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Abstract: Here, I introduce a concept called autonomous selection to refer to a source of selection that is part of the
individuals upon which it acts. The concept is motivated by a set of phenomena with the following characteristics:
Natural selection shaped a variant (e.g., gene, epigenetic mark, or combination thereof) to act in a manner that
reduces the frequency of one or more heritable traits of the individual in which it is located if those traits are
detrimental to individual or group fitness. Phenomena with these characteristics are peculiar to traditional
evolutionary theory but have been identified rather frequently in recent decades. They are also relevant to adaptive
evolution: By reducing the frequency of a trait detrimental to fitness, the variant accelerates the evolution of
adaptations, which allows its holders to adapt better to constantly changing environments. The variant is shaped by
(natural) selection, but also does (autonomous) selection.
Several phenomena with these characteristics have been invoked by proponents of the extended
evolutionary synthesis (EES). The concept of autonomous selection helps resolve some of the controversy
surrounding the EES: EES proponents call attention to the incompleteness of contemporary theory, emphasizing
individuals’ processes that influence which adaptations those individuals evolve. I argue for the special importance
of individuals’ processes that do not just influence those individuals’ adaptations, but also accelerate the adaptive
evolution of those individuals. All known phenomena that fit this description are examples of autonomous
selection. Other phenomena raised by EES proponents do not meet this threshold.
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1. Introduction
Since Darwin (1859) introduced the metaphor of natural selection, researchers have discussed selection in many
senses, including life history stages of selection (e.g., fecundity selection, viability selection, mortality selection);
sources, or mechanisms, of selection (e.g., sexual selection, ecological selection; artificial selection, parental
selection); and units, or targets, of selection (e.g., genic selection, individual selection, group selection).
Autonomous selection1 is introduced here to refer to a source of selection that is part of the individuals
upon which it acts. The concept, autonomous selection, is motivated by a set of phenomena with the following
characteristics: Natural selection shaped a variant (e.g., gene, epigenetic mark, or combination thereof) to act in a
manner that reduces the frequency of one or more heritable traits exhibited by the individual in which it is located if
those traits are detrimental to individual or group fitness. (I consider potential examples in sections 3 to 7).
Phenomena with these characteristics are peculiar to traditional evolutionary theory but have been studied in recent
decades.
By reducing the frequency of heritable traits that lower fitness, the variant (in this manuscript’s examples)
accelerates the evolution of adaptations compared to natural selection acting in the absence of the variant. This
occurs similarly to how condition-dependent sexual selection accelerates the evolution of adaptations (Lorch et al.
2003). Accelerating the evolution of adaptations is tantamount to improving the adaptive fit of organisms in their
environment because of the following. The relationship between organisms and environment is constantly in flux,
as organisms continuously adapt to an ever-changing environment. These changes include the evolution of
predators, parasites, and prey and changes in weather. Organisms are imperfectly adapted to their environment
because of time-lags: It takes time for organisms to adapt to a new environment, at which point the environment has
changed. Therefore, when a variant accelerates adaptive evolution, it also shortens the time-lag, so organisms
become better-adapted. Because the environment constantly changes, the variant perpetually causes organisms
holding it to be better-adapted to their environment. These examples are qualitatively different from examples in
which processes alter adaptation but do not enhance it.
2. Criteria for autonomous selection

1

Autonomous selection is not to be confused with autoselection, which refers to the evolution of genomic elements that replicate
to the benefit of themselves, rather than a higher unit of selection (Bell 1997).
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Evolution by selection in any sense is characterized by: (1) a nonrandom2 change in the frequency3 of one or more
traits that are (2) heritable.
It can be confusing to attempt to identify a “source of selection”—that is, a source responsible for a
nonrandom change in the frequency of heritable traits—simply because of the challenges in precisely identifying a
source responsible for any act. Indeed, any act is preceded by millions of years of antecedent causes. On what
grounds is one singled out as responsible? Nevertheless, biologists have been willing to single out a source of
selection, given an indication that that source “purposely” evaluates traits and favors some over others. Biologists
have considered particular instances of human agency to act as sources of selection, for example, parental selection
(Harris 2006), artificial selection (Darwin 1859), and volitional selection (Wilson 2014). In these examples, a sense
of purpose is suggested by expressed human preference. However, more pertinently to this manuscript, this
suggestion of purpose can also follow from an indication that the source has been shaped by natural selection to
evaluate traits and favor some. For example, natural selection has shaped a female’s choice among males on the
basis of the traits they exhibit, justifying the designation sexual selection4 (Darwin 1871).
As a consequence of evolution by selection, a unit of selection becomes better-suited to a life history stage
(e.g., in fecundity selection, viability selection, mortality selection) or a source (e.g., in sexual selection, artificial
selection, parental selection) responsible for the nonrandom change in frequency of heritable traits, assuming a
constancy of the life history stage or the source responsible for the change in trait frequency. If there is a source of
selection responsible for the source of selection itself, this better-suitedness to the source of selection can be enabled
by a better-suitedness to the original source. For example, female preferences for condition-dependent traits in
males are under natural selection. The resulting sexual selection leads males to evolve to be better at maintaining
their condition and, therefore, better at attracting females than they would be.
Selection has been discussed above as having two characteristics: (1) a nonrandom change in the frequency
of one or more traits that are (2) heritable. Examples in this manuscript are considered to constitute autonomous
selection if they check off these two criteria and a third, which is that natural selection has shaped a variant to cause

The terms “nonrandom,” “average,” and “consistent” are often used to distinguish selection from drift.
This change in frequency has been variously called a “frequency…increase” (Brooker et al. 2014, pg. 7), “changes in
proportions” (Futuyma 2009, pg. 8), and a “consistent difference in fitness” (Futuyma 2009, pg. 283).
4
Sexual selection in other contexts corresponds more to life history stages of competition for reproductive success (Mayr 1997).
2
3

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 July 2019

doi:10.20944/preprints201907.0285.v1

3
a change that meets criteria 1 and 2 among traits of the same individual in which the variant is located. By doing so,
the variant would be considered to do autonomous selection.
The examples of autonomous selection in this manuscript meet these three criteria by the following: A
variant has been shaped by natural selection to act in a manner that reduces the frequency of heritable traits of the
same individual if those traits reduce individual or group fitness. I discuss these three criteria further below. Then
in sections 3 to 7, I discuss particular findings and whether they satisfy the three criteria.
Criterion 1: Is there nonrandom change in the frequency of one or more traits?
The “change” considered here is in comparison to what would have been expected in the cause’s absence, not in
comparison to what occurred previously. This allows autonomous selection to encompass processes that accelerate
adaptive evolution that fit the former characteristic but not the latter. For example, DNA repair and the piRNA
silencing of transposons (section 6.3) satisfy criterion 1 under the former interpretation. These changes are
nonrandom because they specifically target, respectively, recent errors and transposons.
The trait need not actually be exhibited: If there is bias against it, this is a change compared to what would
occur otherwise; therefore, developmental bias (section 7.3) against certain combinations of traits satisfies criterion
1.
The “nonrandom” requirement means hypermutation (section 4) does not satisfy criterion 1: In
hypermutation, mutations at a locus occur at an elevated rate irrespective of which alleles are at the locus.
A number of findings involve a decrease in the frequency of a trait if it is associated with stress: stressinduced mutagenesis (section 3); stress-induced genetic transfer (section 6.2); and fitness-dependent sex (section 5).
If natural selection has shaped the changing of genes or genetic combinations in response to the stressor, it is
because of the potential to generate genes or genetic combinations associated with more adaptive traits that would
not be stress-afflicted and that, consequently, would not be changed. Therefore, any change induced as a result of
stress-induced mutagenesis, horizontal gene transfer, or fitness-dependent sex is considered nonrandom, even if
most, or all, of the individuals in the population at a particular time are subjected to the genetic changes.
Criterion 2: Is the change sufficiently heritable to constitute evolution?

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 July 2019

doi:10.20944/preprints201907.0285.v1

4
Evidently, natural selection shaped specific epigenetic modifications to occur in response to specific environmental
stimuli (Dickins and Rahman 2012). Disputes over whether those modifications constitute Lamarckian evolution
(Jablonka and Lamb 2008, 2010; Dickins and Barton 2012; Dickins and Rahman 2012) have been muddled by
confusion about what the terms “proximate” and “ultimate” mean (Haig 2013). However, these debates have
seemed to hinge upon whether these modifications are sufficiently stable across generations to constitute evolution.
This discussion can also be extended to include examples of natural selection for specific genomic modifications
that may be short-lived on an evolutionary timescale, such as CRISPR (section 6.1) and small viral DNA (section
6.4). Since the question is whether these modifications are “sufficiently” heritable, it is more likely to be decided
by empirical advances than the other two criteria.
Criterion 3: Has natural selection shaped a variant to favor or disfavor one or more heritable traits? That is, are
criteria 1 and 2 met because natural selection has shaped a variant to induce a change that meets these criteria?
It was discussed above that biologists have been willing to delineate a source of selection if natural selection has
shaped that source. For example, natural selection has shaped female choice, which is called sexual selection.
Therefore, the satisfaction of criterion 3 meets that threshold for delineating the category of autonomous selection.
However, criterion 3 has greater significance to the study of adaptive evolution. The examples of
autonomous selection in this manuscript all meet criterion 3 via natural selection of a variant that disfavors (i.e.,
selects against) traits associated with lower fitness and thereby favors traits associated with higher fitness, thereby
accelerating adaptive evolution and allowing organisms to adapt faster to an ever-changing environment.
Selfish genetic elements (Trivers and Burt 2006) do not satisfy criterion 3 because they are not shaped by
natural selection to act conditionally depending upon indications about the phenotype of the individual in which they
are located.
Criterion 3 is seldom (if at all) met by examples of niche construction (see section 7.1) and phenotypic
plasticity (see section 7.2) that have been emphasized by EES proponents. Even if natural selection has shaped
these processes and even if these processes change the organisms’ relationship to their environment and
consequently influence which traits those organisms evolve, this does not mean that natural selection shaped the
processes for the purpose of favoring these traits.
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3. Stress-induced mutagenesis
Stress-induced mutagenesis (SIM) is an increase in mutation rates in response to stress and/or maladaptedness
(Jablonka and Lamb 2005; Mittelman 2013). SIM has been documented in a broad range of species, including
bacteria, yeast, algae, nematodes, flies, and humans (Al Mamun et al. 2012; Shee et al. 2012; Mittelman 2013; Ram
and Hadany 2016). Elevated rates of many different kinds of mutations have been documented in response to many
different kinds of stress (reviewed in Shapiro 2011). Rates of epigenetic changes also increase in response to stress
(Shapiro 2011), though biologists have focused upon genetic mutations when arguing that natural selection shaped
an increase in mutation rates in response to stress. That is, there is more evidence that SIM satisfies criterion 3.
Therefore, it receives the focus in this section.
Criterion 1: Is there nonrandom change in the frequency of one or more traits?
By imposing a higher mutation rate in response to stress, SIM reduces the frequencies of traits more associated with
stress compared to traits less associated with stress. This change in frequency is nonrandom because the traits
associated with stress are likely to be less adaptive than other traits (Ponder et al. 2005).
Criterion 2: Is the change sufficiently heritable to constitute evolution?
SIM has often been studied in single-celled organisms (e.g., bacteria, yeast, algae) which pass mutations to
offspring. Mutations generated via SIM in multi-cellular organisms can be passed to offspring as well (Jablonka and
Lamb 2005, pg. 99).
Criterion 3: Has natural selection shaped a variant to favor or disfavor one or more heritable traits?
In recent decades, multiple theoretical and empirical analyses have concluded that stress-induced mutagenesis has
been shaped by natural selection—that is, that natural selection has shaped an elevation in the mutation rates to
occur in response to stress, whether these increases in mutation rates have occurred at specific genomic sites or
regions or to a stressed individual globally (Jablonka and Lamb 2005; Ponder et al. 2005; Shee et al. 2011; MacLean
et al. 2013; Ram and Hadany 2016). These biologists have argued that SIM has been selected in order to evolve
traits that are better able to respond to the source of the stress (Galhardo et al. 2007; Shee et al. 2011). Theoretical
evidence in favor of natural selection of SIM includes mathematical models demonstrating that SIM can gain
frequency (Galhardo et al. 2007). Empirically, there is “overwhelming” evidence of natural selection of SIM,
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including but not limited to genomic analyses; the identification of mutation pathways; and the ability to use gene
knockouts in order to prevent a mutation rate increase (Galhardo et al. 2007; Shee et al. 2011).
4. Local hypermutation
In local hypermutation (Jablonka and Lamb 2005; Hodgkinson and Eyre-Walker 2011; Martincorena et al. 2012;
Martincorena and Luscombe 2012), mutation rates are higher at some loci than at others and this elevated mutation
rate is thought to remain consistent from individual to individual and through time—that is, it is not “induced” by
stressors (Jablonka and Lamb 2005, pg. 94). Locally-elevated mutation rates have been found in taxa ranging from
bacteria to humans. Jablonka and Lamb (2005, pg. 92) consider local hypermutation to be a source of mutations that
is “not entirely random, but…also not precisely directed.” That is, more mutations are produced at a genomic place
where they are useful, though the specific mutations that occur are determined randomly.
Insofar as a locally-elevated mutation rate is the same across the population, then they do not satisfy
criterion 1 of autonomous selection. Local hypermutation may cause changes in the frequencies of traits, but these
changes are random with respect to the properties of the traits themselves. That is, though there is nonrandomness
with respect to which locus is subjected to mutations, there is no nonrandomness with respect to which alleles at a
particular locus are subjected to mutations. Therefore, no alleles are made to lose or gain frequency on a nonrandom
basis as a consequence of the elevated mutation rate. Criterion 1 is not met.
5. Fitness-dependent sex
In many species, sex is an obligate aspect of reproduction (Hadany and Beker 2007; Colegrave 2012). However, in
some taxa (including bacteria, yeast, viruses, nematodes, crustaceans, clovers, and soil microfungi), sex is practiced
facultatively and the frequency of sex depends upon the condition of the individuals: Stressed and/or less fit
individuals undergo sexual reproduction at higher rates, while unstressed and/or more fit individuals are more likely
to practice asexual reproduction (Hadany and Beker 2003; Hadany and Otto 2007; Michod 2011; Ram and Hadany
2016). Facultative sex can accelerate the evolution of adaptation (Hadany and Otto 2009).
Criterion 1: Is there nonrandom change in the frequency of one or more traits?
Compared to asexual reproduction, sexual reproduction breaks up genetic associations (Bell 1997; Agrawal 2006;
Otto 2009). Therefore, genetic associations that are subjected to sexual reproduction lose frequency. If organisms
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initiate sex on the condition that they are stressed or otherwise indicated to be less fit, then their genetic associations
are subjected to sexual reproduction on a nonrandom basis.
Criterion 2: Is the change sufficiently heritable to constitute evolution?
Facultative sex is theorized to have an important evolutionary role, accelerating the evolution of adaptations (Ram
and Hadany 2016).
Criterion 3: Has natural selection shaped a variant to favor or disfavor one or more heritable traits?
Biologists have offered theoretical and empirical support for theories that natural selection shaped stress-induced sex
(Hadany and Beker 2003; Hadany and Otto 2007; Otto 2009; Ram and Hadany 2016). Multiple models (Hadany
and Beker 2003; Hadany and Otto 2007) demonstrate that an allele can evolve by natural selection to cause its
holder to have sexual reproduction if its fitness is low, but asexual reproduction if its fitness is high.
6. Inheritance of acquired adaptive characters
Biologists have been alert to the idea of inheritance of acquired characters since Lamarck and perhaps eons before
(Zirkle 1935). This idea fell out of favor after the Darwinian revolution, but has gained momentum again in recent
decades. Koonin (2019) outlined two criteria for “inheritance of acquired adaptive characters”: (1) specific,
heritable changes in the genome caused by an external factor and (2) a specific phenotypic effect of those changes
that constitutes adaptation to the causative factor. Findings that satisfy Koonin’s two criteria for the inheritance of
acquired adaptive characters also constitute autonomous selection, provided that natural selection has shaped a
mechanism in the inheriting organism’s genome by which the organism inherits the acquired adaptive characters.
Koonin (2019, Table 1) has proposed multiple examples of phenomena that satisfy his two criteria,
including CRISPR-Cas with strong self versus non-self discrimination; specific cases of horizontal gene transfer;
piRNA defenses against transposable genetic elements; and virophage-mediated defense against giant viruses in
protists. I discuss these events with respect to the three criteria for autonomous selection.
6.1 CRISPR
Bacteria and archaea cells use the CRISPR system to target genetic material that resembles spacer material in the
cellular genome (Horvath and Barrangou 2010; Sorek et al. 2013; Hille et al. 2018). Shapiro (2011, pg. 79) called
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the CRISPR system “a precise example of the kind of dedicated, nonrandom, beneficial change specifically
excluded by generalizations of evolutionary theorists.” However, Weiss (2015) argued that CRISPR systems do not
actually discriminate between genetic material that is valuable and that which is parasitic. Koonin and Wolf (2016)
distinguished between CRISPR systems that incorporate random DNA segments to serve as spacers and CRISPR
systems that incorporate DNA from viruses. The latter are biased toward targeting non-self DNA. Koonin and
Wolf argued that there would be natural selection for the latter kind of CRISPR system (so, it satisfies criterion 3).
Here, I focus on CRISPR-Cas systems with strong self versus non-self discrimination.
Criterion 1: Is there nonrandom change in the frequency of one or more traits?
The trait that applies to criterion 1—the trait that is changed by the CRISPR system—is the genetic material targeted
by the system. This targeted material is a cognate of the genetic spacer material held in the organism’s genome.
When the genetic spacer material changes, the system’s target changes and this target change represents a trait
change. Since there is a bias toward targeting non-self genetic material, the CRISPR system is responsible a
nonrandom change.
Criterion 2: Is the change sufficiently heritable to constitute evolution?
The genetic material inside the spacers is responsible for what material is targeted by the CRISPR system. This
genetic material is transmittable to subsequent generations. CRISPR-mediated heredity may be short-lived on an
evolutionary timescale, but CRISPR inserts are sufficiently heritable to be considered Lamarckian according to
Koonin and Wolf (2009).
Criterion 3: Has natural selection shaped a variant to favor or disfavor one or more heritable traits?
Mechanisms for self vs. non-self discrimination seem to occur in at least some CRISPR systems (Koonin 2018).
Koonin and Wolf (2016) have argued that there is natural selection for CRISPR systems that exhibit strong non-self
discrimination. Such CRISPR systems are better at defending the organism against an infection.
6.2 Horizontal gene transfer
Horizontal gene transfer (or lateral gene transfer) occurs when organisms acquire genetic material from organisms
other than their parents (Ochman et al. 2000; Koonin et al. 2001; Keeling and Palmer 2008; Treangen and Rocha
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2011; Soucy et al. 2015). Horizontal gene transfer has been documented in both unicellular and multicellular
organisms.
Criterion 1: Is there nonrandom change in the frequency of one or more traits?
Genetic material acquired by horizontal transfer can result in adaptations (Koonin et al. 2001; Kay et al. 2002; Gyles
and Boerlin 2014). But this does not necessarily mean that there is a bias in horizontal gene transfer toward
receiving genes associated with adaptiveness or toward replacing genes associated with maladaptiveness. Some
biologists have argued that horizonal gene transfer is not Lamarckian because there is no bias toward transferring
variants that are adaptive to the receiving individual (Weiss 2015; Roger 2018). Others have considered it a
Lamarckian process (Vetsigian et al. 2006; Koonin and Wolf 2009; Martin 2018; Koonin 2019). There is some
evidence that horizontal gene transfer occurs more by stressed organisms (Prudhomme et al. 2006; Stevens et al.
2011; Slager et al. 2014; Domenech et al. 2018), which satisfies criterion 1 because traits associated with
maladaptiveness become more subjected to change.
Criterion 2: Is the change sufficiently heritable to constitute evolution?
Genes acquired by horizontal transfer can be inherited by offspring and play a significant evolutionary role (Ochman
et al. 2000; Keeling and Palmer 2008; Polz et al. 2013; Gyles and Boerlin 2014).
Criterion 3: Has natural selection shaped a variant to favor or disfavor one or more heritable traits?
Theory holds that there can be natural selection of some significant rate of lateral gene transfer and empirically, the
rate of lateral gene transfer can be high (Vos et al. 2015). Biologists generally accept that natural selection has
shaped mechanisms by which organisms receive genetic material via horizontal transmission in order to allow
organisms to adapt to environmental novelty (Koonin et al. 2001; Gogarten et al. 2002; Burrus and Waldor 2004;
Gogarten and Townsend 2005; O’Malley and Boucher 2005; Nielsen et al. 2014; but see Vogan and Higgs 2011).
6.3 piRNA defenses against transposable elements
Transposable elements move around a genome and can harm (e.g., sterilize) the individuals in which they are
located. Organisms employ piRNA to silence transposable elements in germ cells (Gross 2006; Aravin et al. 2007;
Halic and Moazed 2009; Siomi H. and Siomi M. 2015; Charlesworth et al. 2017). In order to silence transposons,
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the piRNA system requires the DNA of previously active transposable elements to guide it. As multiple authors
have noted, transposon silencing is similar to CRISPR, which requires the DNA of previously virulent viruses in
order to determine which viruses to target (Shapiro 2011; Koonin 2019). Transposon silencing with piRNA has
primarily been studied in Drosophila melanogaster.
Criterion 1: Is there nonrandom change in the frequency of one or more traits?
Biologists believe that the transposon silencing occurs to prevent maladaptive traits, including sterility (Aravin et al.
2007; Siomi H. and Siomi M. 2015; Toth et al. 2016; Parhad and Theurkauf 2019). The silencing, therefore,
conducts a nonrandom influence upon an organism’s traits.
Criterion 2: Is the change sufficiently heritable to constitute evolution?
Genetic clusters of previously active transposable elements are used to guide the piRNA system to target
transposons. These genetic clusters are passed to offspring. The inheritance is, therefore, genetic. The transposon
silencing is conducted epigenetically.
Criterion 3: Has natural selection shaped a variant to favor or disfavor one or more heritable traits?
piRNA machinery that facilitates transposon silencing appears to have been shaped by natural selection (Aravin et
al. 2007; Parhad and Theurkauf 2019).
6.4 Virophage defenses
Fischer and Hackl (2016) documented a phenomenon by which a small virus protects a unicellular eukaryote from a
large virus, as follows. The small virus is integrated into the eukaryote’s genome and its genes are expressed when
the cell is infected by the large virus (Fischer and Hackl 2016; Koonin and Krupovic 2016). The infection usually
kills the cell but after the cell’s death, the large virus and the small virus are released into the environment. The
small virus evidently benefits neighboring cells by reducing the large virus’s reproduction rate during attacks upon
the neighbors.
Criterion 1: Is there nonrandom change in the frequency of one or more traits?
The trait that is changed when the cell incorporates a small virus into its genome and releases it into the environment
is the specific small virus that is released into the environment after death, as opposed to another small virus that
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could have been released. The change is nonrandom because the small virus that is released is more likely to be one
that is useful for neighbors.
Criterion 2: Is the change sufficiently heritable to constitute evolution?
The small viral DNA is included into the eukaryotic cell’s genome, so it is potentially heritable enough to be
considered Lamarckian (Koonin 2019).
Criterion 3: Has natural selection shaped a variant to favor or disfavor one or more heritable traits?
Biologists have surmised that natural selection for the virophage defense occurred on the kin level (Koonin and
Krupovic 2016).
7. The extended evolutionary synthesis
Since the modern evolutionary synthesis in the 20th century, some biologists have proposed novel syntheses due to
what they have felt were inadequacies of prevailing evolutionary theory in accounting for certain empirical
phenomena. For example, relatively recently, Arthur (2004) proposed an “inclusive synthesis” that would
accommodate findings of developmental bias and Jablonka and Lamb (2005) discussed a “new synthesis” that
would accommodate epigenetic, behavioral, and symbolic inheritance. However, it is Pigliucci’s (2007) call for an
“extended evolutionary synthesis” (EES) that has been most responsible for inspiring scholarly discussion about a
novel synthesis. Over the ensuing decade, the EES has generated considerable attention, confusion, and
controversy, the last two of which are at least partially due to a lack of consistent articulation of the EES’s essence.
Pigliucci (2007, pg. 2743) acknowledged that he was offering “a stimulus to much needed discussion, not a fullfledged outline of a new research program.”
The EES has represented different claims to different biologists at different times. However, recent articles
written by both skeptics and proponents of the EES suggest that the controversy centers on the role of organisms in
the evolution of their own adaptations. For example, Laland et al. (2015, pg. 7) of the proponents wrote of a claim
that lends the EES “considerable coherence across topics”: “Developmental processes play important evolutionary
roles as causes of novel, potentially beneficial, phenotypic variants, the differential fitness of those variants, and/or
their inheritance (i.e. all three of Lewontin’s conditions for evolution by natural selection.) Thus, the burden of
creativity in evolution (i.e. the generation of adaptation) does not rest on selection alone.” As a further illustration,
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Charlesworth et al. (2017, pg. 2) in the skeptical camp wrote that the single EES claim that “seriously” challenges
the modern synthesis is the claim that “natural selection acting on ‘random’ mutations is inadequate to explain
adaptive evolution.”
For EES proponents, “organisms co-direct their own evolution” (Laland et al. 2014, pg. 162) through
developmental processes that “instigate” (Laland et al. 2014, pg. 162), “modify” (Odling-Smee et al. 2003, pg. 16),
and “bias” (Laland et al. 2015, pg. 7) selection. Here, I establish a distinction between two influences a
developmental process can exert on the adaptive evolution of the organisms in which the process occurs. A process
can: 1) lead to the evolution of different adaptations than otherwise or 2) not only lead to the evolution of different
adaptations than otherwise, but also accelerate adaptive evolution. This first category is all-encompassing.
Virtually every developmental process that organisms undertake can be said to change the organisms’
characteristics and relationship to their environment and, therefore, change how natural selection acts upon the
organisms, which influences what adaptations evolve. The same can be said for any environmental change: Any
environmental change can alter how natural selection acts upon organisms and influence what adaptations evolve. A
minor alteration can produce substantial effects, per the butterfly effect. Therefore, there is little conceptual value in
considering organisms undertaking the first category to “co-direct their own evolution” or to generate adaptation.
The second category is considerably more exclusive. Processes that accelerate the adaptive evolution of
the organisms undertaking them cause these organisms to adapt faster to ever-changing environments. These
processes can be said not just to alter the organism’s adaptations, but to increase the organism's adaptedness. Such
processes can be shaped by natural selection for their evolutionary influence, in which case their generation of
adaptations fits the criteria of autonomous selection.
The foregoing raises the notion that the category of developmental processes that most illustrate the
inadequacy of the modern synthesis—those that most inspired the EES—overlaps fully with the category
constituting autonomous selection. This can clarify the EES controversy substantially.
In recent reviews of the EES (Laland et al. 2014; Laland et al. 2015) and on a website devoted to the EES5,
proponents have focused upon four phenomena in particular: 1) niche construction; 2) phenotypic plasticity; 3)

5

extendedevolutionarysynthesis.com, last retrieved May 29, 2019
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developmental bias; and 4) nongenetic inheritance. Each of these four phenomena are defined extremely broadly,
though EES proponents have narrowed the scope of these phenomena and focused upon subsets they consider
particularly interesting and unaccommodated by the modern synthesis.
7.1 Niche construction
Niche construction (Odling-Smee et al. 2003, pg. 41) is “when an organism modifies the feature-factor relationship
between itself and its environment by actively changing one or more of the factors in its environment, either by
physically perturbing factors at its current location in space and time, or by relocating to a different space-time
address, thereby exposing itself to different factors.” Of this broad set of phenomena, Laland et al. (2014)
emphasized the evolutionary effects upon an organism that result from those of the organism’s actions that were
shaped by selection. Contrasting them with “idiosyncratic events,” they wrote that (pg. 162), for example, “termites
construct and regulate their homes in a repeatable, directional manner that is shaped by past selection and that
instigates future selection.” For Laland et al. (2014, pg. 162), when niche construction occurs in this manner,
“organisms co-direct their own evolution by systematically changing environments and thereby biasing selection.”
Therefore, Laland (2004, pg. 316) encouraged a “re-conceptualization of the process of adaptation by placing
emphasis on niche construction.”
EES proponents have emphasized examples that involve organisms that systematically their environment,
which alters natural selection upon the organisms. I refer to the discussion in section 7 and distinguish between two
kinds of cases by which this occurs: 1) environment shaping that alters natural selection on the organisms shaping it
as a byproduct of why the shaping occurs and 2) environment shaping that occurs for the purpose of favoring certain
traits of the organisms shaping it. Only this second category constitutes autonomous selection. The first category
violates criterion 3.
The first category is illustrated by another example emphasized by EES proponents: The advent of dairy
farming by humans led to selection for lactose tolerant alleles in farmers and other humans (Scott-Phillips et al.
2014). In this example, humans influenced their environment and, in the process, influenced selection upon
themselves through their environment. However, humans did not conduct dairy farming for the purpose of favoring
lactose tolerant alleles (or any others). The increase in frequency in lactose tolerant alleles is attributable to natural
selection, not autonomous selection.
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The niche construction occurring in examples offered by EES proponents alters natural selection and,
consequently, the adaptations that evolve, but so can any other change to the organism-environment relationship,
including those resulting from random or quasirandom processes, such as genetic drift or mutation. What niche
construction does not offer in these examples is the expectation of added adaptedness. This is the difference
between natural selection and niche construction—a difference identifiable (though perhaps underappreciated) in the
writings of EES proponents. Odling-Smee et al. (2003, pg. 18-19) wrote that: “(T)he argument that niche
construction can be disregarded (as an evolutionary process) because it is partly a product of natural selection makes
no more sense than would the counter proposal that natural selection can be disregarded because it is partly a
product of niche construction. One cannot assume that the ultimate cause of niche construction is the environments
that selected for niche-constructing traits, if prior niche construction had partly caused the state of the selective
environments…Ultimately, such recursions would regress back to the beginning of life…” However, later in the
same book, Odling-Smee et al. (2003, pg. 176) did acknowledge the unique role of natural selection in offering the
expectation of adaptive evolution, writing that niche construction “must usually be restricted to fitness-enhancing
behaviors or processes in the short term. Niche construction is unlikely to be random or haphazard because of prior
natural selection.”
In sum, niche construction can alter natural selection in such a way that different adaptations evolve in the
niche-constructing population, but there is no reason for expecting these adaptations to be more adaptive than the
adaptations that would have evolved in the absence of such niche construction. If there were such an expectation,
then the niche construction could have been selected for this evolutionary influence. (The evolutionary influence
would then constitute autonomous selection.)
7.2 Phenotypic plasticity
West-Eberhard defined (2003, pg. 33) phenotypic plasticity as “the ability of an organism to react to an internal or
external environmental input with a change in form, state, movement, or rate of activity. It may or may not be
adaptive (a consequence of previous selection).” Phenotypic plasticity is similar to niche construction in that it is a
way to alter the organism-environment relationship—niche construction by altering the environment; phenotypic
plasticity by altering the organism. Changing the organism-environment relationship alters the way natural selection
occurs and influences which traits the organisms subsequently evolve, but it does not mean the plasticity has
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evolved for the purpose of favoring any traits. Furthermore, influencing the evolution of traits does not necessarily
mean accelerating adaptive evolution.
It is worth noting that phenotypic plasticity is involved in numerous examples of autonomous selection that
have been offered in this paper, including fitness-dependent sex, and horizontal gene transfer. However, I consider
here specific examples of phenotypic plasticity raised by EES proponents.
In genetic assimilation (Waddington 1953), a phenotype that is initially expressed as a response to certain
conditions becomes, after some generations of conditional exhibition of the phenotype, expressed even in the
absence of the conditions that initially induced it. Laland et al. (2014) were referring to this effect of plasticity when
they emphasized that “(P)lasticity not only allows organisms to cope in new environmental conditions but to
generate traits that are well-suited to them…In other words, often it is the trait that comes first; genes that cement it
follow, sometimes several generations later.” EES proponents do not dispute that genetic assimilation occurs by
natural selection, as random mutations (and random epigenetic changes) that make the traits more obligate offer
fitness advantages. Genetic assimilation does not constitute an example of autonomous selection unless there is
evidence that mutations are directed to making the traits more obligate.
Pigliucci (2007, 2010) has focused upon evolutionary capacitance. In evolutionary capacitance, there is an
initial, “buffering” step, in which individuals accumulate different mutations and this genetic variation between the
individuals is not associated with phenotypic variation because of the actions of regulatory processes that orient (i.e.,
buffer) the phenotype despite the genetic variation. Then there is a “revealing” step, in which some stimulant (e.g.,
a stressor) affects the regulatory processes in such a way that they no longer buffer the phenotype and, consequently,
the genetic variation becomes associated with phenotypic variation. When there is phenotypic variation, natural
selection can act, which often leads to genetic assimilation of phenotypic traits that are adaptive. This genetic
assimilation, if it occurs, is the adaptive evolution that occurs.
Some biologists have argued that there can be natural selection of the buffering step because it prevents
mutations from being immediately subjected to natural selection, which enables a beneficial combination of
mutations to evolve when each mutation would be deleterious on its own (Kim 2007; Trotter et al. 2014). By my
reading, this does not satisfy criterion 1: It has the effect of increasing the prevalence of individuals with mutations
and, eventually, the prevalence of individuals with combinations of mutations, but it does not cause any allele to be
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more likely to be subject to mutation than any other. That is, the buffering increases the frequencies of mutations
but does not exert a nonrandom influence upon which traits evolve. In these senses, it is similar to hypermutation
(section 4).
Natural selection for a variant that does the revealing—counteracting the usual buffering and yielding
phenotypic variation—would not constitute an example of autonomous selection, since the revealing itself does not
constitute adaptive evolution (or evolution at all). However, if a case were made that natural selection shaped a
variant to orient mutations in the direction of the revealed traits, that would be autonomous selection.
7.3 Developmental bias
Like niche construction and phenotypic plasticity, developmental bias has been defined to cover a very broad set of
phenomena. Arthur (2004, pg. 207) wrote, “Consider any particular type of creature whose developmental
trajectory can change in a certain number of ways—let’s say 100. Does the probability of generating variant
trajectories (ultimately via mutation and reprogramming) vary across these 100 directions…? …(E)quiprobability is
only one of an almost infinite series of patterns. All the others represent, by definition, various types and degrees of
developmental bias.” Like niche construction, developmental bias has been considered by some to have a focal role
in the evolution of adaptations. For example, Arthur (2004, pg. 201) wrote, “Natural selection is not the ‘main’
orienting agent of evolution as Darwin claimed. Rather, it is one partner in an interacting duo that is the main
determinant of the direction of evolutionary change…The other partner is developmental bias…”
There are numerous examples of developmental bias in which the underrepresented or unrepresented
variants are thought to offer equal or higher adaptive value compared to the variants that are better represented but
such variants are not as readily obtainable by random processes of mutation and recombination (Maynard Smith et
al. 1985; Uller et al. 2018). Since the organism (and its lineage) is not expected to fit better to its environment as a
result of such a bias, these examples of developmental bias do not result from natural selection shaping the bias
itself. These cases illustrate that even though some biologists might put developmental bias on par with natural
selection in directing adaptive evolution, natural selection differs from developmental bias in that evolution by
natural selection can be expected to improve the fit of a target to its environment, whereas developmental bias does
not necessarily.
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However, there are other examples of developmental bias in which the underrepresented or unrepresented
variants are thought to offer lower adaptive value compared to the better represented variants. These are examples
in which individuals (and their lineages) are better adapted to their environment than if the bias had not occurred.
Some biologists have argued that natural selection can shape developmental bias (Parter et al. 2008; Pavlicev et al.
2011; Jones et al. 2014; Watson et al. 2014; Watson and Szathmary 2016; reviewed in Uller et al. 2018). A number
of these authors have invoked the theory of facilitated variation, which proposes that organisms have properties that
allow them to generate adaptive, heritable phenotypic variation (Kirschner and Gerhart 2005; Gerhart and Kirschner
2007; Kirschner and Gerhart 2010). Natural selection can shape pleiotropy and epistasis that cause mutations to
change traits in combinations that are more likely to be adaptive than other combinations of changes (Uller et al.
2018). For example, there may be natural selection of pleiotropy and epistasis that cause mutational effects that
make a right arm longer to cooccur with those that make a left arm longer. This causes organisms to be less likely to
have arms of different lengths. In this manner, developmental bias can accelerate adaptive evolution because
organisms do not waste evolutionary time by exhibiting maladaptive combinations of traits (Watson and Szathmary
2016; Uller et al. 2018).
Criterion 1: Is there nonrandom change in the frequency of one or more traits?
As a consequence of the pleiotropy and epistatic effects that have been discussed in examples of developmental bias,
the frequency of maladaptive trait combinations is lower than otherwise. For example, developmental bias that
causes mutational effects on left arm length to correlate with mutational effects on right arm length reduces the
frequency of different arm lengths (presumably a maladaptive combination) in the same organism.
Criterion 2: Is the change sufficiently heritable to constitute evolution?
Developmental bias helps organisms adapt faster to environmental changes. It even allows organisms to adapt faster
to environments that have the same structural regularity as prior environments but that are different in some ways
from all previous environments (Uller et al. 2018). Developmental bias facilitates adaptation to these new
environments with novel phenotypic combinations (Parter et al. 2008; Watson et al. 2014; Uller et al. 2018).
Criterion 3: Has natural selection shaped a variant to favor or disfavor one or more heritable traits?
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Biologists have demonstrated that natural selection can shape pleiotropy and epistasis that aligns mutational effects
with the direction of the fitness landscape (reviewed in Uller et al. 2018). In models that demonstrate how natural
selection shapes pleiotropy and epistasis to cause developmental bias, the genetic elements responsible for the
pleiotropy and epistasis allow the organisms that hold these elements to be better-adapted to their environment than
if they were to exhibit the maladaptive trait combinations that are prevented by the pleiotropy and epistasis. In these
examples, there is natural selection of the pleiotropy and epistasis. Their prevention of maladaptive trait genetic
combinations is autonomous selection against those combinations.
7.4 Nongenetic inheritance
EES proponents have emphasized that parents do not just pass genes to offspring, they also pass egg components,
hormones, maternal care, and their environmental modifications (Laland et al. 2015). They argue that these factors
can be a source of novel variation on which natural selection can operate. More pertinently to this manuscript, EES
proponents argue that these modes of inheritance provide opportunities for acquired characters to be inherited. In
section 7, I discuss some evidence for the inheritance of acquired adaptive characters. Additionally, under the
“inclusive inheritance” section of their website, EES proponents mention the example of the evolution of lactose
tolerance, which I have considered in the niche construction section (section 7.1).
8. Conclusion
The examples of autonomous selection examined in this manuscript involve variants shaped by natural selection to
act upon the organisms in which they are located in a manner that lowers the frequency of traits associated with
lesser adaptiveness and, in doing so, raises the frequency of traits associated with higher adaptiveness. As a
consequence of this autonomous selection, the variants accelerate the evolution of adaptations of the organisms in
which they are located.
In some examples, this acceleration of adaptive evolution results from stress-induced changes to genes and
genetic combinations (e.g., stress-induced mutagenesis, section 3; fitness-dependent sex, section 5; horizontal
genetic transfer, section 6.2): Genes and genetic combinations associated with lesser adaptiveness are continuously
changed until genes and genetic combinations are generated that are associated with better adaptiveness.
Acceleration of adaptive evolution also results from developmental bias (section 7.3) that biases mutational effects
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toward adaptiveness. And acceleration of adaptive evolution results from modifications that prevent a cell from
becoming compromised (e.g., CRISPR, section 6.1; piRNA defenses, section 6.3; virophage defenses, section 6.4).
The environment constantly changes due to the evolution of predators, parasites, and prey and changes in
weather. It generally takes time for adaptations in an environment to evolve and by the time they have evolved to an
environment, the environment will have changed—in particular, by the evolution of natural enemies such as
predators and parasites. Accelerating the evolution of adaptations lowers the time-lag and, therefore, improves the
organisms’ adaptive fit. The examples of autonomous selection examined in this manuscript all accelerate adaptive
evolution and also cause organisms to be better-adapted than they would be if natural selection were acting in the
absence of the variants responsible.
In reviews of the EES, proponents have not yet recognized a distinction between two kinds of processes: 1)
processes that accelerate the adaptive evolution of the organisms responsible and 2) processes that merely alter the
adaptive evolution of those organisms. As I have argued in this section, processes of the former kind cause the
organisms to be better-adapted to their environment, while processes of the latter kind allow no such expectation.
All of the examples of autonomous selection considered in this manuscript are processes of the former kind. Part of
the utility of the concept, autonomous selection, is that it allows all known processes that increase the organism’s
adaptedness in its environment to be grouped under selection.
Many of the examples raised by EES proponents fit into the latter category. Processes of the latter category
are joined in altering the adaptive evolution of the organisms responsible by many other processes, including the
evolution of natural enemies and weather processes.
The foregoing is not an exhaustive review of examples of autonomous selection. Empirical advances are
likely to inform whether other phenomena belong. For example, paramutation involves a nonrandom heritable
change in trait frequency (Chandler 2007; Pilu 2011): A paramutable allele is induced to adopt the epigenetic state
of a paramutagenic allele. However, biologists continue to investigate the purpose for which natural selection
shaped paramutation, if it has (Charlesworth et al. 2017). Numerous biologists view paramutation to have adaptive
significance for the organism (or some level higher) (see Jablonka and Lamb 2014, pgs. 493-494).
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