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Natural selection is considered to be the main process that drives biological evolution. It requires selected
entities to originate dependent upon one another by the means of reproduction or copying, and for the
progeny to inherit the qualities of their ancestors. However, natural selection is a manifestation of a more
general persistence principle, whose temporal consequences we propose to name “stability-based sorting”
(SBS). Sorting based on static stability, i.e., SBS in its strict sense and usual conception, favours characters
that increase the persistence of their holders and act on all material and immaterial entities. Sorted en-
tities could originate independently from each other, are not required to propagate and need not exhibit
heredity. Natural selection is a specific form of SBS—sorting based on dynamic stability. It requires some
form of heredity and is based on competition for the largest difference between the speed of generating
its own copies and their expiration. SBS in its strict sense and selection thus have markedly different
evolutionary consequences that are stressed in this paper. In contrast to selection, which is opportunistic,
SBS is able to accumulate even momentarily detrimental characters that are advantageous for the long-
term persistence of sorted entities. However, it lacks the amplification effect based on the preferential
propagation of holders of advantageous characters. Thus, it works slower than selection and normally is
unable to create complex adaptations. From a long-term perspective, SBS is a decisive force in evolution—
especially macroevolution. SBS offers a new explanation for numerous evolutionary phenomena, including
broad distribution and persistence of sexuality, altruistic behaviour, horizontal gene transfer, patterns of
evolutionary stasis, planetary homeostasis, increasing ecosystem resistance to disturbances, and the uni-
versal decline of disparity in the evolution of metazoan lineages. SBS acts on all levels in all biotic and
abiotic systems. It could be the only truly universal evolutionary process, and an explanatory framework
based on SBS could provide new insight into the evolution of complex abiotic and biotic systems.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

error, i.e., without the intervention of any sentient being or exis-
tence of a preliminary plan.

1.1. Theories on the origin of adaptations

The most important evolutionary discovery of Charles Darwin
was probably the identification of natural selection (Darwin, 1859).
This process offers the explanation of the origin and accumulation
of adaptive, often functionally and structurally complex, characters
in organisms. These characters enable organisms to effectively and
often sophisticatedly react to the selective pressures of their en-
vironment, use its resources, and avoid its detrimental forces. De-
spite all of this, these adaptations that enable survival and suc-
cessful reproduction of organisms in complex and changing envi-
ronments originated through the “primitive” method of trial and
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Explanations and solutions based on the principle of natural se-
lection were applied in a plethora of other systems in the fields of
natural science, technology and even humanities. Over the years,
evolutionary biologists discovered that selection has several com-
ponents and many forms, and that biological evolution is also
driven and markedly affected by many other mechanisms, e.g. ge-
netic drift, genetic draft, evolutionary drives, gene flow, and species
selection (see e.g. Mayr, 2003). It was also demonstrated that nu-
merous adaptive traits did not originate as biological adaptations
but, exaptations, or even spandrels (see e.g. Gould, 2002). More-
over, the complex nature of genetic inheritance, various forms of
non-genetic inheritance, and the evolution of multi-level meta-
adaptations (such as the ontogeny of metazoans) that affect the
evolvability of lineages and canalize their ontogeny and anagenesis
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returned to the focus of evolutionary and developmental biologists
in the last years (see e.g. Laland et al., 2015).

However, natural selection is probably a manifestation of a
more general law that affects all material and immaterial entities
in the universe, does not require replication and inheritance, and
is usually called survival of the stable, according to the remark in
the first chapter of Dawkins’ book Selfish Gene (Dawkins, 1976,
p. 131). At first, it sounds like a tautology: Changeable entities
change, whereas stable or rapidly emerging entities accumulate
and predominate in the system. Indeed, the claim that the most
stable (or persistent) entity lasts the longest time is undoubtedly
an axiom (Grand, 2001, p. 34-38; Pross, 2012; Shcherbakov, 2012;
Pascal and Pross, 2014,2015) and this “law” thus seems utterly
trivial, at least in a simple model. However, in the real world,
coexisting entities interact in a complex manner and the conse-
quent evolution of systems of interacting entities with variable and
context-dependent persistence is all but simple (while still char-
acteristic of the perpetual search for states of higher stability) (see
e.g. Bardeen, 2009, or Pross, 2003,2004,2012; Wagner and Pross,
2011; Pascal and Pross, 2014,2015,2016, and references therein). As
Shcherbakov (2013) concludes: “This principle — “survival of those
who survive” - sounds as a tautology, but it is the great tautology:
Everything genuinely new emerges through this principle.”

Remarks analogical to Dawkins’ survival of the stable were made
also by several other researchers (e.g. Lotka, 1922a,b; Simon, 1962;
Wimsatt, 1980; Van Valen, 1989; Michod, 2000; Grand, 2001;
Maynard Smith and Szathmary, 2010) whereas possible relations
between natural selection and various forms of self-organization
were analysed by Weber and Depew (1996). However, to our
knowledge, Addy Pross and his colleagues elaborated the idea most
profoundly (see e.g. Pross, 2003, 2004, 2012; Wagner and Pross,
2011; Pascal and Pross, 2014, 2015, 2016). The phenomenon it-
self is very general and probably applies to all fields that concern
any form of biological or non-biological evolution. Researchers that
touched it from various angles during their investigations called
it e.g. natural selection in the non-living world (Van Valen, 1989),
survival in the existential game (Rappaport, 1999; Slobodkin and
Rapoport, 1974), contraction (Slotine and Lohmiller, 2001), Persis-
tence Through Time of a lineage (Bouchard, 2008; Bouchard, 2011),
thermodynamic stability (Pross, 2003,2004,2012; Wagner and Pross,
2011), the selection of long-lasting structures (Shcherbakov, 2012),
sorting on the basis of stability or sorting for stability (Flegr, 2010,
2013), natural selection through survival alone (Doolittle, 2014), vi-
ability selection or selection on persistence (Bourrat, 2014), per-
sistence principle (Pascal and Pross, 2014,2015,2016),ultrastability
(Bardeen and Cerpa, 2015), eventually differential persistence or per-
sistence selection (Doolittle, 2017). This loose conceptual embed-
ding is probably related to the fact that only a few theoretical re-
searchers (at least in the field of evolutionary biology) attribute
great importance to this phenomenon. For example, Okasha (2006,
p. 214), who comments on the topic more thoroughly, calls this
phenomenon weak evolution by natural selection. According to him,
this process cannot generate interesting adaptations and thus he
considers it to be (in contrast with paradigmatic evolution by
natural selection) uninteresting from the evolutionary viewpoint.
Godfrey-Smith (2009, pp. 40 and 104), presents a similar opin-
ion. He considers such an extension of the term “natural selection”
(i.e., low-powered Darwinian process) essentially possible but arti-
ficial and basically useless. The opposite opinion has been much
rarer. It was explicitly presented, e.g., by Bouchard (2011), Doolittle
(2014,2017) or Bourrat (2014). Bourrat (2014) even demonstrated

1 Darwin’s ‘survival of the fittest’ is really a special case of a more general law
of survival of the stable (...) The earliest form of natural selection was simply a
selection of stable forms and a rejection of unstable ones. There is no mystery about
this. It had to happen by definition.”

that this process can lead to some class of adaptations in numer-
ical models of evolution. He stated that it could actually stand on
the very beginning of biological evolution—original non-replicating
entities differing only in their persistence could transform into
genuine replicators by the means of this process.

In this paper, we argue that this evolutionary mechanism,
which is currently underappreciated and mostly is not taken into
account in efforts to explain the origin of characters of living or-
ganisms at all, acts upon all biotic and abiotic systems that un-
dergo evolution. In fact, this process may be responsible for a
wide range of adaptive traits. In the reaction to its weak con-
ceptual embedding, we propose to call this survival of the stable
(Dawkins, 1976, p. 13) or, more exactly, temporal manifestation
of persistence principle (Pascal and Pross, 2014,2015,2016), i.e., the
general tendency for more stable, persistent and unchangeable en-
tities and characters in the system, unambiguously stability-based
sorting (SBS) according to the conception proposed by Vrba and
Gould (1986) and Gould (2002, p. 659). This term avoids any con-
notations that attribute the phenomenon only to material, imma-
terial, living or non-living entities, its confusion with natural se-
lection, which we consider a specific manifestation of this uni-
versal principle (see Section 2.1), and its confusion with sorting
based on any other kinds of criteria. We will clarify the relation-
ship of SBS and selection more thoroughly in the next section.
More particularly, we will show that selection is just one spe-
cial manifestation of the general process of SBS (a relationship
that was implied by numerous evolutionary-biological scholars of
the role of persistence in nature mentioned above, e.g. Dawkins,
1976, Okasha, 2006, Godfrey-Smith, 2009, Bouchard, 2011, Doolit-
tle, 2014, or Bourrat, 2014). However, despite being related in their
essence, selection, as a special case of SBS, has markedly different
evolutionary consequences. Therefore, because the aim of this ar-
ticle is predominantly to demonstrate and stress the different evo-
lutionary consequences of the two processes (deeply understudied
SBS in the strict sense and usual conception, and its special case,
selection), we will consider SBS and selection as separate phenom-
ena from now on.

2. Results and discussion
2.1. The relationship between selection and SBS

All forms of selection, including species selection, require se-
lected entities to originate in reproduction or copying (and thus
have an ancestor-descendant relationship) and exhibit at least
some degree of inheritance of ancestor qualities (Gould, 2002;
Okasha, 2006; Godfrey-Smith, 2009). SBS, on the other hand, does
not require any of this. It takes place in all systems with history,
i.e., evolution in the broad sense. SBS acts upon all material and
immaterial entities regardless of their origin, even entities that
originate independently of each other such as snowflakes, cosmic
objects during the history of universe, memes, or mutually isolated
civilizations. According to the fact that—by definition—unstable and
changeable entities expire or change into something else whereas
the stable and invariable entities persist, more and more increas-
ingly stable variants of sorted entities accumulate in the system
over time, whereas less stable variants gradually vanish. This is
true even in the case that less stable entities originate more often
in a studied system than their stable variants.

SBS and selection act both in open and growing systems, and in
closed systems with a stagnating number of entities. For example,
in the course of a snowstorm, the number of competing entities
(snowflakes) is not limited and will constantly grow in the snow
cover (an open system into which new snowflakes constantly ar-
rive from the system’s surroundings). In such a system, the number
of less stable entities will constantly decline, but never reach zero
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because of the constant share of unstable variants among newly
arriving snowflakes.? In a closed system, e.g. during the evolution
of our universe after the Big Bang with a limited amount of mat-
ter available to form space objects, or during memetic evolution
of some exclusive religious beliefs that is limited by the number
of members of society, more stable entities will gradually replace
less stable entities (space objects or memes). The same applies to
selection. In an open system, e.g. an exponentially growing unlim-
ited population, the number of individuals better adapted to their
environment will gradually grow, but worse adapted individuals
will remain in the system too. In a closed system, e.g. in a chemo-
stat or a turbidostat (Flegr, 1997), worse adapted individuals with
lower speed or effectiveness of reproduction are quickly displaced
by their better adapted counterparts. Thus, in both cases, evolution
will proceed faster in closed systems.

In most systems, SBS acquires solely the form of competition
among entities for the highest static stability, i.e., lowest probabil-
ity of expiration or transformation of individual entities or their
traits into something else. In a particular class of systems—those
in which new entities originate from parental entities and in-
herit their traits—SBS becomes predominantly the competition for
the highest dynamic stability (Pross, 2003,2004,2012; Wagner and
Pross, 2011; Pascal and Pross, 2014,2015,2016). The competition of
stable coexisting entities for the longest static persistence becomes
competition for the ability to produce the highest number of their
own copies (i.e. the copies of the information how to copy itself),
or more precisely, competition for the largest difference between
the speed of generation and expiration of these copies. This differ-
ence is based both on the longevity of entities (e.g. length of the
reproductively active life in organisms), as in the case of static sta-
bility, and on the speed of their generation, e.g. reproduction or
speciation (Malthusian kinetics of Pascal and Pross, 2014,2015,2016;
see also Pross, 2003,2004,2012, and Bourrat’s, 2014, models). Dar-
win’s natural selection (as well as Dawkins’ interallelic competi-
tion, Dawkins, 1982, and Vrba’s and Gould’s species selection, Vrba
and Gould, 1986; Gould, 2002) are thus special cases of general
SBS. Sorting based on dynamic stability (i.e. selection) and sort-
ing based on static stability differ in the nature of what is sorted—
entity itself versus the information how to create its copies. From
a certain perspective, information emancipates from matter in the
case of selection (Shcherbakov, 2012). This makes us to expect both
kinds of sorting to take place in evolution of systems of replicating
entities with heredity, directly affecting its course and perpetually
interacting in their effects.

This is in full agreement with Bourrat’s (2014) arguments that
were supported by numerical models of the continuous transfor-
mation of populations of entities sorted purely on the basis of
static stability to populations of genuine replicators. Similar views
were presented even earlier, (see e.g. Slobodkin and Rapoport,
1974; Rappaport, 1999; Bouchard, 2008,2011 or Bardeen, 2009).
Doolittle (2017) also implied the interdependence of sorting based
on persistence and natural selection but he aimed to accommo-
date his differential persistence or persistence selection into an ex-
panded understanding of natural selection. (Pross, 2003,2004,2012;
Wagner and Pross, 2011 and Pascal and Pross, 2014,2015,2016 and
references therein) studied the role of stability in nature from an-
other angle, differentiating physical forces standing behind stability
kinds. Their concept and terminology, however, differ in some im-
portant details from the presented one (see Fig. 1 and Appendix).

In the case that selection, not only SBS in its strict sense, affects
the evolution of a certain population; entities that do not invest in
their maintenance (and thus have low longevity) but channel the
majority of their resources to reproduction may easily prevail. Se-

2 Dynamics of such a system were modelled, e.g., by Doolittle (2014).

lection thus represents sorting based on dynamic stability, i.e., a
specific form of SBS in the broad sense, whereas SBS in the strict
sense and its usual conception represents sorting on the basis of
static stability. Therefore, we will respect a traditional terminol-
ogy, use the term SBS exclusively to refer to sorting on the basis of
static stability, and call sorting on the basis of dynamic stability by
its standard term—selection (for a more radical approach regard-
ing the classification of selection, see e.g. Pross, 2004,2012). [Fig. 1
HERE]

It would be erroneous to consider SBS a process from whose di-
rect influence the entities undergoing natural selection completely
escaped. As Dawkins (1976, p. 13) stressed, this process is in each
sense more general. It acts constantly and simultaneously on all
levels. Moreover, the stable accumulates and unstable vanishes re-
gardless of the origin of sorted entities or the nature of the sort-
ing process. Shcherbakov (2012,2013) goes even further and ar-
gues on this basis that the inevitable consequence of every evo-
lution is stasis. Invariance, not variability, is the attractor of evo-
lution. According to this author, any evolutionary changes are only
by-products of evolution, e.g. the inability of organisms to com-
pletely avoid mutations, or transient consequences of opportunism
of selection-based evolution manifested by transient predominance
of entities that are less stable in the long-term but have higher dy-
namic stability—higher fitness—in the short-term. This conclusion
might seem quite extravagant taking into account all the variabil-
ity of life forms on Earth. However, it is the logical consequence of
the appreciation of the role of SBS in evolution. It is also worthy to
note that Wagner and Pross (2011) and Pross (2012) take the oppo-
site stand, reducing the role of static thermodynamic stability (see
Appendix) in the systems of replicating entities only to a general
constraint and postulating their general tendency to complexify.

Contrary to both of these approaches, we believe that the role
of SBS in the systems of replicating entities with heredity is di-
rect but subtle and selection is rather its tool than by-product,
which was suggested only implicitly by Shcherbakov (2012) .3 In a
simple case (stable and homogenous environment), entities in the
system would compete only for the highest number and accuracy
of copies, i.e., the speed of reproduction associated with its preci-
sion, achieved, for example, by reduction of genomic size (which
is also the outcome of numerous computer simulations of biologi-
cal evolution, see e.g. Ray 1993,1997; Thearling and Ray, 1994,1996,
or Ray and Hart, 1998, as well as experiments, see e.g. Mills et al.,
1967). In the real world, the entities are affected by much more
heterogeneous conditions of the environment, including other co-
evolving entities that undergo selection and mutually interact in a
very complex manner. The outcome is constant tension between
the pressure to conserve information (i.e., to increase the speed
and precision of reproduction) and its evolution (i.e., adaptation to
new conditions). Entities that reproduce most rapidly and precisely
are not necessarily most successful under these conditions. The in-
creased persistence of individual entities remains the ultimate at-
tractor, yet not by trivial means (static persistence or speed of re-
production), but through more sophisticated adaptations. From our
point of view, evolvability is not a mere by-product of evolution. It
is an important meta-adaptation that enables an actual increase in
the persistence of entities in the process of sorting on the basis of
dynamic stability—selection.

Moreover, in the case of terrestrial life, the selected information,
which was originally coded directly in the replicating sequence of
nucleotides, emancipated to some degree from its material basis.
Replicators evolved interactors—bodies—that interpret the informa-
tion embedded in the sequence of nucleotides in various context-

3 “Evolution is resistance to entropy, the adaptation to environment being only
one of the means of this resistance.”
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Fig. 1. The difference between presented stability concept (A) and the stability concept of Pross et al. (B). We differentiate two kinds of stability (A). Static stability equates
to the entity’s static stability in time, i.e. its persistence until its expiration or change into something else, regardless of the physical basis of this process. Statically more
stable entities and their properties are sorted in time in the process of SBS. Entities replicating with heredity are sorted, or selected, on the basis of dynamic stability, i.e.
largest difference between the speed of generation and expiration of their copies. Putting aside its physical basis and viewed from the evolutionary perspective, however,
dynamic stability is only a special case of static stability in systems of entities replicating with heredity in which the statically sorted “thing” became the information how
to copy itself. Pross (2003, 2004, A. 2012), Wagner and Pross (2011) and Pascal and Pross (2014, R. 2015, 2016), on the other hand (B), differentiate static thermodynamic
stability and dynamic kinetic stability. Both of these stability kinds, i.e. the state of high entropy and the exponential multiplication of entities, are governed by the general
logical “persistence principle”: systems’ tendency to change from less stable (persistent) to more stable (persistent). Note that other kinds of stable systems may eventually
exist and be subject to the persistence principle. Dynamic kinetic stability equates dynamic stability in the first concept; kinetic selection indeed was proposed to be equal
to natural selection (Pross, 2004; A. 2012). It is its relationship to static stability that differs among the two concepts. Note, (1) that our approach is more general, addresses
all material and immaterial entities, and does not address the physical basis of stability, and therefore (2) the difference is mainly conceptual—both approaches need not

exclude each other.

dependent ways. These interactors started new rounds of compe-
tition on higher levels, so that the meaning or interpretation of
genetic information and the DNA-body complex became the sub-
ject of selection rather than the nucleotide sequence itself (Markos,
2002; Ostdiek, 2011; Shcherbakov, 2012). The consequence is that
interacting entities themselves (replicators), as well as the repli-
cated information, change in the course of evolution but still main-
tain their historical individuality. The outcome of any such com-
petition can be estimated with the help of game theory, particu-
larly the theory of evolutionarily stable strategies (Maynard Smith
and Price, 1973; Kolokoltsov and Malafeyev, 2010, p. 65), and if
the whole system is complex enough (as e.g. the terrestrial bio-
sphere), it need not immediately follow the path to evolutionary
stasis. This, however, does not contradict the SBS-mediated accu-
mulation of stable entities that resist selective pressures and have
decreased evolvability; it continuously proceeds on all levels re-
gardless of the effects of selection. The course of evolution on the
largest scale can thus be seen as a constant struggle between sta-
bility or conservation on one side, and adaptation on the other,
which, as will be shown in Section 3, can have interesting evolu-
tionary consequences.

2.2. Differences between selection and SBS

SBS is much more widespread than natural selection and prob-
ably takes place in all evolving systems (i.e., systems with mem-
ory/history) with the exception of closed systems with a fixed

maximum number of entities in which it proceeded completely,
i.e., where only absolutely stable non-expiring entities that are in-
capable of any change accumulated and remained. In selection, the
most successful entities are those that produce the most offspring
until their expiration, i.e., death. In SBS, the most successful en-
tities are the most stable ones—those that persist for the longest
time without expiring or changing into something else. Selection
is much more efficient. Ensuring that offspring inherit the traits of
their parents and that the speed of offspring production is based
on the number of beneficial traits of the individual, selection grad-
ually accumulates and amplifies beneficial traits, which give indi-
viduals a higher dynamic stability—higher fitness. Thus, more (on
average) better-adapted individuals and fewer worse-adapted indi-
viduals are produced in time. This pattern may be partially masked
by the Red Queen effect (Van Valen, 1973). Competitors, preda-
tors and parasites evolve counter-adaptations so that, for exam-
ple, the final speed or effectiveness of reproduction of members
of a certain population or species seemingly stagnates until we ar-
tificially prevent the counter-evolving species to respond to evolu-
tionary moves of the studied species (see e.g. Becerra et al., 1999).
On the other hand, the same share of stable and unstable entities
(e.g. snowflakes) originate in the course of SBS regardless of the
previous evolution of the system, and especially regardless of the
average stability of entities currently constituting the system. This
does not fully apply to some memes. For example, new ideas are
created with regard to past ones and authors of new ideas pref-
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erentially generate such that they have a higher chance of success
in long-term competition with existing ones (a process analogical
to “copy-the-product”, see Blackmore, 1999, pp. 59-62). However,
this is probably specific to entities created by conscious beings that
are able to (at least partially) anticipate future development of the
system (see e.g. Blackmore, 1999).

In the course of the evolution of a certain genealogical lin-
eage, incomparably more complex adaptations originate by means
of the gradual accumulation of mostly small changes (beneficial
mutations) in natural selection than by means of much more
widespread SBS. It is clear that random changes that increase the
stability (persistence) of entities may also accumulate in systems
without selection, but this process would be incomparably less ef-
fective and slower (see Bourrat, 2014). However, it is possible in
principle, as was modelled by Doolittle (2014). In the course of se-
lection in closed systems (which are, in the long term, all systems
undergoing biological evolution), every beneficial change spreads
to most or even all members of the population. Newly originated
beneficial change thus would almost always affect the individuals
that already bear the previous one. In SBS, the probability of a si-
multaneous occurrence of several changes that increase the stabil-
ity of one newly originated individual is negligible, and the time
necessary for the accumulation of a larger number of changes that
are beneficial in terms of stability in one individual might be in-
comparably longer than its estimated lifespan (see Bourrat, 2014).
For example, the chamber eye evolved multiple times indepen-
dently by means of natural selection (Fernald, 2000). It is, how-
ever, very unlikely that such a complex organ would evolve solely
by means of SBS.

In spite of lower efficiency of SBS, a certain category of adap-
tations that we see in modern organisms probably originated by
means of SBS rather than selection. However, these can only be
characters that originated by one or two changes, not a long chain
of consequential changes that would continuously elaborate a cer-
tain function. An important source of adaptations that increase the
stability of sorted entities (e.g. individuals in natural, i.e. intraspe-
cific, selection or evolutionary lineages in species selection) are
preadaptations. Such characters evolved by means of selection as
adaptations to a certain function, but later turned out to be ad-
vantageous in terms of stability and thus spread and prevailed by
the means of SBS. SBS works as a sieve that selects characters
contributing to the long-term stability of entities that constitute
the system and also the system itself (Doolittle, 2014,2017). An
example of such a character may be obligate sexuality (Davison,
1998; Flegr, 2008,2010, 2013; Shcherbakov, 2010,2012,2013; Gore-
lick and Heng, 2011), which originated by natural selection, likely
as one of the mechanisms of reparation of mutations, especially
structural damage to DNA (Bernstein and Bernstein, 2013; Horandl,
2013) .* Only ex post did it turn out that sexuality significantly
contributes to the stability of its holders—sexual species—in het-
erogeneous, changeable and often unpredictable conditions ruling
on most of the Earth’s surface. Asexual species are constantly at
risk of adapting to temporarily changed conditions, losing their
genetic polymorphism and not being capable of re-adaptation to
original (or any other) conditions fast enough. This could even
lead to their extinction. Sexual species, on the other hand, adapt
to transient environmental changes only imperfectly, and con-
stantly maintain high genetic polymorphism (including currently
disadvantageous alleles) because of the effects of genetic epista-
sis and pleiotropy in conjunction with frequency dependent selec-

4 The so called “reparation theories” are only one of many concepts proposed
for the origin of sexual reproduction. See e.g. Birdsell and Wills (2003) for other
proposed theories of the origin of sexual reproduction. However, the vast majority
of them assumes that original purpose of sexual reproduction and the reasons of
its subsequent spread and long-term maintenance differ.

tion. Therefore, they are always able to quickly re-adapt by the
changes of allelic frequency (Williams, 1975, pp. 145-146, 149-
154, 169; Flegr, 2008,2010,2013). From the perspective of individ-
ual selection, sexuality is, accompanied by the two-fold cost of
meiosis, two-fold cost of sex and other handicaps of its holders
(Lehtonen et al., 2012), disadvantageous. From the perspective of
species selection—in this case the lower probability of extinction of
species in heterogeneous environment—it is highly advantageous.
However, species selection is weaker and cannot act against indi-
vidual one. From the perspective of SBS, it is highly advantageous
as well; species and lineages that reverse to asexual reproduction
are sorted out, i.e., perish, those that cannot reverse to asexual re-
production for any reason accumulate, and by this mechanism sex-
uality might spread and prevail.

SBS cannot gradually generate such spectacular adaptations as,
e.g., chamber eye, yet it always has the final word in evolution
and is even able to completely reverse the course of evolution
driven mostly by selection. For example, the human brain and con-
sciousness are undeniably one of the most remarkable characters
among terrestrial organisms. However, it is possible that this brain
that enabled humans to dominate the Earth and establish a multi-
billion population may also be the reason of our early extinction,
either by the means of catastrophic warfare, failed physical or bi-
ological experiment or “prosaic” severe viral infection that could
spread only in a sufficiently dense and interconnected population.
From the macroevolutionary point of view, humans may be easily
outlived by species in which some ontogenetic constraints in the
role of preadaptation prevented the evolution of a sufficiently effi-
cient brain.

Selection is opportunistic. It would beat seemingly “forward
planning” SBS in a stable environment (see e.g. Ray, 1993,1997;
Thearling and Ray, 1994,1996; Ray and Hart, 1998). However, in
a changing environment, i.e., under the realistic conditions of
Earth’s surface, it is otherwise. Selection does not “plan in ad-
vance” and thus is only able to improve the adaptation of organ-
isms on the current conditions regardless of the risk of impair-
ing their future chances of survival, including the risk of extinc-
tion of the whole species. Considering the “adaptive landscape”
(Wright, 1932), species and populations are able to move only in
the upward direction under normal conditions and thus are able to
occupy only local, not global, optima. Descending a little and then
ascending on another slope for the occupation of a higher peak in
the adaptive landscape would not be possible under the normal
regime of selection. Mutants that descend have lower fitness and
they or their offspring are removed from the population before ac-
cumulating other mutations, reaching the “bottom of the valley”
and starting to ascend on another slope. On the other hand, SBS
does not have such a limitation and is subject to much less oppor-
tunism.” In the case that a certain adaptation (e.g. a certain pat-
tern of altruistic behaviour) decreases the chance of survival of an
individual or slows down its reproduction, yet simultaneously en-
hances the chances of survival of the population of the individual’'s
species, those (probably rare) populations and species in which the
adaptation prevailed would prosper and survive in the long term.

In most species and within them in most populations, individ-
ual selection would act against these tendencies and prefer mu-
tants that lose the individually disadvantageous character. How-
ever, populations and species that are preadapted with safeguards

5 A certain degree of opportunism can manifest only in SBS ongoing in a closed
system. Stable entities that are resistant to current effects of environment, or ef-
fects that do not actually affect the system but happen relatively often, could pre-
vail there. In closed systems, this precludes the occurrence of entities that would
be more resistant to another, possibly much stronger, effect of environment that
happens much less often. On the other hand, SBS ongoing in open systems is not
opportunistic at all. Ultimately stable entities always prevail there in the long term.
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against such reverse changes would prevail in the end. Return-
ing to the previous example, such safeguard against the reversal
of asexual reproduction may be for example mammalian genomic
imprinting that significantly reduces the chance of successful tran-
sition to asexual reproduction (Bartolomei and Tilghman, 1997).
This and all similar safeguards originated as preadaptations, i.e.,
adaptations for another purpose, or as spandrels, i.e., characters
without any function formed purely as the consequence of topo-
logical, physical, biochemical or ontogenetic constraints (see e.g.
Gould, 2002). Many species presumably did not have any such
safeguards, but we do not see them today because they lost to
their counterparts in the process of SBS. Rare extremes are usually
more important than average values both in intraspecific and inter-
specific evolution (see e.g. Dobzhansky, 1964; or Williams, 1975).
Winner usually “takes all”. The fact that the vast majority of pop-
ulations do not have safeguards and are dominated by selfish in-
dividuals means nothing if a safeguard is present in at least some
populations. It would be the populations that bear the safeguard
that would determine the evolution of a studied species. Similarly,
if there happens to be a safeguard against the loss of sexuality or
altruistic behaviour in certain species that is absent in the vast ma-
jority of others, we will meet only the species with such a safe-
guard and their descendants in the long term.

3. General discussion
3.1. Phenomena in which SBS plays an important role

3.1.1. Microevolutionary phenomena

SBS is much more widespread than selection. However, in the
reign of biological evolution, and especially in the processes oper-
ating on the human (ecological to microevolutionary) timescale, its
significance is obscured by spectacularly manifesting natural selec-
tion. SBS is thus encountered especially in phenomena whose ori-
gin, establishment or maintenance wasn’t convincingly explained
by natural selection yet. Such products of SBS may be, for exam-
ple, sexuality mentioned in Section 2.2 or some types of altruis-
tic behaviour, including restrictions on individual reproduction un-
der the risk of overpopulation that were widely discussed in the
past (Dawkins, 1976; Wilson, 1983; Wynne-Edwards, 1986; Leigh,
2010). The usual assumption is that individuals that “voluntarily”
reduce the speed of their reproduction would be displaced by self-
ish mutants (i.e., eliminated by selection). The whole phenomenon
is interpreted not as an evolutionary adaptation that increases the
long-term success of populations, but as an individual adaptation
that enables the individual to save its resources in the situation
of high offspring mortality. The proximate reasons for this phe-
nomenon are also being emphasized, e.g. territoriality, social hi-
erarchy, or that individuals in too dense a population disturb each
other, reducing the success of each other’s reproduction (Wynne-
Edwards, 1986). However, these proximate reasons may act as the
safeguards described in Section 2.2 that enables certain popula-
tions not to be dominated by selfish individuals, which are able to
reproduce regardless of the risk of overpopulation. The existence
of a safeguard, e.g. the population density-dependent ability “to be
disturbed” by nearby individuals, might give the species a chance
to overcome the risks of fatal overpopulation and thus give it the
decisive advantage in SBS. Species without this or some similar
safeguard were more susceptible to extinction and thus we do not
meet them today.

Doolittle (2014) suggested that another product of the process
that we call SBS may be widespread and often intensive horizon-
tal gene transfer (HGT). According to this author, it may signifi-
cantly accelerate the adaptations of (especially prokaryotic) organ-
isms to environmental stressors. Such acceleration is probably ad-
vantageous in two ways: in terms of individual selection in the

short to medium-term and, as will be shown in Section 3.1.3, in the
long-term because of the gradual stabilisation of environmental
conditions (Markos, 1995; Doolittle, 2014). In a similar way to sex-
ual reproduction mentioned in Section 2.2, the original purpose of
HGT was probably completely different (it probably served for hor-
izontal spread of selfish genetic elements, see e.g. Redfield, 2001).
However, species and lineages that evolved safeguards against the
loss of ability to undergo HGTs preserved the ability of relatively
fast reactions to the changes of conditions. The most profound
safeguard against the loss of HGT ability may be the extraordinary
conservation of genetic code (Markos, 1995; Syvanen, 2002; McIn-
erney et al., 2011)—evolutionary lineages that deviated too much
and compromised their ability to undergo HGTs were sorted out
by lineages that could still enjoy its benefits.

Similarly, SBS can explain the wide distribution of certain strik-
ingly restrictive traits of modern organisms, i.e., safeguards against
the loss of a trait that is beneficial in the long-term. Some exam-
ples might be e.g. genomic imprinting of mammals mentioned in
Section 2.2 or a similar phenomenon in gymnosperms, whose em-
bryos require organelles from the paternal gamete for successful
development (Neale et al., 1989); or the extraordinary conservation
of genetic code that may enable mutual compatibility of organisms
in horizontal gene transfers (Markos, 1995; Syvanen, 2002; Mcln-
erney et al., 2011).

3.1.2. Macroevolutionary phenomena

SBS may also explain certain macroevolutionary phenomena.
It is probably tightly connected to the phenomenon of evolu-
tionary stasis, or the punctuated pattern of evolution of (espe-
cially) sexual organisms (see e.g. Eldredge and Gould, 1972; or
Gould, 2002, pp. 745-1024, with particular examples on pp. 822-
874). As was already mentioned, sexual reproduction spread and
is still maintained by means of SBS—it helps to maintain high
genetic polymorphism, prevents opportunistic one-way adaptation
accompanied by loss of genetic polymorphism and enables fast and
reversible evolutionary reactions to fluctuations of conditions in
changeable and heterogeneous environments by means of epista-
sis and pleiotropy interconnected with frequency-dependent selec-
tion (Flegr, 2008,2010,2013). Another consequence of SBS in sex-
ual species is the accumulation of functionally interconnected alle-
les on the level of an individual and a population. Alleles that are
tightly and non-trivially interconnected in their effects on a pheno-
type, especially alleles that are maintained in a polymorphic state
by frequency-dependent selection, are extremely hard to fixate or
eliminate through any type of selection and thus are more persis-
tent and accumulate in populations (Flegr, 2008,2010,2013). Such
“microevolutionary freezing” may be beneficial even to individual
organisms—for example, it may enhance the robustness of develop-
ment to internal and external changes (Shcherbakov, 2012). Sexual
species thus remain in evolutionary stasis for most of their exis-
tence and are able to irreversibly change only under certain condi-
tions, as was suggested by Eldredge and Gould (1972).% This is in
accordance with Sheldon’s (1996) theory Plus ¢a change that high-
lights the difference between paleobiological evolutionary patterns
of species of changeable environments (punctuated evolution) and
species of stable environments (gradual evolution). The difference
between these “generalists and specialists in geological timescale”
may stem from the presence, or absence, of sexual reproduction.

6 Several alternative hypotheses for the conditions under which species in the
state of evolutionary stasis may start to irreversibly respond on selective pressures
were suggested already by Eldredge and Gould (1972). However, the transition be-
tween the “plastic” and “elastic” phase of the species’ evolution is probably most
thoroughly described by Frozen Plasticity Theory, see e.g. Flegr (1998, 2008, 2010).
All types of punctuationalistic theories of evolution and proposed conditions for the
above-mentioned transition were comprehensively summarized by Flegr (2013).
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The very prominent and almost universal pattern of macroevo-
lutionary processes is also a non-monotonous change in disparity,
i.e., morphological and functional variability (e.g. in the number
of body plans), in the course of the evolution of particular evolu-
tionary lineages, or more precisely, particular taxa. Every clade of
an evolutionary tree originates in a speciation event and initially
contains a single species. Thus, it has minimal diversity (number
of species) and minimal disparity at the beginning. The number
of species and morphological and functional diversity then grow
in the course of the evolution of a lineage, as do the number
of different phenotypically distinct clades and number of higher
taxa described by paleotaxonomists within the original evolution-
ary lineage. However, individual sub-clades die off in time and only
clades whose species differ in continuously decreasing number of
still less essential traits originate within the remaining clades. The
number of species of the original taxon, diversity, need not nec-
essarily decrease and may even grow for a considerable time. Its
disparity, on the other hand, decreases (Rasnicyn, 2005; Erwin,
2007; Hughes et al., 2013). According to the class of developmental
explanations of this phenomenon, the taxon exhibits high evolv-
ability, i.e., “evolutionary plasticity”, at the beginning. Its mem-
bers can initially change in almost every trait under appropriate
selective pressures. In time, more and more traits “macroevolu-
tionarily freeze”, so that modern members of the taxon are not
able to evolve such profoundly new adaptations and lifeforms that
were evolved by the species in earlier stages of the evolution
of the clade (Foote, 1997; Eble, 1998; Erwin, 2007). The taxon
thus gradually abandons different parts of morphospace and per-
haps only one, often very specialized and phenotypically very uni-
form, clade survives at the end. For example, only the species-rich
but morphologically rather uniform clade of birds (Aves) survived
from original highly disparate clade of dinosaurs to the present
(Chiappe, 2009). An even more extreme example of gradual loss of
disparity, which is in the long-term probably accompanied by the
loss of diversity because of decreasing evolvability, may be the so-
called “living fossils” (see e.g. Lloyd et al., 2012). The phenomenon
of dead clade walking (Jablonski, 2002), i.e., higher susceptibility
to extinction in many isolated lineages of higher taxa that sur-
vived mass extinction, may also be a manifestation of the same
process. It is probable that these lineages are macroevolutionarily
frozen and their possible responses to selective pressures of the
post-extinction environment are thus very limited.

A spectacular example of macroevolutionary freezing is the evo-
lution of multicellular animals. The common ancestor of all bi-
laterians lived approximately 700 million years ago, whereas the
common ancestor of all metazoans probably did not precede them
by more than 100-200 million years (Douzery et al., 2004; Pe-
terson et al., 2008; Erwin et al., 2011). However, metazoans did
not exhibit any significant diagnostic characters until Cambrian
or at least Ediacaran, and they probably consisted of mm-sized
creatures without hard parts that would enable their identifica-
tion and classification in fossil material. However, something hap-
pened in the early Cambrian approximately 540 million years ago,
and metazoans started evolving rapidly and differentiating into
many morphologically and ecologically distinct forms, future meta-
zoan phyla (Shu, 2008). This initial period was short and lasted
tens of millions of years maximally (Erwin et al., 2011). All cur-
rent animal phyla, and several tens of other phyla that gradu-
ally died out in the next millions of years, originated during this
time (Gould, 1989). No other animal phylum and, with the excep-
tion of certain groups of radically simplified parasitic organisms
(Canning et al., 2004; Glenner and Hebsgaard, 2006; Murchison,
2008), no radically new body plans have originated since the end
of the Cambrian. The trend of a gradual decrease of disparity in the
course of the evolution of a lineage was also documented in many
particular taxa of multicellular animals and plants (Erwin et al.,

1987; DiMichele and Bateman, 1996; Eble, 1999). Other examples
were summarized by Gould (1989) or Erwin (2007), and, accord-
ing to Hughes et al. (2013), this trend is characteristic for Phanero-
zoic clades of metazoans in general. Particular macroevolutionary
frozen traits are, for example, the patterns of head segmentation
characteristic of main groups of arthropods, five-fingered legs of
tetrapods, or (with a few exceptions) seven cervical vertebrae of
mammals. All these currently frozen traits were, in some cases
even considerably, changeable in the early stages of the evolution
of respective taxa (Hughes et al., 2013).

The gradual macroevolutionary freezing of individual traits is
almost certainly not just taxonomic artefact caused by the subjec-
tivity of our view from the recent perspective and the way pale-
otaxonomists delimit taxa of higher and lower level (older combi-
nations of characters delimit higher taxa and vice versa). Freezing
of individual traits in the course of macroevolution is a real phe-
nomenon that is observed even on the intraspecific level. On this
level, it was first described by Italian zoologist Daniele Rosa, and is
known as Rosa’s rule today (Rosa, 1899). For example, intraspecific
variability of particular morphological characters and the num-
ber of characters in which this variability is exhibited are much
greater in the early branched-off species than in later branched-
off species of certain taxon. Particular evidence for this pattern is
the gradual decrease of intraspecific variability in trilobites (Trilo-
bita). Webster (2007) documented that the relative proportion of
species with at least one intraspecifically polymorphic morpholog-
ical character decreased from 75% in middle Cambrian to 8% in late
Cambrian. After the subsequent rise to 40% in early Ordovician, it
just more or less monotonically decreased until middle Devonian.
At that time, the intraspecific polymorphism vanished completely,
not to show again until the extinction of taxon at the end of Per-
mian. The temporal pattern in proportion of characters coded as
intraspecifically polymorphic is even more striking, declining from
a median of 2,8% and 3,6% in middle and late Cambrian to a me-
dian of 0% in post-Cambrian. The primary reason for the freezing
of individual characters in the course of macroevolution is there-
fore most likely the freezing of these characters within particular
species. If species cease to vary in certain trait, there are no di-
verse variants of this trait among which selection might differenti-
ate. Such species are thus unable to adapt to conditions to which
species cleaved early in the evolution of respective taxon were able
to adapt easily (Webster, 2007).

Frozen Evolution Theory (do not confuse with Frozen Plasticity
Theory which describes the causes of alternation of short “evolu-
tionarily plastic” and long “evolutionarily elastic” phases in species’
lifetimes) assumes that the reason for the macroevolutionary freez-
ing of individual traits and, consequently, taxa (monophyletic sec-
tions of the evolutionary tree delimited by a taxonomist on the
basis of a unique combination of several diagnostic characters) of
sexual organisms is SBS (Flegr, 2008,2010,2013). Various characters
exhibit various degrees of evolvability, i.e., the ability to change
under appropriate selective pressures, given by the way of their
genotype-phenotype mapping and frequency-dependent effect on
fitness (Flegr, 2008,2010,2013). In the initial phase of the evolu-
tion of a certain taxon, a large part of the characters of its mem-
bers are easily changeable, a smaller part harder and only a small
fraction, probably those that the members of the taxon inherited
from their evolutionary ancestors, not at all or to a very limited
extent. Individual characters change in the course of the taxon’s
evolution, even in terms of their variability and evolvability. Traits
that are able to change easily and distinctly under proper selective
pressures appear and disappear, whereas stable traits persist and
accumulate in the taxon. More and more traits irreversibly freeze
by means of this sorting, both on the intraspecific and interspecific
level. Intraspecific variability is decreasing in a growing fraction of
traits. The disparity of the whole taxon is decreasing because old
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evolutionary lineages of the taxon slowly die out and newly origi-
nating species can be distinguished from the original species only
to a limited degree in a small and constantly decreasing number
of traits.

Organisms, or their evolutionary lineages, may theoretically
avoid irreversible macroevolutionary freezing through species se-
lection (Stanley, 1979). Competition for the highest rate of specia-
tion and lowest rate of extinction should theoretically ensure that
the lineages with the highest (remaining) evolvability prevail in the
long-term. However, SBS, whose manifestation is also macroevo-
lutionary freezing, probably cannot be reversed by species selec-
tion, i.e., sorting on the basis of dynamic stability at the species
level. Irreversible macroevolutionary freezing is a ratchet-like pro-
cess that continuously accumulates stable characters and traits in
all lineages simultaneously. It cannot be ruled out that certain new
species may rarely acquire a unique combination of characters that
was not sorted on the basis of stability yet, which would proba-
bly mostly accompany its transition to a completely different en-
vironment or the adoption of a new ecological strategy. A certain
seemingly irreversibly frozen character, or combination of charac-
ters, may also exceptionally “thaw” in the course of the evolution
of a lineage and start to respond to selection again. Both these
events might stand on the beginning of the evolution of birds
whose common ancestor conjoined several unique adaptations
(Brusatte et al., 2014) and uncoupled the development of front and
rear legs to a considerable degree (Dececchi and Larsson, 2013).
However, a more fundamental thaw, e.g. thawing of whole body
plan, is probably extremely rare, and if it happens, it has the
character of a radical simplification of current individual develop-
ment. This can be demonstrated, e.g., on the example of endopar-
asitic crustaceans from the clade Rhizocephalia (Glenner and Heb-
sgaard, 2006), seemingly unicellular endoparasitic cnidarians from
the clade Myxozoa (Canning et al., 2004) or sexually- or biting-
transmitted mammalian cancers (Murchison, 2008). These radically
simplified species may become founders of entirely new, initially
macroevolutionary very plastic, but gradually irreversibly freezing
high-ranking taxon.

3.1.3. Ecological and geophysiological phenomena

SBS acts even on the ecosystem level, and, in the largest spa-
tial and temporal scale, on the level of the whole planet. Com-
munities in a newly establishing ecosystem (e.g. after severe fire,
deglaciation, or emersion of a new island) undergo ecological suc-
cession. With a certain degree of simplification, ecosystems are
heading towards an equilibrium state—climax—in which they can
stay, or around which they can oscillate, for a considerable time
in the absence of significant changes to environmental conditions
(see e.g. Walker and del Moral, 2003) .7 The development of com-
munities towards the stage of climax is of various lengths and
complications and the final climax communities may vary accord-
ing to the character of disturbances, amount of available resources
and energy etc. (in other words, a climax community may be a
polar growth of lichens, as well as a tropical rainforest). Ecolog-
ical succession is a multidimensional process and takes place on
many levels. It may even lead to significant changes in abiotic con-
ditions of the environment. However, it always follows the rules
of SBS. Individual species are sorted based on their persistence
in the context of a dynamically changing community. An impor-

7 Taking into account the plethora of factors of biotic and abiotic environments
that affect terrestrial organisms, it is better to consider the concept of climax as
depicted here a simplification; a mobile attractor at best, towards which all ecosys-
tems are usually heading but almost never reach. This, however, does not contradict
the general tendency of ecosystems to evolve towards a stable climax stage, i.e., the
accumulation of species that maintain stable conditions for their survival in the
context of other biotic and abiotic factors.

tant component of this persistence is their current ecological suc-
cess. In the long-term, however, their contribution to the stability
of the ecosystem is much more important (Bardeen, 2009). This
contribution need not be active and need not be paid at the ex-
pense of individual fitness (such a system could be extremely eas-
ily invaded by selfish entities). It is, rather, based on the species’
ecosystem function, its by-products and side effects—safeguards on
the ecosystem level. Species that unidirectionally change the en-
vironment towards the conditions suboptimal for them disappear,
whereas species that are incorporated in various negative feed-
back loops that maintain conditions favourable for them persist.
Thus, an ecosystem at an advanced stage of development is usu-
ally able to compensate (at least to some degree) for the effects
of biotic and abiotic environments that lead it off current balance.
However, if the intensity of these effects exceeds a certain thresh-
old, the ecosystem may, sometimes profoundly, change (e.g. after
distortion of the ecosystem by an invasive species, or change in
the soil pH caused by certain tree species). Such change leads to
further change in the course of ecological succession (Walker and
del Moral, 2003). Certain changes may be destructive—exceptional
cases even on the global scale—e.g. the origin of oxygenic photo-
synthesis that completely altered global conditions on Earth. Such
events are described by the Medea hypothesis, see Ward (2009).
However, Medea-class events are probably very rare and organisms
are thus able to adapt to the resulting changes with the help of
selection on the evolutionary timescale. On the other hand, if the
changes exceed a critical threshold, or if they are too fast (this ap-
plies more to the catastrophic events of abiotic character, e.g. the
impact of large cosmic bodies), they can lead to the extinction of
all (at least surface) life on the planet.

The strong version of the Gaia hypothesis (Lovelock, 1979) was
rejected by most evolutionary biologists because of its assump-
tion that planet Earth (with the help of terrestrial organisms) ac-
tively maintains conditions suitable for life. According to the hy-
pothesis, this “planetary homeostasis” is ensured by a broad ar-
ray of negative-feedback cycles of chemical elements and energy
and Earth thus shows signs of a superorganism. The main argu-
ment against it is that the only known possible natural origin
of such a purposeful system involves natural selection (Doolittle,
1981; Dawkins, 1982; Gould, 1988). However, the group selection
on behalf of a whole biosphere postulated by Lovelock would col-
lapse under the pressure of individual selection favouring selfish
individuals. The same is true for species selection. The only other
alternative, selection on even higher level—the level of whole plan-
ets or biospheres—is impossible for one non-reproducing and non-
competing individual (the Earth).

Nevertheless, such a long-term stable system integrated by neg-
ative feedback loops might develop through sorting of individual
geological, atmospheric and biological entities and processes on
the basis of stability, i.e., their contribution to the long-term sta-
bility of the terrestrial environment. This contribution is possible
to estimate with the help of game theory, or more specifically, the
theory of evolutionarily stable strategies (Maynard Smith and Price,
1973; Bardeen, 2009; Kolokoltsov and Malafeyev, 2010, p. 65). En-
tities and processes that did not contribute to the stability of the
system or directly led it out of balance acted only temporarily,
whereas the ones that supported the long-term maintenance of
stability in the context of other forces accumulated. The main dif-
ference from ecological succession mentioned earlier in this sec-
tion, besides the role of biogeochemical cycles that manifest them-
selves only on higher spatial and temporal scales, is that it oper-
ates on evolutionary, not ecological, timescales and new biological
entities enter the system through speciations, not colonizations. In
a similar way to ecological succession, entities and processes act-
ing against the establishment of homeostasis might (even substan-
tially) change conditions in the system. Nevertheless, the general
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SBS-mediated tendency of the system to develop towards higher
stability via the accumulation of contextually stable elements af-
fects it all the time, on all levels. The later the system is observed,
the more long-term stability supporting entities and processes it
accumulates and thus remains in stable states for longer periods
(Doolittle, 2014). This agrees with the observed decrease in extinc-
tion and speciation rates (Raup and Sepkoski, 1982; Gilinsky and
Bambach, 1987; Gilinsky, 1994; Benton, 1995; Alroy, 2008) and ac-
cumulation of long-lived genera in the terrestrial biosphere dur-
ing the Phanerozoic (Rohde and Muller, 2005). Decreasing sensitiv-
ity of the ecosystem to the effects of newly arriving species was
also observed in certain computer simulations, see e.g. Post and
Pimm (1983). Another consequence of SBS is that it is more proba-
ble that any such system (Earth, certain exoplanet etc.) will be met
in a long-term stable state than in an ephemeral unstable one.

SBS acts on any space body, even lifeless ones, and always
leads to the most stable states under current circumstances. The
equilibrium among geological, geochemical and atmospheric pro-
cesses need not be static even on lifeless bodies; it could be dy-
namic, as was observed, e.g., on Venus or Titan, and continuously
evolve in relation to changes of outer and inner conditions. How-
ever, only in the case when biological entities with a significant
effect on the conditions of the environment take part in this sort-
ing, the whole system is heading towards the long-term stable and
negative-feedback-regulated conditions favourable for this specific
class of entities. The establishment of biogeochemical cycles (plan-
etary homeostasis) is probably further facilitated by the multilevel
character of the sorting of biological entities based on their contri-
bution to long-term stability—they are sorted on all levels simul-
taneously including the global level. SBS is thus able to explain
the accumulation of biological entities and processes that main-
tain conditions suitable for their own survival with the help of
negative-feedback processes without greater difficulties. As in the
preceding examples, we should not be surprised that, ex post, the
whole system looks strikingly non-evolutionary, almost like it was
planned. This is the common feature of systems evolved by SBS.

Doolittle (2014, 2017) and Bardeen (2009) reached similar con-
clusions regarding the possibilities of establishing Gaian planetary
homeostasis; they also postulated the evolution of a system (Earth)
towards more stable states through the accumulation of contextu-
ally stable elements. Both these researchers supported their argu-
ments by computer simulations: selection of non-replicating non-
competing entities in the first case and Gaian “daisyworlds” in the
second. Doolittle (2014) got especially close to our conception of
SBS. According to this author, classical adaptations do not originate
in this process. It can, however, sort adaptations that originated by
means of natural selection. These adaptations thus serve as muta-
tions of a higher level. Note, however, that Doolittle (2017) recently
stressed differential reproduction of co-adapted parts of the persis-
tent entity (e.g. Gaia) as a more “credible way” for the emergence
of certain complex traits of non-reproducing entities in an attempt
to reconcile Gaia with Neo-Darwinism. Bardeen (2009) elaborated
the basic idea even further and proved that persistence, i.e., long-
term stability, is de facto the true fitness. Similar reasoning also lies
behind proposals to define fitness as the rate of actual or poten-
tial persistence of biological entities (in Bouchard’s words “differ-
ential survival through a time of a lineage”) in the context of a sys-
tem (Bouchard, 2008,2011). However, this is (at least to a high de-
gree) a direct implication of an even older theory of evolutionarily
stable strategies. According to this theory, organisms compete for
the highest persistence, or the continuing in an “existential game”
(Slobodkin and Rapoport, 1974).

3.1.4. Cultural and other phenomena
SBS-based explanations may be naturally applied even in many
non-biological fields that deal with evolving systems. The princi-

ple of SBS was described and used as an explanation for numerous
phenomena e.g. in the fields of artificial intelligence (Slotine, 1994;
Runarsson and Jonsson, 1999), cybernetics (Slotine and Lohmiller,
2001; Slotine, 2003), and even cosmology (Safuta, 2011). Its role is
probably even more significant in cultural evolution. SBS is able,
e.g., to explain the continuous freezing of social institutions and
slowing down of social development: It is possible to change al-
most everything immediately after the establishment of a soci-
ety, or a revolution that broke down current organization. How-
ever, self-maintaining institutions and forces, whose changes grad-
ually slow down and eventually stop, accumulate in time by means
of SBS. Numerous authors have highlighted this aspect of cultural
evolution. For example, Kovac (2015, p. 26), stressed the evolu-
tion of laws, morals, culture and political arrangements towards
greater stability. Charles Sanders Pierce named this aspect of cul-
tural evolution “the origin of habit” and “sedimentation” (see e.g.
Eco, 2000). Rappaport interprets evolution as constant struggle
to maintain stability that is manifested in cultural evolution by
the origin, formalisation and petrification of rituals under whose
paradigm the society develops (Rappaport, 1999, pp. 416, 425-
437). According to Rappaport, the “aim” of all entities is to persist
in the existential game as long as possible. This existential game
follows the rules of evolutionarily stable strategies, whereas enti-
ties that are most stable in the context of their environment and
other interacting entities persist for the longest time (Slobodkin
and Rapoport, 1974; Rappaport, 1999, pp. 6-7, 408-410, 420, 422-
424). However, in a similar way to biological evolution, cultural
evolution also need not unidirectionally lead to absolute stability.
Cultural evolution usually has a punctuated character: the al-
ternation of short periods of dynamic changes with long periods
of stasis. Systems theory calls this pattern an alternation of “ultra-
stability” and “breaks” that occur after the deviation of an ultra-
stable system beyond the limits of its adaptability, which leads to
its rearrangement, whether the systems are biological, economical
or technological (Bardeen and Cerpa, 2015). This aspect of cultural
evolution was highlighted from another angle by Lotman (2009,
pp. 7-18, 114-132), who distinguished the periods of cultural “sta-
sis” and “explosion”. Bardeen and Cerpa (2015), presented many
particular examples from cultural, or technological, evolution. Nu-
merous particular examples of the punctuated character of cul-
tural evolution were also presented by Gould (2002, pp. 952-972).
Markos (2014) explicitly pointed out the analogy of this pattern of
cultural evolution and biological punctuationalism, particularly the
processes described by the Frozen Plasticity Theory. In another ar-
ticle (Markos, 2015), this author connects the ideas of Pierce, Lot-
man, Rappaport and Flegr and interprets them as various views
of the general property of all semiotic systems (historical sys-
tems with evolution, ancestor-descendant relationships, memory
and experiences): Original chaos “charged” with possibilities fol-
lows one specific trajectory, which is plastically changeable at the
beginning, but gradually freezes and passes into the state of stasis
characteristic of reversible “elastic” reactions to internal and ex-
ternal influences. According to Marko$ (2015), the evolution of all
semiotic systems ends either by their expiration, or return to the
original state of chaos. The biosemiotician Ostdiek (2011) analog-
ically connects the “solidification” of the meaning of a particular
symbol and the transition of a system to a state of evolutionary
stasis characteristic of elastic reactions. This author even explicitly
emphasizes the Frozen Plasticity Theory and argues for the homol-
ogy of processes causing microevolutionary freezing and solidifica-
tion of a symbol (particularly its usage by a bigger population and
in a higher number of connotations and interactions with other
signs and symbols) or the restoration of its original plasticity (only
if the symbol loses most of its original meaning). SBS thus takes
place even in cultural evolution, although, because of its specifics,
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SBS sometimes proceeds there in a slightly different manner than
in biological evolution.

3.2. Historical dimension

The relatively late discovery of the principle of natural selec-
tion is considered one of the greatest enigmas of science. This
principle is simple and evident from the modern point of view,
yet it was not discovered until the latter half of 19th century, i.e.,
later than the vast majority of comparably complex and many even
more complex processes in other fields (Komarek, 2003, pp. 37-
44). One reason for this lateness may be cognitive bias. The human
brain is specialized in solving problems of interpersonal relations,
and every problem that is not easily translated into such a relation
or does not have evident analogies with these relations is dispro-
portionately harder to solve (Cosmides, 1989; Gigerenzer and Hug,
1992). For example, it was demonstrated that only a small fraction
of unaware respondents solves the Wason selection task (Wason,
1966,1968) easily and correctly: “You are shown 4 cards labelled A,
D, 3 and 8 on the visible faces. You know that each card has a let-
ter on one side, and a number on the other. Which card(s) must be
turned over to test whether following statement applies to these 4
cards: If a card shows A letter, then there is an odd number on the
other side?” On the other hand, if we translate the same task into
the question on interpersonal relationships: “There are 4 persons
in the bar: one elderly and one young, in which we can’t recog-
nize the nature of their drinks, and two persons of uncertain age,
one of which drinks an alcoholic beverage and the second soda.
Which of these persons must be controlled by a policeman to test
whether the bar serves alcohol to minors?”, it is solved easily and
correctly by nearly everyone, including many policemen.

The concept of sociomorphic modelling (Komarek, 2009) shows
that Darwin’s model of natural selection, which explains the evo-
lution of organisms as the consequence of competition of individ-
uals for the highest fitness, could not have been generally thought
of and formulated until 19 century England, in which analogous
competition among individual economical subjects led to striking
and immensely fast development in industry and society. The pro-
cess of industrial development based on the prosperity of success-
ful and demise of unsuccessful companies was easily thought of,
which greatly facilitated insight into an analogical process among
living organisms. It is no coincidence that a more or less identi-
cal model of evolution was independently formulated by Matthew
(1831), Darwin (1859), Darwin and Wallace (1858) and Wallace
Darwin and Wallace (1858) within a few years. It is true that ideas
preceding the exact formulation of the theory of natural selection
could be traced several decades back (see e.g. Radl, 2015). How-
ever, a similar insight would be much more difficult just 100-200
years earlier—back then, there was almost no substantial industrial
development and companies; rather, craftsmen workshops were
associated with guilds that guaranteed stable prices and quality of
their products, and offered practically the same spectrum of prod-
ucts as they did for centuries (Ogilvie, 2004).

On the other hand, the very same rapid development of the
material world that has surrounded us until now might have pre-
cluded the identification of another universal process that drives
biological evolution—SBS—until recently. It is telling that this pro-
cess was known already in ancient Greece and some historical
models of biological evolution were based exclusively on it. For ex-
ample, Empedocles formulated a model of the origin of living or-
ganisms through random combinations of individual limbs (i.e., or-
gans) (Campbell, 2000). Most organisms that arose this way were
not successful or even viable because their randomly combined
limbs did not fit together very well. However, some of these organ-
isms proved to be well organized, were successful and persistent,
and prevailed. Thus, we cannot exclude the possibility that we will

not be able to fully recognize and appreciate the true value of the
most universal process that drives the evolution of practically all
living and non-living systems until the rapid development of our
material world slows down or ceases completely.

3.3. Conclusion

Natural selection is neither the only, nor the most general pro-
cess that drives biological evolution. It is a manifestation of a more
general but underestimated persistence principle (Pascal and Pross,
2014, 2015, 2016), for whose temporal—and hence evolutionary—
consequences we have proposed the name “stability-based sort-
ing”. We believe that this neutral term may enable the unifica-
tion of different approaches to the study of SBS-related phenom-
ena and facilitate the interconnection of different narrowly focused
field-specific studies on this topic with related general theoretical-
biological concepts.

Our broad concept of stability that consists of (1) static stability
and SBS in its strict sense and usual conception, i.e. the accumu-
lation of temporally persistent unchanging entities and characters,
and (2) sorting based on dynamic stability, i.e. selection, being a
special case of this phenomenon in systems of entities replicating
with heredity (see Fig. 1) has broader scope than any other at-
tempt to study these phenomena in the field of evolutionary biol-
ogy or related disciplines. Therefore, despite our primary goal was
to show the paramount importance of the effects of SBS on various
levels of diverse evolutionary systems—a fact that has been practi-
cally neglected among evolutionary biologists—our conception may
also serve as a new standpoint and universal platform for students
of various kinds of evolving systems.

All complex novelties in biological evolution originate from the
joint influence of two kinds of SBS in the broad sense, the force
that drive the system towards dynamic stability and the force that
drive the system towards static stability. The same applies to all
natural and artificial systems whose entities multiply by reproduc-
tion or copying and exhibit at least some degree of inheritance—
e.g., cultural evolution or even simulated systems with those prop-
erties. Indeed, there are clear analogies between the SBS-related
phenomena observed in various kinds of evolving systems, for
example, the punctuated character of their evolution or increas-
ing resistance to change (see e.g. Post and Pimm, 1983; Ostdiek,
2011; Markos, 2014,2015). Explanatory framework based on SBS
thus could provide new insight into the evolution of any complex
system.

In future, simulations that recognize the difference between
static and dynamic nature of the sorting the evolving systems un-
dergo and discriminate the role of these two kinds of sorting under
various parameters may significantly contribute to the understand-
ing of the general rules of evolution of any systems, and, conse-
quentially, our theoretical understanding of some of the most pro-
found phenomena of existence—e.g., the nature of life.
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Appendix

The relationship between the presented concept and the conception
of Pross et al

Pross (2003,2004,2012), Wagner and Pross (2011) and Pascal
and Pross (2014,2015,2016 and references therein) studied the role
of stability in nature thoroughly, differentiating static thermody-
namic stability that affects non-living entities and dynamic kinetic
stability that is based on replicative chemistry and characteristic of
living entities. The identification of the exact physical basis of the
stability kinds is out of scope of this article. However, the equa-
tion of static stability to thermodynamic stability, i.e. the state of
highest entropy (Pross, 2003,2004,2012; Wagner and Pross, 2011;
Pascal and Pross, 2014,2015,2016), is an evident one. Pross and his
colleagues stress that this kind of stability is fundamentally differ-
ent to dynamic kinetic stability based on replicative chemistry and
Malthusian kinetics, whereas the two stability kinds are unified
under the umbrella of purely logical persistence principle: The gen-
eral tendency of systems to change from less stable (persistent) to
more stable (persistent) forms (Pascal and Pross, 2014,2015,2016).

Our conception that integrates all evolutionary systems regard-
less their physical basis is slightly different (see Fig. 1). In our con-
cept, thermodynamic stability is just one option how to ensure
static stability, although it could be speculated whether all other
options (regarding e.g. immaterial entities such as memes, or even
dynamically stable entities) could be ultimately converted or do
naturally converge onto this one. Dynamic stability in our concep-
tion is not defined by the physical properties of particular system
(i.e. replicative chemistry) either. Although the degree of dynamic
stability must depend on the Malthusian kinetics of the dynam-
ically stable entities (it would probably be better to say context
dependent evolutionary stability in the sense of evolutionary sta-
ble strategies of Maynard Smith and Price (1973)) as in the Pross’
concept, we stress especially the second, somehow “static”, aspect
of this sorting—heredity. Dynamic stability in our concept can be
explicated as a special case of static stability in which the sta-
ble sorted “thing” changed from the entity itself to the heritable
information necessary for its copying or reproduction. Therefore,
static stability in our conception is more general and de facto cor-
responds to Pross’ general persistence in time or persistence princi-
ple (see Fig. 1).
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