxa,
and second, monophyletic. Monophyly is understood
in a broad sense in comparison with cladism, i.e.,
including holophyly (monophyly in the cladistic
sense) and paraphyly. The phylogenetic classification
of taxa is determined by the lineages of origin that
cross the taxon boundaries. If its lower boundary is
crossed by a single lineage (one root of the clado-
gram), the taxon is called monophyletic (in a broad
sense), and it is called polyphyletic at a higher number
of lineages. However, another formulation would be
more accurate: the taxon should be considered mono-
phyletic as long as and since there is no reliable evidence
of its polyphyly (presumption of taxon monophyly).
The difference between the phyletic taxon and the cla-
distic taxon is that the latter determines not only the
origin (roots) of the taxon but also its further fate: the
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upper boundary of the cladistic taxon cannot be
crossed by phyletic lineages; i.e., the taxon cannot
have descendants. If its upper boundary is crossed
(i.e., the descendants of the taxon still exist), this is
already a paraphyletic taxon that has no right to exist in
cladism.

There is a broader understanding of monophyly as
the origin of a taxon with several roots from a common
ancestor in the depths of the ancestral taxon (pluriph-
yly, pachyphyly, or broad monophyly). The difference
between this “monophyly” and polyphyly is unclear,
because the boundaries of the ancestral taxon cannot
be strictly defined within the framework of this defini-
tion. It seems to me that the reason for the introduc-
tion of the concept of “broad monophyly” is purely
emotional: a polyphyletic taxon is traditionally con-
sidered unacceptable and, if it cannot be made strictly
monophyletic, one still wants to call it something else.
This shyness does not contribute to the progress of sci-
ence: “sweeping the problem of polyphyly under the
carpet” will not accelerate the understanding of the
reasons for the existence of this phenomenon. How-
ever, they are very important, as will be seen in the dis-
cussion of the ontology of evolutionary biology. More-
over, since no one has been ever present at the birth of
a given taxon, we are unable to rigorously prove the
monophyly of the taxon. As always, we can rely only
on the above presumption (the taxon should be consid-
ered monophyletic as long as and since there is no reliable
evidence of its polyphyly) and always be ready for the
fact that new data may make us doubt it.

One way or another, the study of many taxa may
well find that they are polyphyletic in the indicated
sense. However, it is difficult to doubt the naturalness
of obvious groups such as reptiles, mammals, arthro-
pods, angiosperms, and many other taxa about which
such doubts regularly arise. Thus, although it cannot
be ruled out that polyphyly may turn out to be the
norm in taxonomy, I believe that it is methodologi-
cally more correct to proceed from the presumption of
monophyly. I can cite two reasons for this approach:
first, at the current, very low level of knowledge of
most taxa, the discovery of the multiplicity of origin of
a particular group would falsify the hypothesis of its
naturalness rather than the presumption of mono-
phyly. If the group is, indeed, natural, then additional
research provoked by the discovery of polyphyly will
only confirm its naturalness and, ultimately, force us
to recognize the presumption of monophyly as untrue
in this particular case. There is another reason why the
rejection of the presumption of monophyly seems to
be methodologically dangerous: it would mean the
rejection of the use of phylogeny to control the natu-
ralness of a taxon (see below) and, consequently, the
transition to the standpoint of pure phenetics. This
decision seems to be at least premature.

Now let us get back to the phyletic procedure. The
phyletic taxon was defined as a monophyletic contin-
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uum (Ponomarenko and Rasnitsyn, 1971). The defini-
tion of monophyly is given above, and the continuum
is understood as a continuous linear or branching
chain built from subordinate taxa (monophyletic con-
tinua of a smaller volume) such that each one is phe-
netically closer to any of its immediate neighbors in
the chain than to members of any other taxa. Thus, the
continuum is separated by a hiatus (gap in the conti-
nuity of similarity) from all other continua.

It is risky to build a system based on two different
criteria (in this case, relatedness and similarity), since
it allows arbitrariness in their application, unless the
areas of competence of the two criteria are clearly dis-
criminated. Phyletics discriminated them as follows:
similarity is used as a criterion specifying a system, and
relatedness is used as a criterion controlling its quality.
The taxon is distinguished by tracing hiatuses (gaps in
similarity) and subsequent testing for common ori-
gins.

Thus, phyletics requires that the members of its
taxon be sufficiently similar to meet the criterion of
the continuum without signs of polyphyly (origination
from several ancestral lineages). If the continuum
turns out to be polyphyletic, these criteria come into
conflict. In this case, the taxonomist is unlikely to dis-
card everything that has been done and start over. The
natural reaction will be to attempt to falsify such a
result by further studying the relevant group, and such
an attempt is usually successful in some sense. For
example, a more comprehensive analysis may find
that the similarity between polyphyletic groups is
superficial. Thus, the order Neuroptera for a long time
included groups whose close relationship was not con-
firmed later. In particular, Sharp (1901) combined
under this name not only the neuropterans in the
modern sense but also webspinners (Embioptera), ter-
mites (Isoptera), booklice (Psocoptera), chewing lice
(Mallophaga), dragonflies (Odonata), stoneflies (Ple-
coptera), mayflies (Ephemeroptera), scorpionflies
(Mecoptera), and caddisflies (Trichoptera). The fate
of such a group of mammals, the order Pachydermata,
was similar: this taxon was used in the 18th and
19th centuries to unite elephants, tapirs, rhinoceroses,
hippopotami, and pigs; however, later it was rejected
in favor of more natural (monophyletic) orders. In
other cases, it was possible to falsify the hypothesis of
polyphyly, e.g., for lagomorphs. They used to be clas-
sified into the special order Lagomorpha, which is
supposedly only convergently similar to rodents (Gid-
ley, 1912). Although the status of the order has been
retained for Lagomorphs up to the present time,
according to modern concepts, they form a monophy-
letic group called Glires, together with rodents (Wil-
son, 1989).

Nevertheless, it is quite possible to imagine a situ-
ation when both hypotheses (similarity and polyphyly)
turn out to be equally plausible. Most likely, this will
mean that our attempt was insufficiently effective and
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that we need to attempt to reanalyze the situation to
eliminate the conflict. However, it cannot be ruled out
that we truly reached the actual plurality of roots of a
natural taxon, which we have already repeatedly con-
sidered. I do not have a ready-made recipe to distin-
guish one situation from another. Just in case, it is bet-
ter to attempt to analyze both the system and the phy-
logeny of the group once again on a broader basis.

There are also quite obvious cases in which tradi-
tional taxonomy (including phyletics) retains clearly
polyphyletic taxa that cannot be replaced with mono-
phyletic ones without significant losses. I am referring
to various parataxa in areas such as paleontology, par-
asitology, etc. (see below). The existence of parataxa
once again confirms that traditional taxonomy ulti-
mately focuses on similarity and uses relatedness only
as a way to indirectly assess the total similarity, which
is inaccessible for direct assessment (including allow-
ance for still unexplored characteristics).

In conclusion of the section on the methodology of
systematization of knowledge in evolutionary biology,
let us turn to the taxonomic nomenclature. Nomen-
clature (i.e., the set of agreements on how to create
and use names of taxa) is usually understood as an area
of complicated details and simple basic principles.
First, this is not true, since not all of the operating
principles of biological nomenclature have been
understood and explicitly formulated thus far. Some of
them are mentioned in codes (ICBN, 1980; ICZN,
1988, 2000) as subsidiary provisions, and many princi-
ples are missing there. Second, some of the basic pro-
visions are not conventions in the narrow sense but
reflect different taxonomic concepts or are conse-
quences of certain evolutionary hypotheses. The Lin-
nean principle of binomial nomenclature (in contrast,
for example, to the principle of type) is quite conven-
tional and can therefore be easily combined with any
taxonomic concept that recognizes the hierarchy of
genera and species. In my opinion, there are nine basic
principles, six of which are completely conventional
and methodologically neutral (taxonomically inde-
pendent nomenclature principles), and three others
are determined by the adopted taxonomic concept
(taxonomically dependent principles). Since all of this
has already been considered in detail more than once
(Rasnitsyn, 1992, 2002, 2006; Zherikhin et al., 2008),
here I will focus only on the principle of type, which is
most important in the context of the philosophy of
evolutionary biology.

The principle of type, which corresponds to the
nature of the taxon, is the main achievement of bio-
logical nomenclature: it ensures the stability of use and
orderliness of changes in the name of a taxon at vari-
ous changes in its composition (boundaries) and inter-
pretation (change in rank, diagnostic characteristics,
etc.). “The nomenclature type serves as an objective
standard by which the application of the name is
determined regardless of possible changes in the taxon
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boundaries” (ICZN, 1988, art. 61a; the formation in
ICZN, 2000, art. 61.1 seems less successful). In other
words, a taxon cannot be entered into the system in a
way other than, ultimately, as a reference to the type
with its name. To appreciate the meaning of this state-
ment, let us consider alternative possibilities.

The first thing that comes to mind is the possibility
of the introduction of a taxon into the system with ref-
erence to its characteristics. This approach means that
the characteristics of a taxon perform not only a diag-
nostic but also a defining function, and the taxon itself
corresponds to the concept of “class” (Ghiselin, 1974,
1987). There are various possibilities for such an intro-
duction of a taxon into the system, the simplest of
which is a combinatorial system, i.e., a multidimen-
sional matrix, each cell of which corresponds to a cer-
tain combination of characteristics and determines the
position of the taxon with such a combination. One
version of such a matrix is a polytomical table, which
is sometimes used by taxonomists. This is a rectangu-
lar matrix with rows representing taxa and columns
corresponding to characteristics. As a result, each cell
reflects the state of one particular characteristic in
a particular taxon. This form of the system is really
simple and sometimes very useful, but it does not cor-
respond to the tasks of the general system of organ-
isms. It is not f lexible: we cannot correct it locally in
order, for example, to better match it with the charac-
teristics of a particular taxon, since the introduction of
a new characteristic, as well as the redefinition or dele-
tion of an old one, forces us to revise the characteris-
tics of all taxa. For this reason, the combinative system
is rarely used, even for identification purposes.

In a more f lexible system, taxa are defined by
ranked characteristics. In a conventional key to identi-
fication, the first used characteristic has the highest
rank, because it divides the target aggregate into the
largest groups. The characteristics that are introduced
next ensure its further division and have a lower rank.
Such a system is, indeed, convenient, though not as
good as the general system of organisms due to the
apparently arbitrary ranking of characteristics. Never-
theless, this approach in a slightly modified form (with
the distinguishing of a small number of high-rank
characteristics sufficient for the formation of a system)
was very popular in the past among taxonomists. For
example, in works by Linnaeus (1751), the character-
istics of plant fructification played a similar role. This
approach was formulated in the clearest form by
A.A. Lyubishchev (1923, 1966). Lyubishchev called
for the search for a few of the most high-ranking char-
acteristics (parameters) determining the distribution
of all other characteristics, just as the nuclear charge
determines the properties of atoms and, accordingly,
the position of elements in the periodic table. As a
result, the construction of a parametric system of
organisms was expected; this would make it possible to
predict all important properties of the corresponding
taxa by these key characteristics (parameters). The
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task posed by Lyubishchev seemed hopeless, and he
himself failed to solve it. Nevertheless, a solution in a
sense was found, but not where he was searching for it.
Ironically, this happened in the field that Lyubishchev
himself, being a convinced antiselectionist, consid-
ered false. The solution turned out to be the cladistic
system, with its central statement that the characteris-
tics of the organism and, accordingly, its position in
the system are best determined by a single attribute,
relatedness. Relatedness turned out to be Lyubish-
chev’s parameter by definition, since it is proposed to
introduce a taxon into the system with reference to a
certain node of the cladogram, i.e., to the hypothetical
ancestor of the clade taxon (Sundberg and Pleijel,
1994; Kluge, 2000; Plejel and Rouse, 2002). However,
we are already convinced of the inadequacy of the cla-
distic interpretation of the system of organisms and
therefore will not further analyze the corresponding
alternative to the principle of type.

A logical alternative to the class as a group that is
defined by its characteristics is the individual, and the
suggestion to consider the taxon as an individual
(Ghiselin, 1974, 1987, and the references cited there)
is quite natural. A taxon possessing the properties of an
individual can be introduced into the system osten-
sively, i.e., by direct indication (including the refer-
ence to its name). For this, its integrity in space and
time must be sufficiently high to allow the taxon to be
born and die, but not to disintegrate into parts, each of
which could claim to inherit the name of the taxon.
One can just point a finger—here it is, the taxon—
without detailing the part of the taxon to which the
name refers. The boundary between the ostensive
method and the principle of type lies here: if any part
of an individual equally bears its name, special rules
for the selection and use of the nomenclature type
used to introduce the taxon into the system are super-
fluous.

A taxon, undoubtedly, is neither a typical individ-
ual nor a typical class but possesses the characteristics
of both these extremes. As a class, it possesses charac-
teristics, as evidenced by the presence of a diagnosis,
and members (representatives). As an individual,
a taxon has parts (populations in relation to a species)
and, more importantly, the ability to develop (evolve)
without losing its individuality. While evolving, the
taxon retains its integrity in time, in the multidimen-
sional space of characteristics, and, to varying degrees,
in the geographic space. This integrity allows the taxon
to be identified as an individual, i.e., by its name. As
a result, the taxon fills the logical space between these
concepts and turns the class and the individual into
two poles of a single spectrum. The taxon is suffi-
ciently holistic to retain its name as a means of identi-
fication in the course of changes but is not sufficiently
holistic for a simple “here it is” to be sufficient for its
identification. A taxon is a continuum, a concentra-
tion of points, a cloud in a multidimensional space of
characteristics. This cloud may evolve, i.e., change its
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size and position in the space of characteristics; it may
disappear (die out), or, conversely, split in half or bud
off a new cloud, etc. The continuum is characterized
both by a hiatus (discontinuity) between it and other
cloud-continua and by its diagnostic characteristics.
Both of these criteria do not show rigidity and easily
change, both in the course of evolution and with an
accumulation of knowledge about the taxon. At any
time, these criteria may fail to clearly identify and sep-
arate taxa.

The possibility of identifying a continuum, in con-
trast to an individual, is determined by similarity.
However, in contrast to a class, we speak of a relation-
ship (general similarity) rather than of a similarity in
certain characteristics. Therefore, “pointing the fin-
ger” fails to address either the cloud in general or its
certain characteristics. It should be addressed to a spe-
cific point in this cloud, its nomenclature type. What-
ever happens to a taxon-cloud in the course of its evo-
lution or when our ideas about it change, the name
assigned to the nomenclature type, like a label behind
a museum specimen, will always show us what it is
about, of course, if the type exists (or at least is
described sufficiently completely). The foregoing
makes it clear that the nomenclature type is a natural
attribute of the traditional (i.e., phyletic) system.

The same result can be reached with a different,
shorter, way of reasoning. The purpose of any classifi-
cation is to cover with taxa the entire diversity to be
classified, completely and without overlapping the
taxonomic boundaries. If we accept that the taxa
themselves, as natural groupings, and the system
formed by them really exist in nature and are not
invented by taxonomists, then the main purpose of
classification is dual. First, it includes the tracing of
natural discontinuities in the classified space (dis-
memberment of nature by its articulations, according
to Plato). Second, we fix and rank the identified hia-
tuses as taxonomic boundaries (rather than impose
these boundaries according to Procrustes, in accor-
dance with some external principles).

There are situations in which we must deliberately
violate the principle of type and some other related
nomenclature principles due to the need to work with
inferior material (morphologically or ontogenetically
incomplete), which, for various reasons, is important
for study (especially often in paleontology). Much has
been written about this, too, including studies by the
author (Rasnitsyn, 1986a, 2002; Zherikhin et al.,
2008).

ONTOLOGY OF EVOLUTIONARY BIOLOGY

Ontology attempts to answer the question “what
really is.” In our case, it is primarily “what biological
evolution is.” In its most general form, the answer to
this question is more or less clear: biological evolution
is the process of the emergence of the new (moreover,
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a fitted, expedient new). Of course, it is possible and
necessary to discuss and clarify what is accepted as
new and what as expedient. However, in most cases,
this is clear without a strict definition. In my opinion,
it is preferable to fix the boundaries of concepts when
the need arises, when there is a risk of loss of mutual
understanding without this. Therefore, we will not
multiply entities without need and refine ourselves in
the accuracy of definitions until an obvious need
arises.

Thus, the basic problem in evolutionary biology is
the emergence of expedient novelty. The new easily
arises by chance, at least as a new combination of old
elements. The situation with expediency is more diffi-
cult. An expedient novelty can be constructed based
on knowledge, which is easily and constantly done by
humans. However, humans and, more broadly, the
human-type intellect cannot be responsible for evolu-
tion—humans are its product but not the creator. In
theory, some other intellect may be responsible for
evolution; however, another natural intellect appar-
ently does not exist and did not exist on Earth (at least,
I have not heard of any reliable evidence of it). One
may think of an extranatural intellect, which in the
broadest sense can be regarded as divine. This cannot
be ruled out in any way, since, as is known, the exis-
tence of God is irrefutable and incontestable (i.e.,
unknowable): it is wholly and entirely a matter of faith.
All the more incomprehensible is the providence of
God. However, an appeal to the a priori unknowable is
inadmissible for science: a scientist may believe in
God but cannot appeal in constructions to God or to
his actions, which change the natural course of events.
Otherwise, it will not be science. Therefore, concepts
that include the immanent ability for expedient inno-
vations, in my opinion, are not scientific. I primarily
refer to the views of Lamarck and Berg. Moreover, the
inheritance of acquired characteristics according to
Lamarck and the natural characteristic (nomogenetic-
ity) of evolution according to Berg, which are respect-
able scientific hypotheses per se, do not belong here,
in contrast to the immanent (not implying scientific
analysis and substantiation) ability of the evolutionary
process to create expedient novelty.

The only known source of expedient novelty,
besides intellect, is selection, i.e., the memorization
and reproduction of a successful choice, which is ran-
dom only in the sense that it is not known in advance
which of the options presented to the choice will turn
out to be successful in the near and, moreover, in the
distant future. Therefore, the only scientific basis for
evolutionary theory at present is selectionism.

There are two main competing approaches in the
theory of selectogenesis. They are usually referred to as
synthetic and epigenetic. The synthetic theory of evo-
lution, which is better known to our [former Soviet]
biologists, can be characterized as a reductionistic
one, which reduces effects at the level of the whole to
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phenomena at the level of its elements (primarily, the
elementary genetic factors and their frequencies in
populations). Therefore, quite often (and rightly), it is
referred to as the genetic theory of evolution. The
opposing epigenetic theory can be referred to as
a holistic one, since its adherents attempt to under-
stand the properties of the evolutionary process pro-
ceeding from some properties of the whole organism
(primarily, its ontogeny). This term goes back to the
concept of holistic evolution, which was developed
(however, rather speculatively) by Smuts (Smuts, 1926
(cited from Smuts, 1987)). I propose to use it instead
of the term “epigenetic evolution,” since the terms
“epigenesis” and “epigenetic” are widely used by
modern genetics in a completely different sense. It will
be already impossible to restore the priority interpreta-
tion of the term, which was proposed by M.A. Shish-
kin (1984), and the parallel use of two different inter-
pretations of the same term in related areas only leads
to confusion and misunderstanding, which I already
constantly feel.

The relationship between two evolutionary
hypotheses—synthetic and holistic (epigenetic)—was
specially considered by M.A. Shishkin (1987, 1988a,
2006, 2010) and D.L. Grodnitskii (2000, 2002). Based
on their results, I will attempt to present my view of
this problem.

SYNTHETIC THEORY OF EVOLUTION
The synthetic, or more precisely, the population-

genetic theory of evolution (since synthesis there is
more proclaimed than achieved) considers heredity
(i.e., the ability to sustainably reproduce a phenotype
and its features in successive generations) as a property
of special elementary carriers, genes, which are now
identified with regions (loci) of chromosomes and fur-
ther with DNA regions (cistrons, etc.). Accordingly,
the evolutionary process is presented as the dynamics
of allele frequencies in populations, which is con-
trolled by selection (differential reproduction of phe-
notypes). Phenotypic characteristics arise and change
as a result of mutations and recombinations of genes,
as well as various epigenetic and intergenic interac-
tions. Since all of these changes do not possess the
property of initial expediency, it is selection that forms
the composition of populations and the properties of
organisms, and it does this with an accuracy that is
limited only by stochastic (probabilistic) factors. In
addition to the factor of chance, the only obstacle to
the full compliance of the organization of living beings
with the requirements of selection is the exchange of
genes, which unifies the structure of populations at a
level that corresponds to averaged, rather than local,
characteristics of selection.

In accordance with these views, the organization of
living beings seems to be soft clay in the hands of selec-
tion, i.e., a set of characteristics that are freely shuffled
by selection. Accordingly, from this point of view, the
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evolutionary process turns out to be uniform (at least
to the same extent to which the variations in the envi-
ronment and selection are uniform). The uniformity
of evolution is steadily disturbed only by divergences
and extinctions, which in the considered system of
views represent the only natural basis for the construc-
tion of a system of organisms.

The synthetic theory, of course, recognizes both
the pleiotropy of genes (the influence of one gene on
several characteristics) and the polygenicity of charac-
teristics (multiple genetic determinations of an indi-
vidual character); as a result, each characteristic actu-
ally depends on the entire genome. However, these
admissions are, in fact, declarative, since the total
interdependence of the elements of the structure and
functions of the organism and, accordingly, the
absence of any permanent contribution of the gene to fit-
ness makes it impossible to reduce the evolutionary
process to elementary genetic or, furthermore, molec-
ular genetic events.

These simplifications are not innocuous: they lead
to inconsistencies between theoretical predictions and
observational results. Here are examples of these
inconsistencies. First, let us consider the rates of the
evolutionary process, which are assessed by the rates
of the emergence and extinction of taxa of various
ranks. The taxon is the only concept for which the very
meaning of existence is an attempt at an integrated
assessment of the similarities and differences of organ-
isms (see the meaning of taxonomy given above). Of
course, the comparability of taxa of the same rank in
different groups is not ensured by anything but the
intuition of taxonomists. Therefore, this method for
the assessment of the rate of evolution is imperfect,
but we simply have no other ways to compare the rates
of evolution of organisms. No matter how imperfect
(subjective) the assessment of differences in taxo-
nomic ranks is, it is more informative than a more
objective assessment of differences with the use of
characteristics. It is well known that seemingly identi-
cal differences can be achieved in quite different ways
and turn out to be manifestations of such different-
scale organizational transformations that the assess-
ment of the rates of evolution with their use will only
be misleading. This conclusion is especially illustra-
tively confirmed by the materials on evolution under
insular conditions and at the early stages of the evolu-
tion of taxa (the phenomenon of archaic diversity).
Here, grotesque forms with an unbalanced organiza-
tion emerge quickly and easily. They often differ in the
characteristics that normally (in stabilized groups)
characterize taxa of a much higher rank (see below for
more detail). At the same time, a paleontological
assessment of the rates of taxonomic evolution gives
results and reveals trends that can hardly be attributed
to the incomparability of taxa of the same rank in dif-
ferent groups (Rasnitsyn, 1987, 2012; Rasnitsyn et al.,
2013, 2015, 2016).
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According to the synthetic theory, the evolutionary
process is governed mostly by the same factors and
mechanisms that operate in the genetics of popula-
tions. However, the rate of macroevolution should
then obey the same laws as the rate of changes in gene
frequencies in population genetics. This rate, in turn,
is determined by the power of the f low of adaptively
competent genetic variations (changes that are signifi-
cant for selection) that f low through the evolving pop-
ulation. Therefore, the rate should increase with an
increase in the frequency of mutations, the rate of gen-
erational change, the population size, and the mobili-
zation reserve of variability.

The paleontological material does not allow direct
assessment of the majority of the listed parameters
used in population genetics. Some of them can still be
estimated indirectly in fossils, insofar as they correlate
with other characteristics (such as size, taxonomic
affiliation, etc.). In particular, if the genetic approach
to evolution is true, then its rate should be minimal in
mammals with a relatively slow change of generations
and small populations (due to the relatively large size
of individuals), maximal in unicellular organisms, and
intermediate in invertebrates. In reality, numerous
paleontological data show that these relationships are
inverse (Rasnitsyn, 1987). Moreover, the differences
are very large even at the level of the species, and yet
this taxonomic category is considered comparable in
different groups. For example, the age of semimodern
fauna (fauna in which half of the species are modern
and half are extinct) in large mammals (proboscideans
and ungulates) is 0.2 million of years (Ma); in small
mammals, 0.5 Ma; in birds and fishes, 0.7 Ma; in
insects, 3–7 Ma; in mollusks, 3.5–5 Ma; and in dia-
toms, 15 Ma. The half-extinction time (by analogy
with half-life, the time for the extinction of half of the
number of species available at a certain time; in our
case, this is the age of the fauna that consisted of half
of the extinct species and half of the species that have sur-
vived to this day) is the smallest in elephants (0.18 Ma);
in mammals, it is, on average, 0.54 Ma; in teleost
fishes, 3.5 Ma; in graptolites, 1.3 Ma; in echinoderms,
4.2 Ma; in bivalves, 7 Ma; in plankton foraminiferans,
5 Ma; in benthic ones, 18–24 Ma; in diatoms, 5.5 Ma;
and in dinoflagellates, 9 Ma. At higher taxonomic lev-
els, intergroup differences are usually similar but often
sharper. For example, the age of semimodern fauna for
mammalian genera is 4 Ma; birds, 10 Ma; reptiles,
20 Ma; fish, 30–50 Ma; insects, 40 Ma; mollusks,
60 Ma; and foraminiferans, 230 Ma.

These figures do not bring into question the genetic
predictions. Selection is absolutely automatic: if indi-
viduals differing in the degree of fitness appear in
a population, they will be steadily selected in full
accordance with the provisions of population genetics.
The different involvement of individuals in the repro-
duction of a population will also automatically lead to
a change in its hereditary structure, to the extent to
which these differences are heritable. Therefore, the
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distribution of evolutionary rates predicted by genetic
theories must necessarily take place in nature, to the
extent to which the power of the total f low of genetic
variations in the long-term aspect is correlated with
the power of the f low of selected (highly adaptive)
inherited changes. This is confirmed by the well-
known differences in the typical breeding rates
between domestic animal breeds, plant varieties, and
strains of microorganisms. No less illustrative are the
occasionally observed maximum rates of insect evolu-
tion, when 46 species of longhorn beetles of the genus
Plagithmysus emerged as a result of 17 introductions
(Gressit, 1978) on the island of Hawaii, which is
0.5 million years old (Rotondo et al., 1981); i.e., at
least one event of speciation occurred, on average,
over 150–200 thousand years.

However, it is obvious that, in general, the distribu-
tion of evolutionary rates at the level of the species and
higher in the first approximation is opposite to that
predicted by population genetics. This means that the
constraints that are critical for population genetics are
not critical for the evolutionary process. Roughly
speaking, the f low of general genetic variability is evo-
lutionarily redundant, even in populations of large
mammals, not to mention other, more numerous and
faster reproducing organisms. The rate of changes at
the suprapopulation level (i.e., the rate of evolution)
should be regulated by some other factors. We will
consider the question of what these factors may be
later. Here, we can only conclude that the level to
which the synthetic theory of evolution attempts to
reduce the evolutionary process and, thereby, to
explain the latter does not meet the hopes placed on
this approach and does not provide the expected
explanations (at least with regard to the paradox of
evolutionary rates).

There are other groups of data that do not fit into
the framework of the synthetic theory of evolution. If
the organization of living things is soft clay in the
hands of selection or a set of characteristics that are
freely shuffled by selection, then its results should be
predictable to the extent to which the conditions of
evolution are known. Antiselectionists have shown
with numerous examples that this is not the case (e.g.,
Lyubishchev, 1982). Even closely related forms under
seemingly similar conditions can behave completely
differently. The most paradoxical example of this is
the spotted hyena, which is extremely extravagant in
the reproductive sphere, and the striped hyena, which
is close to it but is quite ordinary in this respect (Glick-
man et al., 2006).

The widespread, if not universal, discreteness of
biological diversity is even less explicable from the
synthetic point of view. In this system of views, only
one form of discreteness is natural—the discreteness of
an amphimictic species under conditions in which the
gene exchange is sufficiently intense to unify the com-
position of populations despite the local variation in
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selection. However, there should then be a good cor-
relation between the degree (completeness and antiq-
uity) of isolation, on the one hand, and the degree of
divergence, on the other. This is not observed in real-
ity: the inhibitory effect of gene exchange on the rate
of divergence (i.e., leveling the differences between the
diverging parts of a single population) cannot be con-
firmed. This conclusion was made, in particular, by
S.S. Shvarts (1980), who compared mammalian spe-
cies with different tendencies to form isolates. The
self-evident counterexample of insular speciation
actually belongs to a different context (see below).

The discreteness of species in parthenogenetic and
asexual organisms, which are devoid of gene
exchange, is completely inexplicable from the point of
view of the synthetic theory of evolution. Indeed,
a comparison of closely related bisexual and parthe-
nogenetic species of rotifers (Mayr, 1974) and weevils
(Ivanova, 1978), bisexual and asexual species of pro-
tists (Polyanskii, 1957; Poljansky, 1977), lower algae
(Polyanskii, 1956), and ferns (Farrer, 1990) showed
that unisexual and asexual species are as discrete as
bisexual ones.

No less illustrative is the long-term (for millions,
tens, and possibly even hundreds of millions of years)
evolutionary stasis at the species and generic level,
when an exchange of hereditary information is out of
the question (for examples, see Rasnitsyn, 1987). In
particular, persistence for 10–20 Ma is quite common
(Zherikhin, 1999). The finds of various Pliocene galls,
which are indistinguishable from the galls caused by
modern insect species on the same plants, are much
more recent (3–5 Ma); however, they are no less
important (Zherikhin, 2002). The morphological
specificity of the gall is determined by the biochemical
effect of the gall-forming insect on the tissues of the
host plant. Therefore, the morphological stability of
galls proves the biochemical stasis of insects for mil-
lions of years. The record holder, however, is Triops
cancriformis (Schaffer), which has changed little since
the Early Triassic (approximately 230 Ma), and even
the question of the species independence of Permian
populations remains unresolved (Tasch, 1969). This
conclusion is confirmed by the molecular clock data
for two morphologically almost indistinguishable Jap-
anese populations of another species, T. longicaudatus
(LeConte): they indicate the divergence of the species
approximately 15 million years ago. For other species
of this genus, including T. cancriformis, the diver-
gences date back 25–45 Ma (Suno-Uchi et al., 1997).

No more understandable in this system of views is
the common phenomenon in which less recent taxa
are significantly more discrete and demonstrate
clearer relationships than species. Indeed, species tend
to have diverged relatively recently, have less time to
diverge than the higher taxa, and, therefore, should
have retained more traces showing how exactly the
divergence proceeded (see below for more detail). All
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of this is indicative of a discrepancy between the pop-
ulation genetic approach with its derivatives (the syn-
thetic theory of evolution and the biological concept
of the species), on the one hand, and the results of
observations, on the other.

HOLISTIC (EPIGENETIC)
THEORY OF EVOLUTION

Basic Provisions

In contrast to synthetic theory, the holistic theory
considers the evolutionary process primarily as a pro-
cess of transformation of ontogeny in the course of
evolution (Shishkin, 1987, 1988a, 1988b, 2006, 2010;
Rautian, 1993). Special attention is given to the integ-
rity of ontogeny in the sense that both the process itself
and its result (the structure of the organism at succes-
sive stages of development) are much stabler than any
individual factors or processes of development. Nor-
mal development is equifinal and is capable of relaxing
(suppressing, absorbing, leveling) a very wide range of
influences and disturbances, both external and inter-
nal, including the results of various errors and distur-
bances of normal development.

Thus, normal ontogeny (reaction norm) in general,
rather than individual characteristics, is inherited
(steadily reproduced in subsequent generations). In
addition to the norm, there are various deviations
(aberrations) of development with unstable reproduc-
tion, which are rarely realized under normal condi-
tions. Under unfavorable conditions, when the mech-
anisms of protection of the norm can be disturbed or
overcome as a result of a strong external influence or
for internal reasons (developmental errors), develop-
ment proceeds along an aberrant (deviating and unsta-
ble) pathway. Since endogenous developmental aber-
rations easily arise not only during sexual but also
during parthenogenetic and asexual reproduction,
their occurrence is the realization of the latent hetero-
geneity of the population rather than the emergence
de novo of any genetic changes.

The holistic theory regards aberrations as a selec-
tion material that is able to create a new adaptive norm
on its basis. Such a process can more easily be
described in terms of the metaphor of an ontogenetic
(initially epigenetic, in Shishkin, and even earlier in
Waddington) landscape. Normal ontogeny is a stable
(stabilized) sequence of closely related separate onto-
genetic processes. More or less isolated segments of
this sequence are called creodes. If we imagine a cre-
ode in the form of a strongly deepened valley in a cer-
tain landscape, along the slope of which the ontoge-
netic process f lows, then the aberrations will be repre-
sented by gentle lateral valleys that are raised in the
sides of the main valley. The realization of an aberra-
tion (i.e., reaching a lateral valley by ontogeny)
requires either a strong external effect on the develop-
ing organism, which pushes it out to the lateral valley,
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or a change in the landscape itself, f lattening the valley
bottom (additional aberrant change), or both together.

Although aberrations are unstable (“not heredi-
tary”; the most common of them are often called
modifications), they are constantly (albeit unpredict-
ably in detail) reproduced in the population, since the
ontogenetic landscape with the corresponding lateral
valleys is the adaptive norm of the species. Therefore,
despite their weak heritability, aberrations serve as the
material for selection. If aberration is beneficial, selec-
tion will selectively preserve those landscapes that
more consistently reproduce it. In other words, the
advantage will be given to those in which the corre-
sponding valley is deepened and the level of its bottom
at the junction with the main valley is closer to the bot-
tom of the latter. If, at the same time, the main valley
also f lattens below the fork (i.e., if the stability of the
previous norm decreases), the former aberration will
have a chance to become a new norm. If the previous
norm retains its value, then both norms will be stabi-
lized, and a mechanism will developed for ontogenetic
switching between them. When this mechanism uses
an environment signal for switching, we obtain typical
modification variability. When a genetic signal (e.g.,
recombination) is used, we obtain a Mendelian form.
In this way, Mendelian characteristics arise both in
nature (e.g., the conventional sex-determination
mechanisms) and in the laboratory (e.g, during the
stabilization of pure lineages).

In general, for the holistic theory of evolution, the
spectrum of possible developmental pathways (cre-
odes and their aberrations) fixed (“memorized”) in
the adaptive norm (i.e., the ontogenetic landscape, its
ontogenotype) is the essence of a living organism, its
ontogenetic potential, which determines the existence
of an organism; selection works with it. The purely
genetic level (genes and their alleles, the dynamics of
their frequencies in the population, mutations, recom-
bination, etc.) lies much deeper and does not deter-
mine the specifics of the evolutionary processes.

The genotype–phenotype antinomy is generally
incorrect in the light of ontogeny and the functioning
of the organism. It is necessary to discriminate
between a system of creodes (evolutionarily stabilized
systems of morphogenesis forming an ontogenotype)
and a system of various switches, timers, and modifi-
ers that combine many creodes into a single system of
ontogeny and functioning of the organism, which
again is stabilized evolutionarily. Both creodes and
modifiers, timers, and switches are influenced by
changes in the molecular level (DNA–various
RNAs–proteins cascade, as well as epigenetic factors
such as methylation, etc.). However, creodes, as more
complex stabilized systems, most often either quench
molecular and other influences on them or simply fail
to function under their influence. For this reason, cre-
odes evolve (acquire evolutionarily new expedient
changes) rather slowly. Much simpler coupling mech-
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anisms change much more easily. It is not surprising
that they evolve much faster, which is reflected in the
ideas that the phenotype is relatively stable (especially
when it comes to the “wild type”) and that the geno-
type evolves faster than the phenotype (“The popula-
tion retains its normal “wild” phenotype, despite the
continuous mutagenesis, which is accompanied pre-
cisely by the accumulation of mutations and, conse-
quently, the continuous rearrangement of its geno-
type” (Schmalhausen, 1968, p. 113)).

Ontogenetic processes in the aspect of inheritance
were considered in greater detail by M.A. Shishkin
(1987, 1988a, 2006, 2010). For us, another aspect of
the problem of the evolution of ontogeny is more
important.

Adaptive Compromise

The integrity of the organization of living beings
has a significant effect on the nature of their evolution.
At the morphogenetic level, this effect is manifested in
the fact that creodes become highly stabilized due to
the deep interdependence between changes in differ-
ent creodes (and, as a consequence, between changes
in different properties and characteristics of the organ-
ism). They are very difficult to “push” out of the nor-
mal intraspecific variability, which itself is already sta-
bilized by the selection of previous generations. There-
fore, evolution (i.e., successful escape beyond the
normal, stabilized ontogenotype (ontogenetic land-
scape)) proceeds with difficulty, infrequently, and
with poorly predictable results.

In other words, in the hands of selection, the orga-
nization of living beings turns out to be a fragile, capri-
cious material; evolutionary transformations are more
or less abrupt, and the resulting biodiversity is more or
less discrete. This discreteness is not absolute. Even
where it exists, we do not always manage to find it eas-
ily (because of the overlapping of the limits of the sta-
bilized variability of organization options, see below).
Nevertheless, it exists and is so widespread that biolo-
gists and especially taxonomists prefer not to think
about it too often, focusing on exceptions and difficult
cases. The existence of exceptions is quite natural.
A stabilized ontogenotype (adaptive norm) includes a
certain, more or less wide, range of variability that
arose as a result of the selection of previous genera-
tions. The spectra of normal variability of closely
related species may overlap, creating problems for tax-
onomists, even if the landscapes themselves (ontogen-
otypes) differ discretely.

An unexpectedly strong confirmation of the dis-
creteness of biodiversity has recently been provided by
an analysis of the ample accumulated barcoding data
(the sequence of the bases of one of the fragments of
mitochondrial genes). These sequences, which were
studied on 5 million individuals of 100000 animal spe-
cies, turned out to be discrete (not overlapping) in
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more than 90% of cases. This is why they so often
allow the confident identification of species (Stoeckle
and Thaler, 2018).

We do not yet know how to see, outline, and mea-
sure the ontogenetic landscape itself, not just its exter-
nal manifestations. Although the ontogenotype is
inaccessible with direct observations, it is almost as
reliably deduced from the available data as an atom or
a neutrino. The ontogenotype is inaccessible to direct
observations, because it is a very complex system of
interconnections and interactions. Similarly to an
atomic charge, the ontogenotype essentially deter-
mines the properties and behavior of its incarnations—
individuals, species, or other taxa. Therefore, it can
even be defined as the materialized essence of all these
incarnations, which is, in a sense, a return to essential-
ism, but to an essentialism of a substantially different
sense than Plato’s, since the essence is recognized here
as material and knowable as the essence of the atom
(the charge of its nucleus).

However, let us go back to the evolution of the evo-
lutionary landscape. It is convenient to analyze its high
coherence and the buffering of its evolutionary
changes within the framework of yet another meta-
phor—the adaptive compromise metaphor (Rasnit-
syn, 1987). Indeed, the stability of a balanced land-
scape can be viewed as one of the consequences of the
systems theory, in particular, its postulate that no sys-
tem can be optimized simultaneously in more than
one parameter. It is no coincidence that the swift can-
not run and swim, the penguin cannot run and fly, and
the ostrich does not f ly and can hardly swim well.

The optimization of real systems is possible only as
the finding of a compromise between the conflicting
requirements for the optimization of various parame-
ters. For living beings, whose organization is full of
various correlations and interdependencies, the com-
promise between different adaptive functions must be
especially tense. Therefore, a stable ontogenotype
should be organized according to the principle of a
well-worked compromise between the conflicting
needs of the maximal optimization of all adaptive
functions.

The consideration of a living being as an adaptive
compromise is not something new. E. Mayr, appar-
ently, had a similar phenomenon in mind when he
wrote that the epigenotype of a species, its system of
canalization of development and feedback (i.e., our
ontogenotype), is often integrated so well that it resists
changes with remarkable persistence (Mayr, 1974,
p. 353). Much earlier, similar ideas of the struggle
(competition) of parts of the body were expressed by
V. Ru and A. Weismann (Weismann, 1905) and,
before them, in the form of the principle of compensa-
tion or balancing, by I.V. Goethe and J. Saint-Hilaire
(Darwin, 1859). Apparently, before anyone else, back
in the 4th century BC, such thoughts (in the form of
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the principle of economy) were formulated by Aristo-
tle (cited from Aristotle, 1937).

The adaptive compromise metaphor is important
in that a wide range of relatively easily testable conse-
quences can be derived from it. The most common of
them is the difficulty of changing a well-balanced
organization. Of course, this difficulty is not absolute,
and the loss of the adaptive meaning of any function
will lead to a reduction in the systems that support it to
the extent to which these changes are feasible. The loss
of an adaptation that lost its significance, which can
naturally be explained by the reduction or disintegra-
tion of obsolescent systems, makes it possible to fur-
ther optimize other systems that have retained their
adaptability.

For us, the very difficulty of the rearrangement of
a once-formed compromise (i.e., the existence of bar-
riers to changes to the existing organization) is still
more essential. Apparently, the evolutionary land-
scape should not be represented as it is usually drawn:
in the form of adaptive peaks separated by valleys of
reduced fitness and connected by ridges, along which
the evolving group can gradually move in the direction
from the disappeared peak to the retained one.
Schram’s model (Schram, 1983)—a system of holes
separated by barriers of adaptive instability—seems
more plausible.

The difficulty of overcoming the stability of a once-
achieved successful compromise predetermines many
important properties of the evolutionary process: the
already mentioned unevenness and retardation (buff-
ering) of evolution, the discreteness of living beings,
and the low evolutionary efficiency of elimination.
Many of the questions that synthetic theory cannot
answer intelligibly, such as the unevenness of evolu-
tion, the wide spread of evolutionary stasis, the lack of
a visible influence of population-genetic factors on the
rate of the evolutionary process—all of these effects
turn out to be natural and expected when the process
is considered from the standpoint of an adaptive com-
promise. However, as expected, they are replaced by
other problems that are no less difficult to solve.

Evolution is going on, despite all the barriers, but at
the cost of the extinction of many groups that have not
been able to successfully overcome these barriers. Let
us try to understand the conditions under which this
occurs and how it happens, how a balanced ontogen-
otype can be transformed into another, also balanced,
one. The conventionally postulated mechanisms of
the evolutionary process, which are based on the inter-
action of intra- and interpopulation polymorphism
with isolation, do not give an answer to this question.
It was convincingly shown that reproductive isolation
not only is unnecessary for evolution but often does
not even stimulate it (Gritsenko et al., 1983, Ch. 7).
According to all laws of population genetics, the uni-
versality of intra- and interpopulation polymorphism,
combined with the monstrous pressure of normal
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elimination (see below), should lead to constant and
rapid evolution with a characteristic distribution of
rates (high for lower organisms and low for higher
ones, see above), which is also not observed.

I can draw only one conclusion from the consid-
ered contradiction: under normal conditions, intra-
specific polymorphism does not contain evolution-
arily competent characteristics. Simply speaking,
none of the ontogenotype variants that are regularly
realized in the populations of a species has an evolu-
tionarily significant advantage over other variants
under normal conditions. In other words, “all animals
are equal, and there are no more equal among them.”
How can this be true if polymorphism sometimes
affects seemingly vital organs and structures? The
answer, apparently, is still the same: all of the available
variants exist, because they are consistent with the
existing epigenetic system, i.e., they do not destabilize
it. However, they are unable to create new stability
(some other, not necessarily the best, but a different
stabilized system). In other words, intraspecific poly-
morphism, together with modification variability at its
supraorganismal level, performs the same function of
system stabilization in an unpredictably variable envi-
ronment, which is performed by ontogenetic regula-
tion, physiological reactions, and behavior at the
organismal level.

Since the analysis of individual factors does not
give an answer to the question of the specific mecha-
nism that ensures the evolutionary process, we will
attempt to solve this problem from the other side: we
will analyze the conditions in which evolution actually
proceeds, and this happens relatively quickly.
Although reproductive isolation, as already men-
tioned, is not an important evolutionary factor under
normal conditions; it is well known that, in the condi-
tions of isolated islands, water bodies, etc., evolution
proceeds especially rapidly and often leads to the for-
mation of strongly altered, even grotesque, forms.
S.S. Shvarts (1980), who specially analyzed this para-
dox, came to the conclusion that the reason lies in the
reduced tension of competitive relations in poor,
unfilled (on an evolutionary time scale) island bio-
cenoses. Specifically, the evolutionary role of the
unfilling of cenoses, according to Shvarts, is that
a weakened competition enables a rapid, unilateral
specialization. This interpretation is very attractive for
the adaptive-compromise concept: an ancestral spe-
cies, moving from the mainland to a depleted island
biocenosis, finds itself in conditions that are softened
in many parameters and allow additional optimization
of those functions that remained under tight environ-
mental control at the expense of others functions that
are not controlled so strictly by selection. In fact, as we
will see, the matter is more complicated and by no
means can be reduced to weakened selection. How-
ever, for now we will use this lax term.
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Evolution Trigger

The above model of evolution on islands is also
interesting, because it corresponds to the concept of
inadaptive evolution proposed by V.O. Kovalevskii
(Rasnitsyn, 1986b). However, more importantly, it
demonstrates a fairly real mechanism that can over-
come the stability of a well-balanced adaptive com-
promise that slows evolution. Naturally, the question
arises as to whether such a mechanism can operate not
only when islands are populated but also in some other
situations.

To answer this question, let us consider some other
cases of the transition of a group to similar condi-
tions—whether an acceleration of evolution and its
similarity to inadaptation (i.e., an increase in the
scope of changes in combination with their unilateral-
ism and imbalance) will also be observed there. The
transition to a relatively free, unfilled ecological space,
which stimulates morphogenesis, is characteristic of
the early stages of evolution of many taxa. This phe-
nomenon is described by the “law of archaic diversity”
(Mamkaev, 1968), which indicates a sharply increased
variability of organization at the early stages of taxo-
nomic evolution. This is why species and genera at this
time may differ in characteristics that later character-
ize families and orders. No less characteristic of the
stage of archaic diversity is the low evolutionary stabil-
ity of the early members of the taxon, which is
reflected in the large number of short basal branches
on almost any phylogenetic scheme based on rich
paleontological material (e.g., Rasnitsyn and Quicke,
2002, Fig. 1, 179, 266, 278, 306, 331, 393, 408). The
acceleration of evolution in the early stages of the his-
tory of the taxon more specifically demonstrates the
fact of the approximate coincidence of the age of the
genus and many of its species (Shvarts, 1980). This
shows that a significant part of divergence occurs at
the earliest stages of evolution of the emerged taxon.

All of the above indicates that the transition of the
group to the conditions of a depleted biocenosis and
an unfilled ecological niche, indeed, provokes evolu-
tion (usually inadaptive). In this case, the formation of
euadaptive groups (i.e. harmonious, adapted to filled
biocenoses and tense competitive relationships) may
be associated with the subsequent tightening of condi-
tions and the intense extinction of the majority of the
newly emerged groups (those that were unable to rap-
idly turn from inadaptive to euadaptive ones).

The question of soft/harsh/catastrophic conditions
is not as simple as it often seems. The equilibrium pop-
ulation density corresponds to those values at which
mortality balances the reproductive potential of the
population. This means that, of all of the offspring of
each female, on average, only one of her daughters
manages to leave their own offspring (Beketov’s law,
Beketov, 1860). One year earlier, C. Darwin wrote
about the same issue (Darwin, 1859). For this reason,
elimination in populations (with the exception of brief
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and more or less balancing episodes of f luctuations in
abundance) is normally almost equal to fertility, i.e.,
close to the maximum. However, if the almost com-
plete elimination of offspring is the norm for the pop-
ulation existence, if the chances of leaving offspring
for each individual are always minimal, if the extinc-
tion of entire populations is a common phenomenon
even on an ecological time scale, then what do we
mean when we talk about worsening living conditions?

It seems that there is no hardening of conditions at
the population level in nature at all. It is difficult to
talk about it, even in application to the specific and
supraspecific level. Here, the deterioration of condi-
tions can only mean a trivial (on an evolutionary time
scale) extinction of species, the effect of which on evo-
lution will be manifested only as an emptying of the
ecological space and, accordingly, a softening of con-
ditions. However, nature abhors a vacuum, especially
an ecological space, and the surviving species will
immediately fill the void. They intensify the reproduc-
tion process of the remaining populations and thereby
nullify the short-term softening of the conditions of
their existence. The fact that f luctuations in popula-
tion density with periodic softening of conditions are
the most common phenomenon and, at the same
time, cases of irreversible evolutionary change gener-
ated by it have not yet been described proves that a
direct decrease in mortality, as well as its increase, is
not a factor of evolution. What, then, can overcome
the stability of the ontogenotype and successfully lead
the organization of a living being beyond the histori-
cally conditioned norm?

The cause for the stability of the ontogenotype is
the once-reached compromise between the conflict-
ing needs of the optimization of various adaptive func-
tions of the organism. These needs are contradictory
in the sense that, due to the complex interweaving of
morphogenetic and functional relationships among all
parts and characteristics of the organism, the adaptive
enhancement of one function must entail a loss of
effectiveness for others. Of course, the weakening of
the integrity of ontogeny, which facilitates the inde-
pendent transformations of individual systems, is not
only possible but also takes place in nature. However,
this direction (simplification of organization and gen-
eral degeneration) is quite specific, requires appropri-
ate conditions, and is neither typical nor particularly
widespread. After all, in order to lose the height of
organization, one must first acquire it. The weakening
of integrity as a mechanism of evolution exists, but it is
clearly insufficient to explain the evolutionary process.

Thus, we need to reconstruct the conditions in
which a change in organization occurs under condi-
tions of constant or increasing integrity, or rather,
when a temporary decline in integrity is rapidly
replenished. For this purpose, we will attempt to refine
the adaptive-compromise metaphor. The main prob-
lem for evolution is, as we have seen, the contradictory
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nature of the relationship between adaptive functions
in the course of their optimization. The contradiction
is created by tight ontogenetic and functional ties
between the systems that ensure these functions, on
the one hand, and by the strict control over the proper
performance of functions, on the other. We have seen
that a loosening of ties is possible but not sufficient to
explain evolution. A general weakening of the selective
control of the proper performance of adaptive func-
tions, as we have seen, is also impossible: on an evolu-
tionary time scale, elimination is always close to the
maximum possible values. Where is the way out?

Destabilization and the Cradle Effect
The situations that provoke rapid evolution, which

were discussed above, can serve as a clue for the solu-
tion of this issue. What they have in common is that
the population enters new, unusual conditions (pri-
marily, impoverished, unbalanced communities of the
island type and new (sparsely populated) adaptive
zones). Under such conditions, the cenotic control
over the performance of certain functions (e.g., pro-
tection from predators and specialized parasites,
which are often in shortage in such unbalanced com-
munities) can be reduced by strengthening control in
other directions. In the end, these conditions are
called new precisely because the situation with the
selective requirements differed from the previous situ-
ation (in particular, some functions were controlled
much more stringently than under the previous condi-
tions). If the population survived under these condi-
tions, this means that the total elimination did not
consistently exceed its reproductive potential and,
therefore, the selective control of other functions was
reduced.

Thus, evolution is apparently provoked only by a
unilateral softening of the environmental control of
the organization, when only some of the adaptive
functions remain under strict monitoring by selection.
An obvious consequence of such unilateral control is
an imbalance and destabilization of the existing orga-
nization, and it actually does manifest itself in such
cases (Zherikhin in: Deyatel’nost’ …, 1967; Belyaev,
1974; Shishkin, 1984, 1987; McCune, 1990; etc.).

Since the adaptability of the system inevitably
decreases during destabilization, rearrangement can
hardly occur under normal conditions. Therefore, an
evolving group can hardly penetrate an already occu-
pied niche and displace its owner. It is more plausible
that it will either occupy a niche vacated as a result of
the extinction of its previous inhabitant or will be able
to create (open) a new niche. This is probably why we
know a lot of plausible examples of the recent emer-
gence of new taxa under island conditions, as well as
due to anthropogenic introduction. Especially striking
are helminthological examples (cited in the discussion
based on the report by Rausch, 1982, p. 184) of two
successive speciation events over 300 years (in the
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house-mouse parasite imported to North America)
and the divergence of two species of human tape-
worms no more than 16000 years ago. An equally
striking example is the emergence of a new cryptic
species in the complex of apple fruit f lies Rhagoletis
pomonella (Tephritidae) on the apple tree, which was
introduced to North America, and, moreover, a new
parasite in the Diachasma alloeum (Braconidae) com-
plex on it within no more than 150 years (Feder and
Forbes, 2010). However, such examples around us are
quite scarce, even though both biodiversity and the
degree of knowledge of it under normal conditions are
usually much higher, and, accordingly, the probability
of the detection of cases of natural speciation is higher.

The foregoing suggests that evolution (especially at
the supraspecific level) is possible only as a result of a
change in conditions in which the selection affecting
the population becomes substantially unilateral. Only
such selection seems to be able to overcome the stabil-
ity of the previous well-balanced adaptive compro-
mise. Meyen (1987) had this in mind when he said that
selection sometimes condones evolutionarily dubious
innovations. It is even possible to formulate the gen-
eral principle of the “cradle effect,” according to
which evolutionary innovations arise in the “cradle,”
i.e., under special conditions (though not always par-
ticularly mild by human standards). In particular, the
traditional Russian cradle, in which the baby lay
tightly swaddled, indeed, can hardly be called a com-
fortable place.

Evolutionary Triad:
Inadaptation–Euadaptation–Stasis

One way or another, the newly emerged group,
which has undergone destabilization in the “cradle”
and has lost its former balance, must undergo strict,
all-around control under the influence of selection for
all adaptive functions and, thus, restore its stability. In
other words, an evolutionary change must go through
two stages—initial destabilization and subsequent sta-
bilization of the changed ontogenotype.

As already mentioned, the results of these events
can be identified, respectively, with inadaptive and
euadaptive changes in organization. In other words, in
the course of evolution, the organization of living
beings goes through three successive stages: inadapta-
tion, euadaptation, and stasis (of course, if extinction
does not occur, which is possible at any stage,
although the highest risk in this regard is, naturally,
the process of euadaptation, and the calmest is stasis).
The first two stages, as the most vulnerable ones,
should be short-term by necessity, whereas stasis may
last for an indefinitely long time. Coming out of stasis
can hardly be spontaneous and should be caused by a
change in conditions. If such a change causes such an
increase in the total elimination that exceeds the limits
of reproductive potential, the population will inevita-
bly become extinct. If this process continues for a lon-
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ger time, this will entail extinction of the whole species
and even higher taxa. If the conditions of existence
change such that the control of the organization
becomes unilateral, it cannot be ruled out that the
population will be able to enter the process of inadap-
tive transformation of its ontogenotype. Whether or
not it will be able to successfully pass it and, moreover,
go through the extremely risky process of euadapta-
tion, is already a matter of chance (and a very rare
chance).

Another important feature of our model that
should be noted here is its autoregulation. No matter
how high the stability (i.e. buffering) of the ontogeno-
type of even a noticeable part of the inhabitants of our
planet has risen, cataclysms are unlikely to seriously
threaten the diversity of life on Earth (of course, if we
mean evolutionarily significant periods of time). Even
if a considerable part of biodiversity “stagnates” in the
perfection and, therefore, rigidity of its ontogenotypes
and turns out to be significantly “thinned” by the next
catastrophe (subglobal glaciation, asteroid/nuclear
winter, or a similar apocalypse), nothing terrible will
happen to the biosphere. The surviving species will
enter a situation of incomplete communities with sig-
nificantly weakened competitive relationships. This
will provoke a rapid, inadaptive evolution, the rapidity
of which increases with the extent of the “weeding.”
As communities fill up, many of those that “pulled the
winning ticket” will lose it. However, the greater the
proportion of losers is, the more chances will be had by
those who manage to hold out a little longer. Thus, the
newly formed vacancy will definitely be filled. How-
ever, the new communities may be little similar to the
previous ones. Examples of such events are known
(Rasnitsyn, 2012), but, of course, they require confir-
mation and further analysis.

Another important feature of our evolution model
is the relatively low predictability of the results of its
action (i.e., a very incomplete correspondence
between the conditions of evolution and its results),
which is due to the great complexity of the evolving
system and, accordingly, the impossibility of simple,
predictable solutions. This, of course, is a distressing
property of the model, but it reflects the reality (in
contrast to synthetic theory, from which the predict-
ability of evolution may seem to necessarily follow but
is not observed in reality).

Another important pattern of evolution that cannot
be generalized from synthetic theory can be brought
into conformity with the selectionist paradigm (“evolu-
tion is the process of the interaction of selection with
the existing organization, i.e., with the product of the
selection of previous generations”) if we consider
adaptation as a compromise. I refer here to the
unevenness of the evolutionary process, which so irre-
futably arising from the paleontological data. The
three-term cycle “Inadaptation–Euadaptation–Sta-
sis,” in which the two first stages are very rapid and are
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followed by a long period of evolutionary stability, eas-
ily finds parallels with the models proposed by paleon-
tologists (Simpson, 1948; Krasilov, 1969; Eldredge
and Gould, 1972; Stanley, 1975; Gould and Eldredge,
1977; Zherikhin and Rasnitsyn, 1980; Zherikhin,
1987; Shvarts, 2004) and geneticists (Carson, 1975)
with the aim to introduce unevenness into synthetic
theory. This similarity is undeniable but should not be
overestimated. Only the phenomenology is similar,
and the various mechanisms of the unevenness of the
evolutionary process assumed by these models are far
from being always realistic.

This does not mean that the supporters of synthetic
theory have never considered the idea of ontogenotype
stability. This is exactly what E. Mayr (1974; see above:
balanced epigenotype) and other authors (e.g., Valen,
1982; Laurin and Bruno, 1988) wrote about. The
problem is that this idea comes from a completely dif-
ferent paradigm, not the synthetic—holistic one.

Some Results
Thus, it can be concluded that many of the

observed features of the evolutionary process are in
good agreement with the predictions of the holistic
theory of evolution (particularly, the adaptive-com-
promise metaphor). However, problems also remain.
The riddle of significant differences in the evolution-
ary rates between large groups of living organisms,
which are so obviously opposite the predictions of the
synthetic theory, still cannot be f lawlessly explained
with the holistic theory, although it does not irrepara-
bly contradict the latter. Indeed, if the main factor that
slows evolution is the difficulty of changing a balanced
ontogenotype (and this difficulty will only increase
with its complication), then the evolution of more
complex forms of life should be hampered especially
strongly; however, in fact, it proceeds generally faster.
At least in part, this contradiction is removed by the
fact that more complex forms have larger sizes.
Accordingly, they are more vulnerable when condi-
tions change due to the obvious problems with the
search for less changed habitats (refugia). This is indi-
cated, for example, by the much longer existence of
small mammals as compared to the large ones (Rasnit-
syn, 1987), despite the quite comparable level of com-
plexity of their organization. There are many other
factors that accelerate the extinction and, accordingly,
the diversification of more complex organisms, which
was described in more detail in the already cited works
(Rasnitsyn, 1987, 2002; Zherikhin et al., 2008). Of
course, the discussed contradiction is still far from
being resolved. However, the prospects of its success-
ful resolution obviously exist; even now, it can hardly
be doubted that the holistic concept of evolution is
much more consistent with the observed evolutionary
processes than the alternative approaches.

To complete the discussion of the ontology of the
evolutionary process, we can conclude that the holis-
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tic theory of evolution is generally in good agreement
not only with the results of observations and experi-
ments in the field of the implementation and transfor-
mation of ontogeny but also with the paleontological
data. The experience of recent decades shows that
a huge body of evidence can be confidently inter-
preted, and this gives hope that the remaining prob-
lems and issues will also be successfully resolved later.

Now let us briefly return to methodology, more
precisely, to the dependence of the methodology of
evolutionary biology on its ontology. We have seen
that the population-genetic (“synthetic”) concept of
evolution represents the evolutionary process as the
dynamics of alleles in populations, which is controlled
by selection and stochastic processes. Selection forms
the population composition and the properties of
organisms, and it does this with an accuracy that is
limited only by stochastic factors and gene exchange,
which unifies the structure of populations at a level
that corresponds to averaged, rather than local, char-
acteristics of selection. The organization of living
beings is represented here as a set of characteristics
that are freely shuffled by selection, and the evolution-
ary process is uniform to the extent to which the vari-
ations in selection determined by the environment are
uniform. This uniformity is disturbed only by diver-
gences and extinctions; however, only they can be used
to build a natural system of organisms. In other words,
a natural system that is consistent with the population-
genetic theory of evolution can only be strictly genea-
logical, with the boundaries between taxa drawn along
the points of divergence (i.e., cladogram nodes). Taxa
are distinguished in accordance with the recon-
structed facts of their history, rather than on the basis
of their current properties, which are important only
as historical evidence. This is an accurate description
of the cladistic system as a strictly hierarchical system
excluding paraphyletic (i.e., ancestral) taxa.

The holistic theory of evolution, on the contrary,
considers the evolutionary process primarily as a pro-
cess of evolutionary transformation of ontogeny, as the
evolution of creodes (i.e., stabilized (selected in
a series of generations) ontogenetic processes and
their ensembles). Mutations and alleles serve here as
switches between alternative trajectories of develop-
ment, rather than as creators of structures, properties,
and characteristics. The strong interdependence
between the ontogenetic processes and, accordingly,
between the properties and characteristics makes the
optimization of the whole organism a very difficult
task, the product of a tense compromise. Once suc-
cessfully reached, a compromise is firmly stabilized
(buffered), since a balanced complex system of the
organism is very difficult to change beyond the normal
intraspecific variability (which itself is already stabi-
lized by the selection of previous generations). There-
fore, evolution is significantly complicated, since
a prerequisite for it is a successful escape outside the
stabilized ontogeny. Moreover, such evolution is not
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very predictable and is more or less abrupt, and the
resulting biodiversity is more or less discrete. Discrete-
ness is used by phyletics as a material for the construc-
tion of a system of organisms via the identification and
tracing of hiatuses (discontinuities in biodiversity).

CONCLUSIONS
The problems of the evolutionary wing of modern

biology, which includes the sections that study the his-
tory and current state of biological diversity, including
the theory and methodology of the above sections, are
associated primarily with the search for a paradigm.
The dispute between two approaches—the elementary
(“reductionist”) and holistic paradigms—has lasted
for more than a century. Surprisingly, the delimitation
of these such different approaches did not occur in an
explicit form; thus, the products of each of them con-
tinue to coexist in the minds of scientists, as well as in
their published products. The population-genetic
(synthetic) theory of evolution, which represents the
evolutionary process as the dynamics of the frequen-
cies of discrete hereditary determinants (genes) in
populations under the influence of selection, corre-
sponds to the elementary paradigm, which reduces the
studied system to its elements. The observed evolu-
tionary process is perceived as a reflection of this
dynamics, and its specifics affects the features of both
the genetic level of organization and selection per se.
The evolutionary process is more or less uniform, and
divergence and extinction are the only regular sources
of discreteness that make it possible to split the result
of evolution (i.e., the observed biodiversity) into taxa.
This paradigm is consistent with the taxonomic con-
cept of cladism, in which a taxon arises in the course
of evolution as a product of divergence and is intro-
duced into the system precisely on this basis, and the
sequence of divergences is determined with synapo-
morphies.

The alternative, holistic paradigm reduces the
evolving system to the whole (in particular, to the
ontogenotype), i.e., to the system for the construction
of a living organism in ontogeny. In the mirror of the
ontogenetic theory of evolution, a complex living sys-
tem, permeated with intertwining interconnections
and interactions, appears as a tense compromise of
conflicting requirements for the optimization of vari-
ous adaptive functions. Changes to such a system are
significantly difficult, hardly predictable, and more or
less abrupt, and the specificity of the evolutionary pro-
cess is determined primarily by the characteristics of
the ontogenotype and, to a much lesser extent, by
selection. Due to the abruptness of evolutionary
changes, the biological diversity arising in the course
of such evolution is discrete and broken by hiatuses
into natural separate entities, which should be used as
taxa of the general system. Accordingly, the meaning
of taxonomy, which is adequate to the ontogenetic
concept and the holistic paradigm, consists of the
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identification of objectively existing discreteness and
the tracing of hiatuses.

The available data allow us to conclude that the
structure of biological diversity more likely corre-
sponds to the ontogenetic rather than the population-
genetic concept. However, the very attempt to dis-
criminate between the concepts and methodologies
used in the analysis of the evolutionary process and its
results, going back to one of two competing para-
digms, seems to be more important. A strict discrimi-
nation between the two paradigms and their conse-
quences may allow us not only (and not even so much)
to make a meaningful choice between them but also to
eliminate the simultaneous use of mutually incompat-
ible principles and approaches.
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